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Preface

For over 25 years, and through four prior editions, this
book has espoused the “USC way” of managing clinical
problems in obstetrics and gynecology. This fifth edition,
again exclusively organized and written by the department
faculty, fellows and residents, continues the tradition. Major
milestones in our specialty, electronic fetal monitoring,
ultrasound, colposcopy, and laparoscopy, formed an
impressive panoply of techniques that were refined and
firmly established in the last part of the previous century.
Since the fourth edition was published 8 years ago, other
advances have occurred, which will be addressed in this
edition.

Maternal fetal medicine (obstetrics) has improved
enormously in its ability to diagnose maternal and
fetal changes during pregnancy. Fetal heart rate
monitoring terminology has undergone refinement and
standardization. As evidenced by the burgeoning use
of three- and four-dimensional ultrasound, obstetric
ultrasonography continues to advance its clarity and
efficiency. The diagnosis and prevention of preterm birth
are improving dramatically through the evolution of
ultrasound cervical length, fetal fibronectin testing, and
prophylactic progesterone therapy. A new chapter on
fetal interventions emphasizes another exciting area of
advancement in maternal fetal medicine. The difficulties
and dangers presented by the mature gravida, who has
delayed childbearing or conceived viaassisted reproductive
technologies, comprise another new chapter. Obesity has
become a significant entity in today’s society, and another
new chapter looks at its impact on the pregnant woman
and her passenger.

Gynecologic oncology has made major strides in
introducing minimally invasive surgical techniques,
especially with the advent and ongoing evolution of
robotic surgery. In addition, new biologic therapies are
being developed and will improve and increase before the
next edition of this book. Cancer prevention strategies, as
evidenced by the HPV vaccine, should lead to the future
promise of a reduction in invasive malignancies. To the
practicing physician, understanding the nuts and bolts
of gynecologic oncology is important for recognizing
the signs and symptoms of cancer, especially in its
neophyte stages, and for knowing when to refer patients

to gynecologic oncology. To assess all the above, the
gynecologic oncology chapters in this edition have been
updated.

Gynecology has been specialized by the addition
of female pelvic medicine and reconstructive surgery
(urogynecology). Advances in the areas of endometriosis,
uterine myomas, and pelvic infection have not been
as dramatic as those in urogynecology. Laparoscopic
and robotic surgical approaches to endometriosis and
uterine myomata have reduced hospital stays and made
for shorter recovery times, while medical therapies for
these conditions have remained stable with limited
effectiveness. Preventive techniques have reduced the
severity of pelvic infection and more specific antibiotic
therapies have improved treatment. These chapters have
been updated, but the largest revision of the gynecology
section is the increased number and coverage of the
urogynecology chapters, e.g. fistulae, voiding dysfunction,
and urethral disorders. Since the fourth edition, interstitial
cystitis (painful bladder syndrome) has become a major
gynecologic entity and a new chapter looks at its diagnosis
and treatment.

Differentiation of the various urinary incontinence
diagnoses has become an important part of gynecologic
testing and the practitioner will benefit from an updated
look at these procedures. Additionally, the development
of newer techniques for sling placement is reviewed,
including the transobturator route where the needle does
not pass retropubically, thus minimalizing complications.
Aswith many other fading traditional surgical approaches
in our specialty, single-incision sling procedures are
evolving, which may allow this surgery to become an
outpatient clinic operation.

With sexuality becoming more public in our society, a
new chapter looks at female sexual dysfunction. Family
planning remains important and the traditional methods
arereviewed along with indepth analysis of new hormonal
contraceptive techniques. The medically complicated
patient deserves contraception and these patients are
discussed as well.

Reproductive endocrinology and infertility (REI) is
always newsworthy, and keeping up with its philosophy
and changes must be important to the practicing clinician.

vii



viii Preface

The biggest advance in REI is that assisted reproductive
technologies, because of their increasing reliability
and success in treating all infertility presentations, are
replacing virtually all traditional fertility therapies.
Intracytoplasmic sperm injection (ICSI) has made fertility
possible for thousands of men who have limited sperm
production, but who previously had to rely solely on donor
insemination for successful fertilization. ICSI is discussed
in the in vitro fertilization chapter, and a separate, new
chapter has been added on egg donation.

With the increasingly successful treatment of
malignancies, a fertility need has been created for
those women who survive their cancers but, as a result
of gonadotoxic treatments, lose ovarian function.
A new chapter on fertility preservation and oocyte
cryopreservation addresses this major issue. Polycystic
ovarian syndrome is a common entity in an office-based
practice. The previous chapter has been updated and now
includes therapy with insulin-sensitizing agents, such as
metformin. Unexplained infertility is well explained in
another new chapter.

As has always been the case, Management of common
problems in obstetrics and gynecology is written for all
healthcare providers who diagnose and treat women.

While this group includes practicing obstetricians/
gynecologists and residents in training, it also pertains to
family and internal medicine physicians as well as nurse
practitioners and physician assistants working in the field
of obstetrics and gynecology. Although not designed as
an all-inclusive, indepth text for medical students, it could
assist them as they rotate through our specialty.

The editors would like to thank all the residents, fellows,
and faculty in the department for the time and effort they
expended in organizing, writing, and completing the fifth
edition of this ongoing effort. Contributing chapters to
a textbook may be tedious and time-consuming, but the
contribution to individuals treating women, and their
patients, is enormous. Additionally, the editors are grateful
for the patience, advice, and co-operation of the publisher,
who stayed the course on a long journey.

T. Murphy Goodwin
Martin N. Montoro
Laila I. Muderspach
Richard J. Paulson
Subir Roy

Los Angeles



AC
ACE
ACOG

ACTH
ADA
AED
AFI
A®II
AGC
Al
AIUM

AMA
AMH
ANA
aPTT
APS
ARDS
ART
ASA
ASC

ATFP
ATP
AVM

BE
BMD
BMI
BPD
BPP
BSO
BUN
BV

CAH
CBC
CBE
CC
CCAM

Abbreviations

abdominal circumference
angiotensin-converting enzyme
American College of Obstetricians and
Gynecologists

adrenocorticotropic hormone
American Dietetic Association
antiepileptic drug

Amniotic Fluid Index

a-fetoprotein

atypical glandular cells

anal incontinence

American Institute of Ultrasound in
Medicine

advanced maternal age
antimullerian hormone

antinuclear antibodies

activated partial thromboplastin time
antiphospholipid syndrome

acute respiratory distress syndrome
assisted reproductive technology
acetylsalicylic acid

abdominal sacral colpopexy; typical
squamous cells

arcus tendineus fascia pelvis
adenosine triphosphate
arteriovenous malformation

barium enema

bone mineral density

Body Mass Index

biparietal diameter; bipolar disorder
biophysical profile

bilateral salpingo-oopherectomy
blood, urea, nitrogen

bacterial vaginosis

congenital adrenal hyperplasia
complete blood count

clinical breast exam
clomiphene citrate

congenital cystic adenomatoid
malformation

CDC

CDH
CF
cfu
CHD
CI

CIC
CIN
CMV
CNS
CcOocC
COX
CPK
crr

CPR
CRL
CST
CT

CVsS

D&C
DCIS
D&E
DES
DESD

DEXA
DHEAS
DHT
DIC

DMPA

DMSO
DO
DIR
DUB
DVT

Centers for Disease Control and
Prevention

congenital diaphragmatic hernia
cystic fibrosis

colony-forming units

coronary heart disease

cervical insufficiency; confidence
interval

clean intermittent catheterization
cervical intraepithelial neoplasia
cytomegalovirus

central nervous system
combination oral contraceptive
cyclo-oxygenase

creatine phosphokinase

central precocious puberty; chronic
pelvic pain

cardiopulmonary resuscitation
crown-rump length

contraction stress test

computed tomography; Chlamydia
trachomatis

chorionic villus sampling

dilation and curettage

ductal carcinoma in situ
dilation and evacuation
diethylstilbestrol
detrusor—external sphincter
dyssynergia

dual-energy x-ray absorptiometry
dehydroepiandrosterone sulfate
dihydrotestosterone
disseminated intravascular
coagulation

depot medroxyprogesterone
acetate

dimethyl sulfoxide

detrusor overactivity

deep tendon reflexes
dysfunctional uterine bleeding
deep vein thrombosis
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X Abbreviations

EAS
EASI
EC
ECG
EDC
EEG
EGA
EMG
ENT
ERCP

ET

FAS
FDA
fFN
FFP
FGR
FHA
FHR
FI
FL
FLM
FMH
FNA
FSH
FVL

GABA
GAG
GBS
GCT
GDM
GH
GIFT
GnRH
GTIN

HAART

HC
hCG
HDL
HELLP

HG
HIT
HIV
HLA
HLHS
hMG
hpf
HPO
HPT
HPV

external anal sphincter
extra-amniotic saline infusion
emergency contraception
electrocardiogram

estimated date of confinement
electroencephalogram
estimated gestational age
electromyography

ear, nose and throat
endoscopic retrograde
cholangiopancreatography
embryo transfer

fetal alcohol syndrome

Food and Drug Administration
fetal fibronectin

fresh-frozen plasma

fetal growth restriction
functional hypothalamic amenorrhea
fetal heart rate

fecal incontinence

femur length

fetal lung maturity
fetomaternal hemorrhage

fine needle aspiration
follicle-stimulating hormone
factor V Leiden

~-aminobutyric acid
glycosaminoglycan

group B streptococcus

glucose challenge test

gestational diabetes mellitus
growth hormone

gamete intrafallopian tube transfer
gonadotropin-releasing hormone
gestational trophoblastic neoplasia

highly active combination antiretroviral
therapy

head circumference

human chorionic gonadotropin
high-density lipoprotein

hemolysis, elevated liver enzymes, low
platelets

hyperemesis gravidarum
heparin-induced thrombocytopenia
human immunodeficiency virus
human leukocyte antigen

hypoplastic left heart syndrome
human menopausal gonadotropin
high-power field
hypothalamic-pituitary-ovarian
hypothalamic-pituitary-testicular
human papilloma virus

HRT
HSDD
HSG
HSIL
HSV
HTLV

IAS
IBC
IBD
IC

ICI
Icp
ICS
ICSI
IDDM
M
INR
ITP
IUA
IUD
TUGR
IUI
T
v
IVF
IVF-ET

IVH
IVM
IvP

LABA
LAC
LAVH

LDH
LDL
LH
LHR
LLD
LMP
LMWH
LPP
L/S ratio
LSIL
LUTO
LUTS
LVSI

MAS
MBL
MBPP
MCA
MCV

hormone replacement therapy
hypoactive sexual desire disorder
hysterosalpingogram/graphy
high-grade intraepithelial lesion
herpes simplex virus

human T-lymphotropic virus

internal anal sphincter
inflammatory breast cancer
inflammatory bowel disease
interstitial cystitis

intracervical insemination
intrahepatic cholestasis of pregnancy
International Continence Society
intracytoplasmic sperm injection
insulin-dependent diabetes mellitus
intramuscular

international normalized ratio
immune thrombocytopenia
intrauterine adhesions
intrauterine device

intrauterine growth restriction
intrauterine insemination
intrauterine transfusion
intravenous

in vitro fertilization

in vitro fertilization-embryo
transfer

intraventricular hemorrhage

in vitro maturation

intravenous pyelogram

long-acting 32-agonists

lupus anticoagulant
laparoscopically assisted vaginal
hysterectomy

lactic dehydrogenase
low-density lipoprotein
luteinizing hormone
lung-to-head ratio

lupus-like disease

last menstrual period

low molecular weight heparin
leak point pressure
lecithin/sphingomyelin ratio
low-grade intraepithelial lesion
lower urinary tract obstruction
lower urinary tract symptoms
lymph-vascular space invasion

meconium aspiration syndrome
menstrual blood loss

modified biophysical profile
middle cerebral artery

mean corpuscular volume



MI

MIS
MMI
MODY
MPA
MPV
MRA
MRI
MRKH

MRSA
MSAFP

NEC
NICU
NIDDM
NPV
NS
NSAID
NST
NSV
NT

NV
NVP

OA
OAB
OCD
OocCP
OCT
OGTT
OHSS
OP
OR

PAT

PBS
PCOS
PCR
PDA
PE
PEFR
PET
PG
PGSI
PI
PICC
PID
PMD
PMDD
PMS
PNTML
POC

Morphology Index; myocardial
infarction

mullerian inhibiting substance
methimazole

maturity-onset diabetes of the young
medroxyprogesterone acetate
mean platelet volume

magnetic resonance angiography
magnetic resonance imaging
Mayer Rokitansky Kuster Hauser
syndrome

methicillin-resistant Staph. aureus
maternal serum a-fetoprotein

necrotizing enterocolitis

neonatal intensive care unit
noninsulin-dependent diabetes mellitus
negative predictive value

normal saline

nonsteroidal anti-inflammatory agent
nonstress test

nonspecific vaginitis

nuchal translucency

nausea and vomiting

nausea and vomiting of pregnancy

occiput anterior

overactive bladder
obsessive-compulsive disorder

oral contraceptive pill

oxytocin challenge test

oral glucose tolerance test

ovarian hyperstimulation syndrome
occiput posterior

odds ratio

pregnancy-associated
thrombocytopenia

painful bladder syndrome

polycystic ovarian syndrome
polymerase chain reaction

patent ductus arteriosus

pulmonary embolism

peak expiratory flow rate

positron emission tomography
phosphatidylglycerol; prostaglandin
prostaglandin synthetase inhibitor
Pulsatility Index

peripherally inserted central catheter
pelvic inflammatory disease
premenstrual disease

premenstrual dysphoric disorder
premenstrual syndrome

pudendal nerve terminal motor latency
products of conception

POF
POP
PPHN

pPPP
PPROM

PPTD

PPUG
PPV
PRBC
PS
PST
psv
PTL
PTT
PTU
PUBS
PVR

RBC
RCT
RDS
RI
RPL
RPR
RR

SBE
SBO
SCCA
SD
SERM
SGA
SHBG
SIUGR
SK
SLE
SLL
SLPCV

SLS
SNRI

SSRI
STI
SUI

TAH
TBG
TCA
TENS

TET

Abbreviations xi

premature ovarian failure

pelvic organ prolapse

persistent pulmonary hypertension of
the newborn

peripheral precocious puberty
preterm premature rupture of
membranes

postpartum thyroid dysfunction
syndrome

positive pressure urethrography
positive predictive value

packed red blood cells
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Cervical Insufficiency and Cerclage

Bhuvan Pathak, James A. McGregor and T. Murphy Goodwin

Department of Medicine and Obstetrics and Gynecology, Keck School of Medicine, University of Southern California, CA, USA

Introduction

Primary cervical insufficiency (CI) is the preferred term
for the clinical findings of cervical shortening (= 25 mm),
funneling and/or cervical dilation during the second tri-
mester in the absence of cervical trauma or other abnor-
mality. Secondary CI includes cervical change in the
setting of prior trauma, frequently with a history of prior
preterm births in the absence of clear clinical preterm
labor. CI is a complication which affects up to 1% of all
pregnancies and up to 8% of pregnancies with a history
of recurrent second-trimester loss. Given a lack of con-
sensus on its diagnostic criteria, its etiology, and its treat-
ment, there is much variation in its reported incidence.
Cl is a potentially preventable cause of second-trimester
loss and extreme prematurity, with associated low birth-
weight and other sequelae. Preterm birth, regardless of its
etiology, remains the leading cause of neonatal morbidity
and mortality.

Diagnosis

Unfortunately, there is no clear consensus for the diagnosis
of CI despite its relatively common occurrence. Recurrent,
relatively painless, second-trimester fetal losses or preterm
births in the absence of contractions or vaginal bleeding
remains the gold standard for diagnosis. Therefore, it is
crucial that a careful and thorough obstetric and gyneco-
logic history is taken at the onset of prenatal care. Although
this presentation is classic, it is clearly recognized that
cervical competence is a continuous variable and can-
not simply be categorized as “competent” or “incompe-
tent.” For example, contractions may be present as a late
sign of CI after prolonged exposure of the membranes to
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the vaginal flora. Furthermore, with the increasing use of
transvaginal ultrasound, cervical shortening and dilation
of the internal os can be recognized prior to the onset of
symptoms and even without digital examination of the
cervix.

Transvaginal sonography of the cervix can be easily
performed as early as 14-16 weeks of gestation, when the
lower segment of the uterus is developed well enough
to allow reproducible measurements of cervical length
and architecture of the internal os. Ultrasound cervi-
cal length screening at 18-22 weeks’ gestation has been
proposed. A length of less than 25 mm is generally con-
sidered shortened and suggestive of CI, although the
probability of preterm delivery at a given cervical length
varies according to gestational age. Also important is
any dynamic change noted after Valsalva or mild fundal
pressure, as well as differences in cervical appearance
or length between consecutive measurements. Other
changes which have been described include dilation and
funneling of the internal os.

In nonpregnant patients, several tests including physi-
cal examination and ultrasound or radiographic studies
are available to facilitate the diagnosis of CI. On physical
examination, the easy passage of a number 8 Hagar dila-
tor or a number 15 Pratt dilator is essentially diagnostic
of CI. Hysterosalpingography showing dilation of the
internal os to greater than 6 mm is also diagnostic of CI.
These tests are both inconvenient and of limited diagnos-
tic utility as they often yield equivocal results in patients
with an unclear history.

Etiology

Although there are several postulated causes of CI, it is
believed that ascending intrauterine infection with inflam-
mation and cervical trauma are the most common causes.
Cervical trauma most commonly results from surgical
interventions including conization, loop electrosurgical
excision procedures, repetitive or second-trimester thera-
peutic terminations, and obstetric injuries. More than one
first-trimester termination or a single second-trimester
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termination increases the incidence of CI. Obstetric injuries
include compression necrosis of the cervix due to a pro-
longed second stage of labor, and spontaneous as well as
iatrogenic lacerations of the cervix such as Duhrssen’s
incisions performed during vaginal delivery. Further
obstetric injury may include extension of the uterine inci-
sion into the cervix at the time of cesarean section.

Congenital defects including mullerian anomalies,
exposure to diethylstilbestrol, maternal deficiencies in
elastin or collagen polymorphisms are less common
causes of CI. Rarely, acquired anatomic defects such as
large polyps or cervical myomata may be associated with
CI. Premature signaling of “cervical ripening,” molecular
signals from fetal, trophoblast or maternal sources, is
increasingly studied and may explain inconsistent CI in
consecutive pregnancies in the same mother.

Management

Once a diagnosis of CI has been established or the need
for intervention is identified, treatment has traditionally
been by surgical correction using an encircling or cer-
clage suture. The most commonly used technique is the
McDonald cerclage, which was described in 1957. With
this, a purse-string suture of four or five bites is placed
around the cervix. The material most commonly used is
5 mm Mersilene tape. Mersilene provides better tensile
strength and is less likely to pull through the cervix in
later gestation. Prolene and nylon are both more easily
passed through the cervical tissue but are also more likely
to pull through the tissues, given their smaller calibers.
The suture is placed below the level of the internal os
and must be placed deep into the substance of the cervix
to prevent lacerations. The lateral blood supply should
be left outside the purse-string suture. The knot is then
placed anteriorly and one end left long enough to facili-
tate removal at 36-37 weeks’ gestation. The McDonald
technique differs from the modified Shirodkar cerclage
described below in that more suture is left exposed
within the vagina.

The Shirodkar cerclage was described 2 years earlier
in 1955, using maternal fascia lata as the suture material.
Today, a 5 mm Mersilene tape is again the suture material
most commonly used. The modified Shirodkar has now
replaced the original version due to it simplicity. Transverse
incisions are made in the cervix anteriorly and posteri-
orly, and the suture is passed between the fibromuscu-
lar substance of the cervix and the lateral blood supply.
The knot is again tied anteriorly and some surgeons
anchor the tape anteriorly and/or posteriorly to the cer-
vical tissue using a second suture to avoid slippage of
the tape. While the originally described Shirodkar cer-
clage requires increased dissection of both the bladder

and rectum superiorly, as well as entailing increased
operative time, bleeding, cervical scarring, and cesarean
delivery rates, the modified Shirodkar avoids these com-
plications. The Shirodkar is less commonly employed
but may still be indicated in cases where a previous
McDonald cerclage has failed or when the cervix is
significantly shortened due to congenital abnormalities
or surgical intervention.

In cases where vaginal cerclage has failed or when
there is marked scarring, shortening or deformation
of the cervix, precluding vaginal placement, transab-
dominal cerclage may be employed. Given the inher-
ently more invasive nature of the abdominal route,
maternal and fetal risks are significantly increased.
An abdominal incision is made and the lower uterine
segment exposed. The uterine vessels are located and
withdrawn laterally, and a Mersilene tape is placed in
the avascular space between the retracted vessels and
the uterine isthmus. The suture is passed anteriorly
and tied anteriorly and overlies the uterosacral liga-
ments without penetrating the myometrium. Delivery
in these cases must be by cesarean section and the cer-
clage is usually kept in place for subsequent pregnan-
cies. Fetal salvage is reported to be up to 90%. Several
cases of abdominal laparoscopic cerclage placement
have been described.

Cerclage placement may be performed on an elective
or prophylactic basis, as a therapeutic measure or on an
emergency basis, often referred to as a “rescue” cerclage.
When the obstetric history is diagnostic for CI, as in the
patient with classic repetitive, painless dilation described
above, a prophylactic cerclage may be placed in the late
first trimester, usually after 10 weeks’ gestation. This
usually allows for placement after the gestational age at
which most inevitable miscarriages would occur. This
timing also allows for documentation of fetal viabil-
ity and exclusion of major malformations and certain
lethal anomalies such as anencephaly, which are usu-
ally visible in the late first trimester. In cases where the
history is suggestive of CI but not clearly diagnostic,
there remains controversy as to the ideal management.
Examples of patients at a possibly elevated risk of CI are
listed in Box 1.1.

There are differing views as to the specific situations in
which elective cerclages should be placed. One view is that
of the American College of Obstetricians and Gynecologists
which recommends that elective cerclage placement
based only on historical factors should be confined to
patients with three or more otherwise unexplained sec-
ond-trimester losses or preterm births. It should be noted
that even in women with a history of three or more
unexplained second-trimester deliveries, there is still an
approximately 50% chance of delivering at term without
cerclage placement. Other experts suggest confirmation



Box 1.1 Patients at risk of cervical
incompetence without a history of
incompetence

® Procedures with no intervening normal pregnancy
¢ Cone biopsy or loop excision

* More than one first-trimester abortion

¢ Asingle second-trimester abortion

* Spontaneous preterm premature rupture of
membranes or preterm birth less than 28 weeks’
gestation

® Preterm birth at any time in gestation with progress
in labor out of proportion to uterine activity

¢ Congenital uterine anomaly without prior loss

e Multiple gestation

of cervical change using ultrasound surveillance. Severe
restriction of activities or bedrest is less effective but is
frequently employed after 24 weeks’ gestation.
Therapeutic or urgent cerclage is often placed in women
with a shortened cervix or evidence of funneling on ultra-
sound. These women are often being assessed by ultra-
sound due to a history placing them at risk for CI, or
symptoms or findings on physical examination placing
them at risk. The randomized studies examining cerclage
placement in these situations contain small numbers of
subjects and have yielded conflicting results. It appears,
however, that cerclage may prolong pregnancy in a woman
with a shortened cervix who is at high risk for CI based
on history as well. In otherwise low-risk patients with a
shortened cervix, cerclage placement has not been shown
to significantly prevent preterm birth. Bedrest or a modi-
fied version of it is commonly employed for women with a
shortened cervix who do not undergo cervical cerclage.
Finally, emergency or “rescue” cerclage is some-
times placed in women with advanced cervical dilation
although the supporting data are rather limited. These
women must be thoroughly evaluated prior to surgical
intervention. Most importantly, chorio-amnionitis must
be ruled out. There should also be no vaginal bleed-
ing, no rupture of membranes, and a viable fetus with
no major anatomic abnormalities visible. There should
be no uterine activity or an excellent response to short-
term tocolytics. Evaluation includes but is not neces-
sarily limited to physical examination, cultures of the
urine, cervix, and vagina, and a complete blood count.
If the patient is deemed to be an appropriate candidate
for an emergency cerclage, she should be placed on
bedrest and broad-spectrum antibiotics for 12-24 hours
prior to the procedure. Adequate uterine relaxation,
anesthesia, and visualization of the anatomy are key to
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the successful placement of an emergency cerclage. This is
usually attained by the use of spinal anesthesia as well
as with uterine relaxants including terbutaline or nitro-
glycerine. Other techniques to assist in the reduction
of possibly protuberant membranes include placing
the patient in the Trendelenburg position, and gentle
pressure using a 30 cc Foley catheter balloon and/or
moistened gauzes on sponge sticks. Some authors even
advocate the use of transabdominal amnioreduction to
further reduce the bulging membranes. Postsurgical
treatment with up to a 3 week course of broad-spectrum
antibiotics and short-term prostaglandin synthase inhibi-
tors for 24-48 hours is also recommended.

Prior to or concurrent to any cerclage, the mother
should be screened and treated for common genitouri-
nary tract infections including urinary tract infection,
bacteriuria, vaginitis, cervicitis, bacterial vaginosis, and
prevalent sexually transmitted infections. Optimal results
are obtained with perioperative antibiotic use, tocolytics
such as calcium channel blockers, prostaglandin synthase
inhibitors, and nitroglycerine, and with serial treatments
of progesterone.

Overall success rates with cervical cerclage place-
ment vary widely given the wide variation in studies
and controls used. Some authors report no differences
with or without cerclage placement, while others report
infant viability rates of up to 90% following surgical
intervention. For emergency cerclage placement, suc-
cess rates and neonatal survival vary by both gesta-
tional age and cervical dilation, with rates ranging from
33% to 83%.

Finally, the use of rigid pessaries, although not com-
mon in the United States, is popular in some European
countries. These studies are small with poorly described
selection criteria.

Complications

Although not an extremely invasive procedure, the risks
with cerclage placement include those related to the
operative procedure itself, as well as those related to
the prevention of possible subsequent preterm birth. The
most commonly encountered complications are chorio-
amnionitis and rupture of membranes, both of which
have increased rates with advancing gestational age.
Rupture of membranes is also greater with emergency
cerclage than with elective cerclage and occurs up to
45% of the time in the former situation. In cases where
there is subsequent rupture of membranes, we feel that
cerclages should generally be removed promptly to avoid
chorio-amnionitis and its associated maternal and neona-
tal morbidity. In the well-counseled patient with rupture of
membranes at previable or extremely premature gestational
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ages, the cerclage may be left in place and the patient
closely monitored for any signs of chorio-amnionitis.
Other complications include intraoperative bleeding
which requires transfusion in 6% of transabdominal
procedures. An increased risk of hospitalization for pre-
term labor, as well as an increased use of tocolytics, has
been shown with cerclage use. Cervical lacerations at
the time of delivery have been noted in 10% of cases, and
chronic fistula formation with long-term cerclage place-
ment has also been reported. Finally, cerclage placement
in the setting of twins has been associated with a sig-
nificantly higher incidence of preterm birth and should
therefore be avoided.

Once a cerclage has been placed, a baseline ultrasound
should be obtained for cervical length. This allows for accu-
rate assessment of any further changes that may present.

Conclusion

As mentioned above, CI is a complication of pregnancy
that is not uncommonly encountered. Despite this, there
is not always clear consensus as to its diagnostic criteria
and management regimens. A thorough obstetric history
is therefore of the utmost importance in these situations.
Cerclage placement is commonly employed in patients
with a classic history of CI on an elective basis, in the
patient with a shortened cervix as a therapeutic measure,
or in the patient with advanced dilation on an emergency
basis. The most common complications of cerclage
placement include rupture of membranes and chorio-
amnionitis, both of which should be monitored for, with
removal of the suture if necessary.
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Introduction

Preterm premature rupture of the membranes (PPROM)
is defined as rupture of membranes occurring prior to
the onset of contractions and prior to 37 weeks’ gestation.
It complicates 3% of pregnancies and precedes approxi-
mately one-third of preterm births. PPROM is associated
with oligohydramnios, placental abruption, cord prolapse,
and intrauterine infection and hence places the fetus at risk
before delivery. When PPROM occurs remote from term,
there are significant risks of neonatal morbidity and mor-
tality. To date, there are no reliable means of predicting and
preventing PPROM. The physician caring for the woman
with PPROM is therefore in a unique position to intervene
in an attempt to improve perinatal outcome.

Etiology

At term, rupture of fetal membranes occurs as a normal
part of labor due to a combination of cellular apoptosis
and increased collagenase activity. Shearing forces accom-
panying uterine contractions aid this process. The etiol-
ogy of PPROM is multifactorial, involving mechanical,
infectious and inflammatory processes. Mechanical forces
encountered in preterm labor, cervical incompetence or
polyhydramnios can all induce the production of pros-
taglandins. This increases uterine irritability, decreases
synthesis of fetal membrane collagen and increases col-
lagenase activity. The subsequent exposure of the mem-
branes to vaginal flora increases the likelihood of attack
by bacterial proteases, endotoxins and enzymes such
as phospholipase. The role of infection in the causation
of PPROM is supported by the identification of patho-
logic micro-organisms in human vaginal flora soon after
membrane rupture. An association between colonization
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of the genital tract by group B streptococci (GBS),
Ureaplasma urealyticum, Chlamydia trachomatis, and Neisseria
gonorrhoeae has been established. Although earlier smaller
studies showed an association between bacterial vaginosis
(BV) and PPROM, prospective studies have found that BV
is not a risk factor for PPROM at less than 35 weeks. In
general, intrauterine infection may predispose women to
PPROM through the secretion of bacterial proteases that
induce the degradation of collagen and the extracellular
matrix. Additionally, the host inflammatory response to
bacterial infection mediated by cytokines and prostag-
landins produced by neutrophils and macrophages may
predispose the patient to PPROM. In the majority of cases,
however, the exact etiology of PPROM is not known.
The risk of recurrence of preterm birth from PPROM in a
future pregnancy approaches 14%.

Prevention

The population at risk for PPROM is similar to the popula-
tion at risk for preterm birth. Risk factors associated with
PPROM include a history of preterm birth or PPROM in
a previous pregnancy, preterm labor in the current preg-
nancy, cervical insufficiency, cervical conization, cerclage,
maternal smoking, low socio-economic status, low mater-
nal Body Mass Index, second-trimester vaginal bleeding,
and amniocentesis. Additionally, a substantial portion of
PPROM cases are related to urinary tract infections and
sexually transmitted infections (STI). Patients with a his-
tory of PPROM or spontaneous preterm birth should
therefore be screened for the presence of genitourinary
infections and STI in early pregnancy and treated accord-
ingly. Of note, evaluation for asymptomatic BV and its
treatment have not proven effective in preventing PPROM.

Diagnosis

The first step in the management of PPROM is confirma-
tion of the diagnosis. In most cases, the history and physical
examinations will provide ample evidence for a diagnosis
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of PPROM, with patient history having an accuracy of
90%. If the clinical history is equivocal, a sterile speculum
examination is undertaken. Visualization of amniotic fluid
passing from the cervix or the presence of pooling in the
posterior fornix of the vagina is diagnostic. Amniotic fluid
is more alkaline (pH > 6) than vaginal secretions and will
stain pH-sensitive indicators such as nitrazine paper blue.
False-positive results on nitrazine testing may be seen with
blood or semen contamination, antiseptic solutions or bac-
terial vaginosis. Microscopic evaluation of amniotic fluid
allowed to dry on a clean slide will reveal the characteristic
pattern of ferning. This is due to the interaction of amniotic
fluid, proteins and salts. A false-positive but atypical fern-
ing pattern may be seen when contamination with cervical
mucus is present. On the other hand, false-negative ferning
or nitrazine testing can occur with prolonged leakage.

If the diagnosis of PPROM is strongly suspected but
cannot be confirmed by the tests above, an ultrasound
examination showing diminished amniotic fluid volume
(AFI) is supportive of the diagnosis. If the diagnosis
remains in doubt, dilute indigo carmine may be injected
into the uterine cavity and its egress detected on a vaginal
tampon or perineal pad.

At the time of the initial speculum examination, the
cervix should be inspected for evidence of cervicitis or
umbilical cord prolapse. Cervical effacement and dilation
can be evaluated visually (correlation coefficient with
digital examination = 0.74) in order to reduce infectious
morbidity, as digital examinations have been associated
in multiple studies with a significantly shortened latency.

Maternal and fetal risks associated
with preterm premature rupture
of the membranes

After PPROM, the latency period from membrane rupture
to delivery decreases inversely with advancing gestational
age. For example, at 20-26 weeks’ gestation, the mean
latency period is close to 12 days; at 32-34 weeks’ gesta-
tion, it is only 4 days. The natural history of PPROM there-
fore allows significant prolongation of pregnancy in some
cases of PPROM. A central tenet of care of the patient with
PPROM is that pregnancy prolongation should be consid-
ered only when significant fetal benefit could be expected,
in the absence of significant fetal and maternal risk.

The principal maternal risk with PPROM and prolonged
membrane rupture is chorio-amnionitis, which may result
from ascending bacterial infection before or after mem-
brane rupture. Notably, at the time of presentation with
PPROM in the absence of labor, the rate of subclinical
chorio-amnionitis (defined as positive amniotic fluid cul-
tures obtained by transabdominal amniocentesis) has been
reported to be as high as 40%. Clinical chorio-amnionitis,
on the other hand, is present in 1-2% of women who
present with PPROM. Subsequently, chorio-amnionitis

develops clinically in 3-8% of these women. Placental
abruption also occurs in a significant number of cases,
as does a retained placenta or postpartum hemorrhage
requiring dilation and curettage. Maternal sepsis and
death occur rarely, at 0.8% and 0.14% respectively.

The principal fetal risks after PPROM result from mater-
nal intrauterine infection, umbilical cord prolapse, umbili-
cal cord compression and placental abruption. Following
rupture of fetal membranes before fetal viability (less than
24 weeks’ gestation), pulmonary hypoplasia and skeletal
deformities may be seen due to the presence of persistent
oligohydramnios. Either of the latter two complications is
found to some degree in about 30% of early rupture cases.
However, the primary determinant of infant morbidity and
mortality is gestational age at delivery. In general, infant
morbidity in PPROM is similar to that of infants born
at the same gestational age without PPROM (assuming
absence of pulmonary hypoplasia). Patients with PPROM,
especially if it occurs before 24 weeks, should be exten-
sively counseled about the associated maternal and neo-
natal risks and outcomes. In certain instances of PPROM
prior to viability, where the patient chooses to continue the
pregnancy, outpatient management may be considered.

Management

In certain cases, delivery is indicated after PPROM regard-
less of the gestational age. If overt chorio-amnionitis, nonre-
assuring fetal status, significant bleeding from placental
abruption and/or advanced labor are present, expeditious
delivery is required. Otherwise, if the mother and fetus are
clinically stable, gestational age will be the primary fac-
tor determining management. The benefits of expectant
management mainly involve decreasing the gestational
age-related morbidity from prematurity.

Preterm premature rupture of the membranes diag-
nosed before 32 weeks’ gestation is associated with sig-
nificant neonatal morbidity and mortality. In the absence
of indications for immediate delivery, women with
PPROM at 23-32 weeks should be expectantly managed
in the hope of prolonging the latency period and reduc-
ing neonatal morbidity due to prematurity.

When PPROM is diagnosed between 32 and 33 weeks,
neonatal survival is likely although the risk of respira-
tory distress syndrome remains if fetal pulmonary test-
ing shows immaturity. Conservative management in this
gestational age only briefly prolongs pregnancy without
significantly reducing neonatal morbidity. Therefore, if
fetal pulmonary maturity can be demonstrated via vagi-
nal pool fluid or transabdominal amniocentesis, delivery
should be considered. Vigilance for evidence of infection
must be heightened, as there is little long-term benefit in
prolonging pregnancy after 32 weeks’ gestation.

At 34-36 weeks’ gestation, the occurrence of severe
neonatal complications due to immaturity is low.



Expectant management in this group of women leads
to a significant increase in the risk of chorio-amnionitis
and a lower umbilical cord pH without any benefit to
the fetus. Therefore, if PPROM occurs between 34 and 36
weeks, delivery should proceed expeditiously.

Exceptions to expectant management at any gesta-
tional age include maternal HIV, primary maternal her-
pes simplex virus infection and fetal malpresentation in
cases of advanced cervical dilation. In cases of conserva-
tive management, antenatal fetal surveillance is recom-
mended in order to assess for signs of fetal compromise
due mainly to umbilical cord compression and/or chorio-
amnionitis. Initially, continuous electronic fetal heart rate
(FHR) and contraction monitoring should be conducted
for 48 hours. If testing reveals reassuring fetal status with
adequate AFI, then the patient can be observed on the
antepartum ward with daily nonstress testing and twice-
weekly AFI evaluation. Twice-weekly biophysical profiles
for those patients with an AFI greater than 5 are also
acceptable. At this time, there is no evidence to guide the
frequency of fetal surveillance in this population. During
hospitalization, modified bedrest with deep venous
thrombosis prophylaxis should be employed. Digital pelvic
examinations should be avoided unless labor ensues or
delivery is indicated.

A number of tests have been studied for their ability
to identify fetal infection during the period of expectant
management for PPROM. Tests of maternal blood such as
the white blood cell (WBC) count and C-reactive protein
are not routinely used in clinical practice. However,
if clinical findings are suspicious, gram stain, culture,
WBC count, and glucose levels of the amniotic fluid may
prove beneficial in diagnosing intra-amniotic infection.
Interleukin-6 appears to be the best biomarker for intra-
amniotic infection but is unavailable in most hospitals.
Clinical chorio-amnionitis is diagnosed by the presence of
uterine tenderness, maternal fever greater than or equal to
100.4°F, and maternal or fetal tachycardia in the absence
of other sources of infection. As chorio-amnionitis is
associated with “fetal inflammatory syndrome” (elevated
amniotic fluid cytokines and fetal systemic inflammation),
which may lead to subsequent adverse neurologic sequela
(cerebral palsy, cystic periventricular leukomalacia), a
diagnosis of intra-amniotic infection, clinical or subclinical,
necessitates expeditious delivery of the pregnancy com-
plicated by PPROM.

Antibiotics, steroids, and tocolysis

A number of broad-spectrum antibiotic regimens have been
shown to prolong the latent phase in PPROM. Multiple
prospective randomized trials have been published
regarding this issue. The NICHD-MFMU study found that
antibiotic treatment of expectantly managed women with
PPROM between 24 and 32 weeks’ gestation prolongs
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pregnancy and reduces the risk of delivery at 1, 2, and
3 weeks by 50%. Furthermore, treatment with antibiotics
has been proven to reduce amnionitis, neonatal sepsis,
and intraventricular hemorrhage. The most widely used
antibiotic regimen is intravenous ampicillin and erythro-
mycin for 2 days followed by 5 days of oral amoxicillin
and erythromycin. Any woman with PPROM in whom
vaginal delivery is imminent also needs appropriate
antibiotic therapy to prevent the vertical transmission of
group B streptococcus (GBS), unless an already prescribed
antibiotic regimen provides appropriate coverage or a
recent anovaginal culture is negative for GBS.

The benefit of antenatal steroids in the presence of
ruptured membranes has been thoroughly investigated.
In a recent meta-analysis, corticosteroids were shown to
significantly reduce the risks of respiratory distress syn-
drome (RR 0.56), intraventricular hemorrhage (RR 0.47)
and necrotizing enterocolitis (RR 0.21). The risk of neonatal
death may also be reduced (RR 0.68). Antenatal corticos-
teroids do not appear to increase the risk of infection in
the mother or infant. The 2000 NIH Consensus Panel reco-
mmended that antenatal corticosteroids be administered
to all pregnant women at risk of delivery between 24 and
34 weeks’ gestation, although it is acceptable to administer
corticosteroids between 32 and 34 weeks’ gestation only in
the case of documented immaturity or if fluid for testing
cannot be obtained. Antenatal steroid therapy should not
be routinely repeated in patients with PPROM.

The benefit of tocolytic therapy is less firmly estab-
lished in the presence of PPROM as compared to patients
with intact membranes. Studies suggest that tocolysis after
PPROM may increase short-term latency to allow more
time for antenatal corticosteroid and antibiotic administra-
tion. Therefore, tocolysis can be used to achieve 48 hours of
corticosteroid administration in the absence of any evidence
of infection or other contraindications to labor inhibition.
The current literature does not support the use of mainte-
nance tocolysis beyond the initial 48-hour steroid window.
The fetal benefits of tocolysis in this setting are unclear.

Special circumstances
related to PPROM

When PPROM occurs before 23 weeks’ gestation, the
prognosis is guarded. Many patients will choose termination
of pregnancy because of the poor prognosis for the fetus
and in order to reduce the risk of ascending infection in
the mother. Nevertheless, intact survival of the newborn
has been described even with PPROM before 20 weeks’
gestation. The risks and benefits of expectant manage-
ment with antibiotic therapy compared to termination
of pregnancy should be thoroughly reviewed with the
patient in such cases. If previable PPROM has occurred
after amniocentesis, the prognosis is more favorable and
expectant management with broad-spectrum antibiotic
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therapy may be employed. In 2.6-13% of cases, cessation
of fluid leakage will occur.

Cervical cerclage, especially when placed as an emer-
gency, is a common risk factor for PPROM. There are
no prospective trials dictating the optimal management
of PPROM in the setting of a cervical cerclage. When
the cerclage is removed at the time of presentation with
PPROM, the risk of adverse perinatal outcome appears
not to be increased. No controlled studies have demon-
strated a significant reduction in infant morbidity with
retention of the cerclage. Given the potential risks asso-
ciated with a retained cerclage without evident neonatal
benefit, it is recommended that the cerclage be removed
on presentation with PPROM. In selected patients with-
out evidence of infection but with a history of cervical
insufficiency, the cerclage may be left in place until the
patient has received antenatal corticosteroids and anti-
biotic therapy. The patient should undergo thorough
counseling on the benefits and risks of each option and
be an active participant in the decision-making process
throughout the management of PPROM.
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Incidence and complications

Preterm birth is defined as delivery occurring at less than
37 completed weeks’ gestation, and is a major cause of
neonatal morbidity and mortality in developed countries.
In the United States, preterm birth is the second leading
cause of infant mortality (after congenital malformations).
Moreover, the incidence of preterm birth has increased,
from 9.4% in 1981 to 10.9% in 2005. This is due, at least
in part, to rising rates of multiple gestations. In 1989,
there were 2529 triplet gestations delivered in the United
States, but 6800 cases in the year 2000. Infants born pre-
maturely are at risk for respiratory distress syndrome
(RDS), patent ductus arteriosus (PDA), intraventricular
hemorrhage (IVH), necrotizing enterocolitis (NEC), and
sepsis. They are also at risk for poor school performance,
mental retardation, and growth delay. Cerebral palsy is
a nonprogressive motor dysfunction disorder, which can
have an onset near the time of delivery. Its incidence is
2:1000 births in the general population, but as high as
10% in infants born before 28 weeks’ gestation.

Risk factors for preterm birth

Risk factors for preterm birth include: preterm labor; prior
preterm birth; multifetal gestation; second-trimester vagi-
nal bleeding; low socio-economic status; familial history;
chronic stress; poor nutrition; and chronic stress. However,
more than 50% of preterm births occur in women with
no identifiable risk factors. Furthermore, approximately
one-third of preterm births are due to maternal or fetal
complications (hypertensive disorders, placental abrup-
tion, placenta previa, multiple fetal pregnancy, congenital
malformations), one-third is due to preterm premature
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rupture of membranes (PPROM), and one-third is idiopathic
(with intact membranes).

Maternal infections outside the uterus (e.g. pneumonia,
pyelonephritis, viral syndromes) are associated with an
increased risk for preterm labor (PTL). Asymptomatic uri-
nary tract infection with PTL is also associated with PTL.

Anatomic abnormalities of the uterus may account for
up to 15% of PTL cases, with or without relative cervical
insufficiency. Important congenital anomalies include sep-
tate and /or bicornuate uteri. Cervical insufficiency itself is
recognized as a continuum and is responsible for at least
some cases of preterm birth. Premature shortening and
dilation of the cervix may result in exposure of the fetal
membranes to bacteria. The anatomic and inflammatory
components of preterm birth are thus often intermingled.

Congenital anomalies of the fetus, especially those
associated with fetal hydrops or severe oligohydramnios,
can also result in PTL. Uterine overdistension with severe
polyhydramnios or multiple gestation is also associated
with PTL. The high frequency of growth-restricted infants
among those delivered preterm supports the association
of placental insufficiency with PTL. Trauma is an uncom-
mon but well-documented cause of PTL.

Subclinical genital tract infection leading to intra-
amniotic infections by the ascending route has been
shown to cause as much as 30% of spontaneous preterm
birth and even a greater percentage of PPROM. Bacterial
vaginosis and colonization with gonorrhea and chlamydia
are associated with PTL and PPROM as well.

Diagnosis and treatment
of preterm labor

The strict definition of PTL requires evidence of cervi-
cal change in response to regular uterine contractions.
Nevertheless, in clinical practice therapy is commonly ini-
tiated on the basis of persistent contractions alone out of
concern for difficulty in stopping advanced labor, which
can lead to preterm birth. Interestingly, if the diagnosis
is based solely on the presence of uterine contractions,
studies have shown that up to 60% of patients are falsely
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diagnosed. In a patient without documented cervical
change, a period of several hours of bedrest with moni-
toring may clarify the situation. The decision whether or
not to initiate therapy can be guided with the addition
of cervical length measurement via transvaginal ultra-
sonography (TVS) and/or assessment of fetal fibronectin
(fFN) status. A patient with a cervical length = 3.0 cm is
very unlikely to deliver early. Similarly, a patient with a
negative fFN has only a 3% or less chance of delivering
within 2 weeks of the negative test.

Utilization of TVS or fFN testing (the choice of approach
may depend on availability, cost, and local turnaround
time) provides improved triaging of patients who are at
low risk for active PTL and thus limits needless therapy.
During this observation period, the mother and fetus
should be evaluated for conditions that may play a role
in the onset of labor (e.g. PPROM, polyhydramnios, mul-
tifetal gestation, trauma) and for conditions that would
preclude inhibition of labor (e.g. fetal demise, fetal anom-
aly incompatible with life, severe intrauterine growth
restriction, maternal hemorrhage, severe hypertensive
disease, chorio-amnionitis or evidence of fetal maturity,
etc.). A history and physical examination, urinalysis, com-
plete blood count, and cervical culture for GBS should be
performed, along with a complete ultrasound. If intrau-
terine infection is suspected but not clinically obvious,
amniocentesis for gram stain, culture, and cell count may
be useful.

All patients with progressive PTL should receive anti-
biotics to prevent transmission of GBS from mother to
infant at the time of birth. The most common regimens
are intravenous penicillin or ampicillin. Our preferred
regimen is intravenous penicillin G 5 million units ini-
tially then 2.5 million units every 4 hours until delivery.
Penicillin-allergic patients may be treated with clindamy-
cin or erythromycin. If the GBS culture returns negative,
then the antibiotics may be discontinued.

Maternal steroid therapy

The two main objectives of tocolytic therapy for symp-
tomatic PTL are to delay delivery to facilitate maternal
transport to a hospital with an appropriate neonatal
intensive care unit, and to allow for administration
of corticosteroids to enhance fetal lung maturity. Both of
these interventions reduce perinatal mortality and mor-
bidity. Tocolytic therapy is restricted typically to gestations
between 24 and 34 weeks. Prior to 24 weeks and between
34 and 37 weeks, therapy may be individualized. In the
latter gestational age group, amniocentesis to document
fetal lung maturity should be considered prior to institut-
ing tocolytic therapy or proceeding with elective delivery.

Commonly used regimens of corticosteroids for fetal
lung maturity include two doses of betametasone, 12 mg

intramuscularly 24 hours apart, or dexametasone, 6 mg
given twice daily for a total of four doses. The beneficial
effect appears to extend from 24 hours of initiation of
the regimen up to 7 days. While current evidence does
not support serial dosing of corticosteroids for women
at high risk for early delivery, this is an area of active
research and recommendations continue to evolve.

Tocolysis with magnesium sulfate

While ritodrine is the only FDA-approved drug for the
indication of PTL, magnesium sulfate has gained in
popularity due to its similar efficacy to ritodrine with fewer
side effects. An absolute contraindication to magnesium
sulfate use is maternal myasthenia gravis. Renal insuf-
ficiency is a relative contraindication. The most common
side effects (chest pain, severe nausea, flushing, drow-
siness or weakness) are seen in less than 5% of patients.
Magnesium toxicity, which can result in respiratory arrest,
is counteracted immediately by the administration of
1 ampoule (10 mL) of 10% calcium gluconate. This should
be kept readily available. Fluid intake and output should
be monitored closely to ensure adequate renal excretion
of magnesium and to prevent pulmonary edema. A mag-
nesium serum concentration of 5-8 mg/dL is desirable.
The protocol used for magnesium sulfate tocolysis at our
institution is shown in Box 3.1.

Box 3.1 Tocolysis with magnesium sulfate

* Hydrate patient with 500 mL isotonic crystalloid
over 20 min

* Maintain strict intake and output

e Solution: 10 g magnesium sulfate in 100 mL saline
¢ Loading dose: 4 g bolus/20 min

e Start constant infusion 2 g/h

e Increase infusion rate 0.5 g/h every 20 min until
tocolysis achieved

¢ Continue infusion at lowest effective dose for 12 h
once tocolysis achieved

¢ Vital signs every 15 min during loading and hourly
while on maintenance

® Check deep tendon reflexes (DTR) hourly while on
maintenance

e Discontinue infusion and call doctor if:
- noDTR
— respirations less than 12/min
— chest pain or tightness
— urine output less than 30 mL/h

¢ Doses of magnesium sulfate above 3 g/h require
continuous ECG monitoring and serum magnesium
levels every 6 h




B-Mimetics and other tocolytics

The use of intravenous (-mimetics for tocolysis has
been associated with a variety of maternal complications,
including death due to pulmonary edema. Many centers,
including our own, no longer employ these agents by
the intravenous route. However, subcutaneous terbuta-
line 0.25 mg every 3 hours may be employed during the
initial evaluation of a patient with preterm contractions
to help distinguish inconsequential preterm contractions
from true PTL. During this time, patient assessment and
consideration for definitive therapy can continue. Some
have advocated the subcutaneous terbutaline pump
based on the theory that downregulation of 3-receptors
can be diminished with continuous low-dose administration
of the drug combined with intermittent demand boluses.
Unfortunately, there have been no controlled trials docu-
menting the efficacy of this expensive regimen.

Prostaglandin synthetase inhibitors, such as indomet-
acin, can be given orally or rectally and appear to have
efficacy comparable to intravenous agents. Questions
of their safety for the fetus have been raised but most
complications appear to be associated with long-term
usage. We generally use indometacin (25-50 mg orally
or by rectum every 6 h) as a second-line tocolytic agent
between 24 and 32 weeks for not more than 48 hours.
Calcium channel blockers, such as nifedipine, appear to
have equal efficacy to other tocolytics and have been a
promising alternative to intravenous therapy. Many
centers now advocate nifedipine as a first-line agent.

There are no data to indicate that oral maintenance
therapy prolongs pregnancy after successful intravenous
treatment.

Prevention of preterm birth

While numerous risk assessment strategies for PTL have
been devised and assessed, collectively they have yielded
a positive predictive value of 25% or less.

Patient education regarding the warning signs and
symptoms of PTL is an important part of PTL preven-
tion. Such symptoms include rhythmic backache, a sen-
sation of pelvic pressure, a change in vaginal discharge
(heavier), vaginal spotting and abdominal cramping. All
patients should be encouraged to report these symptoms,
since earlier recognition of PTL allows more efficacious
treatment. Unfortunately, studies of home uterine activity
monitoring have not demonstrated a consistent benefit
and so we do not use this tool at our institution.

Treatment of women with bacterial vaginosis who are
at high risk for spontaneous preterm birth can reduce the
preterm birth rate significantly. We screen such high-risk
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patients for the presence of bacterial vaginosis between
14 and 20 weeks and treat them with oral metronidazole.

Assessment of cervical length with TVS can also be
helpful in managing high-risk patients. Our approach is
to use TVS in patients at high risk for preterm birth, in
particular those with a history of preterm birth less than
32 weeks’ gestation or patients with multifetal gesta-
tion. These patients are instructed at length regarding
the warning signs and symptoms of PTL. TVS of the cer-
vix is performed between 18 and 20 weeks’ gestation. If
the cervical length is suspicious (2.0-2.9 cm), the TVS is
repeated in 1-2 weeks; the work routine is modified or
the patient may be placed on bedrest, depending on the
exact length. If the cervical length is less than 2.0 cm,
bedrest and/or cerclage are considered.

Patients at high risk for preterm birth can also benefit
from progesterone therapy. Studies have demonstrated
that treatment of high-risk patients with weekly 17-OH
progesterone caproate significantly reduces the recur-
rence of preterm birth. The treatment regimen is weekly
250 mg intramuscular injections from 18 to 34 weeks’
gestation. Treatment with micronized progesterone
vaginal suppositories 200 mg twice daily has also been
shown to delay delivery in patients with asymptomatic
cervical shortening noted on TVS. Progesterone therapy
is not effective for patients diagnosed with active PTL.
Since fFN cannot be used before 24 weeks of gestation,
its principal role is in the assessment of patients who
present with preterm contractions, and it is generally not
effective as a screening tool.
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Introduction

Post-term pregnancy is defined as a gestation that has
progressed to 42 completed weeks (294 days) from the
first day of the last menstrual period (LMP). Historically,
post-term pregnancy has been associated with increased
perinatal morbidity and mortality. In 1963, McClure-
Browne reported that, compared to term, perinatal mor-
tality doubled after 42 completed weeks, tripled after
43 weeks, and quadrupled after 44 weeks [1]. Reports
continue to demonstrate increased perinatal morbidity
compared to term, but not a significantly higher rate
of perinatal death. This difference probably reflects
improvements in prenatal care, assessment of fetal sta-
tus, and neonatal management. Recent trials indicate
that delivery at 41 completed weeks compared with
post-term is associated with lower rates of perinatal
morbidity and cesarean delivery. Perinatal morbidity in
post-term pregnancies is attributable, primarily, to fetal
macrosomia, birth trauma, placental insufficiency, oli-
gohydramnios, intrapartum fetal distress, meconium
aspiration, and postmaturity syndrome. The rate of labor
induction for post-term pregnancy has more than doubled
since 1991, making it the most common indication for labor
induction [2].

Incidence

The reported incidence of post-term pregnancy is 3-15%,
with an average of approximately 10%. This relatively
wide range reflects, in part, the difficulty inherent in
accurately defining pregnancy dates. The most common
criterion used to establish gestational age is the men-
strual history. However, numerous reports suggest that
menstrual history alone is unreliable. Warsof reported
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uncertain menstrual histories in 45% of 4000 pregnancies
in a 5-year study [3]. Using the LMP as the sole dating
criterion, 11% of pregnancies were considered post term,
compared to 6% when pregnancy dates were established
by early ultrasound. Among 15,241 pregnancies, Tunon
reported a post-term incidence of 10% using menstrual
dating criteria compared to 4% using sonographic cri-
teria [4]. Mongelli ef al. studied 34,249 computer files of
singleton pregnancies with “certain” menstrual dates
and sonographic biometry [5]. Compared to menstrual
history alone, sonographic estimation of dates yielded
a 70% reduction in post-term pregnancies. A systematic
review of nine trials by Neilson reported similar findings.
Routine ultrasound resulted in reduced rates of labor
induction for post-term pregnancy [6]. These reports are
consistent with the experience of most obstetricians that
the menstrual history is unreliable as the sole criterion
for pregnancy dating.

Sonographic assessment of gestational age is most pre-
cise when performed early in pregnancy. A crown-rump
length between 5 and 12 weeks is accurate to within
+5 days (*2 SD). The fetal biparietal diameter is accurate
to =8 days at 12-20 weeks, *14 days at 20-30 weeks,
and *21 days beyond 30 weeks. The femur length is
accurate to *7 days at 12-20 weeks, +11 days at 20-30
weeks, and *16 days beyond 30 weeks. During the late
second trimester, the best estimate is obtained from
the average of the biparietal diameter, head circumfer-
ence, abdominal circumference, and femur length. If the
estimated gestational age (EGA) by these measurements
differs from that derived by the LMP by more than 2
weeks in the second trimester, consideration should be
given to recalculating the dates. During the third trimester,
sonographic gestational age assessment is of limited use
in dating a pregnancy.

Complications
Macrosomia

Macrosomia, defined as a birthweight in excess of 4500 g,
has been reported in 2.8-5.4% of post-term infants compared



to 0.8% of term infants. At any gestational age, fetal
macrosomia is associated with increased risks of shoulder
dystocia (14% vs 0.3%), birth trauma (11% vs 2%), and
cesarean delivery (35% vs 17%).

Oligohydramnios

Oligohydramnios is observed with increased frequency
in the post-term gestation. Phelan reported that the
amniotic fluid volume, as estimated by the Amniotic
Fluid Index, increased steadily in the first half of preg-
nancy, reaching a plateau of approximately 12 cm dur-
ing the third trimester [7]. Between 40 and 42 weeks,
it declined by as much as 30%. Using dye dilution,
Beischer et al. demonstrated that the amniotic fluid vol-
ume declined by 30% after 42 weeks and by 50% after
43 weeks. The increased morbidity associated with oli-
gohydramnios is well documented. Crowley et al. [9]
and Leveno et al. [10] observed increased incidences of
meconium-stained amniotic fluid and cesarean section
for fetal distress in association with diminished amni-
otic fluid volume. Other associations include lower
Apgar scores and umbilical artery pH values, and
increased rates of fetal distress, cesarean delivery, meco-
nium aspiration syndrome, and umbilical cord com-
pression leading to variable FHR decelerations.

Meconium

Numerous reports have described an increased frequency
of meconium passage in post-term pregnancies. The inci-
dence of 25-30% represents a twofold increase over that
observed at term. In the presence of diminished amni-
otic fluid volume, the incidence may be as high as 71%.
However, meconium passage alone is not a reliable indi-
cator of intrauterine fetal compromise. In many cases,
meconium passage may simply reflect a maturing fetal
vagal system. Alternatively, it may reflect stimulation of
the vagal system by relatively mild degrees of fetal stress.
Even when meconium passage is not secondary to fetal
stress or distress, it poses the risk of meconium aspira-
tion syndrome (MAS). The risk is compounded by dimin-
ished amniotic fluid volume, resulting in thick, undiluted
meconium that is more likely to obstruct the airways. The
incidence of MAS in the presence of meconium-stained
amniotic fluid is approximately 2—4.5%. Reduction in
MAS has been reported following adequate suctioning
of the oropharynx prior to the first breath. MAS is encoun-
tered most often in high-risk gestations exhibiting abnor-
mal FHR findings, but has been described in the absence
of observed fetal distress.

Postmaturity

Approximately 10-20% of post-term fetuses exhibit
clinical signs of the “postmaturity” or “dysmaturity”
syndrome, including reduced subcutaneous tissue, dry,
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wrinkled, peeling skin, and meconium staining. Other
observations include hypothermia, hypoglycemia, poly-
cythemia, and hyperviscosity. These findings, present
in 3% of term infants, are thought to reflect subacute
placental insufficiency leading to nutritional depriva-
tion, fetal wasting, decreased fat and glycogen stores,
and chronic hypoxemia with compensatory hematopoi-
esis. Although the late consequences of this disorder are
incompletely understood, infants have been reported to
regain weight rapidly and exhibit few long-term neuro-
logic sequelae.

Management

In an accurately dated pregnancy, the evidence sug-
gests that a fetus stands to gain nothing by remaining in
utero beyond 41 weeks. On the contrary, continuing the
pregnancy beyond this time exposes the fetus to many
potential complications. Therefore, expectant manage-
ment may be considered a reasonable option only if
there is some anticipated benefit to offset the fetal risks.
Historically, the major purported benefit of expectant
management over induction has been a lower rate of
cesarean delivery.

The largest randomized trial evaluating routine induction
versus expectant management in post-term pregnancies
was reported in 1992 by the Canadian Multicenter Post-
term Pregnancy Trial Group [11]. A total of 3418 women
were randomized at 41 weeks or later to induction or
expectant management. The expectantly managed group
had higher rates of intrapartum fetal distress (12.8% vs
10.3%, p = 0.023) and meconium staining (28.7% vs 25%,
p = 0.015); however, there were no significant differences
between the groups with respect to 26 other measures
of neonatal morbidity. There were two stillbirths in the
expectant group and none in the induction group. The
cesarean section rate in the expectantly managed group
(24.5%) was significantly higher than that in the induc-
tion group (21.2%). This difference was attributable
primarily to a higher rate of cesarean section for fetal dis-
tress in the expectant group (8.3% vs 5.7%, p = 0.003). The
authors concluded that inducing labor in women with
post-term pregnancies resulted in a lower rate of cesarean
section and no difference in perinatal outcome.

In 1994, the Network of Maternal-Fetal Medicine
Units reported a multicenter trial of labor induction ver-
sus expectant management in post-term pregnancy [12].
Four hundred and forty women with uncomplicated
pregnancies at 41 weeks’ gestation were randomized to
expectant management (1 = 175), induction with intracervi-
cal prostaglandin gel, amniotomy and oxytocin (1 = 174)
or induction with intracervical placebo, amniotomy and
oxytocin (n = 91). Primary outcome variables included
perinatal death, maternal death, and perinatal morbidity
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(neonatal seizures, intracranial hemorrhage, need for
mechanical ventilation, brachial plexus or facial nerve
injury). Cesarean section rates were similar among the
three groups; however, the study was halted due to the low
incidence of the primary outcome measures.

More recently, Giilmezoglu et al. completed a syste-
matic review of labor induction at or beyond term [13].
The analysis, which included 19 trials and a total of
7984 women, found that a policy of labor induction at
41 weeks or beyond resulted in fewer perinatal deaths
(1/2986 versus 9/2953). Rates of cesarean delivery did
not differ (RR 0.92, 95% confidence interval (CI) 0.76—
1.12; RR 0.97, 95% CI 0.72-1.31) for women induced at
41 and 42 weeks respectively. Limiting the analysis to
include women with unfavorable cervical examinations,
expectant management yielded three perinatal deaths
in 386 pregnancies versus no perinatal deaths in 695
pregnancies induced at or beyond term (RR 0.32, 95%
CI 0.05-2.02). Expectant management in women with
unfavorable cervical examinations resulted in signifi-
cantly higher rates of MAS (RR 0.27, 95% CI 0.11-0.68).
To date, the literature does not provide convincing evi-
dence that expectant management beyond 41 weeks
results in a lower cesarean section rate, even in the set-
ting of an unfavorable cervical examination. Therefore,
in an accurately dated pregnancy at or beyond 41 weeks,
the increased fetal risks of expectant management and the
lack of evidence confirming a benefit favor induction
of labor.

Given the limitations of the available data, this approach
must be tempered with clinical judgment. For example,
the effect of parity has not been evaluated separately in
prospective trials. Present data, derived from women of
varying parity and cervical status, might not be applica-
ble to a nullipara with a very unfavorable cervix. Such
cases require individualized management based upon
analysis of the pertinent risks and benefits. Early preg-
nancy dating is essential to optimal management of the
pregnancy. Antepartum surveillance should begin by
40 weeks and cervical status should be assessed frequently.
The protocol for the management of pregnancy at or
beyond 41 weeks at the University of Southern California
is summarized in Box 4.1.

Antepartum surveillance

Antepartum testing at the University of Southern California
employs the modified biophysical profile (MBPP) as the
primary test and the complete biophysical profile (BPP)
as the back-up test. The MBPP utilizes the nonstress
test (NST) as a short-term marker of fetal status and the
Amniotic Fluid Index (AFI) as a marker of longer-term
placental function. Testing is initiated at 40 weeks and is
performed twice weekly. In the post-term population, the
incidence of fetal death within 1 week of a normal test is
approximately 0.9 per 1000 women tested. In a pregnancy

Box 4.1 Antepartum management of
pregnancy at or beyond 41 weeks

¢ Establish EDC with best available criteria

¢ Initiate antepartum fetal surveillance by 40 weeks

e Examine the cervix frequently

* Reliable dates: deliver by 41 weeks with few exceptions

* Unreliable dates: deliver by 41 weeks if the cervix is
favorable

e If expectant management is continued beyond 41
weeks:

— examine the cervix frequently and deliver if
favorable

— daily fetal movement counts

— deliver no later than 43 weeks, regardless of cervical
status

at or beyond 41 weeks, an abnormal antepartum test is an
indication for delivery, regardless of cervical status.

Intrapartum management

Intrapartum management should include sonographic
estimation of fetal weight and amniotic fluid volume.
An estimated fetal weight greater than 4500 g should
prompt a frank discussion with the patient regarding the
risks associated with macrosomia, including shoulder dys-
tocia and attendant birth trauma. Elective cesarean delivery
may be considered. At estimated weights between 4000
and 4500 g, the decision to attempt a vaginal delivery
should take into account such factors as obstetric history,
clinical pelvimetry, maternal obesity, and diabetes.

In the intrapartum period, there is increased risk for
the sequelae of uteroplacental insufficiency, including
meconium passage, oligohydramnios, and umbilical cord
compression. Therefore, continuous FHR monitoring is
recommended. In the presence of oligohydramnios and
fetal heart rate abnormalities, intrapartum saline amnio-
infusion has been shown to reduce the incidence and
severity of variable decelerations as well as the rates
of fetal distress, fetal acidemia, and cesarean section for
fetal distress. In the absence of fetal heart rate abnormali-
ties, there does not appear to be a benefit of prophylac-
tic amnio-infusion [14]. When meconium staining of the
amniotic fluid is observed, amnio-infusion has not been
shown to significantly reduce the incidence of meco-
nium aspiration and MAS [15]. Infusion via intrauterine
catheter of 250 mL of normal saline should increase the
AFI by 4 cm. An AFI of greater than or equal to 10 cm
is desirable. Management at delivery should include suc-
tioning of the fetal oropharynx prior to the first breath.
In the presence of thick meconium, intubation and suc-
tioning of the airways are often performed immediately
after delivery.



Conclusion

The first priority in the management of post-term preg-
nancy is to confirm the reliability of the dates. The esti-
mated date of confinement (EDC) should be established
by the best available criteria.

In women with well-established dates, antepartum test-
ing and weekly cervical examinations should be initiated
by 40 weeks. When the MBPP is used, antepartum testing
should be performed twice weekly. If fetal surveillance is
abnormal or if medical or obstetric complications arise,
delivery should be accomplished. With few exceptions,
induction should be undertaken if spontaneous labor has
not occurred by 42 weeks.

Women with unreliable dating criteria should begin
antepartum testing and weekly cervical examinations
by 40 weeks, calculated from the best EDC. If the cervix
becomes favorable, induction should be undertaken at 41
weeks. If the cervix remains unfavorable beyond 41 weeks,
a finite period of expectant management is reasonable.

Regardless of the reliability of the dating criteria, all
women not delivered by 41 weeks must be followed closely
with antepartum testing and frequent examinations. Daily
fetal movement counts are recommended. Delivery should
be accomplished if the cervix becomes favorable, antepar-
tum testing is abnormal or suspicious, medical or obstetric
indications for delivery arise, or the pregnancy progresses
to 4243 weeks. Beyond 4243 weeks, the safety of expect-
ant management has not been established.
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Introduction

The rate of multiple gestations in the United States is
rising dramatically. This is of concern because multiple
gestations contribute disproportionately to the incidence
of perinatal morbidity and mortality. Fortunately, recent
advances in perinatal medicine have resulted in improved
overall outcomes in pregnancies complicated by multiple
gestations.

Chorionicity

The fetus develops within the amniotic sac, which consists
of two fetal membranes called the chorion and the amnion.
The outer layer, which is in closer proximity to the mother,
is the chorion. A segment of the chorion contains the cho-
rionic villi, which invade the uterine decidua to eventu-
ally form the placenta. The villi in the remaining chorion
undergo atrophy, thus forming the smooth opaque outer
layer of the fetal membranes. The inner layer of the fetal
membranes is the translucent amnion. In the case of twins,
dichorionic twins have entirely separate placentas and
fetal membranes, while monochorionic twins share the
same placenta.

Multiple gestations should be classified based on chorio-
nicity (Figure 5.1). Chorionicity can be diagnosed in the first
or early second trimester with over 95% accuracy by ultra-
sound evaluation of the dividing membranes’” insertion
site. Dividing membranes are defined as the portion of the
fetal membranes in which the two separate twin gesta-
tional sacs are in contact. All twins, except monochorionic
monoamniotic twins, have dividing membranes. In the case
of dichorionicity, the dividing membranes have intervening
chorion, thereby forming a “twin peak” or “lambda” sign
at the junction between the two placentas. In the case of

Management of Common Problems in Obstetrics and Gynecology,
5th edition. Edited by T.M. Goodwin, M.N. Montoro,

L. Muderspach, R. Paulson and S. Roy. © 2010 Blackwell
Publishing Ltd.

16

monochorionic diamniotic twins, the dividing membrane
is composed of only two abutting amnions. Thus, the
dividing membranes of a monochorionic placenta are thin
and insert perpendicularly into the placenta in the so-called
“T” sign.

It is important that chorionicity be established as early
in pregnancy as possible. Aside from gender discordance,
which would confirm dichorionicity, all ultrasound mark-
ers of chorionicity become less accurate as the pregnancy
progresses. Ultrasound views of the dividing membranes’
insertion site are hampered in the latter half of pregnancy.
Also, the placentas in a dichorionic twin gestation often
adjoin one another, appearing as one placental mass, in
the late second and third trimester.

Clinical significance of
monochorionicity

Monochorionic twins are associated with significant incre-
ased perinatal morbidity and mortality as compared to
dichorionic twins and singletons. One factor associated
with this increased risk is the presence of vascular com-
munications in the shared placenta. The vascular commu-
nications are important in the development of twin—twin
transfusion syndrome and twin reverse arterial perfusion
sequence, both of which have high perinatal mortality
rates. Also, because the circulatory systems of the twins
are linked together by the vascular anastomoses, the
death of one twin may lead to an immediate hypoten-
sive episode in the live twin due to exsanguination into
the dead twin. The acute hemodynamic instability may
result in death or injury to the co-twin. Another placen-
tal factor that contributes to the disproportionate rate of
perinatal complications in monochorionic twins is unequal
partitioning of the single placental mass, which may
manifest clinically as selective intrauterine growth restric-
tion. Finally, the risk of structural or chromosomal anoma-
lies is increased in monochorionic twins. Anomalies of the
central nervous system, heart, gastrointestinal tract and
anterior abdominal wall occur at a higher rate in mono-
chorionic twins as compared to dichorionic twins and



singletons. Despite being monozygotic, the rate of discord-
ance in anomalies between monochorionic twins may reach
80%, meaning that only one “identical” twin may have a
structural abnormality.

Zygosity

A zygote is a cell that results from fertilization of an
ovum and a sperm. Dizygotic twins result from fertili-
zation of two separate ova by two separate sperm. The
twins are genetically distinct, with as much commonality
as ordinary siblings. The two zygotes each develop their
own placentas and surrounding membranes, resulting in
dichorionic diamniotic twins.

Monozygotic twinning results from a “split” of a sin-
gle zygote into two or more embryos. The etiology of this
division is unknown, although some view it as an anom-
alous embryonic event. The timing of the division deter-
mines both the chorionicity and amnionicity. Division
within 3 days of fertilization results in the development
of a dichorionic diamniotic twin gestation because the
division occurred prior to the differentiation of the chorion.
Approximately 30% of monozygotic twins are dichorionic
diamniotic. If the division occurs between days 4 and 8
after fertilization, monochorionic diamniotic twin gestation
develops. In this case, the twinning happens after differ-
entiation of the chorion but before differentiation of the
amnion. Monochorionic diamniotic twins make up almost
70% of monozygotic twins. A monochorionic monoamni-
otic twin gestation results from division after day 9 from
fertilization, after the differentiation of the amnion; this
occurs in about 1% of monozygotic twins. Incomplete
embryonic division occurs after day 13, resulting in the
rare condition of conjoined twins. Although monozygotic
twins typically have an identical genetic make-up, genetic
and/or phenotypic discordance can arise due to postzy-
gotic perturbations.

Zygosity testing is feasible during pregnancy. One
method is via DNA testing of amniocytes (fetal cells
suspended in amniotic fluid) using PCR to identify
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Figure 5.1 First trimester ultrasound of
dichorionic twins (left) and monochorionic
twins (right). The image on the left shows the
“twin peak” sign (arrow), which is indicative
of dichorionic twins. The image on the right
shows a thin dividing membrane inserting into
the common placenta, called a “T sign”, which
is an ultrasound marker for monochorionic
twins.

discordance between variable number tandem repeats
and other polymorphisms. However, aside from rare
uses in prenatal diagnosis of genetic diseases, zygosity
testing is not often utilized during pregnancy. As already
mentioned, it is primarily the chorionicity, not zygosity,
which determines the risks of the pregnancy.

Epidemiology

The incidence of twins and higher order multiples has
been increasing significantly in the past few decades.
Twinning occurs naturally in approximately 1.3% of all
pregnancies in the US. However, in the past decade the rate
of twins has increased to 3-4% of all pregnancies. The
rate of triplets and high-order multiples has increased by
over 400%. The increase in multiples is attributed mostly
to infertility therapy, although other factors such as
advanced maternal age may also independently contrib-
ute to the current multiple gestation epidemic. The vast
majority of these additional multiple gestations are dizy-
gotic, thus dichorionic. The rate of monochorionic twins
is relatively constant at approximately 0.4% of all preg-
nancies. There has been a small but measurable increase
in the rate of monochorionic twins attributed to assisted
reproductive technology.

Diagnosis

The ubiquitous use of ultrasound during pregnancy has
resulted in a nearly 100% rate of identification of multi-
ples prior to birth. However, caution is advised when
multiple gestations are detected very early in gestation
because of the possibility of spontaneous loss of one twin,
the so-called “vanishing twin” syndrome. Based on early
sonographic examinations, there appears to be an attrition
rate of about 36% in twin conceptions prior to 7 weeks’
gestation. Ultrasound is also critical to determine chorio-
nicity, which is then used to triage the pregnancy to differ-
ing levels of surveillance. Factors that would prompt an
ultrasound to identify multiples include increased levels
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of analytes in the maternal serum biochemical tests, such
as chorionic gonadotropin and a-fetoprotein, more than
one fetal heart rate identified on Doppler auscultation,
and increased fundal height on physical examination.

Perinatal complications

Multiple gestation is a risk factor for several pregnancy-
related complications. Compared to singletons, the risk
of pre-eclampsia is increased approximately twofold in
twins and three- to fourfold in triplets. An interesting
observation is that the spontaneous demise of one fetus
in a multiple gestation has resulted in resolution or amel-
ioration of the pre-eclampsia. The diagnosis and manage-
ment of pre-eclampsia in multiple gestations are akin to
those of singletons. Multiple gestations also increase the
risk of acute fatty liver, thromboembolism, maternal
anemia, gestational diabetes, and urinary tract infections.

Preterm birth represents the single most important factor
in the increased perinatal morbidity and mortality risk of
multiple gestations. The risk of prematurity increases with
the number of fetuses. The mean gestational age at deliv-
ery is approximately 35.5 weeks in twins and 32.0 weeks
in triplets, with approximately 10% of twins and 25% of
triplets delivering before 32 weeks’ gestation. In appropri-
ately grown multiples, the perinatal morbidity and mor-
tality rates are akin to gestational age-matched singletons.
Unfortunately, there is no efficacious treatment to prevent
preterm labor in multiple gestations. Oral or subcutaneous
prophylactic tocolysis, continuous or periodic home uter-
ine activity monitoring, prophylactic cervical cerclage, and
progesterone therapy have not been shown to be of benefit
and are not recommended at this time.

Monochorionic twins are associated with unique compli-
cations. One condition with a high perinatal mortality rate is
twin—twin transfusion syndrome (TTTS), which develops in
10-15% of monochorionic twins due to unbalanced sharing
of blood through vascular communications in the shared
placenta. Blood from one twin, referred to as the “donor,”
is preferentially shunted through the vascular anastomoses
to the second twin, referred to as the “recipient.” The donor
twin develops anuria and oligohydramnios, while the
recipient twin has polyuria and polyhydramnios. TTTS is
diagnosed by noting on ultrasound a single maximum ver-
tical pocket of amniotic fluid of 2 cm or less on one side of
the dividing membranes and greater than or equal to 8 cm
on the other side. Significant improvement in perinatal out-
comes has been reported using various fetal interventions.
Recent studies have shown favorable outcomes after opera-
tive fetoscopic-guided laser ablation of the vascular com-
munications. The treatment options for TTTS are reviewed
in detail in Chapter 49.

Monochorionic twins are associated with an increased
risk of anomalies, most of which are discordant, i.e.

occurring in only one of the twins. A discordant anomaly
unique to monochorionic twins is twin reversed arterial
perfusion (TRAP) sequence. In this condition, one fetus
(often called the “acardiac” twin) is supplied with blood
in a reversed fashion. This leads to severe maldevelopment
of cephalic, thoracic, and upper extremity structures, and
results in a condition that is not compatible with life out-
side the womb for that fetus. Because the heart of the
other fetus (often called the “pump” twin) must pump
blood for both fetuses, there is a 50-75% risk of heart
failure and demise in the pump twin, particularly if the
acardiac mass is relatively large. In the presence of pump
twin heart failure or a large acardiac twin, fetoscopic
umbilical cord occlusion of the acardiac fetus has been
shown to improve perinatal outcomes in the pump twin.

Although growth abnormalities are relatively common
in all types of twins, poor fetal growth is more prevalent
in one of a monochorionic twin pair and poses a significant
clinical dilemma. In this condition of selective intrauterine
growth restriction (SIUGR), one twin measures less than
the 10th percentile for the given gestational age. STUGR
appears to be a distinct condition from TTTS, although
there may be overlap in some cases. The SIUGR fetus
is at relatively high risk of spontaneous intrauterine
demise, which may result in concomitant demise or
severe neurologic handicap to the co-twin. Treatment
of this condition is clinically challenging, as standard
treatment requires attempting to time delivery prior to
the demise of the SIUGR fetus.

Monochorionic monoamniotic twins occur in approxi-
mately 1% of monozygotic gestations. In this condition,
the twins share the same placenta and amniotic sac. This
can lead to umbilical cord entanglement in approximately
two-thirds of cases. The perinatal mortality rate has his-
torically been very high due to cord strangulation, but
that risk has decreased substantially with intensive fetal
heart rate monitoring in the third trimester and elective
cesarean section at approximately 34 weeks’ gestation.

Conjoined twinning is a rare condition that occurs when
the embryonic disk fails to divide completely. The twins
may be joined at various sites, and it is the shared anatomy
that is used to classify conjoined twins. Management
usually entails elective cesarean section, with subsequent
surgical separation by a co-ordinated multidisciplinary
surgical team.

Antepartum management

The antenatal course of multiple gestations is more likely
to be encumbered by complications than are singleton
gestations. Thus, one of the primary goals in antenatal
management is the prevention and early identification
of complications. The first step in management of
a pregnancy complicated by multiple gestations is to



establish the chorionicity. First- and early second-trimester
ultrasound is highly accurate in determining chorionicity,
and should be performed to allow for appropriate triage
and management of the pregnancy.

There are no standardized recommendations for the
ultrasound surveillance required in multiple gestations.
In monochorionic twins, we suggest ultrasound be per-
formed at least once every 2 weeks in the second and
early third trimester to monitor amniotic fluid volumes
and cervical length. Fetal growth should be assessed
every 3 or 5 weeks thereafter. Special attention is given
to the evaluation for ultrasound evidence of TTTS, TRAP
sequence, and SIUGR. If the pregnancy is dichorionic,
then a single scan in the mid-trimester to assess fetal
anatomy and cervical length, followed by growth scans
every 6 weeks, is recommended. If one of the perinatal
complications described previously is suspected, then the
frequency of ultrasound should be adjusted accordingly.

Important considerations should be borne in mind
regarding prenatal diagnosis and genetic counseling in
pregnancies with multiple gestations. First, maternal
serum biochemical testing for aneuploidy and neural
tube defects is not as accurate in multiple gestations
compared to singletons. Second, the risk of aneuploidy
is increased in dizygotic twins because each fetus has an
independent risk for chromosomal abnormality. This is
not the case in monozygotic twins which theoretically
are genetically identical, although there are rare cases
of discordant genetic make-up due to postzygotic non-
disjunction. Third, invasive genetic testing poses unique
challenges. Genetic amniocentesis is complicated by the
need to sample both amniotic sacs. The amniocentesis
is performed under direct ultrasound guidance, aspirating
15-20 mL from one sac, followed by instillation of 2 mL of
0.1% indigo carmine dye. A second amniocentesis is then
performed on the second sac and its success is verified by
the absence of a blue color in the fluid. Chorionic villus
sampling can also be performed in twins, although as many
as 4% of specimens may contain tissue from the co-twin.

Ongoing fetal evaluation is an integral part of antenatal
care. The frequency of routine prenatal visits is increased
to every 3 weeks until 28 weeks, then every 2 weeks
until 34 weeks, followed by weekly visits until delivery.
Increased prenatal visits are instituted in the case of mul-
tiple gestations with the goal that maternal complications
such as pre-eclampsia, gestational diabetes, and urinary
tract infections will be diagnosed and managed in a timely
fashion. The NST combined with ultrasonographic evalu-
ation of the fetal status (amniotic fluid volume or full bio-
physical profile) are the best indicators of fetal status. The
same criteria for assessing fetal well-being by NST apply
to twin gestations as to singletons. In general, the NST is
initiated at 34 weeks’ gestation.

The increased metabolic burden of multiples on the
mother requires that she increase caloric intake by at
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least 300 kcal per day. Because of the increased risk of
maternal anemia, at least 60 mg of elemental iron and
1 mg of folic acid supplementation are provided.

Intrapartum management

Spontaneous labor occurs earlier on average in mul-
tiple gestations than in singleton pregnancies and its
onset is inversely proportional to the number of fetuses
present. Multiple gestations should not continue past
40 completed weeks of gestation and it is our practice to
recommend delivery by 38 weeks. Patients presenting
in labor or for induction of labor should have an ultra-
sonographic examination to document the fetal posi-
tions. Pharmacologic labor induction and augmentation
in twin gestation is not contraindicated and follows the
same guidelines as in singleton gestations.

Intrapartum electronic fetal heart rate monitoring is
essential in the management of labor of multiple gestations.
Both fetuses should be simultaneously monitored and the
same criteria applied to interpretation of the FHR pattern
as with singletons. Difficulty arises in situations where
only the second fetus demonstrates an abnormal pattern
and cannot be further evaluated. If no assurance of fetal
well-being can be obtained, prompt delivery is advised.

The route of delivery depends on the presentation,
estimation of birthweights, experience of the obstetri-
cian, and compliance of the patient. In the majority of
situations the first twin will present by the vertex and
a trial of vaginal delivery may be attempted in some
cases. When both twins present vertex, a trial of vaginal
delivery may be attempted regardless of the estimated
fetal weights. In situations where presentation of the
second twin is not vertex and its estimated fetal weight
is greater than 2000 g, a trial of vaginal delivery may be
undertaken with either external or internal version of the
second twin after delivery of the first. Hazards of this
routine involve relative inexperience of the obstetrician,
lack of patient acceptance, and lack of immediate surgi-
cal back-up. In cases of a nonvertex second twin with
estimated fetal weight less than 2000 g, cesarean section
has been advocated to prevent increased morbidity and
mortality of vaginally delivered breech fetuses in this
weight range. There is little information on the safety of
external cephalic version in this setting.

Cesarean section is advised in the circumstance of first
twins presenting other than vertex regardless of second
twin presentation and in cases of monoamniotic and
conjoined twin gestations. It should be noted that cesar-
ean section may, on occasion, be required for delivery
of second twins only, most commonly as a result of fetal
distress. The same criteria of cesarean section for docu-
mented fetal distress or failure to progress in labor are
applied to remaining second twins as would be applied
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to singleton gestations. Exceptions can be made when
there is an ability to perform a prompt, atraumatic
delivery through the fully dilated cervix. Judicious
augmentation of labor for second twins is often useful,
since a period of relative uterine dysfunction sometimes
occurs after delivery of the first twin. Decisions on
cesarean sections in twin gestations should be tempered
with reasonable estimates of fetal survivability.
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Introduction

Abnormalities of fetal growth represent a significant
complication of pregnancy. Perinatal mortality for growth-
restricted infants is 6-10 times greater than for normally
grown infants, and fetal growth restriction (FGR) is the
second leading contributor to the perinatal mortality
rate. Intrapartum asphyxia in the presence of FGR has
been reported to be as high as 50%. Moreover, up to 30%
of stillbirths are growth restricted. Recent data suggest
long-term morbidity with reduction in both physical and
mental development in children affected by FGR when
compared with normal controls. In addition, underlying
placental dysfunction predisposes these infants to the
sequelae of asphyxia, including hypoxic encephalopa-
thy, congestive heart failure, necrotizing enterocolitis,
intracranial hemorrhage, and persistent fetal circulation.
Metabolic derangements such as hypoglycemia, hypocal-
cemia, and polycythemia are also common in newborns
with FGR.

Definition

The term FGR was created for fetuses with predicted
weight below the 10th percentile for a given gestational
age. The original standards for fetal growth were based
on work carried out by Lubchenco et al. in Denver [1].
Subsequent studies undertaken in differing populations
have produced newer adjusted growth curves. In con-
trast to FGR, which refers to abnormal growth, small
for gestational age (SGA) is a quantitative description
of infants with birthweights below the 10th percentile,
including those who are constitutionally small. Since
fetuses that are SGA are not necessarily growth restricted,
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a more exact definition of FGR is a fetus that fails to reach
its growth potential, and is therefore at risk for adverse
perinatal morbidity and/or mortality.

Etiology

Fetal growth restriction is a syndrome with various etiol-
ogies. The risk factors for FGR can be separated into fetal,
placental, and maternal origins. Growth restriction is
classified as symmetric or asymmetric (“head sparing”).
Early fetal insult or intrinsic abnormalities resulting in a
reduction in fetal cell number produce symmetric growth
restriction. Asymmetric growth restriction is thought
to result from an inadequate transfer of nutrients and
oxygen to the fetus, which evolves over the course of the
pregnancy. Therefore, asymmetric FGR manifests later
in gestation. “Head sparing” develops when the fetus
responds to a limited nutritional source by selectively
supporting the brain and vital organs as well as minimizing
growth and activity to reduce metabolic demands.

Fetal

Intrauterine infection has long been associated with
FGR. Although it probably accounts for less than 10%
of all cases, infectious agents can produce disruption of
cell growth, potentially resulting in significant residual
deficits. The children have a higher incidence of mental
deficiencies and are less likely to have normal growth in
childhood. Herpes, cytomegalovirus, rubella, and toxo-
plasmosis have all been demonstrated to produce growth
restriction. Similarly, many chromosomal abnormalities
such as trisomies 13, 18 and 21 and malformation syn-
dromes result in a reduced cell number which leads to
early onset of growth impairment.

A more common cause of FGR is multifetal gestation.
Approximately 20% of these pregnancies are complicated
by impaired growth of one or more fetuses. The most
common reasons for FGR in these cases are the relative
decrease in placental mass, abnormal placentation, and
placental vascular anastomoses. In twin pregnancies,
fetal growth begins to decrease, relative to singletons,
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at approximately 32 weeks, and FGR is the second most
likely cause of morbidity after prematurity.

Placental

Decreases in the functional mass of the placenta can
compromise fetal growth by limiting the transfer of
necessary nutrients. Growth restriction has also been
described in pregnancies in which there is placen-
tal mosaicism, meaning the placenta is made up of
both normal and aneuploid cell lines. Abnormal pla-
centations such as circumvallate placenta, partial
placental abruption or infarction, placenta previa or
placenta accreta can result in FGR. Hemangiomas or
other placental tumors can also shunt substrate away
from the fetus and restrict growth. Other umbilical—-
vascular abnormalities associated with FGR include
single umbilical artery and velamentous cord insertion.
Studies have found that women with an unexplained
elevation in maternal serum o-fetoprotein or human
chorionic gonadotropin in the second trimester have an
increased risk of having a fetus with FGR. This may be
explained by abnormal placentation.

Maternal

Poor nutrition and poor weight gain have both been
associated with FGR. While the severity of nutritional
restriction necessary to produce reduction in fetal size
is unclear, pregnant women living in famine condi-
tions produce smaller infants. However, women with
limited gastrointestinal absorption secondary to dis-
eases such as ulcerative colitis or Crohn’s disease have
not been reported to have a significantly greater risk
of FGR. Even patients who have undergone ileojeju-
nal bypass for weight control produce infants which,
although smaller than average, do not fall below the
10th percentile.

Maternal ingestion of teratogenic medications can also
adversely affect fetal growth. Both therapeutic medication
(anticonvulsants, coumarin) and illicit drugs (narcotics,
cocaine) have been associated with poor fetal weight gain.

Alcohol has a linear dose-related association with
impaired fetal growth, and up to 30% of fetuses of heavy
drinkers (five or more drinks per day) will display fea-
tures of fetal alcohol syndrome. Tobacco has long been
documented to impair fetal growth. This may be due to
chronic fetal hypoxia, since the decrement in fetal size is
directly proportional to the number of cigarettes smoked.
Nicotine alone is not associated with FGR.

Maternal vascular diseases, such as those found with
chronic hypertension, diabetes or collagen vascular dis-
orders (systemic lupus erythematosus, antiphospholipid
antibody syndrome), all predispose to FGR. Vascular
disease reduces uteroplacental blood flow and trans-
fer of nutrients to the fetus. Pre-eclampsia is associated
with abnormal trophoblastic invasion of maternal spiral

arterioles, which ultimately results in luminal narrowing
and diminished placental blood flow. Sickle cell disease
is also associated with FGR, because of local hypoxia
secondary to poor uterine perfusion rather than maternal
hypoxemia.

Finally, conditions in which there is chronic maternal
hypoxia (cyanotic heart disease, pulmonary disease, and
high altitude) or maternal anemia reducing oxygen transfer
to the fetus are risk factors for compromised fetal growth.

Diagnosis

Identification of patients at high risk of developing IUGR
begins with a thorough history. Social history, dietary
habits, use of medication, as well as history of infectious
symptomatology during the pregnancy, are important.
Elucidation of the previous obstetric history, with par-
ticular reference to birthweights, gestational ages, and
neonatal development, is also essential as the history of
a previous infant with FGR is the strongest predictor for
delivery of an affected infant.

An accurate determination of the gestational age of the
pregnancy is an important initial step in the diagnosis of
growth restriction. Sonographic assessment of gestational
age is most precise when performed early in pregnancy.
A crown-rump length between 5 and 12 weeks is accu-
rate to within +5 days (+2 SD). During the second tri-
mester, the best estimate is obtained from the average of
the biparietal diameter, head circumference, abdominal
circumference, and femur length. If the estimated gesta-
tional age (EGA) by these measurements differs from that
derived by the LMP by more than 2 weeks, consideration
should be given to recalculating the dates. During the
third trimester, sonographic gestational age assessment is
of limited use in dating a pregnancy. Serial ultrasounds
at 3-week intervals can be used in an attempt to establish
an estimated due date.

The physical examination is also vital in any investi-
gation of FGR. However, studies have produced con-
flicting results on the effectiveness in detecting growth
restriction. Belizan et al. were able to identify 86% of
SGA fetuses in gestations with a 4 cm or greater lag in
expected fundal height [2]. Other authors have found
fundal height to be a poor predictor of IUGR, with sen-
sitivities in the range of 30-40%. Therefore, when there is
clinical suspicion of FGR, ultrasound is the best modality
to evaluate fetal size.

Ultrasound estimation of fetal weight is calculated from
measured fetal head, abdomen and femur dimensions. The
cumulative error present can be significant. Furthermore,
these measurements are compared to cross-sectional
birthweight data that have limited accuracy secondary to
the prevalence of FGR in prematurely delivered fetuses.
Therefore, the best approach is to plot each measured fetal



value on a standard growth curve. Sequential ultrasound
evaluations should be similarly plotted so that growth
trends can be assessed.

Abdominal circumference (AC) is the single most
important measurement to use in serial evaluation. Eighty
percent of the explained variance in fetal weight prediction
models is due to the AC measurement and studies have
shown that estimated fetal weight based on AC alone is
almost always within 10% of actual birthweight. The liver
composes the largest portion of the cross-sectional area
that is used to calculate the AC, and reduced glycogen
stores in a nutritionally deprived fetus result in a smaller
abdominal size. Most importantly, the AC should also be
examined in proportion to other fetal measurements to
control for questionable pregnancy dating criteria.

Comparison of the AC to head circumference (HC)
or femur length (FL) can also be used to decrease false-
negative results, as these measurements should be rela-
tively spared in asymmetric FGR. The HC/AC ratio
should exceed 1.0 prior to 32 weeks of gestation, reach
1.0 at 32-34 weeks, and fall below 1.0 from 34 weeks
onward. When a fetus has asymmetric FGR, the dispro-
portionate decrease in AC will result in an increased HC/
AC ratio for gestational age. Similarly, FL is unaffected
in asymmetric FGR and a ratio greater than 23.5 after the
21st week of gestation is suggestive of FGR. Importantly,
serial measurements taken at least 2 weeks apart are
necessary to determine interval growth. This is critical
because growth restriction should be considered if the
growth curve of the fetus does not maintain an upward
slope, even if the measurements are still within the nor-
mal percentile range. If the interval growth continues at a
constant rate the fetus is probably growing normally.

Ultrasound also provides an assessment of amniotic
fluid. Oligohydramnios can precede and can be an indi-
cator of early changes in pregnancies complicated by
poor fetal growth. Studies have indicated that the smaller
the fluid pocket, the greater the risk of FGR and perinatal
morbidity. A normal amniotic fluid volume, on the other
hand, does not eliminate the possibility of FGR.

Doppler evaluation of the uterine artery has been
investigated as a screening tool for pregnancies at risk of
developing FGR. Blood flow at the end of diastole typi-
cally increases as the gestational age of the pregnancy
increases. Failure of normal trophoblastic invasion can
result in increased placental vascular resistance, leading
to an increased risk of growth restriction. The associated
uterine artery Doppler findings have been reported as
decreased end-diastolic flow and/or a “notch” noted at
the end of systole.

Management

Management of symmetric FGR should begin with a
detailed ultrasound evaluation for fetal malformations.
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Consideration should also be given to amniocentesis or
percutaneous fetal blood sampling to detect chromo-
somal abnormalities and/or infectious etiologies. This is
most important in very early-onset FGR where a genetic
abnormality or infection is more likely.

Management of asymmetric FGR is contingent on the
gestational age at diagnosis. If the patient is at or near
term, then delivery is probably indicated. If oligohydram-
nios is present at 34 weeks of gestation or greater, deliv-
ery is warranted. However, if the amniotic fluid volume
is normal, antepartum testing is reassuring, and if the
fetus is still showing interval growth then delivery may
be delayed to 37 weeks or until fetal lung maturity is
documented by amniocentesis. With either type of FGR,
some authors recommend screening for toxoplasmosis,
rubella, syphilis, cytomegalovirus, herpes, and other viral
illnesses, but these studies have a low yield and probably
add little to the management.

If the diagnosis is made prior to 34 weeks and oligohy-
dramnios is not present, antepartum surveillance should
be initiated. Ultrasound should be repeated every 2-3
weeks to assess interval growth and AFI. Poor or absent
interval growth should suggest the need for delivery.
Antepartum FHR testing with AFI assessment (“modified
biophysical profile”) should begin either at the time of
diagnosis or at viability and continue for the duration
of the pregnancy every 3-4 days. Spontaneous variable
decelerations during testing suggest oligohydramnios
with cord compression. This finding is associated with a
higher perinatal mortality rate. A nonreactive NST has
a high false-positive rate and should be further evaluated
with a BPP. This is especially important in immature
fetuses where morbidity secondary to premature delivery
can result. Additionally, maternal assessment of fetal
activity can aid in optimizing pregnancy outcome.

Doppler ultrasonography has been used as an adjunct
in the diagnosis and management of FGR. The assessment
of umbilical cord blood flow is based on the premise
that in cases of increased placental vascular resist-
ance, low-pressure flow during fetal cardiac diastole
decreases, producing an increased systolic to diastolic
blood flow ratio (S/D ratio) and an increased Pulsatility
Index (PI). The low sensitivity (15-30%) seen with the
use of Doppler velocimetry as a predictor of FGR in a
normal population precludes its use as a screening test.
Although there is no consensus on the management of
pregnancies with slightly abnormal S/D ratios, if absent
or reversed flow is present intervention is often necessary.
Reversed end-diastolic flow is indicative of severe fetal
compromise and is associated with a perinatal mortality
rate of 50-64%. This finding is an indication for imme-
diate delivery. Absent end-diastolic flow, although also
associated with both acute and chronic hypoxia, has
been reported to improve with bedrest and may not
progress to reversal for days to weeks. Depending on the
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gestational age, these pregnancies may be managed with
either delivery or intensive fetal monitoring with delivery
for worsening fetal status.

More recent studies have investigated the Doppler
assessment of fetal cerebral blood flow. In a growth-
restricted fetus, blood flow is redistributed to more
essential areas such as the heart, adrenal glands, and
brain. While the fetal cerebral vessels are normally an
area of low impedance, additional lowering of vascular
resistance permits the redirection of blood flow in preg-
nancies complicated by FGR. Doppler evaluation of the
middle cerebral arteries detects this lowered impedance
as a decrease in the PI.

Doppler assessment of the fetal venous circulation has
also been described. Absent or reversed ductus venosus
blood flow during atrial systole of the fetal cardiac cycle
has been identified as an ominous finding and provides
additional evidence for delivery. The temporal relation-
ship of the Doppler flow findings associated with FGR has
been reported as a progression of abnormal flow noted
initially in the umbilical artery, followed by the middle
cerebral artery, and ultimately in the ductus venosus.

Several therapies have been investigated. Since FGR and
its associated placental dysfunction have vascular disease
as the underlying cause, vasodilators and antiplatelet
medications have been proposed as possible treatments.
Wallenberg & Rotmans in 1987 produced significant
reductions in FGR with the use of aspirin and dipyrida-
mole [3]. In 1991, the Essai Pre-eclampsia Dipyridamole
Aspirin (EPREDA) trial also found lower rates of FGR,
stillbirth, and abruption with the use of aspirin [4].
However, the Collaborative Low-dose Aspirin Study in
Pregnancy (CLASP) trial in 1994 [5], as well as the Italian
Study of Aspirin in Pregnancy in 1991 [6], did not find
any improvement in these factors with the administration
of low-dose aspirin. These more recent studies do not sup-
port the use of therapeutic aspirin in the treatment of FGR.

Maternal hyperoxygenation has also been attempted
as a means to improve outcome. Nicolaides has shown
that administration of O, via a facemask prolonged preg-
nancy and improved neonatal blood gases, but other
neonatal indices were unimproved or worsened [7].
Since several other studies have confirmed that maternal
hyperoxygenation allowed for safe short-term prolonga-
tion of these pregnancies, it may be a viable option for
pregnancies extremely remote from term or to allow time
for the administration of corticosteroids.

Delivery

Growth-restricted fetuses are at high risk of intrapartum
asphyxia and should have continuous FHR monitor-
ing. Pre-existing compromise in placental function can
worsen during labor, and oligohydramnios can precipitate

cord compression and heart rate decelerations. In utero
meconium passage is likely secondary to hypoxia and
may necessitate amnio-infusion if associated with FHR
abnormalities. Cesarean delivery is also more common
in this group because of abnormal fetal heart tracings,
increased rate of breech presentation, and unfavorable
cervices in preterm gestations. Because of the increased
risk for these complications, a neonatal resuscitation
team should be present at the time of delivery.

Neonatal outcome

The immediate neonatal period is a time of great risk for the
FGR infant. Because of intrauterine malnutrition, stores
of glycogen and fat are low, leading to hypoglycemia
and poor neonatal temperature control. Hypocalcemia,
probably due to relative hypoparathyroidism, is also
common and may present as a jittery infant or as neonatal
convulsions. Polycythemia and increased blood viscosity
may cause sludging in capillaries, predisposing to throm-
bosis and pulmonary hypertension, cerebral infarction,
and necrotizing enterocolitis. Red cell destruction results
in a high incidence of hyperbilirubinemia as well. Long-
term prognosis for these infants is still unknown, but FGR
has been linked to various long-term complications such
as developmental delay, lagging growth, and neurologic
sequelae. In addition, it may predispose to diseases of
adulthood including cardiovascular disease, obesity, non-
insulin-dependent diabetes mellitus, and hyperlipidemia.

Conclusion

Growth restriction remains a major complication of preg-
nancy. Once the diagnosis is made, antepartum testing
consisting of an NST with an AFI or a BPP, maternal fetal
activity charting, and serial ultrasounds to assess fetal
growth and Doppler velocimetry should be instituted
to minimize perinatal morbidity and mortality. Delivery
should be undertaken for worsening fetal status or fetal
maturity. Even with optimal antepartum care, these
infants are susceptible to complications in the nursery as
well as long-term sequelae.
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Introduction

Isoimmunization is an immune-mediated process that
is caused by maternal antibodies directed toward fetal
red cell antigens, and results in extravascular hemolysis
in the fetus. This condition, also referred to as hemolytic
disease of the fetus and newborn, ranges from mild to
severe disease. In mild cases the fetus has slight anemia
with reticulocytosis. In cases of severe isoimmunization,
the fetus develops profound anemia, hydrops fetalis, and
eventual demise. Prevention and treatment strategies
for this condition have significantly improved fetal and
neonatal outcomes. This chapter will review the patho-
genesis, management, and prevention of red blood cell
isoimmunization.

Pathogenesis

Red blood cell (RBC) isoimmunization develops after an
initial exposure of foreign erythrocyte surface antigens
to the maternal immune system, referred to as the sen-
sitization event. The most common sensitization event
is a prior pregnancy in which the fetal erythrocytes
contained paternally inherited antigens that were not
present on the maternal erythrocytes. The highest risk of
sensitization is at time of delivery, whether at term or at
time of miscarriage or abortion, although fetal-maternal
transfusion may occur at any time during pregnancy.
Nonpregnancy-related causes of sensitization include blood
transfusions and shared needles. Once erythrocytes con-
taining nonnative surface antigens enter into the maternal
circulation, maternal B-lymphocyte clones recognize the
erythrocyte antigens as foreign and antibodies directed
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to those antigens are produced. The initial maternal
antibody response results in IgM production, which
does not cross the placenta. A gradual rise in maternal
IgG production, which can cross the placenta and enter
the fetal circulation, occurs 6-16 weeks after the initial
sensitization event.

Subsequent antigenic exposure during a succeeding
pregnancy in an isoimmunized mother can result in sig-
nificant increase in maternal antibody titer. Maternal
memory B-lymphocytes differentiate into plasma cells
and IgG antibodies are produced. The maternal IgG
antibodies cross the placenta and target the fetal eryth-
rocytes. The “sensitized” fetal RBC are destroyed by
hemolysis via macrophages in the fetal spleen, resulting
in fetal anemia. The most common cause of RBC isoim-
munization used to be the Rhesus (D) (Rh(D)) antigen
but the practice of Rh(D) immune prophylaxis has reduced
the frequency of isoimmunization from Rh disease,
resulting in relatively increased rate of sensitization
to non-Rh(D) antigens (irregular antigens). A second
mechanism of fetal anemia, unique to the Kell antigen
system, results from erythropoietic suppression due to
direct destruction of Kell antigen containing fetal erthroid
progenitor cells.

The hypoxemia that ensues due to severe fetal anemia
stimulates increased fetal erythropoiesis. Whereas the
bone marrow is the primary site of blood cell forma-
tion in the normal fetus by mid-pregnancy, additional
erythropoietic sites, primarily the fetal liver, are stimu-
lated under this hypoxemic stress to produce red cells.
The name of this condition, erythroblastosis, arises
from the appearance of red cell precursors, erythroblasts, in
the peripheral circulation of the fetus. As hematopoi-
etic tissue supplants liver parenchyma, liver functions,
including protein synthesis, are impaired. High cardiac
output, a compensatory response to anemia and hypox—
emia, leads to cardiac failure. Hypoproteinemia and
impaired cardiac function combine to produce fetal body
cavity effusions and generalized edema, the clinical
picture referred to as hydrops fetalis. Untreated, hydrops
fetalis results in perinatal death.



Rhesus blood group system

Several dozen red cell antigens have been associated
with isoimmunization. However, the Rh blood group
system has historically had the greatest clinical impact
with regard to the number of affected cases and sever-
ity of disease. Typically, when healthcare providers
are discussing a patient’s Rh status, they are referring
exclusively to the Rh(D) status. In fact, the Rh blood
group system can produce five potential antigens: D,
C, ¢, E, and e. The Rh(D) antigen is the most immuno-
genic of the five main Rh antigens. Two genes on chro-
mosome 1, the RhD gene and the RhCE gene, encode
the various antigens. The single RhCE gene produces
two different gene products due to alternative mRNA
splicing. Slight variation in amino acid composition
results in the antigenically distinct C versus c and E
versus e.

Understanding the genetics of the RhD gene locus is
important for appropriate interpretation of tests that
ascertain serologic versus genotypic status. Patients
who are referred to as serologically negative for Rh(D)
antigen either are missing the RhD gene from both
alleles or have an RhD pseudogene. The RhD pseu-
dogene, which occurs in about one-quarter of African
Americans, contains a stop codon within the gene
that does not allow translation of the mRNA product.
Because there is no gene product, patients who have
the RhD pseudogene exclusively are serologically
Rh(D) negative but genotypically RhD positive. Thus,
these patients are at risk for isoimmunization. Patients
who are serologically Rh(D) antigen positive have
either one or two RhD alleles. A subgroup of patients,
particularly African Americans and Asians, may have
a modified version of the gene, called RhDu, which
produces an abridged gene product. Laboratories often
will report that these patients are serologically weakly
positive or are Rh(Du) positive. These patients are not
at risk of Rh(D) isoimmunization.

In summary, it is the patient’s serologic status that
confers risk for isoimmunization. This has important
implications with regard to prenatal diagnosis.

Irregular antibodies

Antibodies to erythrocyte antigens other than the Rh
blood group system are referred to as irregular antibod-
ies. The most common irregular antibodies are to the
Kell, Duffy, MNS, and Kidd blood group systems. These
antibodies are more often produced in response to
maternal blood transfusion, and have a higher likelihood
of being absent in specimens from the father and fetus.
It is important to note that the assessment and manage-
ment of isoimmunization are dependent on the type of
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antibody. Unless otherwise specified, this chapter will
focus on the management of Rh(D) isoimmunization.

Identifying the at-risk fetus

All gravid patients undergo blood typing and antibody
screening at their first prenatal visit. A positive anti-
body screen means that the fetus is at risk for hemolytic
disease. If the antibody screen is positive, the laboratory
performs antibody identification and titer on the maternal
specimen. Not all types of maternal antibodies to erythro-
cyte antigens cause hemolytic disease of the fetus and
newborn. A reference table should be used to ascertain
fetal risk if an irregular antibody is identified. The anti-
body titers can then be followed during the pregnancy
on a monthly basis until 24 weeks’ gestation and every
2 weeks thereafter. If the maternal titer rises above a criti-
cal level, further testing is indicated. A titer of 1:8 to 1:32
is considered critical, depending on the laboratory and
the type of isoimmunization. Monitoring of maternal
antibody titers is useful in the evaluation of the index
pregnancy, but has limited utility in monitoring patients
with a prior affected pregnancy.

Once a maternal antibody has been identified, it is
important to determine if the fetal erythrocytes express
the target antigen. There are three methods currently
employed to identify the at-risk fetus. The first is to obtain
paternal blood testing for antigen status. If the father is
antigen positive, then the fetus is at 100% risk if the father
is homozygous and 50% risk if he is heterozygous. In the
case of Rh(D), paternal zygosity can be estimated based on
serology, ethnicity, and history of prior affected offspring.
If the father of the baby is serologically negative, then
the fetus is theoretically not at risk, although it should be
noted that the rate of erroneous paternity in the United
States has been estimated at 10%.

The second method of identifying the at-risk fetus is
to directly determine fetal blood type by DNA testing
of amniocytes obtained by amniocentesis. Amniocytes
are fetal cells that are shed into and suspended in the
amniotic fluid. Because this tests fetal genotype, not
serologic status, rare false positives and negatives may
occur. Potential errors are reduced with the addition of
parental blood DNA testing. The risk of this approach is
that it requires an amniocentesis, a procedure in which a
22 gauge spinal needle is inserted through the maternal
abdomen into the amniotic fluid. This invasive test has
been shown to occasionally worsen the isoimmunization
by causing increased maternal antibody titers due to pro-
cedure related fetal-to-maternal transfusion.

A third recently developed technique for identifying the
at-risk fetus takes advantage of the presence of cell-free
fetal DNA circulating in the plasma of pregnant women.
The detection of fetal DNA sequences of RhD has been
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shown to be highly accurate, although there remains the
risk of false positives and negatives akin to the above-
mentioned tests that assess fetal genotype rather than
serology. The advantage of this method is that it avoids
amniocentesis, thereby reducing the theoretical risk of
exacerbation of the isoimmunization. This test is widely
used in Europe, but has not yet been adopted into clini-
cal practice in the United States.

Prenatal diagnosis of fetal anemia

The next clinical step in the evaluation of the isoimmunized
patient is determination of the severity of disease. Three
methods are currently used to ascertain if the at-risk fetus
is actually anemic. The first utilizes spectrophotometry to
quantify the bilirubin level in the amniotic fluid acquired
via amniocentesis. The bilirubin level in the amniotic
fluid correlates with the degree of hemolysis. The result
is expressed as the change in absorbance at 450 nm, or
6 OD450, and is plotted on a normative curve based on
gestational age. This semi-logarithmic graph, called the
Liley curve, is separated into three zones. Patients who
fall into zone I are at low risk of fetal anemia, although
there remains the risk that a neonatal exchange transfu-
sion may be required. Patients in zone II are at mild to
moderate risk of fetal anemia. Zone III patients have
severe fetal anemia with high probability of fetal death in
7-10 days. Serial amniocenteses are performed to estab-
lish a trend of the bilirubin measurement. Measurements
that are trending up to upper zone II or zone III require
intervention.

The Liley curve is predictive of fetal anemia from
27 weeks onwards. Modification of the curve to allow
assessment of amniotic fluid bilirubin at earlier ges-
tational ages has been advocated, but is used with less
confidence. This approach often requires multiple amni-
ocenteses, so there is a risk of worsening isoimmunization
or other amniocentesis-related complications such as
rupture of membranes. Because the mechanism of fetal
anemia in the case of Kell isoimmunization involves
erythropoietic suppression as well as RBC hemolysis,
amniotic fluid bilirubin determination does not accu-
rately reflect disease severity in this condition.

The second method utilizes ultrasound to assess
for fetal anemia. Overt evidence of fetal hydrops on
ultrasound is an end-stage sign of severe fetal anemia.
Obviously, the goal of fetal surveillance is to identify
the anemic fetus prior to the onset of hydrops. The ultra-
sound-acquired Doppler measurement of the middle cer-
ebral artery (MCA) peak systolic velocity (psv) has been
shown to accurately identify moderate to severe fetal
anemia even in nonhydropic fetuses. Using a cut-off of
greater than 1.5 multiples of the median, at-risk fetuses
with elevated MCA psv were noted to have a high risk

for moderate to severe anemia. The increased cerebral
blood flow has been attributed to the low viscosity of
the blood, although cerebral autoregulatory mechanisms to
preserve delivery of oxygen to the brain may play a role
as well. Because this technique is noninvasive and has
been shown to be more accurate than the Liley curve, the
MCA Doppler has largely replaced serial amniocenteses
in current clinical practice.

The third method for fetal anemia assessment, and the
gold standard to which all are compared, is fetal blood
sampling. This procedure is the most invasive and thus
carries the highest risk. A needle is placed through the
maternal abdomen into a fetal vessel via direct ultra-
sound guidance, and 1-2 mL of fetal blood is obtained.
Preparations for intrauterine transfusion should be in
place at the time of fetal blood sampling to proceed with
transfusion if necessary.

Fetal treatment

Severe fetal anemia is treated in the prenatal period via
intrauterine transfusion (IUT). IUT is performed under
direct ultrasound guidance using a 20-22 gauge needle.
The procedure was first carried out using an intraperi-
toneal route. Red blood cells are placed into the fetal
peritoneal cavity where they are subsequently absorbed
through the diaphragmatic lymphatics. This approach
is advantageous when fetal vascular access is diffi-
cult. However, intraperitoneal IUT is not the preferred
approach because of the 7-10 days’ delay in absorption
of the cells in nonhydropic fetuses and significantly
impaired absorption in hydropic fetuses. In cases of fetal
hydrops, intraperitoneal IUT has been shown to result in
almost half the perinatal survival rate compared to intra-
venous IUT.

Intravenous IUT is performed by accessing the umbili-
cal vein either in the umbilical cord at the placental
cord insertion site (umbilical cord IUT) or in the fetus
where the umbilical vein traverses the liver (intrahepatic
IUT). Both methods have similar procedure loss rates
of approximately 1% in nonhydropic fetuses and 7% in
hydropic fetuses. Umbilical cord IUT is the most com-
mon method used in the US today. Risks of IUT include
fetal bradycardia, hemorrhage, infection, and rupture of
membranes. The overall fetal survival rates in pregnan-
cies complicated by severe fetal anemia and treated by
IUT are approximately 92% for nonhydropic fetuses and
70% in hydropic fetuses. Normal neurologic outcome
can be expected in over 90% of surviving infants even if
hydrops was noted at the time of the first IUT.

The frequency of transfusions over the course of
the pregnancy can be guided by MCA psv Doppler. The
threshold value used to trigger another transfusion is
somewhat higher, at 1.69 multiples of the median, after



the first IUT. This may be the case because adult RBC
have different flow characteristics within the cerebral
vessels compared to fetal RBC. In general, the second IUT
is usually necessary in 10-14 days, while subsequent
IUT are usually required every 3—4 weeks. A general rule
is that the fetal hematocrit declines approximately 1%
per day after the first transfusion. Most centers perform
IUT up to 35 weeks’ gestation, after which delivery and
neonatal transfusion are recommended.

Other treatment options have been developed for the
management of isoimmunization. Combined maternal
plasmapheresis and intravenous immunoglobulin has
been successfully utilized in the treatment of isoimmuni-
zation in which fetal access for transfusion is technically
prohibitive. For example, this approach has been used to
treat the rare patient who had a prior intrauterine fetal
demise before 20 weeks’ gestation due to isoimmuni-
zation. This regimen is instituted from 12 weeks’ to 20
weeks’ gestation, at which time the fetal blood sampling
and IUT may be performed if necessary.

Summary of contemporary
management of isoimmunization

Paternal and, if necessary, fetal antigen status is deter-
mined to identify the at-risk fetus. Surveillance for
severe fetal anemia is performed via Doppler assess-
ment of the MCA psv. In pregnancies with a previously
affected fetus or infant, MCA Doppler measurements
are initiated at 18 weeks’ gestation and repeated every
1-2 weeks. In the first affected pregnancy, maternal anti-
body titers can be used to guide surveillance. Antibody
titers are obtained monthly until 24 weeks and then
every 2 weeks thereafter. MCA Doppler studies are initi-
ated once a critical titer has been reached. Many centers
are relying less on maternal antibody titers and more
on MCA Doppler studies regardless of patient history.
If severe anemia is suspected, then fetal blood sampling
is performed and transfusion is given if the hematocrit
measures less than 30%. Antenatal testing should be ini-
tiated at approximately 32 weeks’ gestation. Delivery
should occur between 35 and 38 weeks’ gestation,
depending on the timing of the prior transfusion and the
suspicion of recurrent severe fetal anemia.

Prevention of Rhesus (D) disease

The frequency of Rh(D) isoimmunization has decreased
precipitously since the introduction of Rh-immune glob-
ulin. The exact mechanism by which Rh-immune
globulin suppresses the immune response has not yet
been defined. A dose of Rh-immune globulin is given to
an Rh(D)-negative mother within 72 hours of delivery if
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the infant is found to be Rh(D) positive. Because there is
approximately a 2% risk of maternal sensitization during
the course of the pregnancy, it is standard in the US to
administer Rh-immune globulin at 28 weeks’ gestation
as well. Other indications for Rh-immune prophylaxis
include any procedures that may result in fetal-to-maternal
hemorrhage, such as amniocentesis and external cephalic
version.

Approximately 0.1% of deliveries are associated with
excessive fetal-to-maternal hemorrhage, of which 50%
are without risk factors. The Kleihauer-Betke test appro-
ximates the volume of fetal blood transfused into the
maternal circulation, and can be used to determine
the required Rh-immune globulin dose. One ampoule of
Rh-immune globulin is sufficient to prevent sensitization
to less than 30 mL of fetal whole blood. For example, if
the Kleihauer—Betke test estimated 45 mL of whole fetal
blood in the maternal circulation, then two ampoules of
Rh-immune globulin are required to prevent maternal
sensitization.

Conclusion

The perinatal mortality rate from isoimmunization has
fallen sharply over the past half century due to the pre-
ventive and treatment strategies described in this chap-
ter. It is instructive to review historical accounts of this
disease to fully appreciate the magnitude of this achieve-
ment. The remarkable diminution in the frequency of
isoimmunization has resulted in a significant decrease in
the number of patients needing treatment. For this rea-
son, patients who require intrauterine transfusion are
often referred to centers that specialize in fetal therapy.
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Introduction

Suspected fetal macrosomia is encountered commonly
in the practice of obstetrics. The delivery of large fetuses
remains clinically important because of the increased
potential for maternal and neonatal complications. Data
from the National Center for Health Statistics shows that
10% of liveborn infants in the Unites States weigh more
than 4000 gm at birth, and about 1.5% weigh more than
4500 gm. Potential maternal risks of macrosomia include
abnormal labor, uterine rupture, postpartum hemor-
rhage, lacerations, and infection. Potential risks to the
fetus include shoulder dystocia (see also Chapter 12,
“Shoulder Dystocia”), brachial plexus injury, bone frac-
tures, and in rare cases asphyxial injury. Some studies
have also suggested that fetal macrosomia can lead to
childhood obesity, glucose intolerance, and development
of metabolic syndrome.

Definition of macrosomia

The terms macrosomia and large for gestational age (LGA)
both refer to excessive fetal growth. Even though there is
no universal agreement regarding the absolute threshold
for macrosomia, historically it has been defined as a birth
weight exceeding 4000 gm independent of gestational
age. The term “large for gestational age” refers to infants
whose birth weight exceeds the 90th percentile for growth
at a specific gestational age. Birth weight data from the
National Center for Health Statistics is listed in Table 8.1.
The American College of Obstetricians and Gynecologists
acknowledges that there is increased morbidity in infants
with a birth weight > 4000 gm, but they recommend that
macrosomia be defined as any infant with an estimated
fetal weight above 4500 gm. This recommendation is
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most likely based on data regarding birth injury and
the difficulty in assessing fetal weight accurately prior
to delivery. It should also be noted that male infants, on
average, have higher birth weights than female infants,
and that racial and ethnic differences can also influence
birth weight.

Risk factors for macrosomia

There are several historic risk factors described in associ-
ation with macrosomia. These include: maternal diabetes,
multiparity, male fetus, advanced maternal age, mater-
nal obesity (or high body mass index), prior history of
macrosomia, postterm pregnancy, maternal birth weight
over 4000 gm, Hispanic or African-American ethnicity,
and excessive weight gain in pregnancy. Approximately
one-third of all neonates over 4000 gm at birth are born
to diabetic mothers. Even though the risk of accelerated

Table 8.1 Percentiles of birth weight (grams) by gestational age:
U.S. singleton births, 1991

Gestational ~ 5th 10th 50th 90th
age, weeks  percentile percentile percentile percentile
26 529 625 899 1362
27 591 702 1035 1635
28 670 798 1196 1977
29 772 925 1394 2361
30 910 1085 1637 2710
31 1088 1278 1918 2986
32 1294 1495 2203 3200
33 1513 1725 2458 3370
34 1735 1950 2667 3502
35 1950 2159 2831 3596
36 2156 2354 2974 3668
37 2357 2541 3117 3755
38 2543 2714 3263 3867
39 2685 2852 3400 3980
40 2761 2929 3495 4060
41 2777 2948 3527 4094
42 2764 2935 3522 4098

Source: Alexander et al. (1996).



fetal growth in infants of diabetic mothers increases
with increasing hyperglycemia, there is no universal
threshold value of hyperglycemia that predisposes the
fetus to becoming macrosomic. Conversely, in diabetic
women with good glycemic control, the rate of macro-
somia approaches that of the general population (10-13%).
There are also rare causes of genetic macrosomia, such
as in fetuses with Beckwith-Wiedemann or Weaver
syndromes.

Poorly understood factors which relate to increased
fetal growth include genetic predisposition, fetal intrau-
terine metabolism and placental nutrient transport. Some
or all of these factors likely contribute to the intrauterine
environment and influence fetal growth. Fetal hyper-
insulinism, a finding integral to the pathophysiology of
diabetic fetopathy, is an example of altered fetal metabo-
lism that can lead to excessive intrauterine growth and
increase the risk for type 2 diabetes in later life for these
infants. However, fetal hyperinsulinism appears to affect
only a minority of pregnancies complicated by diabetes
and does not correlate well with maternal glycemic control.
This lack of association between fetal hyperinsulinism
and maternal glucose levels may explain why good gly-
cemic control does not eliminate the risk of macrosomia
in some diabetic pregnancies.

Finally, note that many of the risk factors for macro-
somia (male gender, parity, prior history of macrosomia,
and maternal prepregnancy weight) are not modifiable
and are already determined at the time of conception.
Overall, less than 40% of macrosomic infants are born to
women with identifiable risk factors.

Diagnosis of macrosomia

The available methods for diagnosis of macrosomia
are ultrasound measurements, clinical assessment via
Leopold’s maneuvers or fundal height measurement, and
maternal estimation. Unfortunately, accurate detection of
macrosomia prior to birth remains a clinical conundrum.
Accelerated growth of the fundal height as estimated by
measurement and palpation of the uterine fundus may
provide an early clinical clue for suspected macrosomia,
but fundal height measurements are not reliable with
birth weight > 4000 gm. With birth weights between 2500
and 4000 gm, there is good evidence that demonstrates
the superiority of ultrasound-derived fetal weight esti-
mates over clinical estimation. However, all techniques
lose accuracy as birth weight rises. The American Institute
of Ultrasound in Medicine reports that even the best fetal
weight detection methods yield error rates of +/— 15%.
Other reports show error rates as high as 20% in infants
weighing over 4500 gm.

There are over 30 different formulas for ultrasound
estimates of fetal weight, but most use the fetal biparietal
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diameter, head circumference, abdominal circumference,
or femur length alone or in combination to predict the
fetal weight. Ultrasound estimates of fetal weight have a
low sensitivity, but a high specificity and negative pre-
dictive value for detecting macrosomia. A recent review
showed a sensitivity of 12-75% and a specificity of
68-99% for ultrasonographic prediction of macrosomia.

Clinical estimates of fetal weight can be accomplished
by abdominal palpation (Leopold’s maneuvers) and/or
fundal height measurements. Some studies have shown
that in experienced hands, clinical estimates approach
the accuracy of ultrasound estimates for fetal weight.
Other studies have shown that a mother’s estimate of her
own baby’s weight can be as accurate as clinical or ultra-
sound estimates.

In clinical practice, it is reasonable to use maternal and
clinical estimates to estimate fetal weight, but in cases
where macrosomia is suspected, ultrasound examina-
tion could be helpful. Despite the inherent limitations
of ultrasound, a combination of clinical estimates, ultra-
sound assessment, and clinical history can help craft an
appropriate management plan when macrosomia is sus-
pected. In pregnancies complicated by diabetes, the ratio
of head circumference (HC) to abdominal circumference
(AC) may indicate disproportionate fetal growth. An
HC/AC ratio of less than 0.80 suggests disproportionate
central body growth and raises the risk for shoulder dys-
tocia and potential birth trauma.

Management of suspected macrosomia

Macrosomia technically is a statistical definition and not
a true “disease.” Nevertheless, because of the potential
for serious maternal, fetal, and neonatal morbidity, cases
with suspected macrosomia require thoughtful manage-
ment plans.

In nondiabetic patients, once macrosomia is sus-
pected in the antepartum period, clinical interventions
aimed at impeding fetal growth are very limited. Even
though maternal obesity and excessive weight gain are
known risk factors for macrosomia, there are no rand-
omized clinical trials evaluating the clinical effectiveness
of caloric restriction on reducing fetal growth. Existing
clinical studies have shown conflicting results. In dia-
betic patients, it has been shown that improved glycemic
control (with the addition of insulin therapy) in patients
with suspected macrosomia in the second trimester can
have a small but measurable reduction of birth weight at
term.

The clinical dilemma encountered most often by clini-
cians managing a patient with suspected macrosomia at
term is whether or not to allow labor or proceed with
elective Cesarean section. Unfortunately, the effective-
ness of prophylactic Cesarean delivery in reducing fetal
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and neonatal morbidity in these cases has not been
evaluated in randomized clinical trials. In addition, as
outlined earlier in this chapter, available techniques
to estimate fetal weight are not very accurate. Finally,
Cesarean section reduces, but does not eliminate, the risk
for birth trauma and brachial plexus injury associated
with vaginal birth. Thus, while clinically it may be tempt-
ing to select a route of delivery based solely on estimated
fetal weight, such a decision should take into account all
pertinent risk factors as well as the patient’s desires after
detailed informed consent. Current guidelines from the
American College of Obstetricians and Gynecologists
do not support a planned Cesarean delivery unless esti-
mated fetal weight exceeds 5000 gm (4500 gm in diabetics).
Equally important, current evidence does not support
early induction of labor in patients with suspected mac-
rosomia. In these patients, careful monitoring is required
during labor, and operative vaginal delivery, especially
midpelvic procedures, should be avoided. Finally, sus-
pected macrosomia is not an absolute contraindication
for vaginal birth after Cesarean section.
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Introduction

Labor induction is the process of achieving vaginal delivery
by initiating uterine activity before the onset of spontane-
ous labor. Labor induction in the United States is at an all-
time high; its use is reported in up to 25% of pregnancies.
A similar trend is described in both Canada and Europe.
The decision to initiate an induction of labor must take into
account the risks to mother and fetus from the induction
process versus the risks to continuing the pregnancy. The
availability of methods to stimulate uterine activity has
expanded as labor induction rates have increased.

Indications and contraindications

Post-term pregnancy is the most commonly cited indi-
cation for labor induction. Data from several large mul-
ticenter randomized studies have reported favorable
outcomes with routine induction as early as 41 weeks.
One of the largest studies included 3407 low-risk women
randomized at 41 weeks to expectant management ver-
sus labor induction. A significantly lower cesarean rate
was noted in the electively induced group, 21.2% versus
24.5%, a difference thought to be due to fewer cesareans
performed for nonreassuring fetal heart rate tracings [1].
While a review of 19 studies investigating routine labor
induction after 41 weeks found no difference in the cesar-
ean delivery rate, a lower rate of perinatal mortality was
noted. Additionally, no effect was seen in the instrumental
delivery rate, use of analgesia or incidence of fetal heart
rate abnormalities [2]. In a report describing the changing
patterns in labor induction, the average gestational age at
induction for the indication of post-term pregnancy was
noted to have declined from 41.9 weeks to 41 weeks [3].

Management of Common Problems in Obstetrics and Gynecology,
5th edition. Edited by T.M. Goodwin, M.N. Montoro,

L. Muderspach, R. Paulson and S. Roy. © 2010 Blackwell
Publishing Ltd.

Other indications for proceeding with labor induction
include pre-eclampsia, eclampsia, abruptio placentae,
chorio-amnionitis, fetal demise, premature rupture of
membranes, isoimmunization, fetal growth restriction,
and maternal medical conditions such as diabetes and
chronic hypertension.

Additionally, elective inductions for logistic or psy-
chosocial reasons have become more common. There
has been at least a 15-fold rise in the number of elective
inductions since 1990. While benefits cited for initiating
an elective induction include avoiding a rapid delivery
away from the hospital and minimizing any disrup-
tion to the patient’s and provider’s work and nonwork
responsibilities, risks include increased iatrogenic pre-
maturity, increased healthcare costs, and increased rates
of operative delivery [4]. The greatest risk appears to
involve elective induction of nulliparous patients, par-
ticularly those with an unfavorable cervix. In an inves-
tigation comparing 7683 nulliparous women who were
electively induced to a matched cohort of 7683 nullipa-
rous women who had spontaneous labors, the electively
induced group had higher rates of cesarean delivery
(10% vs 7%), instrumental delivery (32% vs 29%), and
use of epidural anesthesia (80% vs 58%). Similar find-
ings were reported in other studies with all showing
an approximate twofold increased risk of cesarean
delivery.

Prior to initiating a labor induction for logistic or psycho-
social indications, the American College of Obstetricians
and Gynecologists suggests that fetal lung maturity be
established or one of the following criteria met: fetal
heart tones have been documented for 20 weeks by none-
lectronic fetoscopy or for 30 weeks by Doppler; it has
been 36 weeks since a positive serum or urine human
chorionic gonadotropin pregnancy test was performed
by a reliable lab; an ultrasound measurement of the
crown-rump length, obtained at 6-12 weeks, supports
a gestational age of at least 39 weeks; or an ultrasound
obtained at 13-20 weeks confirms the gestational age
of at least 39 weeks determined by clinical history and
physical examination [5].
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Contraindications to labor induction include: prior
classic uterine incision, active genital herpes infection,
placenta or vasa previa, and transverse fetal lie. There
are other conditions which are not necessarily contrain-
dications, but caution and judgment should be exercised
when managing them. These include: multiple gestation,
maternal cardiac disease, grand multiparity, breech pres-
entation, abnormal fetal heart rate patterns that do not
require immediate delivery, and severe hypertension.

Requirements for induction

Before beginning a labor induction, the risks, alterna-
tives, and potential need for cesarean delivery should be
thoroughly discussed with the patient. Additionally, the
following should be completed: a review of the gesta-
tional age; estimation of the fetal size and position; and
assessment of the patient’s pelvis and cervical status. The
Bishop score is the method most commonly used to assess
the cervix. It was originally developed to describe the
state of multiparous cervices prior to the onset of spon-
taneous labor. Four characteristics of the cervical exam
are used to tabulate a Bishop score: effacement, dilation,
consistency, and position. In 1966, Friedman studied the
Bishop score of 408 multiparous patients before labor,
many of which were elective inductions. Labor induction
was successful in all patients with a Bishop score of 9 or
greater while 20% of inductions failed in patients with a
Bishop score of 4 or less. A score between 5 and 8 resulted
in a 4.8% failure rate. Investigators have demonstrated
that cervical dilation is the most important component
of the Bishop score in predicting success of a labor induc-
tion. Effacement, station and consistency were found to
have about half of the influence while position had little
effect as compared with cervical dilation.

Additional methods investigated for predicting success
of labor induction have included cervical length and fetal
fibronectin. A meta-analysis of seven studies compared
the usefulness of a cervical length to the Bishop score. Both
measures were found to be equally predictive of success-
ful induction and of vaginal delivery. Similarly, increased
levels of fetal fibronectin have been associated with suc-
cessful labor induction. In comparison to the Bishop score,
neither measure was found to be superior [6].

Cervical ripening

The goal of cervical ripening is to create a more favora-
ble cervix prior to beginning a labor induction. Cervical
effacement and dilation result from chemical changes
within the cervix through breakdown of collagen fibrils
and increased water content within the cervix. The ben-
efits include a more rapid labor and a greater potential
for vaginal delivery. Current methods include membrane

stripping, prostaglandin compounds, and mechanical
dilation.

Membrane stripping, which involves separating the
fetal membranes from their attachment to the lower uter-
ine segment, is a common office procedure used to begin
cervical ripening. Membrane stripping results in local
release of prostaglandins and mechanical dilation of
the cervix. A meta-analysis of 22 investigations studying
the efficacy of membrane stripping found the proce-
dure was associated with fewer pregnancies continuing
beyond 41 and 42 weeks of gestation and reduced need
for formal induction. The cesarean delivery rate did not
differ between the comparison groups and there was no
difference in maternal or neonatal outcome [7].

There are two approved prostaglandin E2 prepara-
tions available in the US — Prepidil and Cervidil. Cervidil
is the more commonly used preparation and consists of
10 mg of dinoprostone in a vaginal insert, which releases
0.3 mg of dinoprostone per hour. The vaginal insert is left
in place until active labor begins or for up to 12 hours.
An oxytocin infusion can then be initiated 30-60 minutes
later. The efficacy of prostaglandin E2 was reported in
a review of 52 studies. Compared to placebo, the pros-
taglandin preparations were noted to provide improved
cervical ripening, a lower oxytocin requirement, and a
higher delivery rate within 24 hours. There was no dif-
ference in the cesarean delivery rates [8].

Misoprostol is a prostaglandin E1 preparation used to
treat gastric ulcer disease. It has also been used off-label in
labor induction. A meta-analysis indicated that misopr-
ostol compared favorably with prostaglandin E2 prepa-
rations and was found to be more effective in achieving
vaginal delivery within 24 hours while requiring less
oxytocin administration. Again, cesarean rates were not
different. Misoprostol, however, was found to be asso-
ciated with a higher rate of hyperstimulation [9]. Most
commonly, misoprostol is administered at a dose of 25 pg
every 3-6 hours until active labor is achieved or up to
24 hours total. Oxytocin augmentation is usually initiated
4 hours later.

Mechanical dilation works, at least in part, by causing
the release of prostaglandin F2-o from the decidua and
adjacent membranes or prostaglandin E1 from the cervix.
Today, the most common method used is the balloon
catheter. A Foley catheter is inserted through the cer-
vix and the balloon is distended with 30-60 cc of saline.
Once the balloon is distended, it is retracted to allow
placement against the internal cervical os. Gentle traction
can be applied when taping the balloon to the inner thigh.
Attaching the balloon to a weighted object such as an IV
bag has not been shown to enhance cervical ripening.
In most cases, the balloon is extruded within 12 hours.
Otherwise, it can be left in place for up to 24 hours. Ran-
domized trials have demonstrated balloon catheters to be
as effective as prostaglandins. There does not appear to



be any benefit of adding a prostaglandin while the balloon
catheter is in place.

Extra-amniotic saline infusion (EASI) involves infu-
sion of normal saline through the central port of a Foley
balloon placed above the internal cervical os. A con-
tinuous infusion rate of 30 cc per hour is typically used.
Randomized trials have not shown a benefit in using the
EASI protocol over the Foley catheter alone. Furthermore,
a meta-analysis failed to show a benefit of EASI over
induction with prostaglandins [10]. The efficacy of
the EASI protocol, however, appears enhanced with the
addition of concomitant oxytocin administration.

Hygroscopic dilators have been utilized primarily in
pregnancy termination, but have also been shown to be safe
and effective in term pregnancies. Laminaria tents are made
from natural seaweed. Among the commercially avail-
able options is Lamicel. The synthetic tents are designed
to expand within the cervical canal. These devices prob-
ably function by disrupting the chorio-amniotic decidual
interface, causing lysosomal destruction and prostaglan-
din synthesis. These events also lead to active stretching
of the cervix beyond the passive mechanical stretching
by the tent itself. Clinical trials comparing hygroscopic
dilators to prostaglandin E2 gel demonstrate that both
methods are similar in terms of cervical change; however,
PGE2 is associated with a higher success rate of induction
and the dilators have a higher incidence of postpartum
maternal and fetal infections.

Labor induction

Intravenous oxytocin infusion is the standard method for
labor induction. Oxytocin stimulates contractions in myo-
metrial smooth muscle by increasing intracellular calcium
levels through the activation of the phospholipase C-inosi-
tol pathway. Oxytocin is the most potent uterotonic agent
known; its plasma half-life is 3-6 minutes. As pregnancy
progresses, the number of oxytocin receptors increases 300-
fold. Complications of oxytocin use include uterine hyper-
stimulation and, with excessive doses, hypotension, water
intoxication, and neonatal hyperbilirubinemia. Numerous
intravenous oxytocin regimens have been studied and the
optimal protocol remains uncertain. Low-dose regimens
commonly begin with a 1 mU per minute initial dose,
increased by 1 mU per minute at 40-60-minute intervals.
This regimen attempts to mimic the physiologic release of
oxytocin. High-dose regimens begin with an initial dose
of 6 mU per minute, increased by 6 mU per minute every
15 minutes. Labor and delivery protocols typically include
a maximum infusion rate of 40 mU per minute. Various
intermediate regimens have also been studied. A literature
review by Patka ef al. in 2005 included all investigations
of oxytocin induction published from 1966 to 2003. The
high-dose protocol, while associated with a more rapid
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initiation of induction to delivery time, was also found to
have a higher rate of hyperstimulation. Cesarean delivery
rates did not differ between the various protocols [11].

At the Los Angeles County — University of Southern
California Women’s and Children’s Hospital, a continuous
infusion of oxytocin is started at a dose of 1 mU per minute,
and increased linearly by 1 mU/min every 30 minutes
to a maximum of 22 mU per minute. In addition, when
no contraindications exist, early amniotomy is used to
shorten the duration of labor and increase the chances
of a successful induction. The use of amniotomy in com-
bination with oxytocin administration was found to be
more effective than oxytocin alone in achieving delivery
within 24 hours. The risks of amniotomy include infection,
bleeding, and cord prolapse.

Conclusion

The rate of labor induction continues to increase, with
post-term pregnancy being the most common indication
reported. While the ideal method of labor induction has
yet to be identified, oxytocin remains the method of choice
in women with favorable cervical examinations. Cervical
ripening can be used to create a more favorable cervix
prior to beginning a labor induction. Patients with an
unfavorable cervix may benefit from membrane stripping,
prostaglandin compounds or mechanical dilation.
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Abnormal Labor

Emiliano Chavira and T. Murphy Goodwin

Department of Medicine and Obstetrics and Gynecology, Keck School of Medicine, University of Southern California, CA, USA

Introduction

Labor is defined as “uterine contractions of sufficient
intensity, frequency, and duration to bring about demon-
strable effacement and dilation of the cervix.” Abnormal
prolongation of labor, or labor dystocia (derived from the
Greek dys + tokos, difficult birth), is important to recognize
because it has been associated with adverse consequences
for the fetus and mother. Morbidities that have been
attributed to prolonged labor include fetal and mater-
nal infections, uterine rupture, postpartum hemorrhage,
obstetric fistulae, and perineal injuries. This chapter will
detail the factors which distinguish normal from abnormal
labor, discuss underlying etiologies, and finally address
management options in the setting of labor dystocia.

Normal and abnormal labor patterns

Normal labor occurs in four stages. The first stage is cer-
vical dilation, the second is delivery of the fetus, the third
is placental expulsion, and the fourth is recovery. The
first stage is subdivided into latent and active phases.
The latent phase, the earlier of the two, is characterized
by regular contractions perceived by the mother and
relatively slow cervical dilation. According to Friedman,
who began analyzing normal labor progress as early as
1954, the mean duration of the latent phase in nullipa-
rous women is 8.6 hours, and 5.3 hours in multiparous
women. Using two standard deviations as the outer
limit of normal, the latent phase should be less than
20 hours in nulliparae and less than 14 hours in multi-
parae. Friedman’s work has been one of the foundations
of labor and delivery management for decades, although
some authors have questioned the definition and even
the existence of the latent phase.
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Active labor, the second phase of the first stage, is
characterized by an accelerated rate of cervical dilation.
Technically speaking, the precise onset of active labor
can only be determined retrospectively after graphically
plotting the labor curve for any given patient. Clinically,
most women transition from the latent to the active
phase when the cervix is between 3 and 4 cm dilated,
although in one series 30% of women reached 5cm of
cervical dilation prior to entering active labor. Thus, the
combination of regular uterine contractions and cervical
dilation between 3 and 5 cm is a useful clinical marker
for active labor. In Friedman’s graphical analysis of labor,
the mean duration of the active phase among nulliparous
women was 4.9 hours but a wide range was observed.
Thus, the rate of cervical dilation in active labor varies,
but should proceed at a minimum of 1.2 cm/h for nulli-
parae and 1.5 cm/h for multiparae. Gravid women who
have entered into active labor and who dilate at a slower
rate are said to have protracted labor or labor dystocia,
whereas those whose cervix is unchanged over a period
of 2 hours are said to have an arrest of dilation.

The second stage of labor begins when cervical dila-
tion is complete and ends with the expulsion of the fetus.
Although the cardinal fetal movements in labor occur
primarily in the second stage, descent of the fetal head is
usually noted beginning around 7-8 cm of dilation. Thus,
fetal descent bridges the first two stages of labor. The
rate of this descent was also quantified in Friedman'’s
work and proceeds at least 1 cm/h in nulliparae and 2
cm/h in multiparae. Arrest of descent is diagnosed if the
fetus does not advance in station over a period of 1 hour.
The total duration of the second stage of labor should
be less than 2 hours in nulliparae and less than an hour
in multiparae. These limits are extended by an hour if
regional anesthesia is used.

The origin of these guidelines is difficult to determine,
but they were already established by the time the first
edition of Williams” Obstetrics was published in 1903 and
currently remain widely accepted. In fact, the American
College of Obstetricians and Gynecologists (ACOG) uses
these same parameters to define both prolonged second
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stage as well as second-stage arrest. Strict adherence to
these limits may lead to unnecessary cesarean or forceps
deliveries. More recent data suggest that prolonged second
stages in closely monitored patients, even in cases where
the second stage exceeds 6 hours, are not associated
with adverse outcomes such as low Apgar scores, NICU
admissions, neonatal seizures or neonatal death. Being
mindful of the usual limits for the second stage of labor,
the provider nevertheless has some leeway to exercise
judgment regarding operative delivery versus continued
observation, depending on the specific clinical situation,
in particular continued progress in descent. In any event,
if one does decide to allow the second stage to continue
beyond the usual parameters, thorough documentation
of the rationale behind this decision is critical.

Etiologic factors underlying
labor dystocia

In labors which are progressing slowly, a combination of
several variables may be involved. These are commonly
summarized as “the passage, the passenger, and the
powers.” Although these factors are considered separately
in the ensuing discussion, they are probably not always
independent. For example, inadequate uterine activity
may result from an excessively large or malpositioned
fetus attempting to pass through a narrow pelvis.

Abnormalities of the birth canal, or “passage,” may
predispose to labor dystocia. Adequacy of the pelvis is
assessed clinically, although the ability of clinical pelvim-
etry to accurately predict whether labor dystocia will be
encountered is poor. Abnormally small diameters of the
pelvic inlet, mid-pelvis, and outlet can be identified using
x-ray or CT imaging techniques. Indeed, pelvic contractures
so identified have been associated with increased incidence
of labor dystocias. However, many women with increased
risk of dystocia identified radiographically deliver
vaginally. Thus, the positive predictive values of these
instruments for obstructed labor are poor. Combinations of
imaging technologies such as ultrasound and MRI have
also been investigated and show some promise, but at
this point such techniques are investigational. In general,
in the absence of a deforming bony disease, a pelvic
fracture or a soft tissue abnormality such as a cervical
myoma, a narrow pelvis is unlikely to be the sole cause
of abnormal labor. In any event, it is a variable that cannot
be altered and at most may alert the clinician to a risk factor
for prolonged or arrested labor.

The development, size, and position of the fetus, or “pas-
senger,” may also contribute to abnormal labor. Certain
fetal anomalies such as macrocephaly, arthrogryposis or
conjoined twins will obstruct labor. Given the widespread
use of antenatal ultrasound, such anomalies are most often
identified before labor. Still, in women who present in

labor without having had prenatal care, the possibility of
an undiagnosed fetal anomaly should be considered. On
the other hand, fetal macrosomia is a condition that will
be encountered more frequently. Increasing fetal weight
is associated with slow progress in labor as well as with
birth trauma. Despite this, fetuses over 4000 g represent
a small minority of term births, and most macrosomic
fetuses who deliver vaginally do so without trauma.
Fetal size alone, therefore, is usually not sufficient to pre-
vent vaginal delivery. Fetal malpresentation, however,
is a common explanation for labor abnormalities. There
are many variants of malpresentation, and asynclitism,
persistent occiput posterior and compound presentations
are the most commonly encountered examples. Although
there are some exceptions, in most instances these cannot
easily be remedied by the obstetrician during labor.

One common cause of protracted or arrested labor is
persistent occiput posterior (OP) position. Somewhere
between 15% and 25% of term fetuses begin labor in this
position, but around 85% of these eventually rotate into
the occiput anterior (OA) position. Fetuses that persist in
OP position often undergo operative delivery. Ultimately,
only about a quarter of fetuses with persistent OP posi-
tion in nulliparae deliver vaginally, whereas more than
half deliver vaginally if the mother is parous. Forceps
delivery, forceps rotation, and manual rotation have all
been utilized for persistent OP position. Vacuum delivery
is attractive in this setting because it can facilitate flexion
of the head and rotation of the fetus into OA position. In
this sense, OP position (and similarly, asynclitism) can
sometimes be corrected with a vacuum device, although
the vacuum itself is not rotated. Obviously, adequate
training, selection of appropriate candidates, and correct
technique are required to minimize complications associ-
ated with vacuum delivery.

The third variable to be considered in labor disorders
is the frequency and intensity of uterine contractions, or
“the powers.” In contrast to the other variables, uterine
activity can be readily influenced during labor. If assess-
ment of a patient who is not progressing reveals insulffi-
cient uterine activity, the diagnosis of active phase arrest
should not be made until adequate contractions have been
present for a period of at least 2 hours. Adequate uter-
ine activity in a patient with an external tocodynamom-
eter is defined as at least three contractions in a 10-minute
period, with adequate intensity assessed via manual pal-
pation (inability to indent the fundus of the uterus at the
peak of a contraction). In patients who are monitored with
an intrauterine pressure catheter, adequacy of contractions
is assessed by summing the pressures generated during
each contraction over a 10-minute period. The value for
each individual contraction is the difference between the
baseline and peak pressures, in mmHg. The number of
Montevideo units thus calculated should be at least 200
to be considered adequate.



Management options in
abnormal labor

In the 3-4% of patients who present with a protracted
latent phase, Friedman advocated therapeutic rest via
administration of parenteral sedation. Of women thus
treated, 85% awoke in active labor, 10% ceased contracting
(false labor), and 5% persisted in abnormal latent labor.
These 5% Friedman augmented with oxytocin. Term
patients who are not in active labor and who have no
indication for delivery can also be sent home in expec-
tation of active labor. This is an acceptable option if the
patient has ready access to the hospital within a reason-
able time frame, if pain is not excessive, and if there is no
history of precipitate delivery (defined as delivery within
3 hours of the onset of contractions).

In the active phase, protracted labor should trigger a
reassessment of the maternal pelvis, fetal size and position,
and uterine activity. If inadequacy of contractions is a
contributing factor, then amniotomy or administration
of oxytocin can be employed to increase uterine activity.
Both measures have been shown to independently shorten
the course of labor. So-called active management of labor,
a strict labor management protocol involving high-dose
oxytocin augmentation and applied principally to nullipa-
rous women in active labor with cephalic presentation,
was associated with low rates of cesarean delivery when
first described in Ireland. Application of this manage-
ment scheme in two trials in the US resulted in shortened
time to delivery, but effects on the cesarean delivery rate
were mixed. Whether active management of labor should
be universally applied is open to debate.

Augmentation of labor with oxytocin is widely prac-
ticed, yet dosing regimens vary considerably. Variables
include starting dose, incremental dosage increase, and
time interval between dose changes. High-dose protocols
are characterized by any combination of higher start-
ing doses, shorter intervals between dose increases, and
larger increments at each dose change. Although low-dose
regimens have been associated with a lower incidence of
uterine hyperstimulation, high-dose regimens have been
found in several randomized trials to result in shorter
times to delivery with either no change or a decrease in
cesarean delivery rates. In our center, oxytocin is begun
at 1 mU/min and is titrated upward every 30 minutes
until adequate uterine activity results. The following
dosage levels (in mU/min) are used: 1, 2, 3, 4, 6, 8, 10. If
the oxytocin has reached 10 mU/min and uterine activ-
ity is still inadequate, an order is written for maximum
pitocin. The maximum pitocin protocol also increases
every 30 minutes to the following dosages (again, in
mU/min): 12, 16, 22. Thus, the maximum dose of oxy-
tocin administered in our center is 22 mU/min. The dose
is reduced if uterine activity is excessive, defined as six or
more contractions per 10 minutes.
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If labor arrests altogether prior to complete cervical
dilation, then abdominal delivery is indicated. The only
question left for the clinician is when labor has truly
arrested. According to traditional criteria, if adequate
uterine activity is present for 2 hours with no progress,
then labor is arrested and the fetus should be delivered
by cesarean. This 2-hour limit was challenged in a study
protocol that required 4 hours of no cervical change prior
to diagnosing active phase arrest. In almost 550 subjects,
there was a 92% vaginal delivery rate without an increase
in adverse maternal or fetal outcomes. Ultimately, the
optimal time to intervene in a patient who appears to
have an arrest disorder depends on the maternal and
fetal status, the circumstances and capabilities of the
facility, the values and wishes of the patient herself, and
the experience and skill of the physician. Documentation
of the management rationale is essential, in case of any
untoward outcome.

In active labor, especially among nulligravidae, epidural
analgesia is commonly used. It is recognized that par-
turients with an epidural in place have a longer second
stage, as described above. In these patients, there is often
a clinical window during which cervical dilation is
complete and yet the patient does not feel the urge to
push. The fetal station may be above + 2, and attempts
at pushing may be ineffectual. This has led to the common
practice of “laboring down” during which maternal pushing
is deferred for some time to allow fetal descent to occur.
Although “laboring down” is a colloquialism without a
formal definition, the practice of delaying maternal push-
ing has been studied in several trials. In a large trial in
Canada, nulliparous patients with an epidural who reached
complete cervical dilation were randomized to either com-
mence pushing or to wait for at least 2 hours prior to
pushing. Although the mean time to delivery was about
an hour longer for the delayed pushing group compared
to the immediate pushing group, the pushing time was
much shorter, the spontaneous vaginal delivery rate was
slightly higher, and the difficult delivery rate was lower
when maternal pushing efforts were delayed. In this trial,
the “passive time” during which the patient was com-
pletely dilated but not yet pushing was not included in
the 3-hour time limit for the second stage. If a patient is
to be allowed to “labor down,” the time from complete
dilation as well as the time from active pushing should
be noted along with a careful description of the rationale
for exceeding the usual limits of the second stage.

Abnormally slow progress in the second stage of labor
requires the application of clinical judgment. If the fetus is
beyond the safe reach of either forceps or a vacuum device,
then the options include expectant management, continua-
tion of maternal pushing efforts, augmentation of uterine
contractions with oxytocin, and cesarean delivery. Which
of these options is most appropriate for any given patient
depends on the specific mix of the variables described
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above. Resorting immediately to cesarean delivery in all
cases is not ideal. In the 2003 ACOG practice bulletin on
labor dystocia, it is emphasized that “contemporary
practice patterns may be associated with more variation
in duration of the second stage of labor. If progress is
being made, the duration of the second stage alone does
not mandate intervention by operative delivery.”

When fetal descent slows or arrests at a sufficiently
low station where operative vaginal delivery is an
additional option, the decision algorithm becomes some-
what more complex. First, it must be decided whether
continuation of labor is safe for the mother and fetus or
whether it is more prudent to proceed with expeditious
delivery. If delivery is decided upon, the clinician must
make a judgment as to which route of delivery can be
most safely achieved.

Conclusion

Labor occurs in four stages: cervical dilation, delivery
of the fetus, expulsion of the placenta, and recovery.
The latent phase of the first stage should last less than
20 hours in the nullipara, less than 14 in the multipara.
Active labor is diagnosed when regular uterine contrac-
tions are present in association with cervical dilation
between 3 and 5 cm. Active labor proceeds at a minimum
rate of 1.2 cm/h in nulliparous women and 1.5 cm/h in
women who have borne children. Protraction of active
phase labor should prompt reassessment of the mater-
nal pelvis, fetal size and position, and the quantity of
uterine activity. If deemed appropriate, protracted labor

can be augmented with amniotomy or intravenous
oxytocin. Arrested labor is traditionally defined as no
cervical change over 2 hours during active labor in the
presence of adequate uterine contractions. When labor
is arrested, delivery is effected via cesarean section,
unless fetal station and clinical circumstances permit
operative vaginal delivery.

While these specific timeframes and guidelines must
play some role in decision making, the precise timing
and mode of delivery for a given patient must be individ-
ualized, and sound clinical judgment is paramount.
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Introduction

One of the areas of obstetrics that has dramatically
changed in the past several years is operative vaginal
delivery. In 1970 the operative vaginal delivery rate in
the United States was approximately 30%. By 1997 this
rate had decreased to less than 10%. The most current
statistics show the operative vaginal delivery rate to be
approximately 6%. At the same time the number of for-
ceps-assisted vaginal deliveries has decreased, while vag-
inal deliveries using the vacuum extractor have increased
as a proportion of operative deliveries. The reasons that
are often cited as contributing to the decline in the use of
forceps are: fear of litigation, reliance on cesarean section
as a remedy for abnormal labor and suspected fetal jeop-
ardy, perception that the vacuum is easier to use and less
risky to the fetus and mother, and decreased number of
programs that are actively training residents in the use of
forceps. These factors have resulted in a cycle, in which
less teaching has led to a decline in technical skills. This
decline in technical skills may increase adverse outcomes
and fear of litigation, resulting in a further decrease in
the use of forceps.

Indications and prerequisites for
operative vaginal delivery

The indications for operative vaginal delivery are the fol-
lowing: nonreassuring fetal heart rate pattern, impairment
of maternal health due to pushing during the second stage,
and poor maternal expulsive efforts in the second stage of
labor. This latter indication most commonly applies when
the second stage of labor is prolonged. According to the
American College of Obstetricians and Gynecologists
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(ACOG), the second stage of labor is considered prolonged
in a nulliparous patient if it lasts greater than 3 hours for
a woman with a regional anesthetic or more than 2 hours
for a woman without a regional anesthetic. In a multipa-
rous patient, greater than 2 hours with a regional anesthetic
or more than 1 hour without a regional anesthetic constitute
a prolonged second stage of labor.

In order for a patient to be considered a candidate for
an operative vaginal delivery, the following prerequisites
must be met:

e complete cervical dilation

¢ ruptured membranes

* vertex presentation (unless forceps application during
vaginal breech delivery)

e fetal head engaged with fetal head position known
empty bladder

* absence of evidence of cephalopelvic disproportion

¢ adequate analgesia

* cesarean section capability

* experienced operator

In 1988 the classification of forceps deliveries was rede-
fined by the ACOG (see Box 11.1). The same classifica-
tion should be applied to vacuum delivery. Only very
rarely should an attempt be made at operative vaginal

Box 11.1 ACOG forceps classification

Outlet forceps
Fetal scalp visible at introitus without separating the labia
Fetal skull has reached the pelvic floor
Sagittal suture is in the anterior-posterior diameter or in
the right or left occiput anterior or posterior position
Fetal head at or on the perineum
Rotation =45°

Low forceps

Leading point of fetal skull at = station 2:
— with rotation =45°
— or rotation =45°

Midforceps
Above +2 station with head engaged
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delivery above station +2. Because of safety concerns,
the prior classification of high forceps application was
eliminated. Under no circumstances should forceps or
vacuum be applied to an unengaged head.

Forceps delivery

Types of forceps

While it is beyond the scope of this chapter to discuss
all the different varieties of forceps and their indica-
tions, it is appropriate to briefly comment on the more
common types. Simpson or Elliot forceps are most
often used for outlet vaginal deliveries. Kielland or
Tucker-McLane forceps are used for rotational deliveries.
Lastly, Piper forceps are used to assist in delivery of the
aftercoming head for breech deliveries. The pelvic and
cephalic curves, shanks, blades, and locks are different
for each type of forceps. These features determine the
types of forceps that are best suited for the given indi-
cation. The Piper forceps, for example, have a reverse
pelvic curve suitable for delivery of the aftercoming
head. The Simpson forceps have blades that are best
suited for application to the molded fetal head, while
those of the Kielland forceps are more appropriate for
application to the fetal head with little or no molding.

Forceps application

What follows is a brief description of how forceps should
be applied. For a more thorough discussion on the appli-
cation of forceps, the reader is referred to additional ref-
erences cited at the end of the chapter.

The concept underlying the correct application of for-
ceps is finesse rather than force. Before actually applying
the forceps to the fetal head, a “phantom application”
should be performed first. The forceps are inspected to
make sure that there is a complete and matched set, and
that the forceps articulate (lock) easily. Forceps should
be applied in a delicate fashion in order to avoid poten-
tial injury to the vagina and perineum. The goal is for the
blades to fit the fetal head as evenly and symmetrically as
possible. The blades should lie evenly against the side of
the head, covering the space between the orbits and ears.
After the forceps have been applied, they should articu-
late easily. If this does not occur, the forceps should be
removed and a second attempt should be made. The for-
ceps should never be forced or “jammed” into the vagina!

After the forceps have been comfortably applied to the
fetal head and have been locked into place, the follow-
ing safety checks should be performed for delivery of an
occiput anterior position before any traction is applied to
the fetal head.
® The sagittal suture should be perpendicular to the
plane of the shanks.
¢ The posterior fontanelle should be one finger breadth
away from the plane of the shanks, equidistant from the

sides of the blades, and directly in front of the locked
forceps.

¢ If fenestrated (open) blades are used, the amount of
fenestration in front of the fetal head should admit no
more than the tip of one finger.

Only after these checks have been performed, and the
operator is confident of a correct application, can traction
can be applied to the fetal head.

Traction forces should be applied in the plane of least
resistance, and follow the pelvic curve. This can best
be accomplished by applying downward pressure on
the shanks with outward pressure exerted upon the han-
dle of the forceps. Once the fetal head begins to emerge
out of the vagina, the forceps are usually disarticulated
and the head is delivered via a modified Ritgen maneuver.
After delivery, it is important to identify any vaginal or
perineal lacerations, paying particular attention to deep
lateral vaginal sidewall (sulcal) lacerations. If lacerations
are present they should be repaired in the usual fashion.
A detailed delivery note should be written and prefer-
ably dictated after a forceps delivery.

Relative safety of forceps

Despite the fact that forceps have fallen into disfavor
over the last several years, there have been few studies to
prospectively evaluate the safety of forceps. Both mater-
nal and fetal injuries have been reported in association
with forceps deliveries. Maternal complications include
lacerations of the vagina and cervix, episiotomy exten-
sions involving the anal sphincter and rectal mucosa, pel-
vic hematomas, urethral and bladder injuries, and uterine
rupture. In addition, the estimated blood loss and need for
blood transfusions are increased in forceps deliveries. Fetal
complications include minor facial lacerations, forceps
marks, facial and brachial plexus palsies, cephalohemato-
mas, skull fractures, intracranial hemorrhage, antenatal
depression, and seizures. Most reports demonstrate that
maternal and/or fetal complications are more common
with mid forceps than low or outlet forceps deliveries.
Nonetheless, it is the concern for fetal and maternal injury
that has contributed to the widespread decline in the
use of forceps and the increasing popularity of vacuum
deliveries.

Vacuum delivery - general principles

The vacuum extractor currently employed in the United
States is either a disposable, pliable, plastic cup with tub-
ing that attaches to a separate nondisposable hand-held
pump with a gauge or a disposable self-contained unit
that includes the cup and the pumping mechanism and
gauge all in one single device. Whichever device is being
used, the basic principles are the same. The pump mech-
anism delivers a certain amount of suction pressure that



is delivered to the fetal head in order to effect delivery.
The vacuum extractor works by allowing the external
traction forces applied to the scalp to be transmitted to the
fetal head. In order for delivery to be accomplished, both
traction on the fetal scalp and compression of the fetal
head occur. The prerequisites for vacuum delivery are
the same as those listed above for forceps delivery.

Vacuum application

The application of the vacuum is perceived by many to
be much simpler than that of forceps, but careful attention
is required. The vacuum system should be assembled to
ensure that no leaks are present. The cup should then be
inserted into the vagina by directing pressure toward the
posterior aspect of the vagina, away from the urethra.
The objective is to place the center of cup on the fetal
scalp over the sagittal suture toward the occiput in order
to maintain flexion of the fetal head. This area is called
the median flexion point, and is located 3 cm in front of the
posterior fontanelle. There should be no maternal tissue
included under the cup margin.

While holding the cup firmly against the fetal head
with the nondominant hands or fingers, the pressure is
increased to approximately 600 mmHg at the beginning
of a uterine contraction. As the mother pushes, traction is
applied along the pelvic axis. If more than one contraction
is necessary before the fetal head delivers, it is our practice
to lower the vacuum pressure between contractions. While
the fetal head is delivering, the cup should then assume a
90° orientation to the horizontal as the head is extended.
Once the head has completely delivered through the
vagina, the suction is withdrawn and the cup is removed.

Effectiveness and safety of vacuum delivery
Most reports demonstrate that the vacuum is quite effec-
tive, with a failure rate less than 10%. There are few data
comparing different vacuum devices and cups to one
another to determine if one is more effective than another.
Concern over the safety of the vacuum has signifi-
cantly increased in recent years. There have been multiple
reports in the literature of fetal injuries associated with
vacuum delivery. These have ranged from benign super-
ficial scalp abrasions to serious incidents of intracranial
hemorrhage. The most common neonatal complication
is retinal hemorrhage, which may occur as often as 50%
of the time. Fortunately, this rarely has any clinical sig-
nificance. Cephalohematoma occurs when bleeding is
present below the periosteum, and complicates approxi-
mately 6% of all vacuum deliveries. Because the bleeding
is underneath the periosteum, this very rarely results in
significant blood loss due to the inability of the blood to
cross the suture lines. Subgaleal hematoma is a rare but
serious complication, occurring in approximately 50 out
of every 10,000 vacuum deliveries. The subgaleal space
extends from the nape of the neck posteriorly to the
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orbits anteriorly. When a subgaleal hematoma occurs,
the bleeding is located above the periosteum within the
loose subaponeurotic tissues of the scalp. Since there are
no suture lines to contain the amount of blood, there is
the potential for life-threatening hemorrhage. Lastly, the
incidence of intracranial hemorrhages with vacuum
delivery is approximately 0.35%, and includes subdural,
subarachnoid, intraventricular, and/or intraparenchymal
hemorrhage.

The issues surrounding potential neonatal compli-
cations from vacuum-assisted vaginal delivery were
addressed by the FDA in a statement issued in 1998
requiring that all such complications be reported.

An awareness of the potential complications of the
vacuum has led us to adopt the following safety guide-
lines at our institution.
® The vacuum should only be used when a specific
obstetric indication is present.
¢ Traction is applied only when the patient is actively
pushing.

* Applying torsion or twisting the cup in order to
attempt to rotate the head is prohibited.

¢ The time from the first application of the cup to deliv-
ery of the infant should not exceed 20 minutes.

¢ The procedure should be abandoned after the cup has
dislodged from the fetal head (“popped off”) two times.

¢ The procedure should be abandoned if there is no fetal
descent after a single pull.

e The vacuum should not be used if the estimated
fetal weight is less than 2500 g or greater than 4000 g. It
should not be used prior to 34 weeks of gestation.

¢ The operator should not switch from vacuum to for-
ceps or vice versa.

¢ Neonatal staff who are knowledgeable about the com-
plications of vacuum delivery should be present in the
delivery room, and all those caring for the infant should
be made aware that vacuum was used.

A detailed written and dictated delivery note should
accompany each vacuum delivery. The medical record
should document the indication for the procedure, the
fetal station and head position at the time of the vacuum
application, the type of vacuum device, the total
vacuum application time, the number of applications,
pulls and “pop-offs,” and subsequent mode of delivery if
vacuum was not successful.

While it is unrealistic to expect the patient to sign an
informed consent prior to the application of the vacuum,
to the extent possible, the risks of the procedure should
be explained to the patient and documented in the hos-
pital chart.

Vacuum versus forceps

Somewhat surprisingly, there have been relatively few
randomized, prospective studies comparing vacuum



44 Chapter 11

with forceps. After surveying the medical literature, the
following conclusions can be drawn in determining
the success, fetal outcome, and maternal outcome of the
two types of instrumental vaginal delivery.

On the whole, the vacuum extractor is significantly less
likely to achieve a successful vaginal delivery than
the forceps. The vacuum is significantly less likely to cause
serious maternal injury than is the forceps. Although the
vacuum extractor is associated with more cephalohe-
matomas, other facial/cranial injuries are more common
with forceps. In comparing Apgar scores, there is a trend
toward lower Apgar scores at 5 minutes in the vacuum
extractor group. Thus, it appears that the overall reduc-
tion in severe maternal injuries is the most important
immediate benefit associated with the use of the vacuum
extractor. However, it remains to be shown which instru-
ment results in fewer adverse neonatal effects.

Before an operative vaginal delivery is attempted, the
operator should conduct a realistic appraisal regarding
likelihood for success. When an operative vaginal deliv-
ery using either forceps or vacuum fails, and the patient
is delivered via cesarean section, there is a greater ten-
dency for neonatal injury. This was illustrated by a study
that examined the neonatal complications that occurred
after operative vaginal delivery was attempted. The
investigators reported increased rates of subdural or
cerebral hemorrhage, facial nerve injury, convulsions,
central nervous system depression, and mechanical ven-
tilation in infants delivered by cesarean section after a
failed attempt at operative vaginal delivery.

A discussion on operative vaginal delivery would not
be complete without mentioning shoulder dystocia and
its inherent complications. It has been demonstrated
that the incidence of shoulder dystocia is increased with
instrumental delivery. Moreover, it has been shown that
shoulder dystocia is more likely to occur with vacuum
rather than forceps, and more likely when the birth-
weight is greater than 4000 g or the total time to com-
plete delivery is greater than 6 minutes.

Conclusion

While both forceps and vacuum have been proven to be
useful in assisting with vaginal delivery, the vacuum is
quickly becoming the preferred instrument of choice.

Both devices have the potential to cause fetal and maternal
injury. However, the incidence of maternal injury is less
with the vacuum than the forceps. In order to minimize
both maternal and fetal risks, operators must be familiar
with the indications, contraindications, application, and
use of the particular instrument. Safe and effective guide-
lines similar to those outlined in this chapter should
facilitate safe and effective deliveries.
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Definition and incidence

Shoulder dystocia occurs when further delivery of the
fetal head and body is prevented by impaction of
the shoulders anteriorly behind the maternal symphysis
pubis, or in some cases posteriorly behind the maternal
sacral promontory. Most commonly, shoulder dystocia is
defined as the need for additional maneuvers after gentle
downward traction is insufficient to effect delivery of the
fetal head. Shoulder dystocia is an obstetric emergency,
with an incidence of 0.2 to 3% of all births.

Pathophysiology

Shoulder dystocia results from a persistent anterior-
posterior position of the fetal shoulders during fetal
descent in labor. Normally, the fetal bisacromial dia-
meter (the distance between the outermost points of the
fetal shoulders) enters the pelvis at an oblique angle.
The shoulders rotate to an anterior-posterior position
with external rotation of the fetal head, which allows
the anterior shoulder to slide under the symphysis
pubis. With shoulder dystocia, the shoulders remain
in an anterior-posterior position during descent, or
descend simultaneously (rather than sequentially), lead-
ing to impaction. Either anterior impaction under the
symphysis pubis or posterior impaction behind the sac-
ral promontory can occur. Increased resistance between
the fetal skin and vaginal walls (as in cases of macro-
somia), or cases where truncal rotation does not occur
(as in precipitous labor), can lead to shoulder dystocia.
In some cases, stretching of the nerves in the brachial
plexus during labor and/or fetal descent can result in
nerve injury.
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Risk factors

Numerous risk factors have been described for the occur-
rence of shoulder dystocia. Even though about 50% of
cases occur in infants weighing less than 4000 gm, the
incidence of shoulder dystocia increases progressively as
birth weight rises. An infant weighing between 4000 and
4500 gm has an 8-10% chance of shoulder dystocia, as
compared to a 20-30% chance if the infant weighs more
than 4500 gm. The most commonly used threshold for
macrosomia is a birthweight over 4000 gm. Of note, fetal
body configuration may be more important than birth-
weight per se, as macrosomic infants have a trunk or
chest circumference larger than the head circumference
in addition to an increased bisacromial diameter. These
factors impede normal shoulder rotation and can lead to
the shoulder impaction.

Diabetes mellitus is another risk factor reported in
association with shoulder dystocia. Many macrosomic
infants are delivered from women with diabetes. As such,
the incidence of shoulder dystocia in diabetic mothers
is higher than that in the general population (9-33%).
Moreover, infants of diabetic mothers experience a
significantly higher shoulder dystocia rate than infants
of nondiabetics of a similar birthweight. ACOG advises
against a trial of labor in patients with maternal diabetes
and an estimated fetal weight > 4500 gm.

Other historically reported antepartum risk factors for
shoulder dystocia include postdates gestation, advanced
maternal age, multiparity, excessive maternal weight
or weight gain, oxytocin use, epidural use, and prior
shoulder dystocia. Intrapartum risk factors include a
protracted first stage, prolonged deceleration phase
(between 8 and 10 cm), and epidural anesthesia.

Prediction

Attempts at predicting the occurrence of shoulder dysto-
cia have been disappointing. Even though it is evident
that shoulder dystocia rates increase with increasing
birthweight, efforts to predict birthweight accurately
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with antepartum or intrapartum assessments remain very
poor. Ultrasound estimates of fetal weight are often no
better than clinical estimates in predicting macrosomia,
and have an inherent error rate of +/— 15% in estimating
the actual birthweight. Furthermore, weight estimates
become increasingly inaccurate as birthweight increases.
As such, numerous studies have demonstrated that while
many of the risk factors noted above are indeed associ-
ated with a higher incidence of shoulder dystocia (mac-
rosomia in particular), their positive predictive value
remains very low (1-3%). Studies have demonstrated
that induction of labor for suspected macrosomia (as
compared to expectant management) does not decrease
the incidence of shoulder dystocia or brachial plexus
injury and only results in an increased rate of cesarean
delivery. Thus, in practical terms, the presence of one or
more risk factors should lead to a heightened awareness
of the chance for shoulder dystocia, but elective cesar-
ean section for suspected fetal macrosomia should be
reserved for cases with an estimated fetal weight > 5000 gm
(4500 gm in diabetics).

Management

Shoulder dystocia is a true obstetric emergency, and its
occurrence requires a rapid and well-coordinated step-
wise plan. Because shoulder dystocia is so difficult to
predict, the presence of one or more risk factors may
trigger an informed consent discussion with the patient
regarding the risks and benefits of prophylactic cesar-
ean section, and careful monitoring during labor and
delivery. Operative vaginal delivery should be avoided
in patients with prolonged labor and concomitant fetal
macrosomia.

Shoulder dystocia is often heralded by the classic
“turtle sign.” After the fetal head delivers, it retracts back
onto the maternal perineum. As maternal efforts to expel
the fetal body continue, the shoulders become further
impacted behind the symphysis pubis. Once shoulder
dystocia is diagnosed additional support should be called
for. Anesthesia personnel, additional nursing support,
and pediatrics should be summoned. Time spent suction-
ing the nares or relieving a tight nuchal cord should be
minimized, and the mother should be instructed to stop
pushing. All attendants should refrain from applying fun-
dal pressure, as this has been shown to worsen the impac-
tion and increase the chance of brachial plexus injury.

While no sequence or combination of maneuvers has
been shown to be superior in the management of shoulder
dystocia, it is reasonable to implement the McRoberts
maneuver as the initial technique for disimpaction of
the anterior shoulder. Studies have shown that the
McRoberts maneuver alone alleviates the dystocia in
approximately 40% of cases. Objective testing has also

shown that this maneuver may reduce fetal shoulder
extraction forces and brachial plexus stretching.

The McRoberts maneuver involves exaggerated hyper-
flexion of the patient’s legs, resulting in a straightening
of the maternal sacrum relative to the lumbar spine with
consequent cephalic rotation of the symphysis pubis. The
effects of this position enhance passage of the posterior
fetal shoulder over the sacrum and through the pelvic
inlet, positioning the plane of the pelvic inlet to its maxi-
mal dimension perpendicular to the maximum maternal
expulsive force. Limitations to the technique include the
need for two assistants and the extra time required to
elevate and flex the patient’s legs. Potential difficulty can
also be encountered in moving the very obese patient or
the patient with a dense epidural motor blockade.

The need for additional maneuvers after McRoberts has
been associated with larger fetal birth weights, longer active
phases, and longer second stages of labor. Simultaneous
suprapubic pressure, applied either posteriorly or later-
ally, can displace the impacted shoulder into the oblique
diameter and effect delivery. The need for a proctoepisi-
otomy is best left to the clinical judgment of the physician
or midwife in attendance at the delivery. In some cases it
can help in implementation of various maneuvers, and in
other cases it is unnecessary.

By applying pressure on the anterior surface of the
posterior shoulder, the Woods’ (corkscrew) maneuver
attempts to push the posterior shoulder through a clock-
wise 180° arc. In the reverse of Woods’, the Rubin’s
maneuver, pressure is applied to the posterior surface of
the anterior shoulder in order to effect counterclockwise
rotation of the posterior shoulder.

Should the above maneuvers fail, the physician’s hand
can be passed into the vagina following the posterior arm
to the elbow. After pressure is applied at the antecubital
fossa in order to flex the fetal forearm, the arm is swept out
over the infant’s chest and delivered over the perineum.
Rotation of the fetal trunk to bring the posterior arm ante-
riorly may be required.

If all of the above maneuvers fail, they should be re-
attempted with the patient under adequate anesthesia.
If delivery is still unsuccessful, then heroic next steps
(Zavanelli maneuver and symphysiotomy) may be in
order.

In the Zavanelli maneuver, the head is rotated back
to a direct occiput anterior position and then flexed.
Constant firm pressure is used to push the head back
into the vagina; a cesarean section subsequently is
performed. To perform a symphysiotomy, the patient
should be placed in an exaggerated lithotomy position
and have a Foley catheter placed to identify the urethra.
With the physician’s index and middle finger displacing
the urethra laterally, the cephalad portion of the symphy-
sis is incised with a scalpel blade. Fracture of the clavicle
may be attempted by applying direct pressure away from



the fetal lung. In reality, however, this is difficult to
accomplish in the setting of shoulder dystocia.

It is important to document the sequence and types of
maneuvers used in the management of shoulder dystocia,
and maintain a consistent plan. Shoulder dystocia drills,
like medical simulations used for other types of emergen-
cies, can be helpful in ensuring that the entire healthcare
team is prepared for this unpredictable event.

Complications

Maternal complications of shoulder dystocia include post-
partum hemorrhage, cervical and/or vaginal lacerations,
bladder atony, and in rare cases uterine rupture. Symphy-
seal separation and transient maternal femoral neuropathy
have been reported with use of the McRoberts maneuver.
Studies have reported fetal injury rates as high as 25%
with shoulder dystocia. Brachial plexus injury can occur
in up to 17% of shoulder dystocia cases. Approximately
80% of these involve the upper nerve roots at C5-C7 (Erb-
Duchenne palsy), with lower C8-T1 nerve root involve-
ment (Klumpke’s palsy) occurring less often. Over 90% of
brachial plexus palsies resolve by one year of life. Those
that persist beyond that time are usually considered per-
manent injuries. It is important to note that while these
injuries frequently do occur in cases of shoulder dystocia,
they are also known to occur in the posterior shoulder of
infants with anterior shoulder dystocia, in spontaneous
vaginal deliveries, and with cesarean section. Equally
important, their occurrence has no relation to the number
or type of maneuvers used to disimpact the shoulder.
Clavicular and humeral fractures may also occur in up
to 10% of shoulder dystocia cases, although most of
these usually resolve without any long-term sequelae.
Permanent neurologic injury can also occur. One study
demonstrated a mean head-shoulder interval of 7 minutes
in cases of neonatal brain injury after severe shoulder
dystocia. While the fetal pH has been shown to decline at
a rate of approximately 0.04 units/min between delivery
of the head and trunk (due to cord occlusion), fetal death
due to shoulder dystocia is quite rare.
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Chorio-amnionitis

Strictly defined, chorio-amnionitis is an infection of the
amniotic cavity, fetal membranes, placenta, and/or decidua.
Other terms used to describe this condition are intra-
amniotic infection, amnionitis, and amniotic fluid infection.
This is usually a polymicrobial infection involving organ-
isms commonly found in the vagina. Research studies
indicate that chorio-amnionitis complicates 0.5-10% of
all pregnancies. A distinction between histologic chorio-
amnionitis and clinical amnionitis is often made. The
former is defined by infiltration of the fetal membranes
with polymorphonuclear leukocytes. It occurs more
often than clinical chorio-amnionitis, and usually is dis-
covered in cases in which there are no clinical signs or
symptoms of infection as discussed below. Up to 20%
of term deliveries and nearly half of preterm deliver-
ies are associated with histologic chorio-amnionitis.
Clinical chorio-amnionitis is seen in 1-2% of term and
5-10% of preterm births. Despite continued advances
in antibiotic therapy, intra-amniotic infection is associ-
ated with increased maternal and neonatal morbidity
and mortality.

Etiology

While the majority of cases of chorio-amnionitis are due
to an ascending infection from the vagina and cervix,
intra-amniotic infection may also occur via the hematog-
enous route or after invasive procedures such as amni-
ocentesis, chorionic villous sampling or cerclage. Any
factor that increases the risk of prolonged exposure of
the fetal membranes and/or uterine cavity to ascending
bacteria from the vagina will increase the risk of chorio-
amnionitis. Such factors include prolonged rupture of
membranes, frequent vaginal examinations, prolonged
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labor, premature labor, nulliparity, internal fetal monitoring,
and meconium-stained amniotic fluid.

Clinical features

The diagnosis of chorio-amnionitis is based on obser-
vation of the following reactions of the patient and her
fetus to an intra-amniotic infection.

* Maternal temperature greater than 100.4°F or 38°C in
the absence of any obvious causes of fever

¢ Maternal tachycardia

¢ Uterine tenderness

® Malodorous or purulent amniotic fluid

e Elevated white blood cell count (>15,000 mL)

¢ Fetal tachycardia

¢ Fetal heart rate pattern with decreased variability and/
or decelerations

In situations in which the diagnosis is unclear, the gold
standard is a positive amniotic fluid culture and gram
stain obtained via amniocentesis. It is not essential for
an amniocentesis to be performed in all cases in which
chorio-amnionitis is suspected. Most often, the diagno-
sis is made on the basis of the clinical observations noted
above. Amniocentesis should be considered in those
patients in preterm labor without obvious signs of intra-
amniotic infection who fail to respond to tocolysis with a
single agent or in those patients who have recurrent pre-
term labor. The presence of low amniotic fluid glucose
levels (<15 mg/dL) or elevated cytokines (interleukin-1,
interleukin-6, and tumor necrosis factor) has been asso-
ciated with the histologic diagnosis of chorio-amnioni-
tis. Unfortunately, testing amniotic fluid for the presence
of cytokines is not routinely available. Testing maternal
blood for elevated C-reactive protein provides little if
any diagnostic information.

Perinatal complications

The risk of fetal infection associated with chorio-
amnionitis is 10-20%. Potential infectious morbidities
include pneumonia, meningitis, and sepsis. In addition,
greater evidence is accumulating to implicate the role
of intra-amniotic infection in neurodevelopmental delay



and cerebral palsy. These complications are more severe
in premature infants. While the exact etiology of neu-
rodevelopmental delay and cerebral palsy in infants
born to mothers with chorio-amnionitis is not known
with certainty, the leading theory suggests that it is due
to an elevation in fetal cytokine levels as part of the
fetal inflammatory response syndrome. The elevation
in cytokines has been associated with destruction of the
white matter within the brain (cystic periventricular
leukomalacia) and the development of neurologic delay
or cerebral palsy. Lastly, chorio-amnionitis can lead to
fetal or neonatal death.

Maternal complications

While not as common as fetal and neonatal complications,
chorio-amnionitis may result in significant maternal mor-
bidity ranging from pelvic infection to septic shock. With
continuing advances in medical care, maternal mortality
due to chorio-amnionitis is exceedingly rare. In fact, in four
relatively recent studies involving more than 700 women
with chorio-amnionitis, no maternal deaths were reported.

Management

After a diagnosis of chorio-amnionitis is made, parenteral
antibiotics should be started followed by delivery regard-
less of gestational age. Antipyretic therapy with acetami-
nophen and/or cooling blankets help to decrease febrile
morbidity. Since many different organisms have been
associated with intra-amniotic infection (Box 13.1), most

Box 13.1 Organisms commonly associated
with chorio-amnionitis

Aerobic

Gram negative

Escherichia coli

Other gram-negative bacilli
Gram positive
Streptococcus agalactiae
Enterococcus faecalis
Staphylococcus aureus
Streptococcus species

Anaerobic

Gram negative
Bacteroides fragilis
Fusobacterium species
Gardnerella vaginalis
Gram positive
Peptostreptococcus species
Peptococcus species
Clostridium species

Other
Muycoplasma hominis
Ureaplasma urealyticum
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authorities recommend combination antibiotics or single-
agent broad-spectrum antibiotics. Many different regi-
mens have been proposed but ampicillin given along
with an aminoglycoside such as gentamicin has proven to
be safe and effective. In cases in which anaerobic organ-
isms are suspected or recovered, an antimicrobial with
anaerobic coverage such as clindamycin or metronidazole
is recommended. Similarly, either clindamycin or metron-
idazole should be added if cesarean section is performed.

Cesarean section should be reserved for usual obstetric
indications. There is no evidence to suggest that cesarean
delivery offers any advantage over vaginal birth in the
setting of chorio-amnionitis. Intra-amniotic infection is
often associated with poor uterine contractility and dys-
functional labor. Not only is oxytocin augmentation often
necessary, but also uterine atony is much more common
after delivery, because of the diminished ability of the
uterus to contract after delivery. Consequently, the inci-
dence of postpartum hemorrhage is increased in patients
with chorio-amnionitis.

Summary

The diagnosis of chorio-amnionitis is made primarily on
clinical criteria based on maternal and fetal manifestations
including fever, uterine tenderness, and both maternal and
fetal tachycardia. Early diagnosis and prompt treatment
remain the cornerstones of management so that a favora-
ble outcome for both mother and baby can be achieved.

Postpartum endometritis

Endometritis refers to infection of the endometrium or
decidua, often with extension into the myometrium or par-
ametrial tissues. Although endometritis can theoretically
occur at any time, the following discussion will center
on infection occurring in the postpartum period. The inci-
dence varies depending on population studied and route
of delivery. After vaginal delivery, the incidence is only
3%, while after cesarean delivery it ranges from 15% to
85%, with most studies reporting a range of 30-40%. With
the routine use of prophylactic antibiotics, the incidence
can be reduced dramatically. As is the case with chorio-
amnionitis, postpartum endometritis is most commonly a
polymicrobial infection.

Etiology

The majority of cases of postpartum endometritis arise
from an ascending infection from organisms that are part
of the normal vaginal flora. The following risk factors are
associated with the development of endometritis: pro-
longed labor, prolonged rupture of membranes, number
of vaginal examinations, internal monitoring, lower socio-
economic status, and route of delivery. While all of these
may play a role in the patient developing endometritis,
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the most important is route of delivery. As stated previously,
the incidence after vaginal delivery approximates 2-3%
and after cesarean delivery, 10-85%. Reports in the litera-
ture have demonstrated that the major reason for such a
wide range is primarily the population of patients stud-
ied, and whether they fall into high-risk versus low-risk
groups. The former would include women who have
prolonged rupture of membranes, prolonged labor, mul-
tiple vaginal examinations, and those who have been
diagnosed with chorio-amnionitis. The latter includes
women who undergo repeat cesarean section with intact
membranes and no labor.

Clinical features

Patients with postpartum endometritis will commonly
present with fever (=100.4°F or 38°C) without obvious
source of infection (e.g. urinary tract infection, mastitis).
The majority of cases develop within the first week after
delivery. Additional findings on physical examination
include uterine tenderness, abdominal tenderness, and
foul-smelling lochia. Patients will commonly have an
elevated white blood cell count. The diagnosis is based
on clinical findings. There is little if any role for obtain-
ing cultures from the cervix or endometrium in patients
suspected of having postpartum endometritis.

Management
After the clinical diagnosis of postpartum endometritis
is made, treatment with parenteral antibiotics should be
initiated immediately. Since a variety of microbes have
been associated with postpartum endometritis (Box 13.2),
most authorities recommend combination therapy. Unlike
the organisms associated with chorio-amnionitis, anaero-
bic organisms predominate in patients with endometritis.
The gold standard has been clindamycin and gentamicin.
Reports in the literature demonstrate that this regimen
will result in a cure rate greater than 90%. Some investi-
gators have reported very good success with single-agent
treatment using either a broad-spectrum second- or third-
generation cephalosporin (e.g. cefoxitin, cefoperazone) or
a B-lactamase inhibitor with an extended-spectrum peni-
cillin (e.g. ampicillin/sulbactam). Cure rates in the range
of 80-90% have been reported using single-agent therapy.
Antibiotics should be continued for a period of 48-72
hours. If the patient has an adequate clinical response,
she can then be discharged home without further anti-
biotics. However, if there has been no clinical improve-
ment after 48-72 hours of antibiotics, the patient should
be re-examined for possible complications such as cel-
lulitis, pelvic abscess, abdominal wound infection or
septic pelvic thrombophlebitis. The addition of ampicil-
lin may also prove beneficial in order to treat an infec-
tion due to Enterococcus or other gram-positive aerobic
bacteria. A CT scan or MRI of the abdomen and pelvis is
indicated in such cases where pelvic abscess or septic

Box 13.2 Organisms commonly associated
with postpartum endometritis

Aerobic

Gram positive
Streptococcus agalactine
Streptococcus viridans
Streptococcus faecalis
Streptococcus species
Staphylococcus aureus
Staphylococcus epidermidis
Enterococcus species
Gram negative
Escherichia coli
Klebsiella pneumoniae
Enterobacter aerogenes
Gardnerella vaginalis
Morganella morganii

Anaerobic

Gram positive
Peptococcus species
Peptostreptococcus species
Clostridium species
Gram negative
Bacteroides bivius
Bacteroides fragilis
Bacteroides species
Fusobacterium necrophorum
Fusobacterium nucleatum

pelvic thrombophlebitis is suspected. The former may
potentially be drained surgically or via CT or ultrasound
guidance, while the latter may respond with the addition of
heparin. Pelvic ultrasound can sometimes identify retained
products of conception within the uterus. If retained tissue
is seen then uterine curettage should be performed after the
patient has received at least a single course of antibiotics.

Prevention

It appears that the best way to prevent patients from devel-
oping postpartum endometritis is to decrease the incidence
of chorio-amnionitis by limiting vaginal examinations,
especially in patients who have ruptured membranes.
The judicious use of internal monitors may also help to
decrease this complication. Lastly, if cesarean section is
to be done, patients should receive prophylactic antibiotics.
It has been a long-standing belief that in order to optimize
neonatal outcome, antibiotics should be administered after
the umbilical cord has been clamped. However, a recent
study indicated that the incidence of postpartum infec-
tion was significantly decreased, while neonatal outcome
was unchanged, when prophylactic antibiotics were given
prior to the skin incision. Studies have also demonstrated
decreased incidence of postpartum infection when the



placenta was spontaneously delivered as opposed to being
manually removed at the time of cesarean section.

Summary

The diagnosis of postpartum endometritis is made on
clinical criteria, keeping in mind that the route of delivery is
the most significant risk factor. The patient must be exam-
ined to rule out other causes of postpartum fever such as
atelectasis, urinary tract infection, wound infection, drug
reaction, and thromboembolic events. In addition, other
conditions unique to the postpartum period should be
considered including vaginal or pelvic hematoma, vagi-
nal or pelvic abscess, mastitis, septic pelvic thrombophle-
bitis, and ovarian vein thrombosis. Taking a detailed
history and performing a thorough physical examina-
tion can distinguish most of these conditions. Prompt
antibiotic management is the mainstay of therapy. A
favorable response is the rule rather than the exception.
Appropriate antibiotic therapy should be continued
until the patient has been asymptomatic and afebrile for
48 hours. There is no proven benefit to continuing oral
antibiotics after the patient has been discharged from
the hospital.
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Vaginal Birth After Cesarean
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Introduction

Between 1965 and 1988, the cesarean rate in the United
States increased from 4.5% to 24.7%, prompting efforts to
minimize unnecessary operative deliveries [1]. Obstetric
practice at that time was heavily influenced by the dic-
tum of “once a cesarean, always a cesarean”[2]. Vaginal
birth after cesarean (VBAC) was uncommon, and repeat
cesarean sections accounted for approximately one-third of
all abdominal deliveries. In 1980, the National Institute
of Health convened a Consensus Development Conference
on Cesarean Childbirth, recommending that a trial of
labor (TOL) be considered an option for women with a
previous cesarean delivery [1]. With growing support from
the American College of Obstetricians and Gynecologists
(ACOGQG), the national VBAC rate increased from approxi-
mately 1% in 1970 to a high of 28.3% in 1996, contributing
to a fall in the overall cesarean section rate to 20.7% [3].
However, enthusiasm for VBAC was dampened by a
number of reports of adverse outcomes related to uterine
rupture. Since 1996, the VBAC rate in the United States
has been on the decline, reaching a low of 9.2% in 2004
[4]. Due in part to the falling rate of VBAC, the overall
cesarean section rate in the United States reached a new
high of 31.1% in 2006 [5].

During the 20th century, the classic uterine incision
gave way to the low-transverse incision. Early experience
suggested that the low-transverse uterine incision con-
ferred a much lower risk of subsequent uterine rupture
than did its predecessor. Lavin reviewed the English
language literature between 1950 and 1980 and reported
the outcomes of 3214 trials of labor in women with previ-
ous cesarean sections [6]. The vaginal delivery rate was
66.7%, and 21 women (0.7%) experienced uterine rupture.
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Since 1980, more than 24,000 trials of labor have been
reported in the literature, with a mean success rate of
approximately 80%, and uterine rupture rates as low as
0.2-0.8%. In 2004, Guise published a review of the liter-
ature from 1980 to 2002 and reported a rate of rupture
of 0.38% [7].

Benefits and risks

The principal anticipated benefits of VBAC include
avoidance of the morbidity, mortality and cost of a
major abdominal operation. The major risks of VBAC
are those associated with intrapartum separation of the
uterine scar. With respect to severity, scar separation
may be classified as dehiscence or rupture. Uterine scar
dehiscence is asymptomatic and is encountered inciden-
tally during uterine exploration following vaginal deliv-
ery or at the time of cesarean section for an unrelated
indication. Uterine rupture is defined as a defect that:
(1) involves the entire thickness of the uterine wall, and
(2) is associated with at least one of the following:

* laparotomy for control of hemorrhage from the uterine
defect

* hysterectomy due to hemorrhage from the uterine
defect

e repair of damage to the uterus or surrounding organs
caused by uterine scar separation

e extrusion of any part of the fetus, placenta or umbilical
cord through the uterine defect

e cesarean section for acute fetal compromise

Overall, more than 80% of women who attempt VBAC
are successful. However, several factors can influence the
likelihood of success and the risk of uterine rupture [8].

Type of previous incision

Prospective data are limited but estimated risks of uterine
rupture range from less than 1% with a single previous
low-transverse uterine incision to approximately 4-9%
with a classic or T-shaped incision [8]. With a previous low-
vertical incision, reported rates range from 1% to 7% [9].



Number of previous cesareans

With two previous low-transverse cesarean deliveries,
reported rates of uterine rupture range from 1% to almost
4%. In one study, the success rate of VBAC was 75%
among women undertaking a TOL with two previous
cesareans [10]. One or more previous successful vaginal
deliveries may reduce the rupture rate and increase the
success rate significantly [11].

Indication for previous cesarean

The indication for the previous cesarean section can
influence the likelihood of a successful VBAC. In women
with previous cesarean sections for “dystocia” or “failure
to progress,” reported success rates range from 54% to
77%, with an average of approximately 65%. The risk of
uterine rupture does not appear to be increased.

Fetal macrosomia

Although fetal macrosomia may lower the likelihood of
successful VBAC, the impact on the rate of uterine rupture
may be limited to those women who have not had a
previous vaginal delivery.

Maternal age

While some studies demonstrate a lower VBAC success
rate in women aged 35 and older, there is no established
consensus regarding the impact of maternal age on the
risk of uterine rupture [12].

Cervical status

Cervical status prior to induction has been reported to
influence the likelihood of successful VBAC as well as
the risk of uterine rupture. Among women with modified
Bishop scores of 0-2, Bujold reported a successful VBAC
rate of 57.8% and a rupture rate of 0.21%, compared to a
success rate of 97% and a rupture rate of 0% among those
with a Bishop score 9 or greater [13].

Layers of uterine closure

In women with a previous single-layer uterine closure,
one study reported a sixfold higher rate of uterine rup-
ture (3.1%) than in women with a previous double-layer
closure (0.5%). After correcting for other factors such as
prior vaginal delivery, birthweight and interdelivery
interval, the risk was still four times higher with a previous
single-layer uterine closure [14].

Interdelivery interval

An interdelivery interval of less than 18 months has been
reported to increase the risk of uterine rupture threefold.
Interdelivery intervals of at least 2 years are associated
with uterine rupture rates less than 1%, while rupture
rates of more than 4% have been reported when the inter-
delivery interval is 1 year or less [15]. The impact on TOL
success rates has not been established.
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Thickness of the lower uterine segment
Although data are limited, one study reported a higher
rate of uterine scar separation among women with a
sonographically measured lower uterine segment thickness
of 2.5 mm or less. A measurement less than 3.5 mm had
a positive predictive value for uterine scar separation
of 11.8% and a negative predictive value of 99.3% [16].
Lower uterine segment thickness has an unknown effect
on the likelihood of successful VBAC.

Dystocia in the current labor

Dystocia is a recognized risk factor for failed VBAC. In
at least one case—control study, dysfunctional labor was
significantly more common among women with uterine
rupture than among controls without scar separation
[17]. Arrest of dilation was 10 times more likely in cases
than controls.

Oxytocin and prostaglandin

Labor induction and augmentation have been reported
to increase the risk of uterine rupture. In one study of
2214 women with one prior cesarean section who entered
labor spontaneously, the rate of uterine rupture was 0.7%
compared to a rate of 2.3% in 560 women who had labor
induction or augmentation [18]. Among 20,095 women
with one previous cesarean, Lydon-Rochelle reported a
uterine rupture rate of 1.6 per 1000 with no labor, 5.2 per
1000 with spontaneous labor, 7.7 per 1000 if labor was
induced without prostaglandin and 24.5 per 1000 if labor
was induced with prostaglandin [19]. Higher reported
uterine rupture rates associated with prostaglandins
have led the ACOG to discourage the use of prostagland-
ins for induction of labor in most women with a previous
cesarean delivery [8].

Consequences of uterine rupture

Maternal and perinatal morbidity rates in 99 cases of
uterine rupture reported by Leung are summarized
in Table 14.1 [20]. These risks must be weighed against
the risks associated with elective repeat cesarean sec-
tion. Flamm reported a significantly higher rate of low
5-minute Apgar scores with a trial of labor, but longer

Table 14.1 Uterine rupture-related maternal and perinatal
morbidity

Event % of ruptures Per 1000 trials of labor
Hysterectomy 21 1.5
Bladder rupture 10 0.7
Transfusion 30 2.1
Fetal extrusion 31 2.2
Perinatal asphyxia 5.1 0.4
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hospital stays, more blood transfusions, and more febrile
morbidity among women undergoing routine, elective
repeat cesarean sections than among those attempting
VBAC [21]. McMahon reported more major complica-
tions (hysterectomy, uterine rupture, operative injury)
among women undertaking a TOL than in those under-
going elective repeat cesarean section [22]. Mozurkewich
and Hutton conducted a meta-analysis of the literature
between 1989 and 1999 and reported significantly higher
rates of uterine rupture, fetal mortality and low 5-minute
Apgar scores and significantly lower rates of maternal
fever, transfusion and hysterectomy in association with
a TOL compared to elective repeat cesarean delivery
[23]. Available evidence suggests that maternal risks are
slightly higher with elective repeat cesarean and fetal
risks slightly higher with TOL.

Recommendations for vaginal birth
after cesarean

Recommendations published in ACOG Practice Bulletin
Number 54 are summarized below.
* Most women with one previous cesarean delivery with
a low-transverse incision are candidates for VBAC and
should be counseled about VBAC and offered a trial of
labor.
¢ Epidural anesthesia may be used for VBAC.
* Women with a vertical incision within the lower uter-
ine segment that does not extend into the fundus are
candidates for VBAC.
¢ The use of prostaglandins for cervical ripening or
induction of labor in most women with a previous cesar-
ean delivery should be discouraged.
¢ Because uterine rupture may be catastrophic, VBAC
should only be attempted in institutions equipped to
respond to emergencies with physicians immediately
available to provide emergency care.
e After thorough counseling that weighs the individ-
ual benefits and risks of VBAC, the ultimate decision
to attempt this procedure or undergo a repeat cesarean
delivery should be made by the patient and her physi-
cian. This discussion should be documented in the medi-
cal record.
® Vaginal birth after a previous cesarean delivery is con-
traindicated in women with a previous classic uterine
incision or extensive transfundal uterine surgery.
e A trial of labor is not recommended in patients at high
risk for uterine rupture, including:

— previous classic or T-shaped incision or extensive
transfundal uterine surgery

— previous uterine rupture

— medical or obstetric complication that precludes
vaginal delivery

— inability to perform emergency cesarean delivery
because of unavailable surgeon, anesthesia, sufficient
staff or facility

— two prior uterine scars and no vaginal deliveries.
Women who are candidates for VBAC should be coun-
seled regarding the risks and benefits of a trial of labor.
Counseling should take place during the prenatal period,
well in advance of delivery, and the patient’s decision
should be documented in the medical record. At the
University of Southern California, women with previous
cesarean sections account for approximately 14% of all
deliveries. Among these, approximately 80% have had
one previous cesarean and 20% have had two or more.
Women with one previous low-transverse cesarean who
are determined to be candidates are offered the option
of VBAC. After thorough counseling regarding a lower
likelihood of successful VBAC and a higher risk of uter-
ine rupture, women with two previous cesarean sections
who wish to attempt VBAC are not discouraged from
doing so. Women who do not desire a trial of labor are
scheduled for elective repeat cesarean section.

Controversies

Many issues pertaining to VBAC remain unresolved.
Although a classic uterine incision is a contraindication to
labor, there is limited information to generate recommenda-
tions regarding previous low-vertical or undocumented
incisions. At our institution, lack of documentation of
the previous incision type does not preclude a trial of
labor, provided that the history is not suggestive of a
classic incision. The management of previous low-
vertical incisions is individualized. The risks related to
VBAC in women with twins are not well established.
One study, including 92 trials of labor in women with
twins, reported no uterine ruptures [24]. However, the
number of patients encompassed by published reports
is insufficient to support a recommendation on the issue.
Similarly, there is insufficient evidence to support recom-
mendations regarding breech presentation or external
cephalic version.

Regional anesthesia is not associated with adverse
maternal or perinatal outcomes and is not contraindicated.
While the pain associated with uterine rupture may be
diminished somewhat by regional anesthesia, it is not
masked entirely. Moreover, an abnormal fetal heart rate
pattern, not abdominal pain, is the most common clinical
finding in uterine rupture.

Manual exploration of the uterus following vaginal
delivery is performed routinely at our institution. However,
the discovery of an incisional defect is not necessarily
an indication for surgical repair. A dehiscence that is
hemostatic and does not extend into the peritoneal cavity



rarely requires treatment. Labor is discouraged, however,
in subsequent pregnancies.

Management of uterine rupture

When uterine rupture is diagnosed or strongly suspected,
prompt surgical intervention is critical. Fetal distress
appears to be the earliest and most sensitive indicator of
uterine rupture. Among 99 cases reported by Leung, 92%
were associated with fetal heart rate abnormalities, includ-
ing fetal tachycardia, recurrent variable decelerations, late
decelerations or prolonged decelerations [20]. Other clinical
findings include maternal tachycardia, hypotension,
hematuria or the acute onset of lower abdominal pain.
In cases of fetal extrusion into the maternal abdomen,
fetal parts may be palpated through the abdominal
wall. Intrapartum hemorrhage, loss of intrauterine
pressure recorded by an intrauterine pressure catheter,
and loss of station of the fetal presenting part are infre-
quent observations.

In earlier reports of uterine rupture, 58-87% were
managed with hysterectomy. In contrast, nearly 80%
of the cases reported by Leung were managed by
repair of the defect [20]. This approach raises the possibil-
ity of rupture recurrence in a subsequent pregnancy,
an event with a reported incidence of 4.3-19%. Women
with previously repaired uterine ruptures or unre-
paired dehiscences are advised not to attempt labor in
subsequent pregnancies. Ideally, a repeat cesarean sec-
tion should be performed prior to the onset of uterine
contractions.

Approximately 10% of uterine ruptures involve the
urinary bladder. Uncomplicated defects involving the
dome of the bladder usually are amenable to layered
closure. Intraoperative urologic consultation should be
considered if the defect involves the trigone or the ureters.
If hysterectomy is required, the decision to proceed with
total versus supracervical hysterectomy must be made
by the responsible surgeon.

Conclusion

A trial of labor is an acceptable alternative to repeat
abdominal birth in many women with previous cesarean
sections. In women with one previous low-transverse
cesarean section, a trial of labor should be offered. The
overall likelihood of success is approximately 80%, and
the risk of uterine rupture is low (less than 1%). Although
a trial of labor is reasonable in women with two or more
previous low-transverse cesarean sections, the likelihood
of success is significantly lower (75%) and the risk of
uterine rupture is nearly threefold higher.
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In all candidates for VBAC, the risks associated with a
trial of labor must be weighed against the risks of elective
repeat cesarean section.
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Placenta previa

Placenta previa is a condition in which the placenta
implants in the lower portion of the uterus and covers
all or part of the internal cervical os. The incidence at
term is approximately 1 in 200 births. Although the etio-
logy remains unclear, the risk factors listed in Box 15.1
implicate previous decidual damage and/or large placen-
tal surface area. Three categories are defined below. An
additional form of abnormal placentation is the low-lying
placenta, in which the placental edge extends to within
2 cm of the internal cervical os.

¢ Complete placenta previa: placenta completely covers
internal cervical os

* Partial placenta previa: placenta partially covers internal
cervical os

* Marginal placenta previa: placenta extends to the margin
of the internal cervical os

During routine second-trimester ultrasound, the placenta
is observed to cover the cervical os in 5-20% of pregnan-
cies. However, differential growth of the uterus and
placenta throughout gestation results in realignment of
the placenta with respect to the internal cervical os. By
term, more than 90% of early placenta previas convert to

Box 15.1 Risk factors for placenta previa

Previous cesarean section
Multiparity

Advanced maternal age
Multiple gestation
Erythroblastosis fetalis
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a normal location. Conversion to normal location is less
common in centrally located complete placenta previa.

Clinical presentation

Placenta previa is characterized by painless vaginal
bleeding in the late second or third trimester. However,
uterine pain and/or contractions do not preclude the
diagnosis in a woman who presents with vaginal bleeding.
In many cases, placenta previa remains asymptomatic
throughout pregnancy.

Historically, placenta previa has been associated
with increased maternal and perinatal morbidity and
mortality. Preterm delivery and complications of pre-
maturity are the most common sources of perina-
tal morbidity, occurring in nearly two-thirds of cases.
Among 590 women with placenta previa, Miller and col-
leagues reported an average gestational age at delivery
of 34.9 weeks. Delivery occurred before 37 weeks in
63% and before 34 weeks in 32%. Increased maternal mor-
bidity and mortality are attributable primarily to hem-
orrhage and complications of cesarean delivery. Blood
product replacement is necessary is one-third to one-half
of cases. Approximately 10% of cases of placenta previa
are associated with placenta accreta, an abnormally firm
adherence of the placenta to the uterine wall. Placenta
accreta is discussed in detail in Chapter 16.

Diagnosis

Placenta previa is most often diagnosed by routine
sonography. In other cases, the initial diagnosis is made
at the time of presentation for vaginal bleeding during
the second half of pregnancy. In such cases, sonographic
confirmation of placental location is recommended prior
to digital cervical examination. Transabdominal ultra-
sound may confirm the suspicion of placenta previa.
When adequate visualization of the relationship between
the placenta and the internal cervical os is not possible
with transabdominal ultrasound, the transperineal or
transvaginal approach may be beneficial. Careful trans-
vaginal sonography does not appear to increase the risk
of hemorrhage in placenta previa.
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Management of placenta previa

without hemorrhage

Placenta previa diagnosed by routine second-trimester
sonography is managed expectantly. The patient can be
reassured that the likelihood of spontaneous resolution is
greater than 90%. It is reasonable to recommend avoid-
ance of strenuous activity, but further limitations prob-
ably are not necessary early in pregnancy. Placental
location should be re-evaluated at 28-30 weeks. If pla-
centa previa persists, the patient should be cautioned
that rigorous activity and/or intercourse might provoke
bleeding. If complete placenta previa persists beyond
32-34 weeks, resolution by term is unlikely. Cesarean
delivery should be scheduled at a gestational age that
will maximize the likelihood of fetal maturity and mini-
mize the risk of hemorrhage that may result from the
normal onset of uterine contractions. In the asympto-
matic patient, amniocentesis should be considered at
34-36 weeks to assess fetal pulmonary maturity. If the test
result is consistent with pulmonary maturity, delivery is
indicated. If the test suggests pulmonary immaturity, deci-
sions regarding corticosteroid administration and delivery
timing must be individualized, taking into account such
factors as obstetric history, gestational age, L/S ratio,
phosphatidylglycerol level, fetal status, amniotic fluid
volume and uterine activity. Beyond 37 weeks, expectant
management should not be expected to yield a substantial
benefit for the fetus or mother.

Management of placenta previa

with hemorrhage

The management of placenta previa complicated by acute
hemorrhage is directed at optimizing the outcomes of the
mother and the fetus. In many cases, bleeding resolves
spontaneously and the patient may be managed expect-
antly. In other cases, severe hemorrhage may require
intervention. Detailed management of hemorrhage is
discussed below.

Expectant management: inpatient

versus outpatient

If the initial episode of bleeding resolves, the mother and
fetus remain stable, and the fetus is premature, a period
of expectant management may be appropriate. Bedrest
usually is prescribed, antenatal corticosteroids are admini-
stered to accelerate fetal maturation, Rh immune globulin
is given if indicated, and blood product availability is
confirmed. In women who remain stable for a period
of days after an initial episode of bleeding, the benefit of
continued hospitalization is controversial. Wing and col-
leagues randomized 53 such women to receive either inpa-
tient or outpatient expectant management after =72 hours
of observation. There were no differences between the
groups with respect to gestational age at delivery, birth-
weight, transfusion requirements, neonatal morbidity

or mortality. Although outcomes were similar with
inpatient and outpatient management, 62.3% of patients
had recurrent episodes of bleeding. Among these, more
than three-quarters required expeditious delivery. The
authors concluded that outpatient management of pla-
centa previa following an initial episode of bleeding
appears to be an acceptable approach in stable, carefully
selected patients.

Delivery

Cesarean delivery is recommended in nearly all cases
of placenta previa. Preparations should be made prior
to delivery to ensure adequate venous access and ready
availability of blood products and uterotonic agents.
Informed consent should include the possibility of hys-
terectomy and blood transfusion. The management of
placenta accreta encountered at cesarean section is
discussed elsewhere in detail.

Abruptio placentae

Abruptio placentae is defined as the premature detach-
ment of a normally implanted placenta after the 20th
week of gestation. The reported incidence ranges from 1 in
75 to 1 in 225 births, with an average of approximately
1 in 120. Placental abruption accounts for 10-15% of all
third-trimester fetal deaths. Reported perinatal mortal-
ity rates range from 21% to 35%, and 1 in 8 survivors
may exhibit long-term neurodevelopmental impairment.
Maternal mortality rates of 0.5-5% have been reported.

Etiology

The etiology of abruptio placentae is not known but
several associated factors are recognized. Hypertensive
disorders are present in 25-50% of cases. Among
women with eclampsia, the incidence approaches 25%.
Abruption rates as high as 17.3% have been reported
among women using cocaine, possibly due to disruption
of spiral arteries caused by vasoconstriction and subse-
quent dilation. Trauma (motor vehicle accidents, falls,
assaults) accounts for 1-5% of abruptions. Women who
experienced abruptio placentae in a previous pregnancy
face a 4.0-16.7% risk of recurrence. With two previous
abruptions, the recurrence risk is 25%. Cigarette smok-
ing, high parity and advanced maternal age have been
implicated as risk factors in some studies. Other reported
associations include preterm, premature rupture of mem-
branes, chorio-amnionitis, male fetus, short umbilical cord,
uterine leiomyoma and sudden uterine decompression
during the delivery of twins or rupture of membranes in
cases of polyhydramnios.

Pathophysiology
The initiating event in placental abruption is hemorrhage
into the decidua basalis, leading to the formation of a



retroplacental hematoma. Expansion of the hematoma
separates the decidua from the basal plate, disrupting
adjacent vessels and causing further hemorrhage. When
this process progresses to the placental margin, blood
may dissect along the plane between the membranes and
the uterine wall and escape via the cervix, resulting in
clinically evident vaginal bleeding. In approximately 20%
of cases, the expanding hematoma is retained behind the
placenta or the membranes and the hemorrhage remains
concealed. Blood may rupture through the membranes into
the amniotic cavity, or hemoglobin breakdown products
may diffuse across the membranes, imparting a dark red
(“port wine”) color to the amniotic fluid. Extravasation of
blood into the uterine musculature and beneath the serosa
may result in a bruised appearance characteristic of the
Couvelaire uterus. In nontraumatic abruptio placentae,
placental separation rarely disrupts the intervillous spaces,
and fetomaternal hemorrhage is uncommon.

Diagnosis

Placental abruption classically presents with vaginal bleed-
ing and a tender, rigid uterus. Contractions are frequent,
intense and often prolonged. Baseline uterine tone is ele-
vated. In 20% of cases, bleeding is not evident externally.
Severe hypertension, pre-eclampsia or eclampsia may be
present. Alternatively, maternal hypotension, tachycar-
dia and oliguria may signal hemorrhagic shock. Fetal
death complicates 15% of cases. If the fetus is alive, elec-
tronic FHR monitoring may reveal fetal tachycardia, loss
of variability, loss of accelerations and recurrent or pro-
longed decelerations. Dark red amniotic fluid or blood
may be observed at amniotomy. Occasionally, ultrasound
examination will demonstrate a retroplacental hematoma
but normal sonographic findings do not exclude the diag-
nosis of abruptio placentae.

Laboratory evaluation may reveal severe anemia, thro-
mbocytopenia, low serum fibrinogen, elevated lactate
dehydrogenase and prolonged prothrombin and activated
partial thromboplastin times. Significant proteinuria and
elevated serum transaminases may indicate severe pre-
eclampsia or HELLP syndrome.

Clinical and laboratory findings are used to grade the
severity of placental abruption as follows.
¢ Grade 1: minimal vaginal bleeding and uterine activity.
Normal maternal blood pressure and fibrinogen level.
Normal FHR pattern.

* Grade 2: moderate vaginal bleeding and uterine activity.
Tetanic contractions may be present. Normal maternal
blood pressure. Elevated pulse rate and postural changes
may be present. Fibrinogen level 150250 mg%. FHR
monitoring reveals evidence of fetal distress.

® Grade 3: severe vaginal bleeding or concealed hem-
orrhage. Tetanic contractions and uterine pain present.
Maternal hypotension. Fibrinogen level <150 mg%. Fetal
death. Evidence of disseminated intravascular coagulation.
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Management of severe hemorrhage

Placenta previa, accreta or abruption may be accompanied
by significant bleeding and evidence of hemorrhagic
shock. In the case of placental abruption, shock may be
out of proportion to the observed blood loss. Hemorrhage
in excess of 2 L may remain concealed behind the placenta
or membranes. In the early stage of hemorrhagic or
hypovolemic shock, compensatory tachycardia, peripheral
vasoconstriction and renal fluid conservation are sufficient
to maintain cardiac output and blood pressure. However,
if blood loss is not corrected, shock may become
progressive. Decreasing functional circulatory volume
can lead to inadequate tissue perfusion and cellular
hypoxia. Lactic acidosis results from the accumulation of
organic acid byproducts of anaerobic cellular metabolism.
Finally, shock may advance to the irreversible stage in
which severe acidosis disables vasomotor reflexes, and
the resultant arteriolar dilation causes blood to pool in the
peripheral microvasculature. Diminished venous return
further compromises cardiac output, and widespread tissue
hypoxia may lead to multiple organ failure and death.

Disseminated intravascular coagulation
Disseminated intravascular coagulation (DIC) is a thrombo-
hemorrhagic disorder characterized by activation of
the coagulation cascade, generation of microthrombi
throughout the microcirculation, and consumption of
clotting factors and platelets. The most common obstetric
cause of DIC is abruptio placentae. Hemorrhage is the
dominant clinical feature. The inciting event is the release
of decidual thromboplastins into the maternal circulation,
activating the extrinsic pathway of the coagulation cascade.
Resultant widespread microthrombosis consumes clotting
factors and platelets. Fibrin monomers, produced by the
clotting cascade, are deposited in the microvasculature,
causing vascular occlusion, tissue ischemia and microan-
giopathic hemolysis. Secondary activation of plasmino-
gen leads to fibrinolysis and degradation of coagulation
factors V and VIII. Fibrin degradation products, formed
by the cleavage of fibrin by plasmin, possess antithrombin
activity and act as inhibitors of platelet aggregation and
fibrin polymerization. When abruptio placentae is com-
plicated by severe shock, DIC may be exacerbated by an
additional triggering mechanism. Hypoxia and acidosis
may cause widespread endothelial damage, increasing
endothelial surface expression of tissue factor and acti-
vating the intrinsic pathway of the coagulation cascade.
The combined effect of these processes is a severe hemor-
rhagic diathesis.

Management

When the diagnosis of severe obstetric hemorrhage is
made, rapid assessment of maternal and fetal status is criti-
cal. Clinical evidence of severe maternal hypovolemia
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may include pale, cool skin and mucous membranes,
tachycardia, hypotension, delayed capillary refill in the
nail beds, and a diminished volume of dark, concentrated
urine. Simultaneous assessment of the fetus includes
rapid estimation of the gestational age and fetal weight.
If the fetus is alive, continuous electronic FHR monitor-
ing should be instituted. The FHR tracing may reveal
evidence of disrupted fetal oxygenation (late, variable
or prolonged decelerations) and/or metabolic acidemia
(fetal tachycardia, loss of variability, loss of accelerations).
Occasionally, sonography may confirm the presence of a
retroplacental hematoma but the absence of such a find-
ing does not preclude abruptio placentae. Laboratory
evaluation includes a blood type and cross-match (at least
two units of packed red cells), complete blood count,
prothrombin time, activated partial thromboplastin time
and fibrinogen level.

The initial therapeutic objectives are to ensure ade-
quate maternal oxygenation and to stabilize the maternal
hemo-dynamic status. Continuous pulse oximetry is
applied if necessary, and supplemental oxygen is admin-
istered by tight-fitting nonrebreather facemask at a rate
of 10 L/min. The patient is placed in the Trendelenburg
position. At least two large-bore intravenous lines are
placed, and fluid resuscitation initiated immediately
with isotonic crystalloid solutions. Central venous
access and pulmonary artery catheterization may be nec-
essary. In acute, severe hypotension, temporizing meas-
ures include administration of ephedrine (5-10 mg),
placement of military antishock trousers and/or aortic
compression. Blood product replacement is initiated as
rapidly as possible.

In the setting of active hemorrhage (clinically evident
or concealed), imminent surgery or shock with a hema-
tocrit less than 25%, rapid transfusion of packed red
blood cells (PRBC) and aggressive fluid replacement are
indicated. One unit of PRBCs will raise the hematocrit
by 3-4%. Ideally, a hematocrit of at least 30% should be
maintained. If hemorrhage is complicated by evidence
of coagulopathy, fresh-frozen plasma (FFP) is indicated.
FFP contains all coagulation factors, including fibrino-
gen, and one unit will raise the serum fibrinogen level by
10 mg/dL. When possible, a fibrinogen level of at least
100 mg/dL should be maintained. Platelet transfusion is
indicated in the setting of hemorrhage or imminent sur-
gery when the platelet count is less than 50,000/ mm?.
One unit of random donor platelets contains 5.5 [mult]
100 platelets and will increase the platelet count by
5000-8000/mm?.

In some cases, immediate delivery may not be nec-
essary. For example, if the fetus is premature and the
fetus and mother are stable, perinatal outcome may be
improved by delaying delivery for 24-48 hours to allow
administration of corticosteroids. Close observation

is essential during this period. If tocolysis is necessary,
magnesium sulfate is the agent of choice. B-Mimetics
may cause maternal and fetal tachycardia, masking the
clinical signs of hypovolemia and anemia.

Tocolysis is contraindicated in the following settings:
e deteriorating maternal hemodynamic status despite
appropriate therapy
e uncontrolled hemorrhage
e gestational age =36 weeks
e estimated fetal weight =2500 g
e fetal death or deteriorating fetal status despite appro-
priate therapy.
If expeditious delivery is indicated, the route is deter-
mined by the status of the mother and the fetus as well as
the rate of progress of labor. If the maternal hemodynamic
status is stable, FHR monitoring reveals no evidence
of acute deterioration and labor is progressing rapidly,
vaginal delivery may be possible. On the other hand, if
the maternal status is unstable and vaginal delivery can-
not be accomplished within an acceptable period of time,
cesarean may be necessary.

Conclusion

Placenta previa complicates approximately 1 in 200 preg-
nancies and is associated with a high incidence of
preterm birth. When placenta previa is identified in the
setting of a previous cesarean section, the possibility of
placenta accreta should be anticipated. Placental abrup-
tion is an obstetric emergency that is associated with
high rates of maternal and perinatal morbidity and mor-
tality. Rapid assessment and initiation of therapeutic
measures are critical. In selected, mild cases of abruption,
immediate delivery may not be necessary. In most cases,
however, rapid delivery is indicated. Delivery route is
determined by maternal and fetal condition as well as
rate of progress of labor.
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Chapter 16
Placenta Accreta
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Introduction

Placenta accreta is defined as an abnormally firm
attachment of placental villi to the uterine wall with the
absence of the normal intervening decidua basalis and
fibrinoid layer of Nitabuch. Collectively termed “placenta
accreta,” three variants of the condition are recognized. In
the most common form, accreta, the placenta is attached
directly to the myometrium. This variant accounts for
approximately 75-78% of all cases. In approximately 17%
of cases, the placenta extends into the myometrium and
is termed placenta increta. In the remaining 5-7%, the
placenta extends through the entire myometrial layer
and is termed placenta percreta.

Over the past two decades, the reported incidence of
placenta accreta has ranged from 1 in 533 to 1 in 2510
deliveries [1,2]. The latter incidence reflects the observed
number of histologically confirmed placenta accreta
cases from 1985 to 1994 at the University of Southern
California. These numbers are considerably higher than
what has been reported in the past. A major contributor
to this rise appears to be the increasing incidence of pre-
vious cesarean delivery.

A characteristic feature of placenta accreta is the
absence or attenuation of the decidua basalis. This abnor-
mality permits the trophoblasts to come into direct contact
with, and invade into, the underlying myometrium. The
resultant abnormally firm placental attachment prevents
the placenta from separating normally after delivery and
interferes with uterine contraction that is essential to
postpartum hemostasis. In the majority of cases placenta
accreta remains asymptomatic until delivery. Although
antepartum hemorrhage is not uncommon, it is more
likely attributable to placenta previa which often accom-
panies it than to placenta accreta itself.
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Intractable hemorrhage and the operative procedures
performed in an attempt to control the bleeding are the
major sources of maternal morbidity and mortality in
cases of placenta accreta. Subsequently, additional com-
plications can occur such as hysterectomy, ureteral/blad-
der injury, visceral injury, disseminated intravascular
coagulopathy, ARDS, renal failure, and death. In a review
of 109 cases of placenta percreta, O’'Brien et al. reported
44 cases (40%) requiring greater than 10 units of blood
transfusion, five cases (5%) with ureteral ligation or fis-
tula formation, 31 cases (28%) of infection, 10 cases (9%)
of perinatal death, and eight cases (7%) of maternal death.
Of particular interest were the three cases of uterine rupture
[3]. The blood loss from such cases is considerable. At
the University of Southern California, among 62 cases of
placenta accreta the estimated blood loss exceeded 2000
mL in 41 cases (66%), 5000 mL in nine (15%), 10,000 mL
in four (6.5%), and 20,000 mL in two (3%). Thirty-two
women (55%) required blood transfusions. Blood product
replacement exceeded 5 units in 13 (21%), 20 units in five
(8%), and 70 units in three (5.5%). Three cases required
ureteral transaction and reimplantation or reanastomosis.
Additional morbidity included disseminated intravascular
coagulation (five), hypotensive shock (two), reoperation
from control of hemorrhage (two), and enterotomy (one)
[4]. There were no maternal deaths [1].

The principal perinatal complication of placenta
accreta is prematurity. O’Brien et al. reported that among
109 cases of placenta percreta, there were 10 perinatal
deaths. Six of the 10 cases were due to extreme prematu-
rity with a median gestational age of 22 weeks and two
were associated with concomitant maternal death [3].
Alternatively, among 62 cases of placenta accreta at the
University of Southern California, there were no perina-
tal deaths. This may be attributed to the mean gestational
age at delivery which was 34.6 weeks.

Risk factors

Several risk factors for placenta accreta have been identi-
fied (Box 16.1). Among these, the two most important
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Box 16.1 Risk factors for placenta accreta

¢ Placenta previa

¢ Previous cesarean section

* Advanced maternal age

¢ Placental location with respect to uterine scar
e Multiparity

* Previous uterine curettage

¢ Previous myomectomy

Table 16.1 Estimated risk of placenta accreta among women with
placenta previa

Previous Placenta not Placenta
cesareans overlying overlying
uterine scar uterine scar
Age <35 Age =35 Age <35 Age =35
None 2.1% 6.3% N/A N/A
(6/288) (9/144) - -
One 3.7% 9.1% 15.9% 30%
(1/27) (1/11) (7/44) (6/20)
Two or more 5.2% 20% 38.5% 38.1%
(1/19) (1/5) (15/39) (8/21)

N/A, not applicable.

appear to be prior cesarean delivery and placenta previa.
Placenta accreta complicated 9.3% of 590 cases of placenta
previa at the University of Southern California from 1985
to 1994. Among 155,080 women without placenta previa,
the incidence of placenta accreta was 1 in 22,154. In women
with placenta previa, the incidence of placenta accreta
appears to correlate with the number of previous cesarean
sections. Clark et al. reported a 5% incidence of placenta
accreta among women with placenta previa and no previ-
ous cesarean sections [5]. The incidence increased to 24%
with one previous cesarean section and to 45% with two
or more. Among 723 women with cesarean delivery and
previa, Silver et al. reported the risk for accreta to be 3%,
11%, 40%, 61%, and 67% for one, two, three, four, and five
or more cesarean deliveries. Among 29,409 women with
cesarean delivery and no previa, the risk for accreta was
0.03%, 0.2%, 0.1%, 0.8%, 0.8%, 4.7% for one, two, three,
four, five, and six or more cesarean deliveries [6].
Advanced maternal age and placental location with
respect to the previous uterine scar also have been
reported to be independent risk factors for placenta accreta
among women with placenta previa. Miller reported a
2.1% incidence of accreta in women with placenta previa
who were less than 35 years of age and had no previous
cesareans. The incidence increased to 38.1% in women
who were 35 years of age or older with two or more
previous cesarean sections and a placenta previa overly-
ing the uterine scar (Table 16.1) [1]. Information is limited

Box 16.2 Sonographic findings
in placenta accreta

* Loss of the normal retroplacental hypoechoic zone

¢ Thinning or disruption of the hyperechoic interface
between the uterine serosa and the bladder

¢ Intraplacental vascular lacunae

* Loss of the normal venous flow pattern of the
peripheral placental margin

* Myometrial thickness of <1 mm under the placenta

Figure 16.1 Transabdominal sonogram showing intraplacental
vascular lacunae.

regarding the risks associated with previous uterine curet-
tage or myomectomy.

Diagnosis

Placenta accreta should be suspected in all women with
placenta previa. The risk factors listed in Box 16.2 may
be helpful in quantifying the risk, selecting candidates for
detailed sonographic evaluation, and planning for delivery.
A definitive diagnosis of accreta is often not possible prior
to delivery but ultrasonographic diagnosis has yielded
encouraging results. The use of sonographic criteria listed in
Box 16.2 has yielded sensitivities of approximately 80%
and specificities of approximately 95% for the detection
of accreta [7,8] Figures 16.1 and 16.2. Using ultrasound
color flow mapping, Twickler found that if the myome-
trial thickness under the placenta was less than 1 mm,
this was predictive of myometrial invasion with a sensi-
tivity of 100%, specificity 72%, PPV 72% and NPV 100%
[4]. Warshak et al. evaluated the accuracy of sonography
and MRI in the antenatal diagnosis of placenta accreta.
Of 39 cases of confirmed placenta accreta, sonography
had a sensitivity of 77% and specificity of 96% whereas
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Figure 16.2 Transabdominal color Doppler sonogram demonstrating
increased vascular flow at the utero-vesical interface.

gadolinium-enhanced MRI had a sensitivity of 88% and
specificity of 100% and was able to exclude placenta
accreta in 14/14 cases [9]. The use of MRI must take into
account cost, accessibility and, if gadolinium is used, the
risks and benefits of fetal exposure to contrast agents. We
currently use sonography as our primary means of diag-
nosing accreta.

Management

In women with placenta previa who are considered to
be at high risk for placenta accreta, cesarean delivery
should be timed to allow the assembly of resources in
anticipation of massive hemorrhage. The patient should
be counseled preoperatively regarding the risks of
hemorrhage, transfusion, and hysterectomy. The oper-
ating room should be staffed by experienced person-
nel, and equipped with hysterectomy instruments and
blood salvage equipment. The placement of prophy-
lactic intravascular balloon catheters for placenta accreta
has failed to produce any substantial decrease in mater-
nal morbidity [10].

Hysterectomy remains the procedure of choice
(Figures 16.3, 16.4, 16.5). When placenta accreta is sus-
pected at cesarean section, we advise proceeding with
a vertical midline skin incision in order to provide opti-
mal exposure to the surgical field. If possible, we begin
by carefully creating a bladder flap in order to facili-
tate the hysterectomy if needed. Occasionally, in the
setting of increta, the placenta can be visualized under-
neath the uterine serosa. A hysterotomy is made away
from the placenta, which often requires a classic incision
near the uterine fundus. The fetus is delivered, sponta-
neous delivery of the placenta is awaited or gentle trac-
tion is applied on the cord to await delivery of placenta.

Figure 16.3 Intraoperative findings demonstrating the placenta
underneath the uterine serosa.

We do not attempt to manually deliver the placenta as
this can cause massive hemorrhage if there is indeed a
placenta accreta. If placental delivery is unsuccessful or
if uncontrollable hemorrhage ensues, the surgeon should
leave the placenta in place, close the uterus rapidly, and
proceed with hysterectomy. Although more expedient
than total hysterectomy, supracervical hysterectomy
may not always be possible in cases of placenta accreta
attached near the cervix. Selection of the appropriate
procedure must be made by the surgeon. Care is taken
to locate the ureters as the lower uterine segment can be
bulbous, which can distort the normal anatomic relation-
ship between the ureters and the cervix. The vaginal cuff
and pedicles are carefully inspected for hemostasis. If
integrity of the bladder is in question, we fill the blad-
der in retrograde fashion with methylene blue diluted in
normal saline and observe for any leakage.

Control of potentially life-threatening hemorrhage is
the first priority; however, the patient’s desire for future
fertility must be taken into consideration. If the patient
is hemodynamically stable and strongly desires future
fertility, conservative management may be cautiously
considered, bearing in mind that the literature regard-
ing conservative management is based on case series or
reports. The risks of conservative management include
delayed hemorrhage (requiring reoperation) and infec-
tion. If the patient is unstable, conservative management is not
an option. Techniques that have been described include
curettage, oversewing the placental bed or wedge resec-
tion of the area of accreta with subsequent repair of the



Figure 16.4 Cesarean hysterectomy specimen of a placenta
increta.

myometrium. In the vast majority of cases, these techniques
have been applied in the setting where a focal accreta is
encountered after attempted removal of the placenta.
Planned conservative management has been described in
case reports when a placenta accreta is diagnosed before
delivery and the patient strongly desires future fertility;
this involves leaving the placenta in situ and thereafter
adjunctive therapy is administered with uterine artery
embolization, methotrexate or delayed removal.

These methods of management have not been well
studied and should be considered investigational. They
should only be considered in patients who strongly
desire future fertility and who understand and accept
the risks of delayed hemorrhage, infection, and death. The
patient should be counseled that conservative manage-
ment cannot be used if she has profuse bleeding or is
hemodynamically unstable. Timmermans et al. reviewed
60 pregnancies managed conservatively. The most com-
mon complication consisted of vaginal bleeding (21/60).
The timing of blood loss ranged from immediately post
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Figure 16.5 Gross section demonstrating nearly full-thickness
invasion of the placenta into the myometrium.

partum up to 3 months after delivery. Treatment failure
due to vaginal bleeding occurred in 15% of cases (9/60).
Fever occurred in 21/60 cases, 11/60 had endomyometritis,
and 2/60 required hysterectomy for definitive treatment.
Importantly, the authors caution that the number of com-
plications may be falsely lowered due to publication bias
of reported successful cases [11].

Conclusion

Placenta accreta is characterized by an absent or attenu-
ated decidua basalis that permits trophoblastic invasion
into the myometrium. Incomplete placental detachment
following delivery results in profuse hemorrhage that
often necessitates hysterectomy. Important clinical risk
factors include placenta previa, previous cesarean sec-
tion, placental implantation over the uterine scar, and
advanced maternal age. Other potential risk factors
include multiparity, previous uterine curettage, and pre-
vious myomectomy. Accreta complicates 9-10% of all
cases of placenta previa. In the absence of placenta pre-
via, however, accreta is rare (1 in 22,000). Prospective
diagnosis may be possible with ultrasonography, color
Doppler, and MRI. When placenta accreta is suspected,
thorough preparation is the key to successful manage-
ment. Although conservative management may be an
option in a select few patients, hysterectomy remains the
treatment of choice.

References

1. Miller D, Chollet J, Goodwin T. Clinical risk factors for pla-
centa previa-placenta accreta. Am | Obstet Gynecol 1997; 177:
210-214.

2. Wu S, Kocherginsky M, Hibbard ]J. Abnormal placentation:
twenty-year analysis. Am ] Obstet Gynecol 2005; 192: 1458-1461.



66

10.

Chapter 16

. O’Brien ], Barton J, Donaldson E. The management of placenta

percreta: conservative and operative strategies. Am | Obstet
Gynecol 1996; 175: 1632-1638.

. Twickler D, Lucas M, Balis A, et al. Color flow mapping for

myometrial invasion in women with a prior cesarean delivery.
J Matern Fetal Med 2000; 9: 330-335.

. Clark S, Koonings P, Phelan J. Placenta previa/accreta and

prior cesarean section. Obstet Gynecol 1985; 66: 89-92.

. Silver R, Landon M, Rouse D, et al. Maternal morbidity associ-

ated with multiple repeat cesarean deliveries. Obstet Gynecol
2006; 107: 1226-1232.

. Chou M, Ho E, Lee Y. Prenatal diagnosis of placenta pre-

via accreta by transabdominal color Doppler ultrasound.
Ultrasound Obstet Gynecol 2000; 15: 28-35.

. Comstock C, Love ] Jr, Bronsteen R, et al. Sonographic

detection of placenta accreta in the second and third tri-
mesters of pregnancy. Am | Obstet Gynecol 2004; 190:
1135-1140.

. Warshak C, Eskander R, Hull A, et al. Accuracy of ultrasonog-

raphy and magnetic resonance imaging in the diagnosis of
placenta accreta. Obstet Gynecol 2006; 108: 573-581.

Shrivastava V, Nageotte M, Major C, Haydon M, Wing D.
Case-control comparison of cesarean hysterectomy with
and without prophylactic placement of intravascular balloon

catheters for placenta accreta. Am | Obstet Gynecol 2007;
197: 402.

11. Timmermans S, van Hof A, Duvekot J. Conservative manage-
ment of abnormally invasive placentation. Obstet Gynecol Surv
2007; 62: 529-539.

Suggested Reading

Oyelese Y, Smulian J. Placenta previa, placenta accreta, and vasa
previa. Obstet Gynecol 2006; 107: 927-941.

Faranesh R, Shabtai R, Eliezer S, Raed S. Suggested approach for
management of placenta percreta invading the urinary bladder.
Obstet Gynecol 2007; 110: 512-515.

Oppenheimer L. Diagnosis and management of placenta previa.
J Obstet Gynaecol Can 2007; 29: 261-273.

Bhide A, Thilaganathan B. Recent advances in the management of
placenta previa. Curr Opin Obstet Gynecol 2004; 16: 447-451.

American College of Obstetricians and Gynecologists. Clinical
management guidelines for obstetrician-gynecologists: post-
partum hemorrhage. Practice Bulletin No. 76. Obstet Gynecol
2006; 108: 1039-1047.

Gilstrap LC, Cunningham FG, van Dorsten P (eds). Operative
obstetrics, 2nd edn. New York: McGraw-Hill, 2002.



Chapter 17

Postpartum Hemorrhage
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Introduction

Postpartum hemorrhage is a leading cause of maternal
morbidity and mortality. Classically defined as blood loss
greater than 500 mL after a vaginal delivery and 1000 mL
after cesarean delivery, these definitions of postpartum
hemorrhage are antiquated. Although this system is
easy to remember, visual estimations of blood loss are
inaccurate. Clinically useful information is better con-
veyed if postpartum hemorrhage is classified based on a
combination of estimated blood loss, patient symptoms
and volume status.

The differential diagnosis of postpartum hemorrhage
includes genital lacerations, uterine atony, retained pla-
centa (including accreta), uterine inversion, uterine rupture,
scar dehiscence, disseminated intravascular coagulation,
consumptive coagulopathy, hematoma, thrombocytope-
nia, and, rarely, coagulation disorders. There are several
risk factors associated with postpartum hemorrhage listed
in Box 17.1.

Diagnosis and management

A rapid sequence of interventions is necessary to prevent
further blood loss and maintain patient hemodynamic
stability. In patients with known risk factors, a high
index of suspicion should be maintained. General pre-
cautions implemented before delivery for patients at risk
include establishing at least one large-bore intravenous
line, ensuring the availability of uterotonics (oxytocin,
methylergonovine, prostaglandins), and confirming that
appropriate nursing, operating room, and anesthesia
personnel are available and aware of the possibility of
postpartum hemorrhage. In selected high-risk patients,
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Box 17.1 Factors associated with
uterine atony

* Prolonged labor

¢ Oxytocin

¢ General anesthetics (halothane)
* Multiple gestation

¢ Polyhydramnios

e Fetal macrosomia

e Grand multiparity

¢ Couvelaire uterus

¢ Dystocia

¢ Infection (chorio-amnionitis)

crossmatching 2—4 units of packed red blood cells may
be appropriate.

In the setting when there is excessive bleeding, a
second large-bore intravenous line should be placed
as well as a transurethral catheter to monitor the
patient’s fluid status. Crystalloid should be infused
at a 3/1 ratio to the amount of blood lost. Colloid
(albumin, dextran, hespan) has little added benefit
compared to crystalloid in restoring intravascular
volume. Furthermore, certain colloids can promote
coagulopathy. The blood bank should be notified that
an obstetric patient is hemorrhaging and packed red
blood cells should be obtained. In the absence of cross-
matched blood, O negative blood should be obtained
followed by type-specific blood until cross-matched
blood is available. It is also important to anticipate the
need for fresh-frozen plasma and cryoprecipitate as it
may take approximately 30 minutes to an hour to thaw.
Replacement of blood products is addressed at the end of
this chapter. Oxytocin (20-80 units diluted in 1000 mL of
normal saline) should be administered intravenously
and run continuously. Directly bolusing oxytocin intra-
venously is not recommended as this may precipitate
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significant hypotension. Alternatively, if there is no
intravenous access, 10 units of oxytocin can be adminis-
tered intramuscularly. Concomitantly, attempts should
be made to determine the cause of bleeding and proceed
with treatment.

Often the clinician must multitask and assess the peri-
neum for lacerations, palpate the uterine fundus for atony,
and inspect the placenta to ensure it has delivered intact.
Having an assistant push the uterus towards the vagina
can facilitate evaluation for cervical lacerations. This also
allows evaluation for uterine atony and visualization for
any trailing membranes or placental fragments. If the
uterus is firm and the bleeding is determined to be from a
laceration, appropriate steps should be taken to repair the
laceration. In the setting of a cervical laceration, a traction
suture can be placed at the external os and the laceration
can be repaired, making sure that the suture goes beyond
the apex of the laceration. Often the cervix appears as if
there are multiple lacerations but only those that are
actively bleeding should be repaired.

The diagnosis of uterine atony is established by the
combination of postpartum hemorrhage in the presence
of a large, relaxed uterine fundus. Bimanual uterine mas-
sage should be applied while oxytocin and other utero-
tonics are administered. Bimanual uterine massage consists
of elevating the uterus with one hand in the vagina and
a separate hand massaging the fundus abdominally. If
massage is not adequately causing the uterus to contract,
bimanual compression should be applied where a fist is
placed in the anterior vaginal fornix and the opposite
hand firmly presses the uterine fundus to tamponade
the vascular sinuses in the uterus. Additional uteroton-
ics are given. Methylergonovine 0.2 mg can be admin-
istered intramuscularly. The dosage may be repeated
every 2—4 hours. This agent is contraindicated in hyper-
tension. An alternative uterotonic agent is 15-methyl
prostaglandin F2-a. An initial dose of 0.25 mg may be
administered IM following vaginal delivery or directly
into the myometrium at cesarean delivery. Dosages
may be repeated at intervals of 15-90 minutes as nec-
essary. The total dosage should not exceed eight doses
(2 g). This prostaglandin preparation is contraindicated
in patients with asthma or glaucoma. Dinoprostone
20 mg vaginally or rectally may also be administered,
but caution is advised in patients who are hypotensive.
We advise starting with 10 mg and observing for any
changes in blood pressure. As a third-line agent, we use
misoprostol 800-1000 pg per rectum. Based on available
data, the use of misoprostol as a nonsurgical interven-
tion to treat uterine atony seems reasonable as long as
the physician is aware of the potential side effects. This
medication may be useful in preventing surgical inter-
ventions that would require laparotomy or hysterectomy,
although further studies are needed to determine optimal
route of delivery and dosage.

If the uterus remains atonic despite bimanual massage
and the administration of uterotonics, the physician should
undertake manual exploration of the uterine cavity. Ideally,
this should be performed in the operating room and the
patient should have adequate anesthesia prior to perform-
ing manual exploration, but often the very fact that the
patient needs rapid evaluation makes it necessary to per-
form this task under suboptimal conditions. A gauntlet
glove is donned and the hand is inserted into the uterus
to palpate for any retained placental fragments. A second
hand is placed on the fundus to control the exploration.
If placental fragments are detected, a plane is created to
carefully attempt to remove the fragments by inserting the
finger between the placenta—decidual interface. Bedside
ultrasound may assist in visualizing retained placental
products. Occasionally it may be necessary to perform a
gentle curettage under ultrasound guidance using a blunt
curette or ring forceps. This procedure should ideally be
performed in an operating room. If excessive hemorrhage
occurs after such attempts or if it is difficult to find a
cleavage plane, the possibility of placenta accreta should
be considered (refer to Chapter 16). In women with risk
factors for accreta, we do not advise manual removal of
retained placental fragments as such attempts can further
provoke hemorrhage. Finally, manual exploration allows
the physician to assess for uterine rupture, especially in the
case of a patient with prior cesarean delivery or uterine sur-
gery. If a myometrial defect is palpated with hemorrhage,
the physician should proceed to immediate laparotomy.

If bleeding persists despite these maneuvers, nursing
and anesthesia personnel should be instructed to prepare
for operative intervention. Blood product replacement
should be instituted or continued as necessary. Bimanual
uterine compression should be continued. If successful in
mitigating bleeding due to atony, compression should be
continued with consideration of the placement of an intra-
uterine balloon catheter to maintain uterine tamponade.
However, if bimanual compression is unsuccessful and
hemorrhage persists, transabdominal aortic compression
should be performed at the level of the umbilicus while
preparations are made for laparotomy.

The objective of laparotomy is to control hemorrhage
as rapidly as possible. It is important to have an assistant
place the patient in the “frog-leg” or dorsal lithotomy posi-
tion and clear the vagina of any clots in order to achieve
adequate assessment of continued blood loss. If biman-
ual compression was thought to be suboptimal prior to
laparotomy for various reasons (i.e. maternal obesity), a
second attempt at bimanual compression can be consi-
dered when the uterus is exposed. If bimanual compres-
sion is effective at tamponading bleeding at the time of
laparotomy, consideration should be given to placing a
uterine compression suture. Several brace sutures have
been described in the literature. At the University of
Southern California we have had success using the brace



suture described by B-Lynch. Alternatively, a balloon
catheter (Bakri) can be placed vaginally and observed to
see if further hemorrhage occurs. Other methods of tam-
ponading bleeding from atony include the use of gauze
packing, placement of one or more Foley balloons or a
Sengstaken—-Blakemore tube.

If bimanual compression was optimally applied prior
to laparotomy without success in controlling hemorrhage
from uterine atony, the physician should bypass attempts
at uterine packing, balloon tamponade or using a brace
suture. Instead, the practitioner should proceed directly
towards ligating the blood supply to the uterus. The
first step involves bilateral ligation of the uterine arter-
ies. Absorbable sutures may be passed through the lower
uterine segment on each side and passed around the uterine
vessels. Caution must be exercised to avoid the bladder
and the ureters. If uterine artery ligation is unsuccess-
ful, the next series of sutures can be placed around the
utero-ovarian arteries in the cornual regions. Successful
pregnancies have been reported following ligation of all
major uterine vessels. Occlusion of the hypogastric arter-
ies has fallen out of favor as a procedure as this requires
familiarity with the retroperitoneum and carries a risk
of serious complications, including lace-ration of the
hypogastric, external iliac or common iliac veins, and
inadvertent ligation of the ureter, external iliac artery or
hypogastric trunk. Unless there is someone skilled with
retroperitoneal dissections, such as a gynecologic oncol-
ogist, we generally avoid this step. In some settings,
interventional radiology may provide an additional
alternative in the form of angiographic embolization of
pelvic arteries with gelatin sponge particles or spring
coils. Although successful control of hemorrhage has
been reported in small series, this option may not be
available in emergency situations and in all practical
senses is not suitable for an unstable patient.

If conservative measures fail to achieve hemostasis, hys-
terectomy may be necessary. Supracervical hysterectomy
is the fastest and safest approach in a hemodynamically
unstable patient. Moreover, cervical dilation and efface-
ment often obscure the boundary between the cervix and
vagina, resulting in the removal of more upper vagi-
nal tissue than intended. The decision to proceed with
total versus subtotal hysterectomy must be made by
the responsible surgeon. General anesthetic agents that
diminish uterine tone (halothane, isoflurane) should be
avoided, if possible.

Uterine inversion

Another cause for postpartum hemorrhage is uterine
inversion. This can be diagnosed when a bulbous mass
protrudes through the cervix and may be visible or feel
similar to an aborting myoma. The primary setting in
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which this occurs is when excessive cord traction is
applied to remove a fundal placenta. Massive hemorrhage
and shock can ensue. The principal method of manage-
ment is to attempt to replace the uterus as rapidly as
possible without removing the placenta. If oxytocin is
being administered, it should be discontinued. The palm of
the hand should be placed on the fundus with the fingers
extended circumferentially outward. The uterus should be
replaced with the “last out, first in” principle, meaning the
lower segment is replaced first, then the upper segment,
and lastly the fundus, which is replaced with the palm of
the hand. Occasionally, the cervix or uterus may have con-
tracted, making replacement difficult; in this setting an
uterorelaxant should be given (magnesium sulfate, terbu-
taline, nitroglycerine, halothane) and attempts to replace
the uterus should resume. Once the uterus is replaced,
the uterorelaxants are discontinued and an uterotonic is
given and the hand removed once the uterus is contracted,
at which point gentle manual removal of the placenta is
attempted. However, occasionally the uterus cannot be
returned vaginally, at which time laparotomy may need
to be performed. An assistant should attempt to return
the uterus from below while the surgeon places traction
on the round ligaments. Alternatively, if there is a thick
constriction band preventing the uterus returning, a mid-
line incision is made on the posterior wall of the uterus,
which should relieve tension from the band. The uterus is
replaced and the incision repaired.

Hematomas

Hematomas can be vulvar, vulvovaginal, paravaginal or
retroperitoneal. Hematomas can cause considerable pain
and discomfort. Importantly, the clinical diagnosis based
on appearance and palpation must not overlook the
fact that bleeding may extend into the retroperitoneum,
causing a significant amount of blood loss. Small vulvar
hematomas are managed expectantly but large hemato-
mas should be evaluated surgically, with any bleed-
ing vessels ligated. If no bleeding is noted, the vagina
should be packed (after the placement of a transurethral
catheter) for 24 hours. Serial hemoglobin levels should be
assessed. If there is a significant decrease in hemoglobin
levels, the hematoma may be extending into the retro-
peritoneum. Occasionally laparotomy may be necessary.
If the patient is hemodynamically stable, embolization can
be considered.

Blood product replacement

Careful attention must be given to the replacement of blood
products. Hemoglobin, platelets, fibrinogen, electrolytes
(including calcium), and coagulation studies should be
obtained at baseline, as clinically necessary, and for every
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5-7 units of packed red blood cells transfused. Packed red
blood cells (PRBC) are prepared in a volume of 200250 cc
per unit. Transfusion of PRBC is indicated in the setting
of massive hemorrhage or shock or hemoglobin less than
7 g/dL. Each unit of PRBC has a hematocrit of 60-70%
and should raise the maternal hemoglobin by 1 g/dL, in
the absence of continued bleeding. The target hemoglobin
is between 7-10 g/dL depending on the patient’s age, con-
dition, and risk for future hemorrhage.

Massive hemorrhage may deplete platelets and clotting
factors, leading to disseminated intravascular coagulation,
and compounding the problem of hemostasis. Clotting
factors are replaced with FFP prepared in volumes of
200-250 mL per unit. Transfusion of FFP is indicated
when active bleeding is accompanied by evidence of coag-
ulopathy, including a serum fibrinogen level less than 100
mg/dL and/or prolongation of the prothrombin or acti-
vated partial thromboplastin times (greater than 1.5 times
normal). FFP contains all coagulation factors and fibrino-
gen. If a patient is in DIC, we start by administering 4 units
of FFP (one unit per 15-20 kg). One unit of FFP contains
approximately 500 mg of fibrinogen and will increase
clotting protein levels by 8%. Hemostasis is usually main-
tained when coagulation proteins are 25% of normal. Each
unit of FFP will raise the serum fibrinogen level by 10—
15 mg/dL, and a fibrinogen level of at least 100 mg/dL
should be maintained.

Transfusion of platelets is indicated in the setting of
active bleeding or imminent surgery when the platelet
count is less than 50,000/ mm?. Platelets can be admin-
istered either as random donor units or as pheresis
units. One unit of random donor platelets will raise
the platelet count by 5000 mm?® and is suspended in
approximately 50 mL of plasma. Random donor units
are typically administered as six units (“six pack”). One
pheresis unit of platelets is approximately equivalent
to 6-10 random donor units and contains a volume of
approximately 300 mL. A pheresis unit has the advan-
tage of being collected from a single donor, thus
potentially avoiding exposure to multiple donors as
is the case when more than one random donor unit is
administered. Platelets, ideally, should be matched to
the patient’s blood type and Rh status. The practitioner
is advised to consult their blood bank and inquire how
platelets are collected and supplied at their institution.

Cryoprecipitate is indicated when volume status is of
concern and there is a need to replace fibrinogen. Cryopre-
cipitate contains fibrinogen, von Willebrand factor, factor
X111, and factor VIIL It is prepared in a volume of 10-15 mL
per unit. Usually 10 units of cryoprecipitate are adminis-
tered, which contains approximately 2 g of fibrinogen and
will raise the fibrinogen level by 70 mg/dL. The use of
recombinant factor VIIa (90-100 pg/kg) has been described

in the setting of massive obstetric hemorrhage when
traditional treatment of DIC has failed with donated blood
products. The mechanism of action is thought to be stimu-
lation of thrombin generation at the site of vessel injury and
stimulating the extrinsic coagulation pathway. We have
had success using this product in several cases.

Conclusion

Prompt recognition and appropriate intervention are the
cornerstones of successful management in cases of post-
partum hemorrhage. Fluids, blood, platelets and clotting
factors must be replaced as needed. Conservative meas-
ures for control of hemorrhage due to uterine atony
include uterine massage, uterine compression, and
administration of uterotonic agents. An intrauterine bal-
loon catheter or uterine artery brace suture should only
be placed in patients who respond to bimanual uterine
compression. The next step should incorporate sequen-
tial ligation of the uterine blood supply; however, if these
measures are unsuccessful or if the patient is hemody-
namically unstable, hysterectomy should be considered.
Other causes of postpartum hemorrhage include lacera-
tions, retained placental fragments, uterine inversion,
and hematomas.
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Introduction

The expectation of every pregnancy is that a healthy
patient and baby will be the outcome. Unfortunately, we
know all too well that this is not always the case. One of
the most devastating situations is when fetal death occurs.
Fortunately, the occurrence of fetal death is rare in the
United States. The most recent statistics demonstrate a
fetal death rate of 7/1000 total births. While there is still
no standard that is applied universally, the definition most
commonly used for fetal death or stillbirth, including the
American College of Obstetricians and Gynecologists, is
when a fetus that weighs 500g or more or has attained a
gestational age of 20 weeks or greater is delivered without
any signs of life (Apgar scores 0,0).

Fetal mortality rates over the last several decades have
decreased significantly in the United States. In 1950, the
fetal death rate was approximately 18/1000 total births.
Since then, we have seen a steady decline in the rate of
stillbirths. Many factors have contributed to this decrease.
Probably, the most obvious is the improvement in obstetric
care. The implementation of antenatal testing for high-risk
patients has also resulted in fewer stillbirths. The almost
universal application of ultrasound and increased ability to
diagnose fetal chromosomal and congenital anomalies have
resulted in elective termination of fetuses that would likely
result in stillbirth. Lastly, as neonatal care has improved,
many fetuses that would have potentially expired in utero
are delivered at earlier gestations. Thus, an increase in iatro-
genic early preterm deliveries has evolved.

Benefits of fetal death evaluation

As stated earlier, when a stillbirth occurs it is often dev-
astating to the parents, family, and caregivers. While it
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is clear that nothing can be done to prevent a stillbirth
after it has occurred, there is a great deal of benefit that
can be obtained by performing a thorough evaluation
in hopes of identifying reasons why the fetal death hap-
pened. While it is very difficult to state definitively that a
specific circumstance or condition caused the fetal death,
a comprehensive stillbirth evaluation will at least allow
one to identify potential associations.

Probably the most practical and important benefit of
performing a complete evaluation is to help with parental
grieving and the parental right to know. Almost invari-
ably there is a sense of guilt that is felt by the mother.
What did I do wrong? How could I have prevented this
from happening? The parents have a strong desire, and
deserve, to obtain information that will help them under-
stand why this happened, and whether it may happen
again. The answers will often assist and influence their
reproductive decision-making.

A thorough stillbirth evaluation will also assist the
physician with prenatal assessment, intervention, and
management in future pregnancies. For example, if a
patient had a prior stillbirth associated with anencephaly,
she would best be served by undergoing genetic coun-
seling and ultrasound evaluation. On the other hand, if
a patient had a prior stillbirth that was associated with
poorly controlled diabetes mellitus, she would best ben-
efit from preconception counseling and obtaining good
glycemic control before becoming pregnant.

Stillbirth evaluation is also important and beneficial
to the physician in helping to decrease inappropriate
litigation. When fetal death occurs it is not uncommon
for the physician to be blamed. Sentiments such as “The
doctor should have known something was wrong” or
“The doctor must have missed something” are com-
mon after fetal death. Very often a comprehensive
evaluation will demonstrate that the physician was not
at fault, and that the fetal death could not have been
prevented.

Lastly, studying fetal death has increased scien-
tific understanding of the causes of stillbirth. This has
allowed us to identify patients who might be at risk for
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stillbirth, and has assisted with a variety of interventions
to help minimize this risk.

Causes of fetal death

The causes of fetal death are many and varied. Early
reports in the literature centered primarily on maternal
medical conditions. Very little information was avail-
able regarding the association of fetal abnormalities and
placental abnormalities with fetal death. Consequently,
a large percentage of stillbirths were classified as unex-
plained. However, as we have gained a greater under-
standing of fetal abnormalities through ultrasound and
autopsy, and have become more proficient at examining
the placenta for specific abnormalities, the number of
unexplained stillbirths has decreased.

In 1997 a review of causes of fetal death was published.
By this time, greater emphasis was placed on the impor-
tance of autopsy and placental pathology. In addition,
antepartum testing was being performed almost uniformly
for maternal medical conditions such as chronic hyperten-
sion and pregestational diabetes. As a result, this review
seemed to de-emphasize maternal conditions as a sepa-
rate cause of fetal deaths, comprising only 5-10%. Instead,
intrinsic fetal anomalies were noted as being associated
with fetal death and 25-40% of stillbirths were attrib-
uted to fetal causes. These were broken down as follows:
6-13% chromosomal, 10-17% non-chromosomal, 10% non-
immune hydrops, and 5-12% fetal infections. Placental
abnormalities were identified as the cause 25-35% of the
time. Therefore, the percentage of unexplained stillbirths
had decreased to 25-35%.

A variety of demographic factors have been associated
with fetal death. Advanced maternal age of 35 years or
more doubles the risk. Obesity is also a known risk fac-
tor and women weighing 85kg or more (BMI =30kg/m?)
have a 2-3-fold increase in fetal death. African American
women have a stillbirth risk 1.5 times that of Caucasian
women, and smokers also have an increased risk of fetal
death compared to nonsmokers. Thus, there are some
demographic risk factors that can be potentially modified.

Several maternal medical diseases are associated
with increased fetal death rates (see table 18.1). In addi-
tion, increased fetal death rates have been observed in
patients with underlying thrombophilias. These can be
either inherited (antithrombin deficiency, protein C defi-
ciency, protein S deficiency, factor V Leiden mutation,
prothrombin gene mutation or methylene tetrahydro-
folate reductase deficiency) or acquired thrombophilias,
in which lupus anticoagulant, anticardiolipin antibodies
or anti-32 glycoprotein antibodies are present.

Another potential etiology for stillbirth is fetal hem-
orrhage. This can be ascertained by performing a
Kleihauer—Betke test, which looks at the number of fetal
cells present in the maternal circulation. Based on the

Table 18.1 Maternal medical diseases

Condition Estimated stillbirth rate
All pregnancies 6-7/1000

Chronic hypertension 5-25/1000

Severe preeclampsia 21/1000

HELLP syndrome 51/1000

Gestational diabetes 5-10/1000

Type 1 diabetes 6-10/1000

Type 2 diabetes 6-20/1000

SLE 40-150/1000
Intrahepatic cholestasis 12-30/1000

Simpson LL. Semin Perinatol 2002; 26: 42-50

number of fetal cells present, one can then calculate if a
significant fetal hemorrhage has occurred that may have
been responsible for the fetal death. While the Kleihauer—
Betke test is commonly performed in cases of maternal
trauma, it has proven to be useful in cases of otherwise
unexplained fetal death.

Infections are another broad category that can cause fetal
death via a variety of mechanisms. Some of the most com-
mon bacterial agents are E. coli, Mycoplasma, and Listeria.
Treponema pallidum, a spirochete that causes syphilis, is
a potentially lethal congenital infection. Toxoplasma is a
protozoan that can lead to fetal death by causing severe
hydrops. Lastly, multiple viral infections such as parvovi-
rus B19 and cytomegalovirus are associated with stillbirth.
Commonly the patient herself is entirely asymptomatic.

There are also a variety of genetic causes that may lead
to fetal death by causing congenital abnormalities. The
most common genetic factors are sporadic conditions,
which make up approximately 33% of genetic causes.
Cytogenetic abnormalities such as trisomy 18 or trisomy
21 comprise approximately 25%. Multifactorial processes
such as complex congenital heart defects account for
about 12%. Mendelian disorders are responsible for 5% of
the genetic causes. Environmental exposures are thought
to contribute to 5% as well. Lastly, 20% of genetic causes
are nonspecific.

Umbilical cord accidents are often cited as causing
stillbirths. Since approximately one-third of all deliveries
of normal infants are associated with a nuchal cord, one
must be very careful to state that a nuchal cord was the
cause of the stillbirth without ruling out other potential
etiologies. There are, however, a variety of umbilical cord
conditions that are seen in fetal death. True knots in the
umbilical cord are uncommon, comprising only 1% of all
deliveries. However, when they are seen, there is a four-
fold increase in fetal death. Cord insertion abnormalities,
such as marginal and velamentous cord insertions, are
associated with fetal death. Cord prolapse can also lead
to stillbirth. Lastly constriction of the umbilical cord via
a wide array of mechanisms can lead to anoxia and fetal
death. These are very uncommon but include stenosis,



torsion, intravascular cord thrombosis, and obliteration
of the cord vessels. In order to prove that an umbilical
cord accident is the true cause of fetal death, one must
be able not only to document cord occlusion and fetal
hypoxia, but also to exclude other causes.

Lastly, a variety of placental abnormalities, both
intrinsic and others associated with maternal medical
conditions such as antiphospholipid syndrome, have
been associated with fetal death. Placental abruption
is the most frequent cause of stillbirth. Other placental
abnormalities include acute chorio-amnionitis, placental
infarcts, occlusive vasculopathy, and villitis.

Components of the stillbirth
evaluation

Since there are several potential etiologies for fetal death,
it is clear that the stillbirth evaluation should be compre-
hensive. Unless the cause is immediately recognized, such
as in the case of anencephaly, the stillbirth evaluation
should include a complete clinical examination incorpo-
rating a thorough review of the prenatal records, as well
as genetic evaluation. Appropriate laboratory tests should
be conducted as indicated. Placental pathology should be
obtained and autopsy should also be performed. Since the
identification of an underlying thrombophilia can have
profound and potentially lifelong implications, a throm-
bophilia work-up should be undertaken as well.

There are very good data that demonstrate the value
of a comprehensive stillbirth evaluation. One of the best
studies examined the results of a statewide stillbirth
evaluation project in Wisconsin. When a comprehensive
stillbirth assessment was performed significant informa-
tion was obtained to guide practitioners with future preg-
nancies. The most profound of these was a 40% change
in recurrence risk. For instance, a fetal condition that was
initially thought to be multifactorial was later determined
to be sporadic. A thorough stillbirth evaluation was noted
to change the prenatal diagnosis 21% of the time. Other
areas that were influenced as a result of a comprehensive
evaluation included pre-conceptual treatment as well as
prenatal, perinatal and neonatal treatments.

At our own institution we discovered that when pla-
cental pathology was added to the stillbirth evaluation,
significant placental pathology was observed 30% of the
time. Multiple studies have documented the value of
autopsy. We have determined that in otherwise unex-
plained stillbirths, autopsy determined a cause 30%
of the time. Other investigators have noted that 35% of
stillborn infants have congenital structural anomalies. In
evaluating recurrence risk, autopsy findings significantly
altered recurrence risk factors 26% of the time.

In the case of fetal death, the autopsy should be com-
plete and include the following components: complete
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medical record review to obtain clinical history, birth-
weight and external measurements, photographs and x-
rays, gross external examination of the stillborn, placenta,
and cord, gross examination and weight of major fetal
organs, microscopic examination of fetal organs, placenta,
and cord, bacterial cultures of fetal blood and lung, and
cytogenetic studies when appropriate. Therefore, when all
components are performed as listed above, autopsy can
identify malformations, metabolic abnormalities, hypoxia,
and infection. While the value of autopsy cannot be over-
estimated, autopsy is only obtained in half the cases. A
variety of reasons are responsible for this low number.

Since there are several factors that may be responsible
for fetal death, and since performing a comprehensive eval-
uation can be expensive, evaluations that are universally
recommended are the following: perinatal autopsy, pla-
cental pathology, karyotype, Kleihauer-Betke test, urine
toxicology, and parvovirus serology. Depending on the
clinical picture, tests to evaluate for underlying throm-
bophilias can be added. At our institution, we have
created the following algorithm. At the initial evaluation,
all prenatal records are thoroughly reviewed, includ-
ing past obstetric history and genetic history. Initial
tests include routine labs (type, Rh, antibody screen,
CBC, serum glucose). Additional lab tests include a
Kleihauer—Betke test, urine toxicology, and glycosylated
hemoglobin if the patient has an elevated serum glucose
or known history of diabetes. After the fetus is delivered,
a detailed physical examination of the stillborn is per-
formed, and a detailed fetal death/stillborn evaluation
form is completed. The placenta is sent to pathology in
all cases, and in all cases we attempt to obtain parental
consent for autopsy. In cases in which there are obvi-
ous fetal anomalies, tissue is sent for karyotype. In oth-
erwise unexplained cases, a thrombophilia work-up is
performed. This consists of testing for the presence of
lupus anticoagulant, anticardiolipin antibodies, anti-32
glycoprotein antibodies, and factor V Leiden. In addi-
tion, serum homocysteine levels are evaluated. If there is
a high suspicion for underlying thrombophilia (e.g. pla-
cental pathology demonstrates the presence of multiple
infarcts, fetus with severe intrauterine growth restric-
tion) additional tests are performed for the presence of
prothrombin gene mutation, protein C or protein S defi-
ciency, or antithrombin deficiency. Lastly, the patient is
given a postpartum evaluation in 1 week to assess her
condition and to review the above studies.

Timing of delivery and
delivery method

Once the patient has been told that her baby is no longer
living, a tremendous surge of emotions is common. While
many patients report that they had a premonition that
something was wrong, the vast majority of individuals
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are understandably confused, angry and sad. They report
an unreal or numbing feeling, feelings that they have
never experienced before.

While most women desire delivery soon after the diag-
nosis is made, some will prefer to wait for a period of
time. Most authorities recommend that a period of time
be allowed to elapse between diagnosis and induction,
if possible. This will allow the patient to gain motivation
for a vaginal delivery, achieve some physical and mental
rest before the birth of the baby, and prepare psychologi-
cally to meet and hold the baby. Some patients will elect
to wait and let labor occur spontaneously. While this
may be an option, the patient must be made aware of
the potential risks, including intrauterine infection and
maternal coagulopathy. If the stillborn has not delivered
within 4 weeks of diagnosis, there is a 25% risk of dis-
seminated intravascular coagulation (DIC). In these rare
cases, it would be reasonable to determine CBC and
fibrinogen on a weekly basis. The patient needs to under-
stand that the risks of infection and/or DIC can lead to
significant morbidity and, in some cases, maternal death.

The delivery method may be surgical via a cervical
dilation and evacuation (D&E) or via cesarean delivery
(hysterotomy). Conversely, the patient may elect to pro-
ceed with labor induction. The agent most commonly
used for labor induction is misoprostol. At less than 28
weeks of gestation, the dose commonly given is 400pg
every 4 hours. In patients beyond 28 weeks, misoprostol
can be given as a 25pg initial dose, followed by 25-50 g
every 4 hours. It is important to realize that in patients
with a history of prior uterine surgery or cesarean sec-
tion, misoprostol has been associated with uterine rup-
ture. Therefore, in these cases, it should be used very
judiciously or not at all. Misoprostol is an effective agent
and is tolerated well with minimal side effects.

After delivery, it is important that the patient and fam-
ily be given the opportunity to hold the infant and keep
mementos such as pictures, footprints, and handprints.
Most hospitals have grief counselors, spiritual coun-
selors, and social work services available for patients to
help them cope with such a devastating loss. In addition,
a variety of support groups are available in the Internet
as well.

Prenatal evaluation of the patient with
a prior stillbirth

What should be done for those patients who have previ-
ously had a fetal death and then become pregnant again?
It is important to understand and appreciate the level of
anxiety that the patient will experience during the prena-
tal course. It is therefore vital that everything be done to
provide the patient with as much reassurance as possible
that the outcome will be different this time.

A comprehensive evaluation regarding the prior still-
birth should be attempted. Every effort should be made
to determine the potential etiology of the previous still-
birth. This should include prior prenatal care and hos-
pital records. Placental pathology and autopsy reports
should be obtained if possible. Lab tests should also be
reviewed. If a thorough evaluation was not performed
initially, and if no cause could be determined, then it is
reasonable to obtain lab tests for an underlying throm-
bophilia as discussed previously.

The goal with a subsequent pregnancy is to assess the
likelihood of recurrence and help to minimize the risk.
Sometimes it will involve genetic counseling and amnio-
centesis or it could involve treating the patient medically
(e.g. with heparin if a thrombophilia was diagnosed).
The course of the pregnancy is often managed similarly
to other pregnancies. However, in a pregnancy compli-
cated by a prior fetal death, increased fetal surveillance
via either non-stress testing or by biophysical profile is
recommended. At our institution, we commonly begin
twice-weekly antepartum testing with amniotic fluid
volume assessment (modified biophysical profile) at 32
weeks of gestation. Delivery is anticipated to occur at
term with labor induction or cesarean section for usual
obstetric indications.

Future goals and directions

It is clear that our understanding of stillbirth is still
incomplete. There are many limitations to assessment
of stillbirth. Throughout the United States stillbirths are
under-reported. The completeness of fetal death certifi-
cates varies. There is no standardized classification sys-
tem that exists currently. There is no existing standardized
protocol for postmortem investigation of stillbirths. Fetal
autopsy rates are low. Lastly, there are few geographic
population-based detailed investigations.

The National Institute for Child and Human Develop-
ment (NICHD) has recognized the above limitations
and the need for a standardized protocol. The NICHD
has established the Stillbirth Collaborative Research
Network (SCRN) to study stillbirths in the United States.
This will be a 5-year study examining approximately 500
fetal deaths. The major goals of this study will be to (1)
determine causes of stillbirth using a standardized still-
birth postmortem protocol to identify genetic, maternal,
and environmental influences, (2) obtain a geographic
and population-based determination of the incidence of
stillbirth, and (3) elucidate risk factors for stillbirth.

Conclusion

It is clear that there are a variety of potential etiologies for
stillbirth. The stillbirth evaluation should be systematic



and comprehensive, incorporating placental pathology
and autopsy. The value of autopsy should not be underes-
timated given that studies have consistently demonstrated
that up to 30% of stillbirths may be due to congeni-
tal anomalies. Lastly, we are optimistic that data from
the SCRN and other such studies will provide valuable
information to help us better understand and potentially
prevent this devastating entity.

Suggested reading

Cunningham FG, Holier LM: Fetal death. In Williams Obstetrics,
20t ed (Suppl 4). Norwalk, Conn, Appleton & Lange. Aug-Sept
1997.

Faye-Peterson O, Guinn DA, Wenstron KA. Value of perinatal
autopsy. Obstet Gynecol 1999; 94: 915-920.

Fretts RC. Etiology and prevention of stillbirth. Am ] Obstet
Guynecol 2005; 193: 1923-1935.

Incerpi MH, Miller DA, Samadi R, et al. Stillbirth evaluation: what
tests are needed? Am | Obstet Gynecol 1998; 178: 1121-1125.

Michalski ST, Porter ], Pauli RM. Costs and consequences of com-
prehensive stillbirth assessment. Am | Obstet Gynecol 2002; 186:
1027-1034.

Mueller RF, Sybert VP, Johnson J, et al. Evaluation of a protocol for
post-mortem examination of stillbirths. New Engl ] Med 1983;
309: 586-590.

National Center for Health Statistics. Infant mortality rates, fetal mortal-
ity rates, and perinatal mortality rates according to race. United States,

Fetal death 75

selected years 1950-2002. Atlanta, GA: National Center for Health
Statistics, 2001.

Pitkin RM. Fetal death: diagnosis and management. Am | Obstet
Gynecol 1987; 157: 583-589.

Preston FE, Rosendaal FR, Walker ID, et al. Increased fetal loss in
women with heritable thrombophilia. Lancet 1996; 348: 913-916.

Rayburn W, Sander C, Barr M, et al. The stillborn fetus: placental
histologic examination in determining a cause. Obstet Gynecol
1985; 65: 637-640.

Reddy UM, Ko CW, Willinger M. Maternal age and risk of still-
birth throughout pregnancy in the United States. Am | Obstet
Guynecol 2006; 195: 764-770.

Robertson L, Wu O, Langhorne P, et al. Thrombophilia in preg-
nancy: a systemic review. Br | Haematol 2005; 132: 171-196.

Silver RM. Fetal death. Obstet Gynecol 2007; 109: 153-167.

Simpson LL. Maternal medical disease: risk of antepartum fetal
death. Semin Perinatol 2002; 26: 42-50.

Smith GC, Fretts RC. Stillbirth. Lancet 2007; 370: 1715-1725.

Smulian JC, Ananth CV, Vintzileos AM, et al. Fetal deaths in the
United States: influence of high-risk conditions and implica-
tions for management. Obstet Gynecol 2002; 100: 1183-1189.

Tolfvenstam T, Papadogiannakis N, Norbeck O, et al. Frequency
of human parvovirus B19 infection in intrauterine fetal death.
Lancet 2001; 357: 1494-1497.

Trulsson O, Radestad I. The silent child — mothers’ experiences
before, during, and after stillbirth. Birth 2004; 31: 189-195.

Weeks JW, Asrat T, Morgan MA, et al. Antepartum surveillance for
a history of stillbirth: when to begin? Am | Obstet Gynecol 1995;
172: 486—492.



Chapter 19

Assessing the Obstetric Role in the
Brain-Damaged Newborn

David A. Miller

Department of Medicine and Obstetrics and Gynecology, Keck School of Medicine, University of Southern California, CA, USA

Introduction

The objective of intrapartum fetal heart rate (FHR)
monitoring is to prevent fetal injury that might result
from interruption of normal fetal oxygenation during
labor. The underlying assumption is that interruption
of fetal oxygenation leads to characteristic physiologic
changes that can be detected by changes in the FHR.
Understanding the physiologic basis for electronic FHR
monitoring requires a realistic appraisal of this basic
assumption. This chapter will review the physiology
underlying fetal oxygenation, including transfer of oxygen
from the environment to the fetus and the subsequent
fetal response.

Transfer of oxygen from the
environment to the fetus

Oxygen is carried from the environment to the fetus by
maternal and fetal blood along a pathway that invariably
includes the maternal lungs, heart, vasculature, uterus,
placenta and umbilical cord. Interruption of oxygen trans-
fer can occur at any or all the points along the oxygen
pathway.

External environment

In inspired air, the partial pressure exerted by oxygen gas
is approximately 150 mmHg. As oxygen is transferred
from the environment to the fetus, the partial pressure
steadily declines. By the time oxygen reaches fetal umbili-
cal venous blood, the partial pressure is as low as 30-35
mmHg. After oxygen is delivered to fetal tissues, the PO,
of deoxygenated blood in the umbilical arteries return-
ing to the placenta is in the range of 15-25 mmHg [1-4].
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The sequential transfer of oxygen from the environment
to the fetus and potential causes of interruption at each
step are described below.

Maternal lungs

Inspiration carries oxygenated air from the external envi-
ronment to the distal air sacs of the lung — the alveoli.
Normal alveolar PO, is in the region of 105 mmHg.
Interruption of normal oxygen transfer from the envi-
ronment to the alveoli can result from upper airway
obstruction or from interruption of breathing caused by
depression of central respiratory control (narcotics, mag-
nesium, seizure). From the alveoli, oxygen diffuses into
maternal pulmonary capillary blood across a thin “blood—
gas” barrier consisting of a single-cell layer of alveolar
epithelium, an interstitial collagen layer and a single-cell
layer of pulmonary capillary endothelium. Interruption of
normal oxygen transfer from the alveoli to the pulmonary
capillary blood can be caused by a number of factors
including ventilation-perfusion mismatch and diffusion
defects. Pulmonary causes of interrupted oxygenation may
include respiratory depression due to medication or sei-
zure, pulmonary embolus, pulmonary edema, pneumonia,
asthma, atelectasis or adult respiratory distress syndrome.

Maternal blood

In maternal arterial blood, more than 98% of oxygen
combines with hemoglobin in maternal red blood cells.
Approximately 1-2% remains dissolved in the blood and
is measured by the partial pressure of dissolved oxygen
(PaO,). A normal adult PaO, value of 95-100 mmHg
results in hemoglobin saturation of approximately
95-98%. A number of factors affect the affinity of hemo-
globin for oxygen. In general, the tendency for hemoglobin
to release oxygen is increased by factors that signal an
increased requirement for oxygen such as anaerobic
glycolysis (reflected by increased 2,3-DPG concentration),
production of hydrogen ions (reflected by decreased pH)
and heat. Interruption of oxygen transfer from the envi-
ronment to the fetus due to abnormal maternal oxygen-
carrying capacity can result from severe anemia or from
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hereditary or acquired abnormalities affecting oxygen
binding (hemoglobinopathies or methemoglobinemia).
Reduced maternal oxygen-carrying capacity is an uncom-
mon cause of reduced fetal oxygenation.

Maternal heart

From the lungs, pulmonary veins carry oxygenated mater-
nal blood to the heart. Blood enters the left atrium with
a PaO, of approximately 95 mmHg. Oxygenated blood
passes from the left atrium, through the mitral valve into
the left ventricle and out the aorta for systemic distribution.
Interruption of oxygen transfer from the environment to
the fetus at the level of the maternal heart can be caused
by any condition that reduces cardiac output, including
altered heart rate (arrhythmia), reduced preload (hypo-
volemia, compression of the inferior vena cava), impaired
contractility (ischemic heart disease, diabetes, cardiomy-
opathy, congestive heart failure) and increased afterload
(hypertension). In addition, structural abnormalities of
the heart and/or great vessels may impede the normal
ability to pump blood (valvular stenosis, valvular insuffi-
ciency, pulmonary hypertension, coarctation of the aorta).
In a healthy obstetric patient, the most common cause of
reduced cardiac output is reduced preload (hypovolemia,
compression of the inferior vena cava).

Maternal vasculature

Oxygenated blood leaving the heart is carried by the sys-
temic vasculature to the uterus. The path includes the
aorta, common iliac artery, internal iliac artery, anterior
division of the internal iliac artery and the uterine artery.
From the uterine artery, oxygenated blood travels through
the arcuate arteries, the radial arteries and finally the spi-
ral arteries before exiting the maternal vasculature and
entering the intervillous space of the placenta. Interruption
of normal oxygen transfer from the environment to the
fetus at the level of the maternal vasculature commonly
results from hypotension (for example, regional anesthe-
sia, hypovolemia, impaired venous return, impaired car-
diac output, medications). Alternatively, it may result
from vasoconstriction of distal arterioles in response to
endogenous vasoconstrictors or medications. Conditions
associated with chronic vasculopathy, such as chronic
hypertension, long-standing diabetes, collagen vas-
cular disease, thyroid disease and renal disease, may
result in chronic suboptimal transfer of oxygen and
nutrients to the fetus. Pre-eclampsia is associated with
abnormal vascular remodeling at the level of the spiral
arteries and can impede normal perfusion of the inter-
villous space. Catastrophic vascular injury (trauma,
aortic dissection) is rare.

Uterus
Between the maternal uterine arteries and the intervillous
space of the placenta, the arcuate, radial and spiral arteries

traverse the muscular wall of the uterus. Interruption
of normal oxygen transfer from the environment to the
fetus at the level of the uterus commonly results from
uterine contractions that compress intramural blood
vessels and impede the flow of blood. Excessive uterine
activity and uterine injury (rupture, trauma) are the most
common causes of acute interruption of fetal oxygenation
at this level.

Placenta

The placenta is the maternal—fetal interface that facilitates
the exchange of gases, nutrients, wastes and other
molecules (for example, antibodies, hormones, medica-
tions) between maternal blood in the intervillous space
and fetal blood in the villous capillaries. On the maternal
side of the placenta, oxygenated blood exits the spiral arter-
ies and enters the intervillous space to surround and bathe
the chorionic villi. On the fetal side of the placenta, paired
umbilical arteries carry blood from the fetus through the
umbilical cord to the placenta. At term, the umbilical arteries
receive 40% of fetal cardiac output.

Upon reaching the placental cord insertion site, the
umbilical arteries divide into multiple branches and fan
out across the surface of the placenta. At each cotyledon,
placental arteries dive beneath the surface en route to the
chorionic villi. The chorionic villi are thousands of tiny
branches of trophoblast that protrude into the intervillous
space. Each branch of trophoblast is perfused by a fetal
capillary bed that represents the terminal distribution
of an umbilical artery. At term, fetal villous capillary
blood is separated from maternal blood in the intervil-
lous space by a thin “blood-blood” barrier similar to the
“blood—gas” barrier in the maternal lung. The placental
“blood-blood” barrier consists of a layer of placental tro-
phoblast and a layer of fetal capillary endothelium with
intervening basement membranes and villous stroma.
Oxygen is transferred from the intervillous space to the
fetal blood by a complex process that depends upon
the PaO, of maternal blood perfusing the intervillous
space, maternal blood flow within the intervillous space,
chorionic villous surface area and diffusion across the
placental “blood-blood” barrier.

Although many conditions can interfere with the nor-
mal transfer of oxygen across the placenta, most involve
the microvasculature and can be confirmed only by his-
topathology [5-7]. Clinically, the most common cause of
interrupted oxygen transfer at the level of the placenta
is abruption or premature separation of placenta previa.
Fetal-maternal hemorrhage and vasa previa should be
considered in the appropriate clinical setting.

Fetal blood

After oxygen has diffused from the intervillous space
across the placental “blood-blood” barrier and into
fetal blood, the PaO, is in the region of 30 mmHg and
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fetal hemoglobin saturation is between 50% and 70%.
Although fetal PaO, and hemoglobin saturation are low
in comparison to adult values, adequate delivery of oxygen
to the fetal tissues is maintained by a number of compen-
satory mechanisms. For example, fetal cardiac output per
unit weight is 34 times greater than that of the adult.
Hemoglobin concentration and affinity for oxygen are
greater in the fetus as well, resulting in increased oxygen-
carrying capacity. Finally, oxygenated blood is directed
preferentially toward vital organs by way of anatomic
shunts at the level of the ductus venosus, foramen ovale
and ductus arteriosus. Conditions that can interrupt the
normal transfer of oxygen from the environment to
the fetus at the level of the fetal blood are uncommon,
but may include fetal anemia (alloimmunization, viral
infections, fetomaternal hemorrhage, vasa previa) and
conditions that reduce oxygen-carrying capacity (Bart’s
hemoglobinopathy, methemoglobinemia).

Umbilical cord

After oxygen combines with fetal hemoglogin in the
villous capillaries, oxygenated blood returns to the fetus
by way of villous veins that coalesce to form placen-
tal veins on the surface of the placenta. Placental surface
veins unite to form a single umbilical vein within the
umbilical cord. Interruption of the normal transfer of
oxygen from the environment to the fetus at the level
of the umbilical cord most often results from simple
mechanical compression. Other uncommon causes may
include vasospasm, thrombosis, atherosis, hypertrophy,
hemorrhage, inflammation or a “true knot.”

Oxygen transfer from the environment to the fetus
represents the first basic component of fetal oxygena-
tion. The second basic component of fetal oxygenation
involves the fetal physiologic response to interrupted
oxygen transfer.

Fetal response to interrupted
oxygen transfer

Depending upon frequency and duration, interruption of
oxygen transfer at any point along the oxygen pathway
may result in progressive deterioration of fetal oxy-
genation. The cascade begins with hypoxemia, defined as
decreased oxygen content in the blood. At term, hypox-
emia is characterized by an umbilical artery PaO, below
the normal range of 15-25 mmHg. Recurrent or sustained
hypoxemia can lead to decreased delivery of oxygen to
the tissues and reduced tissue oxygen content, or hypoxia.
Normal homeostasis requires an adequate supply of
oxygen and fuel in order to generate the energy required
by basic cellular activities. When oxygen is readily avail-
able, aerobic metabolism efficiently generates energy in the
form of ATP. Byproducts of aerobic metabolism include

carbon dioxide and water. When oxygen is in short
supply, tissues may be forced to convert from aerobic to
anaerobic metabolism, generating energy less efficiently
and resulting in the production of lactic acid.

Accumulation of lactic acid in the tissues results in
metabolic acidosis. Lactic acid accumulation can lead to
utilization of buffer bases (primarily bicarbonate) to help
stabilize tissue pH. If the buffering capacity is exceeded,
the blood pH may begin to fall, leading to metabolic
acidemia. Eventually, recurrent or sustained tissue
hypoxia and acidosis can lead to loss of peripheral vas-
cular smooth muscle contraction, reduced peripheral
vascular resistance and hypotension.

Acidemia is defined as increased hydrogen ion content
(decreased pH) in the blood. With respect to fetal physi-
ology, it is critical to distinguish between respiratory
acidemia, caused by accumulation of CO,, and metabolic
acidemia, caused by accumulation of fixed (lactic) acid.
These distinct categories of acidemia have entirely dif-
ferent clinical implications and will be discussed later in
this chapter.

Mechanisms of injury

If interrupted oxygen transfer progresses to the stage of
metabolic acidemia and hypotension, as described above,
multiple organs and systems (including the brain and
heart) can suffer hypoperfusion, reduced oxygenation,
lowered pH and reduced delivery of fuel for metabolism.
These changes can trigger a cascade of cellular events
including altered enzyme function, protease activation,
ion shifts, altered water regulation, interrupted neu-
rotransmitter metabolism, free radical production and
phospholipid degradation. Interruption of normal cel-
lular metabolism can lead to cellular dysfunction, tissue
dysfunction and even death.

Injury threshold

The relationship between interrupted fetal oxygenation
and neurologic injury is complex. Electronic FHR moni-
toring was introduced with the expectation that it
would significantly reduce the incidence of neurologic
injury (specifically cerebral palsy) caused by intrapar-
tum interruption of fetal oxygenation. In recent years,
it has become apparent that most cases of cerebral palsy
are unrelated to intrapartum events and therefore can-
not be prevented by intrapartum FHR monitoring.
Nevertheless, a significant minority of such cases may
be related to intrapartum events and continue to gener-
ate controversy.

In January, 2003, the ACOG and the American Academy
of Pediatrics jointly published a monograph entitled
“Neonatal encephalopathy and cerebral palsy: defining the
pathogenesis and pathophysiology” summarizing the world
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literature regarding the relationship between intrapartum
events and neurologic injury [8]. Agencies and profes-
sional organizations that reviewed and endorsed the
report include the Centers for Disease Control, the Child
Neurology Society, the March of Dimes Birth Defects
Foundation, the National Institute of Child Health and
Human Development, the Royal Australian and New
Zealand College of Obstetricians and Gynecologists, the
Society for Maternal-Fetal Medicine and the Society of
Obstetricians and Gynaecologists of Canada. The con-
sensus report established four essential criteria defining
an acute intrapartum event sufficient to cause cerebral
palsy (Box 19.1).

The first criterion provides crucial information regard-
ing the threshold of fetal injury in the setting of intrapar-
tum interruption of oxygenation. Specifically, it indicates
that intrapartum interruption of fetal oxygenation does
not result in injury unless it progresses at least to the
stage of significant metabolic acidemia (umbilical artery
pH < 7 and base deficit = 12 mmol/L). It is important to
note that fetal injury is uncommon even when metabolic
acidemia is present. It is also important to understand
that respiratory acidemia is not a recognized risk factor
for fetal injury. This information has significant implica-
tions for the interpretation and management of intrapartum
FHR patterns.

The second criterion highlights an equally important
point. Specifically, intrapartum interruption of fetal oxy-
genation does not result in cerebral palsy unless it first
causes moderate-to-severe neonatal encephalopathy. The
report further clarified that neonatal encephalopathy
has many possible causes. “Hypoxic-ischemic” encepha-
lopathy resulting from intrapartum interruption of fetal
oxygenation represents only a small subset of the larger
category of neonatal encephalopathy.

The third criterion emphasizes that different subtypes
of cerebral palsy have different clinical origins. Spastic
quadriplegia is associated with injury to the parasagittal

Box 19.1 Essential criteria that define an
acute intrapartum hypoxic event sufficient
to cause cerebral palsy (must meet all four)

e Umbilical cord arterial blood pH < 7 and base
deficit = 12 mmol/L

¢ Early onset of severe or moderate neonatal encepha-
lopathy in infants born at 34 or more weeks of
gestation

® Cerebral palsy of the spastic quadriplegic or dyski-
netic type

¢ Exclusion of other identifiable etiologies such as
trauma, coagulation disorders, infectious conditions
or genetic disorders

cerebral cortex and involves abnormal motor control of
all four extremities. The dyskinetic subtype of cerebral
palsy is associated with injury to the basal ganglia and
involves disorganized, choreo-athetoid movements.
The report concluded that these are the only two sub-
types of cerebral palsy that are associated with term
“hypoxic-ischemic” injury. Specifically, spastic diple-
gia, hemiplegia, ataxia and hemiparetic cerebral palsy
are “unlikely to result from acute intrapartum hypoxia.”
The report further concluded that other conditions,
including epilepsy, mental retardation and attention
deficit hyperactivity disorder, do not result from “birth
asphyxia” in the absence of cerebral palsy.

The fourth criterion underscores the fact that intrapar-
tum “hypoxic-ischemic” injury is a potential factor in only
a small subset of all cases of cerebral palsy. Most cases of
cerebral palsy are unrelated to intrapartum events.

Conclusion

The physiology of fetal oxygenation involves the sequen-
tial transfer of oxygen from the environment to the fetus
and the subsequent fetal response. Interruption of normal
oxygen transfer can occur at any point along the oxygen
pathway. Recurrent or sustained interruption of normal
oxygen transfer can lead to progressive deterioration of
fetal oxygenation and eventually to potential fetal injury.
However, the joint ACOG-AAP consensus report defined
significant metabolic acidemia (umbilical artery pH < 7.0
and base deficit = 12 mmol/L) as an essential precondition
to intrapartum hypoxic injury. With respect to the relation-
ship between fetal oxygenation and potential injury, there
is consensus in the literature that interrupted oxygenation
does not result in fetal injury unless it progresses at least to
the stage of significant metabolic acidemia.
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Benefits of breastfeeding

The American Academy of Pediatrics recognizes mul-
tiple benefits of breastfeeding to both the term and
premature newborn, particularly with regard to protec-
tion from infectious agents. Studies have demonstrated
decreased rates of bacteremia, meningitis, respiratory
and urinary tract infections, necrotizing enterocolitis, and
otitis media among breastfed infants. There are multiple
advantages to the new mother who chooses to breast-
feed, both immediate and long term. Right after birth,
breastfeeding initiates bonding between the mother and
the child. Lactational amenorrhea allows for decreased
menstrual blood loss and increased pregnancy spacing.
Women who breastfeed also experience a more rapid
return to their pre-pregnancy weight, and reduce their
future risks of breast and ovarian cancer. These health
advantages of breastfeeding also translate to lower costs
to both the individual (cost of formula, increased doctor
visits, medications) and to society (WIC, missed work
due to doctor visits, insurance costs, contraception).

Physiology

The breast is both factory and depot for milk. Milk is
produced and stored in glands, which attach radially to
a central nipple with 15-20 ejection ducts. An infant initi-
ates the milk ejection reflex by grasping and deforming
the nipple and areola. This not only causes milk release,
but also sends a feedback signal to the pituitary gland
causing a rise in serum prolactin and oxytocin levels.
Serum oxytocin augments milk ejection by stimulat-
ing myoepithelial cells surrounding the milk glands to
contract, forcing the milk into ducts within the nipples.
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Prolactin stimulates an increase in new milk production.
The infant begins sucking as a series of rapid compres-
sions, which enhance milk ejection, then slows to a suck-
ing/swallowing rhythm. In the absence of active sucking,
the nipple regains its compact shape and thus will not
drip continuously. It is during this phase that the infant
will be able to swallow effortlessly. This is in contrast to
the manufactured rubber nipple, which maintains a con-
tinuous flow throughout the feeding cycle. An infant feed-
ing from a bottle must compress his/her lips or perform a
tongue thrust to interrupt this flow and allow unimpeded
swallowing. The differences in milk delivery between
bottle and breast nipples form the basis for “nipple confu-
sion” in which the infant cannot distinguish which type
of activity will result in comfortable swallowing.

Technique

While milk letdown may be a reflex, the act of breast-
feeding is complex and all women can benefit from
instruction in the proper technique. Breastfeeding is best
initiated in a quiet, stress-free environment. Special con-
sideration should be given to positioning, latch-on, and
nipple care. Adequate nutrition, rest and fluid intake
are needed to maintain milk supply. A lactating woman
needs approximately 300 kCal/day above her mainte-
nance caloric requirement. She should also drink ade-
quate amounts of fluid; however, increased intake will
not solve problems of milk production. If weight loss in
excess of 1 Ib (0.45 kg) per week occurs, caloric intake
should be increased.

When initiating breastfeeding, one must first assure
the baby is alert and ready to feed. Infants who have
been given formula in the nursery while the mother is
recovering may not readily initiate suckling. Acceptable
strategies to awaken a baby include cheek strokes, back
rubs, tickling the feet, and undressing an infant to improve
skin-to-skin contact. Several positioning holds have been
described, with the most common being the cuddle hold
and the football hold. The cuddle hold supports the infant
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along the length of the forearm, crossing the maternal
abdomen while using the contralateral hand to position
the breast near the infant’s mouth. The football hold
presents the ipsilateral breast to the infant while sup-
porting the infant along the side. The football hold has
advantages when the breasts are especially pendulous or
during feeding of twins. In all cases, the use of a nursing
pillow helps the mother decrease strain along the upper
back and neck.

Proper latch-on occurs when the baby grasps the nip-
ple and areola, pressing its nose directly up to the breast.
Painful latch-on is tantamount to recognition of improper
latch-on or sucking. Once latch-on has occurred, the
infant initiates a series of quick suckling motions that
stimulate a “pins and needles” sensation of milk let-
down. A baby should be encouraged to nurse for at least
10-15 minutes at each breast during a feeding. Once sati-
ated, the infant will cease suckling, but may hold the nip-
ple lightly to maintain contact. Breastfeeding can occur
“on demand” or on schedule, but most infants respond
best to an on-demand system. As many delivery units
have adopted policies encouraging the baby to room in
with the mother, the popularity of “on-schedule” nurs-
ing has declined.

After nursing, women should be encouraged to express
some residual breast milk onto the nipple and areola and
allow the area to air-dry for a few minutes. The immu-
noglobins in the milk protect against cracking and dry-
ness, and air-drying prevents yeast infections. Women
should be cautioned against using creams or lotions.
Often, these preparations clog milk ducts and carry a
perfume or taste which is unappealing to the infant.

Once an infant masters sucking and latch-on, the
prognosis for success over the next 2-4 weeks is good.
Unfortunately, minor problems during this time period
can evolve as barriers to continued breastfeeding if the
mother does not receive advice to overcome them. In
addition to the physician, there are several resources
available. Most delivery units have trained lactation spe-
cialists who will assist with telephone advice or home
visits. Most metropolitan areas boast several commercial
businesses as well as free support groups to assist with
questions about breastfeeding.

Challenges to continued breastfeeding

Problems of supply and demand

Most commonly, imbalances in supply and demand
occur during the initiation period of breastfeeding, dur-
ing infant growth spurts and after 6 months of lactation.
During the first 1-3 days post partum, most women do
not experience breast fullness or sensation of letdown
when nursing. This leads to the understandable concern
that the baby is not receiving nourishment and needs

supplementation with bottle feeding. Bottle feeding at
this time interferes with establishment of breastfeeding
by inducing nipple confusion and by decreasing suckling
time at the breast. Women should be reassured that as long
as the baby is nursing every 2-3 hours and five or six wet
diapers are noted each day, supplementation with bottle
feeding is not necessary. If supplementation is indicated,
it should occur after at least 10-15 minutes of suckling
efforts at the breast.

After about 3 days, normal breast fullness occurs
which can progress to engorgement. Proper therapy for
engorgement includes frequent nursing, gentle breast
massage during nursing, and attention to proper latch-on
technique. Acetaminophen or ibuprofen may be used if
desired. An overabundant milk supply may be noted in
the first 2 months, before the breasts soften and enlarge
to contain milk production.

The first growth spurt usually occurs at about 2-3
weeks of age, and during this time milk production lags
behind the infant’s demand for a few days. During this
time, babies will want to nurse more frequently and are
generally more irritable. More frequent nursing is indi-
cated during times of growth spurts. Another growth
spurt usually occurs at about 6 weeks of age. Knowing
when these normal appetite spurts occur can reassure the
mother that there is nothing wrong with her milk sup-
ply and that supplementary feedings are not indicated.
At about 6 months, several things occur in association
with a growth spurt that may impact the continuation
of breastfeeding. Babies become very distractible when
nursing and may not suckle well. Their gums may be
sore due to impending eruption of the first teeth. There is
increased interest in solid foods and a developing infant
independence. At the same time, menstruation cycles usu-
ally re-establish themselves at about 6 months. All these
factors decrease milk supply at a time when demand
increases. Some mothers maintain breastfeeding in the face
of these challenges while others decide to use this time to
transition to weaning.

Refusal to nurse
Occasionally, babies who have initiated breastfeeding
will develop a refusal to nurse. Physical discomfort
and maternal dietary intake are frequently found to be
the cause of a sudden refusal to continue feeding. Ear
infections and thrush often cause pain during feeding
and may lead to the baby pulling away. A pediatrician
should evaluate ear infections. Oral candida infections
(thrush), however, are easily identified. The infant
will have a thick whitish coating of the tongue and
may also have a bright red diaper rash. Burning pain
and redness of the nipples is also common in thrush
infections.

Babies who are colicky may be reacting either to changes
in the mother’s diet or to substances applied to the breast.



Creams, lotions and perfumes should not be applied to
the areola or the breast. If it is suspected that the infant
is responding to maternal dietary changes, the mother
should keep a dietary log. The culprit spice or food is
usually ingested 3-6 hours before the breastfeeding
event that initiates the infant’s discomfort. Common cul-
prits include the theobromides found in chocolate, citrus,
green vegetables, and onions. Garlic, on the other hand,
has been reported to please most infants’ taste buds. If an
infant is getting supplemental bottle feedings based on
cow’s milk, consider switching to a soy-based formula or
eliminating maternal dairy intake.

Engorgement and mastitis

Engorgement may affect both breasts globally or may be
limited to one area of milk stasis. Overall engorgement is
most common during the first few weeks of breastfeed-
ing and usually dissipates as the breast enlarges to more
efficiently store the milk produced. Engorgement may
progress to milk stasis or “plugged ducts.” Milk stasis is
the result of incomplete emptying of one part of the breast.
Treatment of milk stasis includes frequent breastfeeding
with initiation of each breastfeeding event on the affected
side, application of moist heat, and gentle massage of the
area during breastfeeding to relieve the obstruction and
allow complete drainage. If these treatment measures do
not result in significant improvement in 24 hours, or if the
mother develops a fever, she should be seen by her physi-
cian and evaluated for the presence of mastitis.

Mastitis may be of epidemic or nonepidemic type.
The epidemic type, associated with Staphylococcus aureus
infections in hospital nurseries, has declined as the aver-
age length of postpartum stay has declined. The nonepi-
demic type represents a progression of disease from milk
stasis to painful inflammation, erythema, and edema.
Approximately 10% of nursing women will develop
mastitis. When the physician is evaluating a patient for
mastitis, a breastfeeding history should be obtained.
Frequently, there will be a history of missed or irregu-
lar feedings, cracked nipples on the affected side, or
one-sided breastfeeding. Physical examination typically
reveals a firm, tender mass and a unilateral V-shaped area
of erythema. Milk stasis can be differentiated from masti-
tis by culture and leukocyte count in expressed milk.

If a woman has already unsuccessfully applied the
measures listed above to relieve engorgement, then
antibiotics and antipyretics should be added. Optimal
oral antibiotic therapy is best provided using penicillin,
amoxicillin or a synthetic penicillin such as dicloxacillin.
Abscesses should be drained when identified and intra-
venous antibiotics administered. Women with mastitis
should not be advised to stop breastfeeding, as this will
increase the engorgement and risk for abscess formation.
Women taking these antibiotics do not need to withhold
their milk from their infants.
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Returning to work

Few mothers returning to work are aware of the supports
available to them to continue breastfeeding while work-
ing. Others are hesitant to ask their employer about
flexitime, use of childcare facilities at work or part-time
employment. Fortunately, many national companies have
recognized that it is to their ultimate benefit to retain a
trained employee by offering such arrangements. If bring-
ing the baby to the workplace is not possible, the use of
a breast pump will ensure continued feeding. Portable
breast pumps may be purchased or rented. Choices
include manual pumps, hand-operated battery pumps,
and fully electric models. Electric pumps are more expen-
sive to buy or rent but are also more efficient in the
extraction of breast milk. Women using electric pumps
require less pumping time, are better able to maintain an
adequate milk supply, and have fewer problems with nip-
ple soreness. Women who wish to continue breastfeeding
after returning to work should be informed that many
rental services also offer information and advice about the
process of storing milk and pumping in the workplace.

Use of medications during
breastfeeding

The American Academy of Pediatrics has published a list
of drugs considered compatible with breastfeeding. Drugs
that are absolutely contraindicated during breastfeeding
are bromocriptine, ergotamine, lithium, methotrexate,
cyclophosphamide, ciclosporin, doxorubicin, and phenin-
dione, as well as “street drugs.” All radiopharmaceuti-
cals require temporary cessation of breastfeeding until
cleared from breast milk. Mothers undergoing diagnostic
studies using radiopharmaceuticals should be encour-
aged to pump a supply of breast milk prior to the study.
After the study, pumping should continue to maintain
milk supply but the milk should be discarded until radio-
activity excretion times have passed. Drugs that should
be used with extreme caution include aspirin and pheno-
barbital. The drugs classified as anxiolytics, antidepres-
sants, and antipsychotics are in general considered to be
of some concern. Anti-infectives are generally considered
compatible with breastfeeding, although mothers taking
chloramphenicol or metronidazole should temporarily
cease breastfeeding.

The use of angiotensin-converting enzyme inhibitors or
warfarin is contraindicated during pregnancy. However,
they are not considered to be contraindicated for use
during breastfeeding. There may be an increased risk of
development of jaundice in the newborn, so it is prudent
to check with the pediatrician in individual cases. If, for
example, a premature infant is receiving treatment for
hyperbilirubinemia, a mother taking these drugs should
discard her milk until the neonate has recovered.
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Medical contraindications
to breastfeeding

Few medical conditions preclude breastfeeding. An
absolute contraindication is the presence of congenital
galactosemia in the newborn. Preterm delivery, multi-
ple births or the birth of a baby with cleft palate do not
preclude breastfeeding. Women with diabetes should be
encouraged to breastfeed, as it may prolong the “honey-
moon” period during which insulin requirements are
low. Special care should be taken to prevent sore nipples,
and surveillance for yeast infections or mastitis should be
vigilant. The nursing mother with diabetes should plan
to see her doctor frequently when weaning her infant.
Thyroid disease should not prevent breastfeeding, nor
should hypertension. Women with seizure disorders,
unless being treated with phenobarbital, can breastfeed.
All women taking medications should be advised to
breastfeed prior to ingesting their medication, as this will
limit the baby’s exposure to peak drug levels.

Special concern exists for transmission of maternal
diseases to the neonate, whose immune system remains
immature at birth. Women with herpes infections may
develop active lesions following delivery. The lesion
should be covered when the baby is in contact with the
mother, and strict handwashing guidelines adhered to.
Unless the lesion is on the nipple or areola, breastfeed-
ing does not need to be interrupted. Hepatitis B is not a
contraindication to breastfeeding, as long as the infant
receives vaccination and an immunoglobins prepara-
tion. Hepatitis A and C infections are currently consid-
ered compatible with breastfeeding by both the ACOG
and the Centers for Disease Control. In the United States,
women with HIV should be advised not to breastfeed
due to the risk of transmission. This contraindication
should be considered relative in the setting of develop-
ing countries where access to adequate nutrition and
clean water is limited. HTLV types I and II should also
be considered contraindications to breastfeeding. Lastly,
women with active tuberculosis should not breastfeed or
even room in with their infant until they have received at
least 2-3 weeks of adequate treatment.

Prior breast surgery

Women with a history of breast surgery can usually
breastfeed. When examining a patient and evaluating
her ability to breastfeed, the most important factor is
whether or not the milk ducts have been severed. A scar
along the circumference of the areola usually indicates
that the milk ducts have been surgically cut in the past.
Simple breast biopsies rarely involve the milk ducts, nor
do breast augmentation procedures commonly disturb
the areola. Women who have undergone breast reduction
surgery can safely attempt to breastfeed. If an adequate
breast milk supply cannot be provided, supplementation
with formula can allow breastfeeding to continue.

Women with flat or inverted nipples can also
attempt to breastfeed. An examination of the breast
in the third trimester will identify the presence of
inverted nipples. The use of breast shells placed in the
nursing bra will assist in maintaining the nipple in an
everted position. The application of ice to the nipple just
before breastfeeding will also cause the nipple to become
erect and assist in easy latch-on. Women with inverted
nipples should not try to make the nipple stand out by
pinching, as this just causes further inversion. Instead,
the areola should be grasped between thumb and fore-
fingers and pressure applied to the chest wall.

Weaning

Often, the choice to wean an infant is influenced by
factors other than maternal or infant readiness. The
need to return to work, cultural traditions and diffi-
culties in maintaining an adequate milk supply may
be paramount. Assuming that a woman has sufficient
resources to nurse for as long as she wishes, it should
be noted that infants infrequently choose to wean
themselves before 1 and 2 years of age. However, there
are developmental events occurring at 7-12 months
that distract the infant from breastfeeding. The period
of increasing independence is associated with less
interest in breastfeeding, and many women choose
this time to wean. Weaning should be gradual, substi-
tuting a supplemental feeding and extra attention for
a session of breastfeeding. Slowly, breastfeeding can
decrease in frequency until milk production ceases. If
weaning occurs suddenly, there is an increased inci-
dence of milk stasis and mastitis. Once a woman has
decided to wean her infant, she should be encour-
aged not to reverse the decision, as this will make
later weaning more difficult and also increase the risk
for mastitis. When weaning occurs suddenly, breast
binders, ice and analgesics usually provide relief from
engorgement within 3-5 days.

Medical suppression of lactation is rarely indicated.
Estrogenic (diethylstilbestrol) and estrogenic/andro-
genic (Deladumone) preparations have been used in the
past. Their use raises concerns of possible increased risk
for thrombotic complications, although these data come
mainly from retrospective studies. Uterine subinvolution
may occur more frequently with the use of estrogenic-
only regimens. When compared to breast binding alone,
hormonal preparations provide more relief in the early
postpartum period, but about half of patients experience
rebound engorgement after discharge. Estrogenic com-
pounds must be given prior to the initiation of breast-
feeding in order to be effective. Bromocriptine has also
been used to suppress lactation and is effective if given
after breastfeeding has begun. However, about half of
patients experience rebound lactation requiring an additional



course of therapy. Side effects, including hypotension,
headache, gastrointestinal disorders and rash, occur in at
least 25% of women. The frequency and potential severity
of the side-effects led the Food and Drug Administration
to remove lactation suppression from the list of diagnoses
for which bromocriptine may be administered.
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Introduction

Maternal heart disease complicates the management
of about 1% of pregnancies. While few obstetrician-
gynecologists will be called upon to manage heart disease
during pregnancy, the diagnostic work-up is often initiated
because of findings elicited by the obstetrician. This chap-
ter will describe an approach to the common complaints of
pregnancy that may be indicative of cardiac disease. The
initial investigations as well as issues related to counseling
to assess the risks of pregnancy will be discussed.

Cardiovascular changes in pregnancy

The maternal heart rate increases by 10-15 beats per
minute, from 70 to 85 beats per minute. In addition to the
increase in heart rate, there is an increase in the occur-
rence of arrhythmias, which are usually benign. Total
blood volume increases by 40-50% above pre-pregnancy
values. The plasma volume expands proportionately
more than the increase in red blood cell mass, accounting
for the physiologically lower hematocrit during pregnancy.
The maximum increase in plasma volume occurs between
20 and 30 weeks’ gestation, a time of increased risk for
mothers with heart disease sensitive to volume overload.
By 30 weeks’ gestation, the cardiac output will be 30-50%
higher than before pregnancy. Seventeen percent of the
cardiac output goes to the uterus.

Maternal body position, labor and anesthesia can affect
the cardiovascular status. Prolonged standing causes
venous pooling and decreases venous return to the heart,
which in turn decreases cardiac output and may provoke
syncope. Supine hypotension may occur when the gravid
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uterus compresses the vena cava and impairs venous
return to the heart, causing a fall in cardiac output and
blood pressure.

Pain from uterine contractions causes maternal tachy-
cardia, which may have unfavorable hemodynamic effects
because it reduces the diastolic filling time. Effective anal-
gesia will blunt this effect. For nearly all types of cardiac
disease, epidural anesthesia is preferred for either vaginal
or cesarean deliveries. However, it must be administered
with care to avoid hypotension. The narcotic epidural or
combined narcotic epidural and spinal may be used in
patients who are very sensitive to changes in systemic
resistance.

During the second stage of labor, the maternal Valsalva
maneuver from bearing-down efforts decreases venous
blood return to the heart because it increases intrathoracic
pressure. There is a simultaneous increase in peripheral
resistance as well but because of the decreased cardiac
output, the blood pressure does not increase. When the
straining is stopped, there is a rapid increase in cardiac out-
put and blood pressure. The consequences of the Valsalva
maneuver may affect cardiac conditions that are sensitive to
decreased filling pressure or increased systemic resistance.

In the immediate postpartum period there is an abrupt
increase in cardiac output by 60%. This is due to re-entry
of blood, which was previously diverted to the uterus or
pooled in the partially obstructed venous circulation of the
lower extremities, into the central circulation. Stroke volume
is increased, and there is a reflexive fall of heart rate.

The normal physiologic changes associated with preg-
nancy are well tolerated by women with normal hearts.
Patients with cardiac disease who are unable to tolerate
these changes may decompensate and develop conges-
tive heart failure.

Approach to common complaints
possibly representing cardiac disease

Normal pregnant women frequently have symptoms
and signs that could be interpreted as indicative of heart



disease in the nonpregnant state. Dyspnea occurs in
up to 60% of pregnant women. It is usually described
as “a sense of not being able to breathe quite deeply
enough to get all the air one needs.” Increased fatigue
is a common complaint, especially during the first and
last trimesters. Lower-extremity edema is commonly
seen in the third trimester.

Apart from a history of known cardiac disease, the
most common reasons for cardiac evaluation in our expe-
rience are heart murmur, palpitations, syncope, and chest
pain. Most women with these complaints are healthy.
Certain findings, however, deserve indepth evaluation
and are listed in Box 21.1.

When heart disease is suspected, an ECG is done
and, in almost all cases, an echocardiogram as well.
Echocardiography is the mainstay of diagnosing ana-
tomic abnormalities, intra- and extracardiac shunts, and
can also estimate valve orifice size. A chest radiograph
(shielding the uterus from the radiation) and at times a
baseline arterial oxygen saturation determination are
appropriate. The evaluation of arrhythmias may be done
with a 24-hour Holter monitor or with an event monitor.

The New York Heart Association classification contin-
ues to be useful for management and prognosis.
¢ ClassI  Asymptomatic
¢ ClassII Symptoms with greater than normal activity
¢ Class III Symptoms with normal activity
¢ Class IV Symptoms at rest
Because this functional classification system relies heav-
ily on subjective findings, it is important to use additional
diagnostic tools to obtain objective information about the

Box 21.1 Clinical cardiovascular findings
that merit further evaluation

Symptoms

Dyspnea that limits activity

Progressive orthopnea or paroxysmal nocturnal dyspnea
Syncope with exertion

Palpitations

Chest pain

Hemoptysis

Signs
Pulse >100 or <60 beats/min
Arrhythmia
Cyanosis or clubbing
Diastolic murmur
Systolic murmur:
e grade III/VI
e grade II, with radiation to axilla or carotid
¢ associated with abnormal S2
¢ maximum intensity at other than the 2nd left

intercostal space
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anatomic and physiologic abnormalities. Box 21.2 combines
structural and anatomic factors.

Preconception counseling and
antepartum screening

Congenital heart disease occurs in approximately 8 per
1000 livebirths. As many as 16% of women with a
major heart defect will also have a fetus with a heart
defect. Thus, all women with a congenital heart defect
should undergo fetal echocardiography at 18-20 weeks’
gestation.

Women with cyanotic congenital heart disease have
increased rates of spontaneous abortion, preterm delivery,
and small for gestational age infants. The risk of wors-
ening cardiac status or congestive heart failure during
pregnancy is 2-3 times greater for women with cyanosis
compared to acyanotic patients. Surgical correction, if
possible prior to pregnancy, will improve obstetric out-
come. Fifteen percent of patients with cardiac disease
may develop pregnancy-induced or associated hyperten-
sion, compared to 5% in the general obstetric population.

Certain patients have a very high (10-50%) risk of
death if pregnancy is attempted. This group includes
patients with severe pulmonary hypertension due to

Box 21.2 Maternal risk of pregnancy
according to anatomic findings
and symptoms

Group 1: Slightly increased risk
Mild valvular stenosis

Moderate valvular regurgitation with normal chamber
size and normal blood pressure

NYHA class I-1I

Group 2: Moderately increased risk

Moderate valvular stenosis
Valve regurgitation with enlarged chamber size
Prosthetic heart valve with normal hemodynamic function
NYHA class II

Group 3: Considerably increased risk

Severe valvular stenosis or regurgitation
Atrial fibrillation
Prosthetic heart valve with compensated heart failure
NYHA class II

Group 4: Extremely high risk
Congestive heart failure unresponsive to treatment
Pulmonary arterial hypertension
Eisenmenger’s syndrome
Marfan’s syndrome with incompetent valve or aortic
root dilation
Symptoms with less than usual activity or at rest
(NYHA class III or IV) with treatment
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increased pulmonary vascular resistance (Eisenmenger’s
syndrome, idiopathic pulmonary arterial hypertension,
collagen vascular disease, etc.), Marfan’s syndrome with
evidence of valvular incompetence or a dilated aortic
root, and peripartum cardiomyopathy with persistent
cardiac dysfunction.

Antepartum management

A team including an obstetrician and cardiologist should
carry out antepartum care of the pregnant cardiac
patient. Consultation with a geneticist if the disease is
inheritable, a fetal echocardiographer, and a nutritionist
is often appropriate. Patients with few symptoms and a
low-risk lesion (group 1 or 2, Box 21.2) may be seen every
2-4 weeks until 24 weeks, then 1-2 weeks thereafter.
Patients with significant symptoms or a moderate-risk
lesion (group 3) should be seen every 1-2 weeks. Patients
with symptoms at rest (group 4) may require hospitaliza-
tion for most of the pregnancy. Antepartum fetal testing
is generally reserved for group 3 or 4 patients.

Knowledge of the normal changes of pregnancy and
labor described above allows the physician to anticipate
when and how such changes will affect a given lesion or
condition. At each visit, weight gain, heart rate, blood
pressure, and pulse pressure are carefully noted. A pulse
rate greater than 100 beats per minute or rapid weight
gain are often signs of impending heart failure. Pregnant
patients with decompensated congestive failure should
be hospitalized. Bedrest will reduce the demand for
increased cardiac output by limiting oxygen consump-
tion. In patients whose status is tenuous, fetal growth
and well-being may be monitored by serial ultrasound
examinations and antepartum surveillance.

Rheumatic heart disease

Patients with rheumatic heart disease should receive
prophylaxis against recurrent group A 3-hemolytic strep-
tococcal infection which causes initial and recurrent
attacks of rheumatic fever. The regimen is benzathine
penicillin G 1.2 million units intramuscularly given
monthly. Alternative regimens include potassium peni-
cillin V 125-250 mg orally twice daily or, for the penicillin-
allergic patient, sulfadiazine 1g daily. The American
Heart Association recommends that this regimen be
continued until age 40 or until regular contact with
children ceases.

Anticoagulation and drug therapy

It is our practice to treat pregnant patients who require
anticoagulation for mechanical valves or chronic atrial

fibrillation with subcutaneous unfractionated or low
molecular weight heparin at 12-hour intervals, rather
than with warfarin. The degree of anticoagulation re-
quired in these women is intense (activated partial throm-
boplastin time (aPTT) 2.5 times normal or anti-factor Xa
level in the upper therapeutic range). Rarely, warfarin
may have to be considered, after the first trimester, and
continued until about 35-36 weeks when it should be
stopped and heparin resumed. These patients are advised
to withhold heparin when labor begins to avoid being
anticoagulated during labor (see Chapter 27). Digoxin
or 3-adrenergic blockers such as metoprolol may be used
to control the rapid ventricular response to atrial fibrilla-
tion. Digoxin is also used for its positive inotropic effect
in chronic congestive heart failure. The preferred agent
for afterload reduction is hydralazine, as angiotensin-
converting enzyme (ACE) inhibitors are contraindicated
during pregnancy:.

Management of labor

Patients in functional class I, IT or compensated III may
await the onset of spontaneous labor at term. Common
maternal reasons for preterm delivery include pre-
eclampsia or cardiac decompensation. Fetal indications
for early delivery include growth retardation or abnor-
mal fetal testing.

Intrapartum management of the cardiac patient is
challenging. A team including an obstetrician, an anesthe-
siologist, and a critical care nurse should be available.
The patient should labor in the lateral recumbent posi-
tion if the cardiac output seems to be compromised.
Pain relief is best obtained with epidural anesthesia.
Delivery should be planned at a hospital where an anes-
thetist skilled in this technique is available. If the patient
has been recently anticoagulated, aPTT or anti-factor
Xa levels should be determined before inserting an
epidural catheter.

Endocarditis prophylaxis is given, as needed, accord-
ing to prescribed regimens (Boxes 21.3, 21.4). It is our
practice not to assume that a delivery will be “uncompli-
cated” and that endocarditis prophylaxis be given to all
at-risk patients. This opinion is due to the frequent need
for instrumental delivery in cardiac patients, and to a
not negligible incidence of endometritis with bacteremia
after cesarean and vaginal deliveries.

If the mother has a condition sensitive to the changes of
the Valsalva maneuver, the second stage of labor should be
shortened, when possible, by an instrument-assisted deliv-
ery. The Sims position is desirable for spontaneous vaginal
delivery. The lithotomy position is usually required for an
instrument-assisted delivery, although the uterus should
be displaced to the left side. Cesarean delivery is reserved
for obstetric indications or cardiac decompensation.
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Box 21.3 Cardiac conditions and
endocarditis prophylaxis

Endocarditis prophylaxis recommended
High risk — prosthetic cardiac valves, previous bacterial
endocarditis, complex cyanotic congenital heart disease
Moderate risk — most other congenital cardiac malforma-
tions, rheumatic and other acquired valvular dysfunction
(even after valvular surgery), hypertrophic cardiomyopa-
thy, mitral valve prolapse with valvular regurgitation or
thickened leaflets

Endocarditis prophylaxis not recommended
Isolated secundum atrial septal defect
Surgical repair without residual beyond 6 months of
secundum atrial septal defect, ventricular septal defect or
patent ductus arteriosus
Previous coronary artery bypass graft surgery
Mitral valve prolapse without valvular regurgitation
Physiologic, functional or innocent heart murmurs
Previous Kawasaki’s disease without valvular
dysfunction
Previous rheumatic fever without valvular dysfunction

Cardiac pacemakers and implanted defibrillators

Immediately post partum, cardiac output increases.
Patients with volume-sensitive conditions such as mitral
stenosis may develop pulmonary edema at this time.
This can be avoided with careful monitoring of the
patient’s fluid status by means of a pulmonary artery
(Swan—-Ganz) catheter during labor.

Contraception in heart disease

Patients desiring sterilization and who are well compen-
sated can be considered for postpartum tubal ligation. In
the poorly compensated patient, it is best to delay sterili-
zation until the cardiovascular system has returned to a
normal status, at least until 6 weeks post partum. Many
cardiac patients will not tolerate the pneumoperitoneum

Box 21.4 Regimens for genitourinary/
gastrointestinal procedures

Although the American Heart Association recommenda-
tions apply only to high-risk patients for vaginal delivery
or uninfected cesarean, it has been our practice to apply
them to all patients at risk since chorio-amnionitis is
common and unpredictable.

High and moderate risk
Ampicillin 2.0 g IV 30 min before procedure

Ampicillin/amoxicillin/penicillin-allergic patient regimen
Vancomycin 1.0 g IV over 1-2h, to be completed within
30 min of starting the procedure

needed for laparoscopic tubal ligation and will require a
laparotomy under epidural anesthesia.

Women with valvular heart disease or congestive
heart failure are at increased risk for thromboembolic
events and they should not be prescribed estrogen-
containing contraceptives unless they are already anti-
coagulated. Injectable or implanted progestins are
alternatives for these patients. An intrauterine device
can be considered for patients who are not at risk of
bacterial endocarditis.
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Asthma during Pregnancy
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Introduction

Asthma is the most common and potentially serious res-
piratory illness encountered during pregnancy. Inflam-
mation of the bronchial mucosa is currently thought to
play a dominant role in the pathogenesis of increased
bronchial airway obstruction and hyper-responsiveness.
In the definition of asthma provided by the National
Asthma Education Program, the three key components
are: reversible airway obstruction, airway inflamma-
tion, and increased airway responsiveness to a variety of
stimuli.

Frequency

Asthma is not only the most common respiratory illness
seen in pregnant women but also one of the most common
medical illnesses encountered during pregnancy. The
most recent estimates from national health surveys give
an asthma prevalence of 3.7-8.4% in pregnant women
and women of childbearing age in the United States.
During the last decade a 29% higher worldwide preva-
lence has been seen, as well as a threefold increase in
emergency room visits and hospital admissions. Also, a
31% higher mortality has been reported which, unfor-
tunately, includes many young people. The increased
prevalence involves urban more commonly than rural
populations, with industrial pollution being quoted as
a major factor. However, there are unexplained marked
geographic variations possibly related to differences in
genetic susceptibility.

Genetic predisposition plays a role as well, although
no clear genetic pattern has yet been described. There
is great interest in the population of the small island of
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Tristan da Cunha in the southern Atlantic Ocean. These
people are thousands of miles from the stress and pollu-
tion of urban life but half of the population suffers from
asthma. Two of the original settlers had asthma, and the
gene or genes responsible for asthma susceptibility were
passed down through the inbred generations. Scientists
working on the human genome have collected samples
from most of the island’s residents for clues to the genetic
basis of asthma.

Effect of asthma on reproduction
and pregnancy

Fertility

There is no evidence that fertility rates of women with
asthma, eczema or hay fever are lower than those of
women in the general population.

Menstrual cycle

The severity of asthma may show variations during the
menstrual cycle, with premenstrual worsening being
more common. It is speculated that estrogen and pro-
gesterone may modulate the smooth muscle adrenergic
response to catecholamines.

Pregnancy
Pregnancy has not been observed to have a consistent
effect on asthma, either worsening or improvement. This
has led to the belief that the variability of its course during
gestation may be related to the natural history of the dis-
ease rather than to the influence of pregnancy. Subsequent
responses, however, tend to be similar to what happened
during the first pregnancy. No particular trimester has
been associated with worsening or improvement.
Nevertheless, some of the changes, either worsening
or improvement, may actually be related to what some
women do with their medications, without necessarily
informing their doctors, when they realize they are preg-
nant. Some believe that the medications may be harmful to
the fetus and stop taking them and therefore their asthma
will get worse. These patients will be included in the group



that “gets worse during pregnancy.” Others become
more compliant when they realize that most medications
are safe and that well-controlled asthma will provide
better oxygen delivery to the fetus. These patients will be
included in the group that “experienced improvement”
during pregnancy.

Potential maternal complications include hyperemesis
gravidarum, pre-eclampsia, vaginal hemorrhage, pla-
cental abruption, more complicated labors, higher rate of
cesarean deliveries and depression. In addition, women
with asthma account for up to 60% of pneumonia cases
reported during pregnancy.

Possible fetal complications may include increased peri-
natal mortality, intrauterine growth retardation, preterm
birth, low birthweight, and neonatal hypoxia. Studies
show that women with severe asthma are at the highest
risk, but when asthma is properly controlled there is little
or no increased risk to mother or fetus. Patients should
be made aware that most women with asthma can be
managed effectively.

Diagnosis and classification

The diagnosis of asthma during pregnancy is usually not
difficult provided that an adequate history and physical
examination are performed. Most patients will have been
diagnosed prior to pregnancy and will already be on some
form of therapy. In a few, the diagnosis may not be obvi-
ous and a more detailed evaluation is needed. Pulmonary
function studies are valuable and important to confirm
the diagnosis. Occasionally, bronchospasm may be caused
by a disease process other than asthma, such as acute left
ventricular heart failure (“cardiac asthma”), pulmonary
embolism, chronic bronchitis, carcinoid tumors, upper air-
way obstruction (e.g. laryngeal edema) or foreign bodies.

Common triggers of asthma include upper respiratory
infections (more frequently viral), 3-blockers, aspirin and
nonsteroidal anti-inflammatory agents, sulfites and other
food preservatives, allergens (pollen, animal dander, etc.),
smoking, gastric reflux, certain environmental factors (e.g.
occupational asthma), and exercise or hyperventilation
from other causes. Asthma is classified as mild, moderate
or severe for diagnostic and therapeutic considerations
(Tables 22.1, 22.2).

Treatment

The goals of therapy are directed toward the maintenance
of normal or near normal pulmonary function, control of
symptoms, maintenance of normal levels of activity, pre-
vention of exacerbations and avoidance of medication
side effects in order to give birth to a healthy baby. This
can only be achieved if adequate oxygenation of the fetus
is maintained.
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Table 22.1 Types of asthma

Allergic (one-third of patients) Idiosyncratic (two-thirds

of patients)

Positive family history of asthma
Past history of allergies®
Elevated serum IgE

Positive provocative tests

Negative family history
No history of allergies?
Normal serum IgE
Negative provocative tests

@ Rhinitis, urticaria, eczema.
Note: inhalation of an allergen leads to bronchospasm; intradermal
injection of an allergen causes a wheal.

Table 22.2 Severity of asthma

Mild Moderate Severe
Wheezing Exp Insp+Exp Insp only
Dyspnea + ++ Profound
Breath sounds NI NI Decreased
Accessory - - +

muscle use

Costal Retraction - - +
Fatigue - - +
Insp/Exp ratio” <1/3 >1/3 >1/3
Tachycardia - + >120 beats/min
Pulsus paradoxus - - >18 mmHg
FEV1 >70% <70% but >60% <50%

" Normals 1/2.
Abbreviations: Exp: Expiratory breath. Insp: Inspiratory breath.
NI: Normal. FEV1: Forced expiratory volume in 1 second.

Patient education is an extremely important aspect of
the treatment of patients with asthma. Pregnant women
are usually very receptive, thus providing an excellent
opportunity for education in asthma management skills
that they can continue to use after delivery.

However, there is a perception among a large segment
of the lay population that all medications taken during
pregnancy are harmful. Nevertheless, the risk of uncon-
trolled asthma is far greater, with potential maternal
morbidity and hypoxemia in the fetus. Moreover, some
women may have minimal clinical symptoms but their
pulmonary function is abnormal enough to compromise
fetal oxygenation. During an acute asthma attack, mater-
nal oxygenation must be carefully monitored. A decrease
in maternal PO,, particularly to below 60 mmHg, may
result in marked fetal hypoxia. In addition, maternal
hyperventilation and hypocarbia may result in decreased
uterine blood flow. Fetal distress may occur even in the
absence of maternal hypotension or hypoxia because
compensatory mechanisms tend to maintain systemic
arterial pressure and oxygenation in vital maternal organs



92 Chapter 22

at the expense of uterine blood flow. Fetal monitoring is
essential during episodes of acute asthma exacerbation.

Objective measurements of lung function are preferable
because the patient’s perception and the clinical signs of
asthma severity are frequently inaccurate. Some patients
may have minimal symptoms but their pulmonary
function can be impaired enough to cause fetal hypoxia.
Measuring the peak expiratory flow rate (PEFR) corre-
lates well with the forced air expired in 1 second after a
maximal inspiration (FEV1) and can be done with inex-
pensive, portable peak flow meters. They can be used at
home to assess the course of asthma throughout the day,
detect signs of early deterioration even before symptoms
appear, and evaluate the response to therapy. In the hospi-
tal or at the office, a spirometer can be used for diagnosis
or to more fully evaluate the severity of asthma.

Diet

Evidence is accumulating about the importance of some
dietary factors in pregnant women with asthma and
other allergic disorders. In 1998 the United Kingdom
government recommended that women with a history
of asthma, hay fever or eczema should avoid peanuts
or products containing peanuts during pregnancy and
breastfeeding because of the belief that allergy to pea-
nuts may develop in utero. However, whether this advice
has been beneficial is still uncertain. Adequate maternal
intakes of fish (probably due to omega-3 content), apples,
vitamin E, zinc and vitamin D have all been reported to
be protective against the development of asthma and
atopy in the offspring.

Exercise

Pregnant women with asthma should be able to continue
their regular activities. Those on adequate treatment
should be controlled well enough so that an attack is not
provoked by exercise. For other women, exercise-induced
asthma may be prevented by the inhalation of a 32-ago-
nist or cromolyn sodium within an hour of beginning
exercise. The beneficial effect lasts several hours.

Other factors
Avoidance of asthma triggers (allergens and irritants) is
an important component of therapy. It may be necessary
to remove pets, encase mattresses and pillows in airtight
covers, wash bedding carefully, keep humidity below
50%, avoid vacuuming (or at least wear a mask), use air
conditioning and air filters, and avoid outdoor activities
when allergen concentration and air pollution are high.
Other irritants should be avoided as well, particularly
tobacco smoke. Other potential triggers to be avoided
include strong odors, air pollutants, food additives, aspirin,
and (-blockers.

Immunotherapy has been shown to prevent allergic
inflammation and reduce symptoms provoked by allergen

exposure. The concern is that if anaphylaxis occurs, it
may induce uterine contractions with potential fetal
morbidity and mortality. The current advice is that immu-
notherapy should not be started de novo during pregnancy
and that ongoing immunotherapy may be continued but
without further increasing the dose. However, there are
no specific studies in pregnant women on this topic.

Influenza vaccine is strongly recommended for
patients with asthma every year and there is no risk
to mother or fetus because it is based on a killed virus.
Patients with moderate and severe asthma should also
receive the pneumococcal vaccine but preferably prior to
becoming pregnant.

Treating associated conditions such as rhinitis and
sinusitis is an important aspect of therapy because both
are capable of exacerbating co-existing asthma. For rhini-
tis, environmental control to reduce antigen exposure
is important. If not sufficient, intranasal cromolyn may
be used followed by antihistamines (tripelennamine or
chlorpheniramine) if necessary. Intranasal corticosteroids
are preferred by others. For sinusitis, after an accurate
diagnosis, amoxicillin is the initial antibiotic of choice
and erythromycin for those allergic to penicillin. Other
antibiotics may be needed depending on the infective
micro-organism. Oxymethazoline (nose spray or drops)
and pseudoephedrine may be helpful adjunctive, symp-
tomatic therapy. For the vasomotor rhinitis of pregnancy,
a buffered saline nose spray may be helpful. Exercise,
within the limitations of pregnancy, may help because it
induces physiologic nasal vasoconstriction. If additional
treatment is needed, pseudoephedrine is recommended.

Avoiding exposure to infections in utero and therefore
the need to use antibiotics (more than two courses) also
decreases the incidence of asthma and other allergic
diseases in the offspring.

Pharmacologic therapy

Inhaled (32-agonists

Patients with mild asthma may be controlled with
inhaled (32-agonist bronchodilators alone. These are
patients who experience symptoms (wheezing, cough-
ing, difficulty breathing) less than twice a week, and
nocturnal wheezing and cough less than twice a month;
they are free of symptoms in between episodes. The
usual dosage is two puffs every 6 hours as needed. A
long-acting oral 32-agonist may be given, once daily in
the evening, to patients who have symptoms primarily
at night. However, patients must be made aware that a
need for medication on a daily basis, or even more often
than three times per week, indicates more severe asthma
and the need for additional treatment. Experience in
humans is extensive and there is no evidence of harm to
the fetus from either systemic or inhaled use of short-acting



(2-agonists. Albuterol has the most data available on
safety during pregnancy.

However, the data for long-acting 32-agonists (LABA)
are limited although they are thought to be safe for the
fetus when used by inhalation. In addition, their general
safety has been questioned following reports of increased
asthma mortality with LABA use, and strong warnings
recommended if used alone. They are believed to be safer
when used in combination with an inhaled corticoster-
oid. Nevertheless, more recent reviews with large patient
populations have not been conclusive. In these reports
there is no specific mention of risks in pregnant women.
LABA should not be used intravenously because of
adverse effects observed in animal studies. The two most
commonly used are salmeterol and formoterol.

Anti-inflammatory medication

Daily anti-inflammatory medication is recommended
for patients with moderate asthma in order to suppress
and/or prevent airway inflammation. These medications
help to decrease airway responsiveness as well. Inhaled
corticosteroids decrease the need for systemic steroids.
They have become a very important part of the treat-
ment because airway inflammation plays a critical role
in the pathogenesis of asthma. Their use is now rec-
ommended at a much earlier stage in treatment. They
provide effective control with minimal side effects if the
recommended guidelines are followed. Full therapeutic
benefits may not be seen for 2—-4 weeks after the initiation
of therapy. The dosage is 24 puffs 2—4 times daily when
inhaled or two sprays in each nostril, twice daily,
when used intranasally for allergic rhinitis. The use of
a spacer, when inhaled, is strongly recommended in
order to reduce side effects, which may include oropha-
ryngeal candidiasis, dysphonia, and hoarseness. The
spacer will also improve respiratory tract penetration
and reduce the possibility of systemic steroid effects.
Inhaled corticosteroids, particularly budesonide and
beclometasone, have not been associated with fetal
anomalies in human studies.

Cromolyn sodium has an anti-inflammatory effect as
well but its efficacy is less predictable than that of the
inhaled steroids and, in addition, the beneficial effect
may take 4-6 weeks to be seen. However, it is essentially
free of side effects for both mother and fetus.

Bronchodilators

Sustained-release theophylline has a long duration of
action and administration once a day, in the evening, may
be helpful for patients who experience symptoms prima-
rily at night. The dose should be titrated to reach a serum
level of 8-12 pg/mL. Infants born to mothers receiving
theophylline may develop jitteriness, tachycardia and
vomiting but only when their serum levels are higher
than 12 pg/mL and this is the reason not to exceed that

Asthma during pregnancy 93

level in the mother. Extensive human experience has not
shown other complications in the fetus or newborn up to
this time.

Systemic corticosteroids
A short, tapering course of oral corticosteroids (usually
prednisone, 40 mg/day for 1 week and then tapering for
another week) should be considered when asthma is not
controlled by bronchodilators, cromolyn sodium, and
inhaled corticosteroids. However, if this short course fails
to control symptoms or if it is effective for less than 2 or
3 weeks, the patient is considered to have severe asthma
and additional therapy is needed. Oral corticosteroids
on a long-term basis may be required in some patients
with severe asthma, and in this case the lowest single
daily dose possible or alternate-day therapy should be
used. With prolonged use of these medications there is
an increased risk of developing diabetes mellitus, pre-
eclampsia, intrauterine growth retardation, and prema-
ture delivery. First-trimester use should be avoided if
possible, as recent data support an association with facial
clefts in the fetus.

In an effort to reduce the amount of systemic steroids,
a high dose of inhaled steroids (800 pg/day or more)
may be given. When considering stopping systemic
steroids after a period of prolonged use, adrenal insuf-
ficiency may occur and these patients need to be moni-
tored closely. Stress steroid coverage during labor may
be needed as well.

Pregnant women with severe asthma are best man-
aged in conjunction with an asthma expert as well as an
obstetrician specializing in high-risk pregnancies.

Other asthma medications

Nonselective (-agonists such as epinephrine and iso-
proterenol are sometimes given subcutaneously during
acute asthma attacks. However, during pregnancy epine-
phrine may cause vasoconstriction and therefore reduced
fetal oxygenation. There are reports of teratogenesis in
animals and humans. Isoproterenol has been associated
with anomalies in animal embryos but not in humans.
Since there are safe and effective alternatives to both,
epinephrine and isoproterenol are best avoided during
pregnancy.

A number of drugs that modify the leukotriene pathway
have been recently introduced for the treatment of asthma.
Clinical trials have shown benefit in exercise-induced, cold
air hyperventilation-induced, allergen-induced and aspirin-
induced asthma. Zileuton is teratogenic in animals and its
use is not recommended in pregnancy. Zafirlukast and
montelukast have been shown to be safe for the fetus in
animal studies but there is little information about their
use in pregnant women at this time and their use is
limited to recalcitrant asthma, which responded to this
type of medication prior to pregnancy.



94 Chapter 22

Nedocromil sodium is similar in action to cromolyn;
there are no reports of its use in human pregnancies but
studies in animals have not shown significant complica-
tions. Anticholinergics such as atropine, ipatropium,
and glycopyrrolate block bronchoconstriction caused
by inhaled irritants. Atropine may alter heart rate
and inhibit breathing in the fetus but no developmen-
tal anomalies have been described in humans or ani-
mals. There are no human studies on ipratropium but
reports in animals have not shown teratogenic effects.
Glycopyrrolate use in pregnant women near term is
safe and no increase in birth defects has been reported
in animals.

Acute asthmatic attack

Symptoms of worsening asthma include increasing dys-
pnea, cough, wheezing, chest tightness, and a decrease in
expiratory air flow. Patients who are well educated may
recognize early symptoms of an exacerbation and be able
to manage at home while in close communication with
the healthcare team. However, serious exacerbations are
better managed in hospital or at least in the emergency
room, where repetitive measurements of lung function,
intensified treatment, and fetal monitoring can be per-
formed. Maternal PO, must be kept =70 mmHg and
the oxygen saturation 95% or greater to ensure adequate
fetal oxygenation.

If admission to the hospital becomes necessary, it is
better to reassure the patient rather than to use seda-
tives, which may depress respiration. It is also advisable
to avoid iodine-containing mucolytics and expectorants
because fetuses exposed to iodine may develop large
goiters, with the potential for mechanical asphyxia in the
newborn. Hydration is best accomplished with intrave-
nous fluids in the form of 0.45 or 0.9 normal saline (NS).
A chest x-ray, with abdominal shielding, should be taken
in any patient sick enough to require hospitalization. The
routine use of antibiotics is not recommended and evi-
dence of a bacterial infection should be required for the
use of antibiotics. To ensure adequate fetal oxygen sup-
ply at all times, maternal oxymetry must be monitored
closely and the PO, maintained at greater than 70 mmHg
(>95% saturation).

Some pregnant patients receiving large amounts of
intravenous fluids, 32-agonists and corticosteroids have
developed pulmonary edema and therefore close moni-
toring is mandatory. A few patients may continue to
deteriorate and require endotracheal intubation and
mechanical ventilation.

In the hospital, a nebulized, short-acting 32-agonist is
administered every 3-6 hours. Intravenous methylpred-
nisolone, 0.5-1 mg/kg, is given twice daily. Theophylline is
rarely needed with early use of steroids. When the patient

improves, an attempt to switch to oral therapy should be
made. The 32-agonist aerosol is continued as before and
inhaled corticosteroids are resumed. Prednisone is given
by mouth, 0.5 mg/kg/day, and tapered gradually.

Management during labor and delivery

The medications that the patient has been using should
be continued as scheduled. Peak flow measurements
should be taken on admission and at regular intervals
thereafter. Adequate hydration and pain relief are nec-
essary in order to decrease the risk of bronchospasm.
Patients on chronic steroid therapy must be given stress
doses for adequate coverage (hydrocortisone 100 mg
every 8 h) until 24 hours after delivery. Thereafter, rapid
tapering can proceed if there were no complications.

Medications to avoid include prostaglandin F2-a
because it may trigger bronchospasm. Prostaglandin E2,
either suppositories or gel, may be used because it does
not cause bronchospasm.

Oxytocin is safe for patients with asthma and the agent
of choice for induction of labor. For analgesia, avoid
analgesics and narcotics that cause histamine release
because they may precipitate bronchospasm as well as
respiratory depression. Epidural analgesia is beneficial
for asthma patients because it helps to reduce oxygen
consumption and minute ventilation. General anesthe-
sia may trigger an asthma attack and, when necessary,
pretreatment with atropine and glycopyrrolate offers a
bronchodilatory effect. In addition, low concentrations of
halogenated anesthetics may provide bronchodilation as
well. Ketamine is the recommended agent of choice for
induction of anesthesia. Post partum, ergot derivative
compounds are best avoided because they may precipi-
tate bronchospasm. In cases of postpartum hemorrhage,
oxytocin is the medication of choice. If a prostaglandin
is being considered, the E2 or E (misoprostol) appears to
be safe.

The use of indometacin is relatively contraindicated
because 3-8% of patients with asthma will develop
profound, sometimes even life-threatening bronchoc-
onstriction (as well as naso-ocular, dermal, and gastroin-
testinal responses).

For asthmatic pregnant women requiring treatment
for premature labor, magnesium sulfate is the recom-
mended medication but caution should be exercised to
avoid overdosing and respiratory depression.

Enlisting the aid of an anesthesiologist who is knowl-
edgeable about asthma management will be invaluable
during labor and delivery, particularly if a cesarean
section becomes necessary. There is no evidence that the
form of delivery (use of forceps, breech delivery or cesar-
ean section) has any effect on the development or course
of allergic diseases.



Box 22.1 Asthma management - summary

Before pregnancy

Reassure that most patients do well if the asthma is con-
trolled. The best for the fetus is well-controlled maternal
asthma.

Inform about effects of pregnancy on asthma and pos-
sible medication effect (or lack of) on the fetus.

Provide education regarding the proper use of inhalers,
peak flow meters and a stepwise approach to adjusting
medication.

Have a clear plan of action including specific guide-
lines as to when to contact the healthcare team.

Prepare the house, work environment, etc. to minimize
allergen exposure and asthma triggers.

Smoking cessation in smokers should be a strong
priority.

Consider pneumococcal vaccine if not already done.

During pregnancy

Diet: avoid peanuts? Eat fish that is safe for pregnancy
or consider omega-3 supplements, eat fresh fruits, take
prenatal multivitamins daily.

Consider a higher dose than the 400 IU of vitamin D in
the prenatal vitamins (800-1000 IU/day).

Exercise: maintain normal activity, walk 30 min/day if
possible.

Influenza vaccine.

Medications: adjust as needed to stay free of symptoms
and be able to maintain regular daily activities and mod-
erate exercise.

Continue regular (twice-daily) use of peak flow meter
(keep records and bring them to the doctor’s visits).

Have supplemental O, available in case of exacerba-
tions to insure adequate oxygenation.

Continue to adhere to the Specific Guidelines About
Asthma action plan.

Labor and delivery
Continue all medications. If unable to use by mouth or
inhaler, use parenterally.

Monitor oxygenation (maintain O, saturation > 95% at
all times).

Control pain.

If cesarean section anticipated, obtain anesthesiology
consult.

If on chronic steroids, provide stress coverage.

After delivery
Consult respiratory therapy to prevent atelectasis (par-
ticularly after a cesarean)

Continue asthma medications

Encourage breastfeeding if at all possible

Fetal monitoring

An early ultrasound (12-20 weeks) will help to date
the pregnancy and to provide a baseline for serial fetal
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growth assessments at later dates. Serial evaluations are
recommended for women with moderate and severe
asthma or in any other patient if growth retardation is
suspected. No specific guidelines for antepartum fetal
surveillance have been issued except “when needed in
the third trimester to assure fetal well-being.” It seems
reasonable to recommend fetal surveillance once or twice
a week after 32-34 weeks for those women with moder-
ate and severe disease and at any other time during the
third trimester if there is exacerbation of asthma. Daily
recordings of fetal activity with reporting of any changes
are encouraged as well. Fetal monitoring during labor
is essential, particularly in patients with moderate and
severe asthma.

Breastfeeding

Inhaled corticosteroids, (2-agonists, cromolyn sodium,
theophylline, and ipratropium have been considered
safe while breastfeeding. Oral or parenteral corticoster-
oids may enter into breast milk but in small amounts and
are unlikely to cause significant clinical effects at doses
below 40 mg per day of prednisone or equivalent dose of
other corticosteroids. Breast milk levels of zafirlukast are
20% of the maternal serum level and the manufacturers
of all leukotriene synthesis inhibitors recommend against
the use of these compounds while breastfeeding.
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Thyroid function tests
The following tests are useful in selected situations.

Total thyroxine (T,)

The upper normal range is higher during pregnancy
because of the increase in the levels of thyroxine-binding
globulin (TBG). To ascertain the normal pregnancy range,
the normal nonpregnant T, level (5-12 pg/dL by most
laboratories) should be multiplied by 1.5 to calculate the
normal range for pregnancy (e.g. 7.5-18 pg/dL). This
calculation will be more dependable until the problems
associated with the free T, immunoassays during preg-
nancy are resolved.

Free Thyroxine Index (FT,l)

Many commercial laboratories have discontinued offer-
ing the FT,I in favor of direct free T, determinations by
immunoassay which are more convenient in general
practice outside pregnancy. If available, it will remain
a useful test until the limitations of the freeT, immu-
noassays during pregnancy are overcome.

Free thyroxine (FT,)

The levels of free T, when measured by immunoassay
have been shown to steadily decrease as pregnancy
advances. These immunoassays are influenced by the
changes in TBG and albumin levels that occur during
pregnancy and are considered to be less reliable under
conditions of altered protein binding. In addition, the
normal reference ranges provided have been determined
using nonpregnant individuals and are therefore not
valid during pregnancy. At this time there is no con-
sensus as to what the normal pregnancy levels should
be for each trimester, which makes the usefulness of the
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current free T, immunoassays limited. Trimester-specific
reference intervals have been published using tandem
mass spectrometry, a method that has been found to be
accurate and reliable during pregnancy (first trimester:
1.13 = 0.23 ng/dL, second trimester: 0.92 = 0.30 ng/dL,
third trimester: 0.86 = 0.21 ng/dL [mean =* standard
error]).

Total tri-iodothironine (T3)

The level of Tj; is higher during pregnancy also due to
increased levels of the thyroid hormone carrier pro-
teins, mainly TBG and albumin. To calculate the normal
pregnancy values, the nonpregnant reference levels are
multiplied by 1.5 in the same manner described above
to determine T;. Measuring T; may be helpful when
the serum thyroid-stimulating hormone (TSH) is sup-
pressed but the total and/or free Ty levels are normal. An
elevation in T; is consistent with the diagnosis of T; thy-
rotoxicosis, seen mainly in patients with hyperthyroidism
caused by autonomous thyroid nodules and in the early
phase of Graves’ disease. T; is usually not elevated in the
transient hyperthyroidism of hyperemesis gravidarum,
and if elevated, usually not as high as in Graves’ disease
or in toxic nodules.

SerumTSH

Serum TSH (ultrasensitive, at least third or fourth genera-
tion assays) is the best screening test for thyroid disease.
However, during pregnancy TSH levels are influenced by
the elevated concentration of human chorionic gonado-
tropin (hCG) and therefore, using the normal nonpreg-
nant TSH levels will often lead to misdiagnosis. Several
recent publications recommend the following trimester-
specific reference values obtained from populations of
normal pregnant women without thyroid antibodies: first
trimester 0.10-2.5 uIU/L, second trimester 0.10-3 pIU/L,
third trimester 0.13-3 pIU/L, although the first trimester
normal lower limit has been reported to be as low as
0.03 pIU/L. An elevated value is diagnostic of hypothy-
roidism due to intrinsic thyroid disease. A suppressed
or undetectable value is normally consistent with the
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diagnosis of hyperthyroidism. However, many women
will be misdiagnosed, particularly during the first and
second trimesters, if the general TSH reference values
specified by the majority of laboratories (0.44.0 pIU/L)
are used as the normal range for pregnancy.

Thyroid antibodies (thyroid peroxidase
antibodies (TPO-Ab)) and antithyroglobulin
antibodies (TG-Ab)

The presence of these antibodies in the serum is diagnos-
tic of autoimmune thyroid disease and affected women
are at risk of developing thyroid insufficiency as preg-
nancy progresses and for postpartum thyroiditis as
well. They are most useful in the evaluation of goiter or
hypothyroidism.

Serum thyroglobulin (Tg)

This test is used to monitor patients after treatment for
thyroid carcinoma. It is an early marker for recurrence of
the disease.

TSH receptor-binding antibodies (TSHR-Ab)
These antibodies are markers for Graves’ disease and
include a group of immunoglobulins that compete with
TSH for binding to its receptor. The currently commer-
cially available tests report the percentage of inhibition of
TSH binding to its receptor but do not specifically meas-
ure the antibodies’ ability to stimulate or inhibit the TSH
receptor. To measure the specific stimulating receptor
antibodies, it should be indicated that a thyroid-stimulat-
ing immunoglobulin (TSI) is the test desired. TSH recep-
tor antibodies are present in up to 80% of women with
present or past history of Graves’ disease. A significant
elevation in maternal titer (>50%) may identify infants
at risk for neonatal hyperthyroidism.

Transient hyperthyroidism of
hyperemesis gravidarum

The symptoms of hyperemesis gravidarum include
nausea and vomiting, greater than 5% weight loss, and
large ketonuria. It is our experience that as many as 65%
of patients with hyperemesis gravidarum also have at
least one thyroid test in the hyperthyroid range (i.e. sup-
pressed TSH, elevated T, or, in 12% of cases, elevated Tj).
This is a self-limited abnormality and no specific antithy-
roid therapy is indicated although some authors have
recommended treatment with antithyroid medication
if there are clinical symptoms of overt hyperthyroidism
and very high T, and T; concentrations, greater than 50%
above the pregnancy-adjusted normal values. However,
unnecessary treatment with antithyroid medications
should be avoided unless there is evidence of Graves’ or
a toxic nodule.

It may not be easy to differentiate the chemical
hyperthyroidism of hyperemesis gravidarum from the hy-
perthyroidism of other causes. The following points
may be helpful in the differential diagnosis: no history
or symptoms of thyroid disease preceding pregnancy,
negative family history, absence of goiter, negative thyroid
antibodies, and symptom resolution and normalization
of thyroid tests by 20 weeks in most cases.

Goiter

Goiter is defined as an enlargement of the thyroid gland,
which normally weighs between 15 and 25 g and in gen-
eral is not palpable. In areas of normal dietary iodine
ingestion, the thyroid gland enlarges during pregnancy,
as shown by studies using serial sonography, but usu-
ally not enough to be detected clinically. Therefore, any
enlargement noted by physical examination should be
considered abnormal and deserving of careful evalu-
ation, including a thyroid ultrasound. The physician
should be able to describe the size, consistency, symmetry,
and tenderness, along with the presence of nodularity or
adenopathy. The determination of T, and TSH levels will
define the functional status of the goiter. The presence of
thyroid antibodies is suggestive of autoimmune thyroid
disease as the etiology of the goiter.

A fine needle aspiration biopsy should be considered
in the presence of a single or any dominant nodule larger
than 1 cm, to rule out thyroid cancer. Interruption of
pregnancy is not justified when thyroid malignancy is
found, since there is no evidence that pregnancy wors-
ens the prognosis of well-differentiated thyroid cancer.
However, there are insufficient data to also recommend
this approach for those patients with advanced disease
or more aggressive tumors such as medullary, undiffer-
entiated or anaplastic carcinomas.

It is generally recommended to avoid surgery in
the first and third trimesters but it should be offered
in the second trimester, preferably before 22 weeks.
Nevertheless, surgery may be postponed until after deliv-
ery in patients reluctant to undergo this procedure while
pregnant. When the decision is made to postpone surgery
until after delivery, thyroid suppression with exogenous
levothyroxine is recommended for TSH suppression but
making sure that the freeT, and/or total T, levels do not
rise above the upper normal range for pregnancy.

Hyperthyroidism

Frequency

Hyperthyroidism complicates 0.1-0.4% of pregnan-
cies in the USA. In most cases the symptoms precede
pregnancy, although they may appear for the first time
during pregnancy or recur in a patient previously in



remission. Hyperthyroidism due to autoimmune thyroid
disease may spontaneously recur or worsen during preg-
nancy. The exacerbations tend to occur more often during
the first trimester or in the postpartum period, and the
improvements in the second half of pregnancy.

Etiology

Hyperthyroidism due to Graves’ disease accounts for
over 85% of cases, excluding the transient hyperthy-
roidism of hyperemesis gravidarum. Other causes
include toxic nodular goiter (single nodule or multinodu-
lar), chronic thyroiditis and, less commonly, thyrotoxicosis
from excess exogenous thyroid intake or hydatidiform
molar disease. Hyperemesis gravidarum as a cause of
biochemical hyperthyroidism was discussed previously.
It is the most common cause of elevated thyroid function
tests, in the hyperthyroid range, during pregnancy.

Diagnosis

Clinical diagnosis during pregnancy could be difficult
at times because many women show hyperdynamic
signs similar to those of mild hyperthyroidism such as
heat intolerance, warm, moist skin and a rapid pulse rate.
Classic symptoms are considered to be weight loss, palpi-
tations, nervousness, personality changes, irritability, heat
intolerance, muscle weakness, insomnia, and hyperdef-
ecation. The two more reliable signs are weight loss, or
failure to gain, and a resting pulse over 100 beats/minute.
On physical examination, a diffuse painless goiter is
found in over 90% of cases; warm and moist skin, eye
changes, tachycardia, wide pulse pressure, hyper-reflexia,
and proximal muscle weakness are other common
findings. A suppressed serum TSH and an elevated free
T,, total Ty, free Tyl and T; levels confirm the diagno-
sis. Most patients with Graves’ disease will also have
detectable TSHR-AD.

Complications

The TSHR-Ab crosses the placenta and may cause fetal
and/or neonatal hyperthyroidism. Fortunately, this occurs
rarely, in 1-5%, and mostly when the maternal TSHR-Ab
titer is high, > 50%. The diagnosis is suspected when the
fetus develops tachycardia, growth restriction, a goiter,
heart failure or hydrops.

Other adverse pregnancy outcomes include miscar-
riage, pre-eclampsia, preterm delivery, IUGR, stillbirth,
maternal cardiac arrhythmias (atrial fibrillation is the
most common), congestive heart failure and thyroid
storm. These complications are much more likely to occur
in women with poorly controlled hyperthyroidism.

Treatment

Once the diagnosis is confirmed, medical therapy is the
treatment of choice during pregnancy. Propylthiouracil
(PTU) and methimazole (MMI) are the two antithyroid
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medications available in the USA. MMI has been associated
with aplasia cutis as well as choanal and esophageal atresia
when used during embryogenesis. There is no unanimous
agreement that the data linking MMI exposure to congeni-
tal anomalies are strong enough to prevent its use but
since PTU has not been associated with congenital mal-
formations, it has been generally preferred as the initial
therapy during pregnancy. Until now, PTU was preferred
for the reasons given above and also later in the preg-
nancy because of the belief that it crossed the placenta
less readily than MMI even though more recent stud-
ies have not confirmed that result. Recently, there has
been great concern about severe liver failure associated
with PTU and it has been recommended that its use be
restricted. In view of this information, we have modified
our treatment approach and now use PTU only during
the first trimester and then switch to methimazole once
embryogenesis has been completed. It is recommended
that the minimum amount of antithyroid medication be
used to keep the mother clinically and biochemically
euthyroid since these medications cross the placenta
and could affect fetal thyroid function. To minimize the
risk of causing fetal hypothyroidism, the maternal levels
of total free T, index and free T, should be kept in the
upper third of the of the normal reference range. Clinic
visits should be scheduled every 2—4 weeks. The two
clinical signs that correlate best with the thyroid function
tests are maternal weight gain and pulse rate.

The initial PTU dose is 200-400 mg and for methi-
mazole is 20—40 mg daily, given in divided doses.
MMI has a longer half-life which allows more widely
spaced doses, even once a day, and therefore it is pref-
erable for less compliant patients since PTU requires
taking more tablets more often. The thyroid tests will
improve in 2-3 weeks and normalize in 3-6 weeks. The
dose should be reduced as soon as the tests improve;
adjustments are made every 2-3 weeks to the mini-
mum effective medication dose that keeps the mother
stable. Maternal hypothyroidism must be avoided
and care should be taken to keep the T, and Tj; levels
in the upper normal range to minimize the risk of fetal
hypothyroidism. There is no need to recheck the serum
TSH since in the majority of cases it will remain sup-
pressed for weeks or months even after normalization
of the T and Tj; levels.

Antithyroid medication may be discontinued in the
last 4-6 weeks of gestation in patients who have main-
tained prolonged euthyroidism on minimum amounts,
especially in patients with small goiters and short dura-
tion of disease. The purpose is to allow the fetus to clear
the medication before delivery. The mother would be
unlikely to relapse during that short period of time with-
out medication.

A serious side effect of both PTU and MMI is agran-
ulocytosis, reported in 0.03% of patients. The patient
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should be advised to discontinue the use of antithyroid
drugs in the presence of a sore throat, fever or gingivitis
and to consult her physician at once. Severe liver damage
has been associated with the use of PTU, not predictable
by periodic determinations of liver function, and this is
the reason for restricting its use as mentioned above.

Hospitalization should be reserved for patients with
uncontrolled disease, poorly compliant patients, those
seen for the first time in the third trimester with severe
disease, and those with fetal growth retardation or
superimposed toxemia. If the mother is kept euthyroid
during pregnancy, fetal morbidity and mortality are
similar to the general population. Long-term follow-up
of infants exposed to antithyroid medications in utero has
not shown significant sequelae.

B-Blockers (usually propanolol) may be used temporar-
ily at the time of diagnosis in very symptomatic patients
but they are discontinued when the symptoms improve.
They could also be used in preparation for thyroidectomy.
There are no reports of teratogenic effects in animals or
humans. If long-term use of 3-blockers is considered, mon-
itoring of fetal growth is advised because of case reports
of IUGR. When used in late pregnancy, the neonate may
experience hypoglycemia, apnea, and bradycardia.

Thyroid surgery during pregnancy is considered only
when there are no medical options left and, if at all pos-
sible, it should be performed in the second trimester.
A brief course of iodides could be given in preparation
for thyroidectomy but only if strictly necessary and if
B-blockers are not sufficient or cannot be used. Long-
term iodide use in pregnancy has been associated with
hypothyroidism and goiter in the newborn; the goiters
sometimes have been large enough to cause tracheal
obstruction and asphyxiation. It goes without saying
that any radio-active iodine diagnostic or therapeutic
procedures are contraindicated during pregnancy. All
reproductive-age women contemplating radio-active
iodine administration should have a prior pregnancy test
to avoid inadvertent use in a pregnant woman.

Fetal surveillance

There are no specific published guidelines. We recommend
serial assessments of fetal growth in an effort to detect
potential complications such as fetal growth restriction,
advanced bone age, goiter, tachycardia, heart failure and
hydrops. Antepartum testing twice weekly is initiated at
34 weeks. This type of surveillance will be of benefit mainly
to those patients with uncontrolled hyperthyroidism
and those with very high titers of TSHR-AD regardless of
their thyroid function status. Well-controlled patients will
rarely show any of the complications mentioned above.

Lactation and postpartum follow-up
Patients need to be followed in the postpartum period
because recurrences of hyperthyroidism may occur. Infants

of hyperthyroid mothers should also be evaluated and
followed by a pediatrician, since transient abnormalities in
thyroid function may be present in 2-10% of these infants.
Breastfeeding may be allowed when the total amount
of medication is less than 300 mg/day of PTU or less than
20 mg/day of methimazole. Recent studies have reported
no alterations in thyroid function in infants of mothers
taking antithyroid medications up to these doses. The
drug should be administered just after infant suckling.
The pediatrician should be informed and the infant
followed with the appropriate thyroid function tests.

Postpartum thyroid
dysfunction syndrome

Women with autoimmune thyroid disease frequently
develop thyroid abnormalities within 1 year of delivery.
The incidence of these abnormalities in the USA has been
reported to be between 3% and 8% of all pregnancies.
Women with type 1 diabetes mellitus have a very high
prevalence of TPO antibodies and their incidence of PPTD
is higher than in the general population and reported to
occur in 18-25% of these women. There can be consid-
erable variability in the clinical course. Some patients may
go directly into a hypothyroid stage without a preceding
hyperthyroid phase. In an occasional patient, the hyperthy-
roid phase is followed by complete recovery without a sub-
sequent hypothyroid stage. Only those patients with PPTD
who develop a thyrotoxic phase as part of their postpartum
thyroid dysfunction will be discussed in this section.

Patients with a history of Graves’ disease may present
with an exacerbation of hyperthyroid symptoms 1-3
months after delivery, occasionally later. The hyperthy-
roid symptoms tend to be more severe than those occur-
ring during the thyrotoxic phase of chronic thyroiditis
and will persist indefinitely if the patient is not treated.
The presence of extrathyroidal signs of Graves’ disease
(ophthalmopathy, pretibial myxedema) will corroborate
the diagnosis. Also, nearly 95% of patients with Graves’
disease relapsing post partum will test positive for
TSHR-Ab. The!®'I thyroid uptake, if performed, will be
elevated and consistent with Graves’ disease.

In contrast, patients with chronic thyroiditis who
develop an initial hyperthyroid phase will do so 1-6
months post partum, usually 3 months, and will not
last longer than 1-2 months even if not treated. Within
3 months of delivery these women may complain of
enlargement of the thyroid gland and mild, nonspecific
symptoms such as tiredness, fatigue, nervousness, heat
intolerance, and personality changes. These symptoms
are often attributed to postpartum depression. Thyroid
tests are in the hyperthyroid range and thyroid antibod-
ies (TPO) are positive, with titers even higher than dur-
ing pregnancy. The presence of positive TPO antibodies



in the first trimester of pregnancy in a euthyroid woman
is predictive of the development of PPTD. If a'*'I thy-
roid uptake is obtained, it will be low (near 0%), and will
help to differentiate this condition from Graves” disease.
Without specific therapy, hypothyroidism ensues within a
few months, frequently with few symptoms. Spontaneous
recovery occurs within 4-6 months with normalization of
thyroid function, but the thyroid antibodies remain ele-
vated. The goiter may decrease somewhat in size.

Therapy with 3-blockers, usually propranolol (20 mg
twice to four times a day), is indicated for the occasional
patient with significant hyperthyroid symptoms; con-
versely, thyroid hormone therapy may be necessary for
some patients during the hypothyroid phase if there are
significant symptoms present, if they are planning to get
pregnant or if the TSH level is higher than 10 pIU/L. It
should be emphasized that those women who experi-
enced PPTD and who plan to become pregnant again
should be treated, particularly during the hypothyroid
stage, to ensure that they will not be hypothyroid during
a subsequent pregnancy.

Long-term follow-up of these patients indicates a
significant incidence of permanent hypothyroidism
and therefore periodic evaluations are recommended.
Prediction of progression to overt hypothyroidism can
be estimated using a recently published scoring system.

Suggested reading

Abalovich M, Amino N, Barbour LA, ef al. Management of thyroid
dysfunction during pregnancy and postpartum: an Endocrine
Society clinical practice guideline. | Clin Endocrinol Metab 2007;
92: 51-547.

Thyroid disease in pregnancy: hyperthyroidism 101

Cooper DS, Rivkees SA. Putting propylthiouracil in perspective. |
Clin Endocrinol Metab 2009: 94(6): 1881-1882.

Goodwin TM, Hershman JM. Hyperthyroidism due to inappropri-
ate production of human chorionic gonadotropin. Clin Obstet
Gynecol 1997; 40: 32-44.

Goodwin TM, Montoro M, Mestman JH. Transient hyperthy-
roidism and hyperemesis gravidarum: clinical aspects. Am |
Obstet Gynecol 1992; 167: 648—652.

Goodwin TM, Montoro MN, Mestman JH, Pekary AE, Hershman
JM. The role of chorionic gonadotropin in transient hyperthy-
roidism of hyperemesis gravidarum. | Clin Endocrinol Metab
1992; 75: 1333-1337.

Kahric-Janicic N, Soldin SJ, Soldin OP, West T, Gu ], Jonklaas
J. Tandem mass spectrometry improves the accuracy of free
thyroxine measurements during pregnancy. Thyroid 2007; 17:
303-311.

Lee RH, Spencer CA, Mestman JH, et al. Free T4 immunoassays
are flawed during pregnancy. Am | Obstet Gynecol 2009;
200: 260.

Mestman JH. Hyperthyroidism in pregnancy. Best Pract Res Clin
Endocrinol 2004; 18: 267-288.

Mestman JH, Goodwin TM, Montoro MN. Thyroid disorders in
pregnancy. Endocrinol Metab Clin North Am 1995; 24: 41-71.

Millar LK, Wing DA, Leung AS, Koonings PP, Montoro MN,
Mestman JH. Low birth weight and preeclampsia in pregnan-
cies complicated by hyperthyroidism. Obstet Gynecol 1994; 84:
946-949.

Strieder TGA, Tijssen JGP, Wenzel BE, et al. Prediction of progres-
sion to overt hypothyroidism or hyperthyroidism in female
relatives of patients with autoimmune thyroid disease using
the thyroid events Amsterdam (THEA) score. Arch Intern Med
2008; 168(15): 1657-1663.

Wing DA, Millar LK, Koonings PP, Montoro MN, Mestman JH. A
comparison of propylthiouracil and methimazole in the treat-
ment of hyperthyroidism in pregnancy. Am | Obstet Gynecol
1994; 170: 90-95.



Chapter 24

Thyroid Disease in

Pregnancy: Hypothyroidism

Martin N. Montoro

Department of Medicine and Obstetrics and Gynecology, Keck School of Medicine, University of Southern California, CA, USA

Frequency

Most reports do not provide enough information to
ascertain the incidence of overt hypothyroidism during
pregnancy. In our institution during the 10-year period
from 1981 to 1990, there were 101 cases and 164,611 deli-
veries for an incidence of 1 in 1629 (0.06%). In Australia
and during a similar period of time (1980-89), there were
26 cases in 51,407 deliveries for an incidence of 1 in 1977
(0.05%). More recent reports give a frequency of 0.3-0.5%
for overt hypothyroidism (low free thyroxine (FT,) and
elevated thyroid-stimulating hormone (TSH)), 2-3% for
subclinical hypothyroidism (normal FT, and elevated
TSH concentrations) and a fairly high frequency, 5-15%,
of positive thyroid antibodies without thyroid dysfunction.
Whether or not the incidence of hypothyroidism during
pregnancy is higher than in women of similar age who
are not pregnant remains to be elucidated.

Etiology of hypothyroidism
during pregnancy

When first diagnosed during pregnancy, most women
will have autoimmune thyroid disease. Lymphocytic
infiltration is the cause of the thyroid enlargement (goi-
trous form), although in some cases, usually late in the
disease course, the thyroid may become atrophic and
nonpalpable. The majority of the cases not caused by
autoimmune thyroiditis are secondary to destruction
or removal of the thyroid gland (radio-active iodine
ablation or surgery) as part of the treatment for hyper-
thyroidism, thyroid cancer, suspicious nodules or toxic
nodular goiter. Rare causes include the transient hypothy-
roidism that may be seen in silent (painless) and subacute
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thyroiditis, drug-induced hypothyroidism, high-dose
external neck radiation (e.g. for Hodgkin’s lymphoma),
congenital hypothyroidism, inherited metabolic disorders
of the thyroid, and thyroid hormone resistance syndromes.
Secondary hypothyroidism may be seen in pituitary or
hypothalamic diseases. Several drugs may cause hypothy-
roidism if taken during pregnancy. Iodine, lithium, pro-
pylthiouracil, and methimazole interfere with thyroid
hormone synthesis and/or its release. Carbamazepine,
phenytoin, and rifampin increase thyroxine (T,) clearance.
Amiodarone decreases the conversion from T, to tri-
iodothyronine (T;) and also inhibits T3 action. Aluminum
oxide, cholestyramine, sucralfate, and particularly fer-
rous sulfate interfere with the intestinal absorption of T,.
Therefore, it is important to make sure that women on
levothyroxine replacement take these medications at least
2 hours apart, and perhaps 4 hours might be even better
(especially when taking ferrous sulfate which is very
commonly given to pregnant women).

Diagnosis

The diagnosis of hypothyroidism is difficult to make
on clinical grounds alone and therefore it will remain
unsuspected and undiagnosed until it is profound and
the symptoms very obvious. In addition, only one-third
of hypothyroid pregnant women show the classic symp-
toms, another third will have moderate symptomato-
logy, and the rest will have few or no symptoms despite
very abnormal thyroid function tests. Symptoms may
include fatigue, sleepiness, lethargy, mental slowing,
depression, cold intolerance (which is very unusual in
normal pregnancy), decreased perspiration, hair loss, dry
skin, deeper voice or hoarseness, weight gain despite
poor appetite, constipation, arthralgias, muscle aching,
and stiffness and paresthesias. There might be history
of menstrual irregularities before pregnancy. On physical
examination, signs that may be present include gen-
eral slowing of speech and movements, dry and pale
(or at times yellowish) skin, sparse thin hair, deep or
hoarse voice, bradycardia (also unusual in pregnancy),



myxedema (nonpitting edema), hyporeflexia, prolonged
relaxation phase of the deep tendon reflexes, carpal tunnel
syndrome, and a diffuse or a nodular goiter.

The best laboratory test to diagnose hypothyroidism
is the TSH except in the rare cases of hypothalamic or
pituitary disease. Current sensitive TSH assays make
it possible to diagnose hypothyroidism very early and
allow monitoring thyroxine replacement therapy very
accurately. Other tests include the total T4 (TTy) and
free T, index (FT,I), FT,, thyroid peroxidase antibodies
(TPO-ADb), and antithyroglobulin antibodies (ATG-Ab).
The levels of total T4 are higher during pregnancy due
to an increase in thyroxine-binding globulin (TBG). The
pregnancy range is calculated by multiplying the normal
nonpregnant TT, value (5-12 pg/dL for most labora-
tories) by 1.5 (e.g. 7.5-18 pg/dL). Caution is needed
to interpret the current FT, levels during pregnancy
because the normal ranges have been determined using
nonpregnant individuals. In addition, the FT; assays
currently in use are influenced by the changes in TBG
and albumin that occur during pregnancy. Therefore,
until normal FT, values that are specific for pregnancy
are determined, the utility of present FI, assays will
be limited (see Chapter 23). TT; and FT4I may provide
a more reliable estimate for the time being since they
retain an appropriate inverse relationship with TSH
throughout pregnancy.

Anemia may be found in 30-40% of patients, usually
secondary to decreased erythropoiesis, but at times it
may also be due to vitamin B12, folic acid or iron defi-
ciencies. Serum lipids and creatine phosphokinase
(CPK - of muscle origin) may be elevated. Mild, reversible
abnormalities of liver function have also been described.

Maternal and fetal complications
of hypothyroidism during pregnancy

Increased risk of spontaneous abortion to twice the
normal rate has been reported in at least six studies in
women with elevated titers of thyroid antibodies (TPO-
Ab, ATG-Ab) but some studies have not reported an
increased risk. The women in those studies were euthy-
roid and it was unclear if the antibodies themselves were
the cause or, more likely, just markers for other immune
abnormalities responsible for the miscarriages. Whether
or not hypothyroidism alone is a risk for miscarriage
remains unclear. Nevertheless, elevated maternal thyroid
antibodies may have additional deleterious effects on the
fetus and newborn. Thyroid antibodies cross the placenta
and may cause hypothyroidism in the newborn. This
hypothyroidism is usually transient but since it occurs
at a critical period of brain development, it may lead to
serious cognitive deficiencies if not treated in a timely
manner. It has also been reported that children born to
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euthyroid women but with elevated titers of TPO-Ab
had lower IQs than children born to antibody-negative
women. It is not known by what mechanism the anti-
bodies may harm the fetus but it is speculated that they
might have caused hypothyroidism at some critical stage
of fetal brain development. One recent study did report
that women with positive TPO antibodies and normal
FT, and TSH levels had fewer miscarriages and preterm
deliveries if treated with levothyroxine even though they
were not hypothyroid.

Women with positive thyroid antibody titers are also
at risk for developing postpartum thyroiditis and this
condition is reported in about 7% of women in the post-
partum period. Although this condition is considered to
be transient, it increases the risk of permanent hypothy-
roidism later in life.

The role of the maternal thyroid status on fetal devel-
opment is still incompletely understood. However,
it is now accepted that during the first trimester and
probably until mid-gestation, the fetus is not able to
provide enough thyroid hormone and it is therefore
dependent on the mother for thyroid hormone supply.
Afterwards, the contribution of mother and fetus to
the total fetal thyroid hormone pool is not well known.
Much of the information currently available comes
from animal studies (mostly in the rat) and how much
can be applied to humans remains to be seen. None of
the more recent publications has reported an increased
frequency of congenital anomalies in infants born to
hypothyroid mothers.

Other publications have suggested that mild mater-
nal hypothyroidism, subclinical hypothyroidism and
even low normal maternal thyroid hormone levels
(below the 10th percentile) may be a cause of defi-
cient neuropsychologic development of the child. It
is not known at what gestational age the developing
fetus may be most susceptible but presumably early
in gestation. It is unknown if these deficits could be
prevented by maternal thyroid therapy or iodine sup-
plementation even in iodine-replete areas. Further
research is needed to confirm these findings and to
clarify if the thyroid level is the only cause or if other
factors could also responsible.

Some authors now advocate universal screening of
pregnant women for hypothyroidism while others state
that there are insufficient data at this time. Until this point
is clarified we strongly recommend routine screening for
hypothyroidism during pregnancy in certain high-risk
groups. Those at highest risk include women previously
treated for hyperthyroidism, previous neck irradiation,
previous postpartum thyroiditis, a palpable goiter, fam-
ily history of thyroid disease, women with type 1 dia-
betes mellitus, and treatment with amiodarone or any
of the other medications listed above (see “Etiology of
hypothyroidism during pregnancy”). At less risk but still
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deserving screening are patients with any other endocrin-
opathy, any autoimmune disorder, particularly systemic
lupus erythematosus, exposure to certain industrial or
chemical substances, and hyperlipidemia. Nevertheless,
a recent publication indicates that limiting screening to
only those considered to be high risk will miss 30% of
cases of overt or subclinical hypothyroidism during preg-
nancy. These data would support the recommendation
for universal thyroid screening during pregnancy.

The main maternal complication reported in almost
all the papers published in the past 20 years is a high
risk of pre-eclampsia. Frequently, this complication leads
to premature delivery with its related morbidity, mortality,
and the very high cost for care of these newborns. Those
women who are euthyroid at the time of conception and
remain euthyroid during pregnancy are at low risk. No
special monitoring is needed except for periodic measure-
ments of thyroid function to ensure that it remains in
the normal range for pregnancy. The women who are
hypothyroid at conception but who become euthyroid
with treatment still have a 15-30% risk of pre-eclampsia
but the hypertension tends to be milder and to develop
later in gestation than in those women who remain
hypothyroid. One study reported fetal distress during
labor in women who were hypothyroid in early ges-
tation even if they improved with treatment, but no
other papers have confirmed this finding. Patients
who are still hypothyroid by the end of the second tri-
mester have an even higher risk of pre-eclampsia and
premature delivery (22-44%) and of placental abrup-
tion and postpartum hemorrhage as well. Why hyper-
tension occurs more frequently in thyroid disorders is
not yet fully understood. In hypothyroidism, cardiac
output is reduced and the arterial peripheral resist-
ance is higher, probably secondary to an increased
sympathetic nervous tone and also to an increased
a-adrenergic response. High levels of endothelin, a
potent vasoconstrictor peptide produced after a vascu-
lar injury, have been associated with decreased T, and
elevated TSH levels.

Antepartum fetal surveillance is not routinely recom-
mended for hypothyroid women except when indicated
for other reasons such as concurrent diabetes mellitus or
chronic hypertension. However, it is difficult to make firm
recommendations at this time because the total number of
hypothyroid pregnant women published to date remains
relatively small and from different institutions. At ours,
we initiate antepartum fetal surveillance twice a week
starting at 34 weeks of gestation. The overall outcome
of pregnancy in hypothyroid women has been much
improved in the last 15-20 years than in reports prior to
that time. Hypothyroidism is nowadays diagnosed and
treated earlier, which is probably a major contribut-
ing factor to the improved outcome. Other factors have
undoubtedly contributed to improved outcomes, such

as more effective fetal monitoring techniques, earlier
diagnosis of fetal distress, timely delivery if indicated,
and more effective neonatal care.

Treatment

Hypothyroid pregnant women should be made euthy-
roid as soon as possible and the euthyroid state main-
tained throughout pregnancy. Ideally, hypothyroid
women should be made euthyroid before pregnancy
(normal FT4 and a TSH below 2.5 pIU/mL) and the treat-
ment readjusted whenever needed, because up to 60-70%
of patients may require higher replacement doses during
pregnancy. The treatment of hypothyroidism is simple
and inexpensive, particularly if we consider the very high
cost of managing the complications in untreated patients.
Levothyroxine is considered the drug of choice. The
hormonal content of the synthetic drugs is more reliably
standardized, and they have replaced the desiccated
thyroid compounds as the mainstay of therapy. The
administration of T, alone is generally recommended; T,
is de-iodinated to Tj in the extrathyroidal tissues and it is
considered that this most closely resembles the normal
physiologic process. In one study, therapy with a com-
bination of T4 and T3, approximating the ratio normally
secreted by the thyroid gland, resulted in improvement
in mood and neuropsychologic function in some patients
as compared with administering T, alone and also may
cause maternal hypothyroxinemia and less T, reaching
the fetus. However, subsequent studies have failed to
show that the T,/T; combination is more effective than T,
alone. The best time to take levothyroxine is early in the
morning, on an empty stomach, but women experiencing
nausea and vomiting should be allowed to take it later in
the day until they improve. If ferrous sulfate is also being
given, the ingestion of these two medications should be
separated by at least 2 hours and preferably 4 hours.
There are numerous reports indicating increased
thyroxine requirements during pregnancy. The initial
dose should be 100-150 pg per day or, perhaps even
better, titrated by bodyweight at 2pg per kilogram (of
actual bodyweight). Further adjustments are made
according to the TSH level and the goal of treatment
is to keep it within the normal range (< 2.5 pIU/mL in
the first and second trimesters and < 3 pIU/mL in the
third. The lower normal TSH limits are 0.10 pIU/mL
for the first and second trimesters and 0.13 pIU/mL for
the third trimester). If the TSH is elevated but it is less
than 10 pIU/mL, the replacement dosage should be
increased by 25-50 pg per day. It the TSH is over 10 and
below 20 pIU/mL, add 50-75 pg per day and if above
20 plU/mL, 75-100 pg per day should be added to
the previous dose. However, dosage changes made at
less than 4-week intervals may lead to overtreatment.



Women already on levothyroxine replacement before
pregnancy are very likely to need higher doses during
gestation and they should be monitored at regular
intervals. It has even been recommended that the dose
be increased by a third as soon as the pregnancy is
diagnosed in those patients who, for whatever reason,
cannot see a physician and have thyroid function tests
done soon after the pregnancy is detected.

The following schedule is suggested to measure thy-
roid function studies: every 4-5 weeks until 16-20 weeks
and less frequently afterwards because the increased
demands occur early in gestation and much less after the
first half of pregnancy. The necessary readjustments are
made in the replacement dose when indicated by the thy-
roid function studies. After delivery, the dosage should
be reduced to the pre-pregnancy amount and a TSH
measured 4-8 weeks post partum to verify the adequacy
of the therapy.

Breastfeeding is encouraged and patients should be
reassured that it is safe while taking levothyroxine. In
women with pituitary or hypothalamic disease in whom
the TSH cannot be used to guide the treatment, the total
and free T, index should be kept in the upper third of the
normal range.

Women with a history of thyroid carcinoma are treated
with larger doses of levothyroxine in order to inhibit
TSH secretion to undetectable levels, since the growth
of differentiated thyroid carcinomas may be depend-
ent on thyrotropin. The free T, index levels are kept in
the upper normal or slightly above the normal range.
There is no need to change the goals of treatment in these
women since subclinical hyperthyroidism has not been
associated with adverse pregnancy outcomes. Pregnancy
has not been reported to adversely influence the long-
term prognosis of differentiated thyroid carcinoma or the
outcome of pregnancy if it is delayed for 1 year after
the administration of high doses of radio-active iodine.
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Pregnancy and lactation increase iodine demands and
sufficient iodine intake (250 pg/day average) is neces-
sary. It is now recommended that additional iodine intake
(150 pg/day) be provided during pregnancy even to
women residing in iodine-sufficient countries. Prescribing
a prenatal vitamin preparation that also contains iodine
is the easiest way to accomplish this advice.
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Epilepsy and seizures in pregnancy

Epilepsy is a common condition occurring in approxi-
mately 1% of the population. Women with epilepsy
pose a difficult dilemma for their practitioner; all the
antiepileptic drugs (AEDs) are pregnancy category C or
D, but without the medication many patients will suffer
seizures. Seizures during pregnancy may cause injury to
the patient or fetus and may cause premature labor or
rupture of membranes. The seizure frequency remains
the same in the majority of patients with pre-pregnancy
control being maintained. Preconception counseling to
discuss the need for medication or to switch to a safer
medication should be considered early and initiated by
the practitioner since half of the pregnancies in the US
are unplanned.

Diagnosing epilepsy and seizures

Epilepsy is defined as two or more unprovoked sei-
zures. Generalized tonic clonic seizures (grand mal) last
approximately 2 minutes with the entire body stiffen-
ing during the tonic phase followed by rhythmic body
jerking during the clonic phase. During complex partial
seizures patients stare or have impaired awareness, with
one-sided body stiffening or fidgeting. The duration of
these seizures is also approximately 2 minutes. A patient
may become confused (postictal) after a complex partial
seizure or it may progress into a tonic clonic seizure.
Absence seizures (petit mal) occur less often in adults.
These seizures last only a few seconds with eye blinking
or staring and have no postictal confusion. Myoclonic
jerks are quick single jerks of the body and are usually
part of an epilepsy syndrome, juvenile myoclonic epilepsy.
Simple partial seizures involve a confined area of cerebral
cortex so consciousness is not impaired. Clinical symptoms
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of simple partial seizures depend on the location of
seizure activity. If it is contained in the motor cortex, then
a Jacksonian seizure of unilateral clonic activity will
ensue. Auras are actually simple partial seizures and are
localized to the temporal lobe when déja vu or fear is
experienced, or to the olfactory cortex when smell is
experienced. Auras may progress into complex partial or
generalized tonic clonic seizures. A detailed history from
the patient and eyewitnesses can help determine the
classification. An electroencephalogram (EEG) is abnor-
mal in greater than 50% of patients with epilepsy but
can be normal. A magnetic resonance image (MRI) of the
brain is preferred over computed tomography (CT) since
it can detect small areas of scarring or low-grade gliomas
that are the seizure nidus and that CT may not detect.
Syncope is a common occurrence in the first trimester
of pregnancy and can be confused with epilepsy and sei-
zures. A good eyewitness account is paramount. Often
the patient will describe tachycardia, tunnel vision,
sweating and dizziness prior to fainting. After a syncopal
event there should be no postictal confusion. New-onset
epilepsy during pregnancy is uncommon and requires
a detailed history and physical examination, and urgent
evaluation with EEG and brain MRI to exclude an intrac-
erebral hemorrhage or tumor. A history of febrile sei-
zures, developmental delay, head trauma, meningitis or
encephalitis, or a family history of epilepsy should raise
the suspicion for a diagnosis of epilepsy. Later in the
pregnancy, seizures may be associated with eclampsia.

Antiepileptic drug use during pregnancy

How AEDs interfere with fetal development and cause
teratogenic effects is not completely known but clearly
is medication dependent. Some mechanisms for tera-
togenicity may include folate depletion, epoxide formation,
and suppression of neuronal signaling. This may lead to
major malformation (neural tube, cleft lip/palate and
cardiac are most common), minor malformations (nail
and facial dysmorphism) or cognitive impairment in an
exposed fetus. Fetal loss is also increased in women with
epilepsy taking AEDs. Exposure to two or more AEDs



during pregnancy greatly increases major malformation
rates, probably by introducing multiple mechanisms of
teratogenicity. The older AEDs are all FDA pregnancy
category D while the new AEDs are category C at this
time. Many believe all AEDs will eventually be category
D once more data are collected. Folic acid supplementa-
tion may be beneficial.

Valproate appears to be more teratogenic than simi-
lar medications. Recent studies and worldwide AED
prospective registry data have shown that the major
malformation risk is approximately 11% (6-24%) as com-
pared to 3-4% for most other monotherapy AED expo-
sures. The teratogenic effects are also dose dependent
with higher rates seen when taking doses over 1000 mg
per day. Birth defects are varied but include neural tube
defects, hypospadias, renal anomalies, cardiac and limb
malformations. Switching to another AED prior to con-
ception is advised.

Phenobarbital has recently been shown to have a higher
birth defect rate compared to other AEDs: 6.5% versus
3-4%. Birth defects with phenobarbital include cleft lip
and/or palate, and cardiac abnormalities. Primidone is
metabolized into two byproducts, one of which is pheno-
barbital. Therefore, it should be considered equally tera-
togenic. With the advent of newer AEDs, phenobarbital’s
use has waned in recent years although due to its low
cost it is still used extensively worldwide. If this drug is
to be withdrawn prior to pregnancy, it must be tapered
off slowly (months) to prevent withdrawal seizures.

Phenytoin exposure in utero has been associated with
a fetal hydantoin syndrome (craniofacial anomalies, limb
defects) and has a major malformation rate of approxi-
mately 4%, cardiac abnormalities being most prevalent.
Its mechanism of toxicity may be due to the epoxide
byproduct.

Carbamazepine is the AED of choice for partial-onset
seizures. Although it is category D, malformation rates
are approximately 2.5% with cleft lip/palate 0.5% and
neural tube defect ~1% predominating. Higher malfor-
mation rates were seen in the past and rates may have
decreased with the ubiquitous use of folate supplementa-
tion. Oxcarbazepine is chemically similar to carbamazepine
but does not form the 10,11 epoxide when metabolized.
Regardless of this fact, it does not appear to be safer than
carbamazepine during pregnancy.

Lamotrigine has the most pregnancy data of the newer
agents, with more than 1000 monotherapy exposures
registered. Although birth defect rates are comparable to
other AEDs (~3%), one registry found an increase in cleft
lip and/or palate (0.89%) and another registry found a
dose-dependent birth defect rate for doses greater than
200 mg a day. Lamotrigine levels in particular fall dra-
matically during pregnancy and require frequent level
checks (monthly or more) and reduction of the dose in
the first 2 weeks post partum to prevent toxicity.
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Leviteracetam is a widely used newer AED. Its major
malformation rate is approximately 3.5%. Premature
births and low birthweights have been described with its
use. Topiramate, zonisamide, gabapentin and pregabalin
have limited pregnancy data available. Benzodiazepines
can cause a syndrome similar to fetal alcohol syndrome.

There is much debate regarding the appropriate vita-
min supplementation for pregnant women with epilepsy
taking AEDs. Women taking AEDs need more than the
FDA recommended 0.4 mg of folic acid to prevent neural
tube birth defects but the optimal dose (1-4 mg) is not
known. In addition, taking a high dose of folate, 4 mg a
day, prior to conception does not guarantee protection
against birth defects. Supplementing with oral vitamin K
10 mg a day in the last month of pregnancy may prevent
neonatal hemorrhagic syndrome due to its deficiency
from AED liver enzyme induction.

A high-risk perinatologist should follow women on
these AEDs. Amniocentesis should be offered early to
women with carbamazepine and valproate exposures.
Triple screen testing should be offered to all others. A
high-level anatomy scan in the second trimester is crucial
in detecting abnormalities.

Managing seizures during pregnancy

and delivery

Seizures can harm both the mother and fetus during
pregnancy. Seizures have been associated with prema-
ture rupture of membranes, premature labor, abruption,
fetal bradycardia and hypoxia. Generalized tonic clonic
seizures pose the greatest risk to the mother and fetus
although complex partial seizures can also cause simi-
lar injury and prolonged fetal bradycardia. Injury to the
mother occurs during falls associated with the seizure,
resulting in abdominal or head trauma, bone fractures,
thermal burns, and aspiration. Therefore seizures should
be prevented with appropriate therapy.

Seizure control during pregnancy often reflects seizure
control prior to conception but breakthrough seizures occur
for a number of reasons. The most common reason is
stopping AEDs abruptly when the pregnancy is discov-
ered. Stopping phenobarbital in particular will provoke
withdrawal seizures and can provoke status epilepticus.
Nausea and vomiting due to morning sickness or hyper-
emesis gravidarum will prohibit proper ingestion and
absorption of medication, leading to seizures. In those
patients who are prone to seizures after sleep deprivation,
seizures may also occur as sleep deteriorates in the third
trimester due to discomfort.

Another factor contributing to breakthrough seizure
activity is alteration of AED levels during pregnancy.
Increased metabolism, renal clearance, volume of distri-
bution and hormones can lower AED levels. Conversely,
protein binding decreases during pregnancy, thereby
effectively increasing the free (active) drug. Often these
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opposing factors will negate each other and no medication
adjustment is required, with the exception of lamotrigine
and oxcarbazepine. These two AEDs have been associated
with the most breakthrough seizures during pregnancy
and their levels need to be checked often (monthly) and
dose increased accordingly. If high doses are needed to
maintain levels, changing from a bid to tid dosing sched-
ule may improve seizure coverage. In the postpartum
period, lamotrigine and oxcarbazepine doses need to be
lowered to avoid toxicity. Otherwise, most practition-
ers check AED levels each trimester and then prior to
delivery. If seizure-free patients begin having auras or
myoclonic jerks then medications need to be increased to
prevent an impending generalized tonic clonic seizure.
Having pre-pregnancy serum AED levels can help guide
dose adjustments during pregnancy.

A diagnosis of epilepsy alone is not a contraindication
to a vaginal delivery. If epilepsy is due to a structural
lesion causing raised intracranial pressure or a vascu-
lar lesion that may rupture during delivery, a cesarean
section is advised. Patients with seizures triggered by
sleep deprivation may have breakthrough seizure activ-
ity if labor is prolonged with minimal rest. In addition, if
patients are not allowed to take their regular AEDs during
labor, a seizure may result. If no caveats exist, then vaginal
delivery can occur safely.

Status epilepticus is a medical emergency and should
be treated similarly to the nonpregnant state. Technically
it is defined as 30 minutes of continuous seizure activity
or two seizures without return to baseline consciousness
although treatment should begin if seizure activity is longer
than 10 minutes. Intravenous lorazepam should be given
in 2 mg increments every 2 minutes up to 0.1 mg/kg.
This should be followed by intravenous fosphenytoin or
phenytoin 20 mg/kg. If eclampsia is suspected, intrave-
nous magnesium should also be given.

Breastfeeding and the postpartum period

The benefits of breastfeeding and breast milk have been
well documented. Antiepileptic agents do enter breast
milk at variable rates. The more highly protein bound a
medication is, the less it enters the breast milk (example
carbamazepine, phenytoin, valproate). Since the newer
AEDs are less protein bound (e.g. lamotrigine, levitera-
cetam, and oxcarbazepine), they are passed more freely
into breast milk. Phenobarbital, although highly protein
bound, can accumulate in the neonate due to decreased
liver metabolism of the drug and cause excessive seda-
tion. Therefore breastfeeding with phenobarbital is
undertaken with extreme caution. Some groups advo-
cate breastfeeding while taking AEDs since the benefit
of breast milk outweighs the risk of the medication with
diligent observation of the neonate for signs of sedation,
poor feeding or poor weight gain. In these situations,
changing over to formula is advisable. One can also

obtain serum levels of the AED in the breastfed infants
for closer monitoring.

Instruction in infant safety is important for women
with epilepsy. Since seizures may occur without warn-
ing, mothers should not bath infants alone in standing
water and should always use a strap on a changing table.
Sponge baths are acceptable. Patients with frequent sei-
zures should avoid carrying the baby up and down stairs
when possible. During breastfeeding, consider sitting
on the floor to avoid injury to the baby should a seizure
occur. Patients who are known to have seizures triggered
by sleep deprivation should get assistance with night
feeds. Obtaining less than 6 hours uninterrupted sleep
could put vulnerable patients at risk for seizures.

Preconception counseling and consideration
of AED withdrawal

As a group, women with epilepsy do not experience
decreased fertility, although women with epilepsy are
more prone to polycystic ovarian syndrome and a history
of irregular menstrual cycles may warrant further inves-
tigation. The etiology may be multifactorial: weight gain
from antiseizure medications, the medications them-
selves or ongoing epileptic discharges on EEG. Women
with uncontrolled seizures may also experience premature
ovarian failure. These issues should be factored into family
planning decisions.

The best medication for a woman with epilepsy during
pregnancy is usually the medication that works the best
to control her seizures. This is not the case for women
taking valproate or phenobarbital; one should strongly
consider changing these to another agent prior to con-
ception due to the high birth defect rate. Phenobarbital
needs to be tapered slowly over months since rapid dis-
continuation will lead to withdrawal seizures. Since fetal
exposure to two or more medications results in higher
birth defect rates, reducing the AED regimen to one
agent should be considered.

Of course, if an AED is no longer needed, eliminating
fetal exposure to AEDs is best. If a patient has been sei-
zure free for greater than 2 years it may be possible to
withdraw medication if the EEG and MRI are normal.
Cases in which it is inadvisable to withdraw medica-
tion would be with a genetic form of epilepsy or when
epilepsy is due to a structural lesion or there is a history
of meningitis, febrile seizures or head trauma. In these
circumstances, there is a greater than 50% recurrence
if medication is withdrawn. Neurology consultation
is warranted to make a final determination. If an AED is
changed or stopped, driving should be suspended until
the new agent is proven to be safe and effective against the
woman’s seizures.

Contraception will be needed until AEDs are optimized.
Barrier methods are the preferred form of birth control
since OCP efficacy may be reduced by medications that



interfere with the P450 liver enzyme metabolism (e.g.
carbamazepine, phenytoin, phenobarbital). If OCP use is
needed while taking an enzyme-inducing AED, using an
OCP with 50 pg of estrogen can be tried. Valproic acid,
lamotrigine, and most newer agents do not interfere (see
Table 25.1). Topiramate in doses >200mg and oxcar-
bazepine in doses higher than 1200 mg interfere with
OCPs. Lamotrigine dose not interfere with OCP efficacy
but OCPs reduce lamotrigine levels and may cause break-
through seizures if the dose is not adjusted. Folic acid
supplementation with 1 mg should be prescribed to all
women taking AEDs since the rate of unplanned pregnan-
cies is high. Up to 4 mg a day should be given to women
actively attempting to conceive.

Headaches in pregnancy

Headache is a common complaint during pregnancy,
especially during the first trimester. Most often it is due
to a benign etiology such as migraine or tension head-
ache but on occasion it can herald a serious neurologic
condition. Some headache syndromes actually improve
during pregnancy. A detailed history and physical exam
can usually exclude most worrisome causes of headache.
If needed, neuroimaging with MRI or CT can be done
safely with precautions. On the other hand, management
of headaches during pregnancy can be challenging due
to limited medication options.

New-onset headache
Fortunately, most headaches that begin during pregnancy
are self-limited and improve as the pregnancy progresses.

Table 25.1 Properties of antiepileptic drugs (AEDs)

AED Significant Interferes with Pregnancy
excretion into OoCP category
breast milk

Carbamazepine No Yes D

Lamotrigine Yes No C

Phenytoin No Yes D

Topiramate Yes At > 200 mg C

Gabapentin Yes No C

Pregabalin Yes No C

Valproic acid, No No D

divalproate

Phenobarbital No* Yes D

Clonazepam Yes No D

Zonisamide Yes No C

Oxcarbazepine Yes At > 1200mg C

Levetiracetam Yes No C

OCP oral contraceptive pill.
* Metabolites can accumulate in neonate.
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Associated symptoms of altered consciousness, focal
weakness and numbness or papilledema indicate that a
headache is of a more serious nature. Headaches that are
exclusively on one side of the head may represent an
underlying abnormality. Acute life-threatening head-
aches are most often encountered in an emergency room
setting and patients complain of the “worst headache of
my life.” Rapid-onset headaches with altered conscious-
ness signal possible intracerebral bleeding, subarachnoid
hemorrhage or meningitis.

Cerebral aneurysms and arteriovenous malforma-
tions (AVM) may grow during pregnancy and are most
likely to rupture in the third trimester or early post-
partum period, causing subarachnoid hemorrhage or
intracerebral hemorrhage with severe headache and
depressed mental sensorium. Stroke, either ischemic
or hemorrhagic, can present with headache but can
be painless. Patients with stroke will have acute onset
of neurologic deficits due to occlusion of the cerebral
blood vessel or rupture and hemorrhage into cerebral
tissue. A prior hypercoagulable state can be unmasked
during pregnancy and become symptomatic this way.
Meningitis presents with fever, headache, stiff neck, and
photophobia.

A noncontrast head CT is the best way to detect acute
blood and can be obtained quickly in most emergency
rooms. Some subarachnoid hemorrhage can be missed
on head CT and a lumbar puncture looking for blood
or degrading blood products (xanthochromia) should
be performed in patients in whom there is a high suspi-
cion for subarachnoid hemorrhage clinically but a nega-
tive head CT. MRI of the brain is sensitive for structural
abnormalities and special diffusion-weighted images can
detect acute strokes. A lumbar puncture is essential in
diagnosing meningitis.

Less likely causes of progressive headache are pseudo-
tumor cerebri or brain tumor resulting in raised intracranial
pressure. These headaches occur daily, but are worse in
the morning and improve over the day. Pseudotumor
cerebri can present for the first time during pregnancy
since weight gain can be a trigger. Funduscopic exam
will show papilledema. If neuroimaging is normal, a
lumbar puncture should be performed to measure the
opening pressure and confirm the diagnosis. Repeated
lumbar punctures can acutely reduce raised intracra-
nial pressure followed by treatment with acetazolamide.
Visual field monitoring is essential since persistent
elevated cerebral spinal fluid pressures will damage the
optic nerves. Brain tumors rarely present during preg-
nancy but should be considered when patients have
purely unilateral headache with focal neurologic signs
or seizures. Some tumors can enlarge during pregnancy,
such as meningiomas and pituitary adenomas. One way
to monitor pituitary adenoma growth is with visual field
testing. Patients with ventriculoperitoneal shunts for
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hydrocephalus may experience worsening of headaches
if the output drain to their shunt is blocked in the abdo-
men by the expanding uterus.

Migraine with aura often presents for the first time
during pregnancy. The most common migraine aura is
a visual disturbance of shimmering lights surrounding
an expanding blind spot. Description of the visual aura
can be vague and some patients will complain of loss
or blurred vision prior to the headache. The “aura” is
not limited to visual symptoms and some patients will
experience dizziness, numbness or tingling prior to their
headache. The headache pain may not be that severe and
can be overlooked if no inquiry is made. Migraine with
aura should be a diagnosis of exclusion only after full
neurologic evaluation and neuroimaging are completed.

Chronic headaches during pregnancy

Migraine is the most common headache syndrome
in women, affecting approximately one in five. Since
migraine is most prevalent during the child-bearing years,
it is often encountered during pregnancy. Fortunately, most
migraine sufferers (50-80%) will have significant improve-
ment or complete remission during pregnancy. Migraine
without aura and menstrual migraine are more likely to
improve during pregnancy than migraine with aura. If a
woman has been taking preventive medication for her
migraines, such as propranolol, amitriptyline, topiramate
or valproic acid, and unexpectedly becomes pregnant she
should stop her medication since there is a high likelihood
that her migraines will improve on their own.

Migraines are easily diagnosed with a thorough his-
tory and normal exam. Migraine headaches are usually
one-sided although they can occur bilaterally. Migraine
pain has a throbbing quality and there is associated light
and sound sensitivity. Nausea and vomiting often but
not always accompany the headache. When the pain is
located in the frontal and temporal regions it is often
misdiagnosed as sinus headache. When migraine pain
is located in the occipital region and/or neck, it is often
misdiagnosed as neck strain. Regular triggers (certain
foods, lack of sleep, missing meals, stress, etc.) can also
help establish the diagnosis of migraine. Migraines are
usually worse in the afternoon although some women
can be woken from sleep with one.

Migraine treatment consists of two arms: abortive and
preventive. In the acute setting, intravenous narcotics
and antiemetics can be used. Intravenous magnesium (1 g
magnesium sulfate) has also been used acutely with suc-
cess. Other preferred abortive medications include aceta-
minophen, Vicodin®, and acetaminophen with codeine.
Of the triptan drugs, sumatriptan (Imitrex®) has the most
pregnancy data and is felt to be safe if used sparingly.
Combination pills often contain caffeine and therefore are
less desirable. Analgesics that were used prior to concep-
tion such as aspirin or ibuprofen should be avoided.

Strategies to prevent migraines include trigger
identification, relaxation techniques, and medication.
Identification and elimination of migraine triggers can
limit the need for both abortive and preventive medica-
tions. Lack of sleep and missing meals are often more
significant triggers than specific foods. Other common
triggers are stress, glare, and strong odors. Biofeedback,
prenatal yoga and other relaxation techniques may be
helpful. Patients should wear dark sunglasses when
going outside to avoid glare and request family
members or colleagues not to wear strong perfumes.
Neck massage and cold packs to the head can all be
done safely.

If conservative measures fail to provide relief and
migraines are frequent enough to inhibit daily activities,
preventive medications should be initiated. Oral mag-
nesium preparations (magnesium oxide 400-800 mg
daily), and riboflavin (up to 400 mg a day) are known
migraine prophylactic agents and can be used safely in
pregnancy. Because of their safety, consider using these
as the first line for prophylaxis during pregnancy. Low-
dose amitriptyline or propranolol are usually first line as
daily prophylaxis medication. If needed, these medica-
tions should be started in the second trimester and risks
and benefits discussed with the patient.

Other chronic headaches such as tension headaches
and chronic daily headaches may occur or persist during
pregnancy. Tension headaches have a band-like or
helmet-like pressure pain. The preventive and abortive
measures described above can be tried. Some patients
will experience caffeine withdrawal headaches if they
abruptly stop caffeine use when the pregnancy is discov-
ered. Reintroduction of low-dose caffeine (e.g. green tea)
may be necessary. Daily use of analgesics can produce
rebound headaches and overuse of prescribed medications
should be monitored.

Postpartum headache and breastfeeding

In the postpartum period the most common headache
is migraine. Other headaches include tension head-
aches, postdural puncture headaches, and pain from
venous sinus thrombosis. Unfortunately, migraines that
remitted during pregnancy often return in the postpartum
period. Breastfeeding may delay the return of migraines
but not significantly. Certain migraine medications
can be used during lactation (see Table 25.2). Postdural
puncture headaches are diagnosed if the patient had
epidural or spinal anesthesia and the headache is better
in the supine position. Conservative treatment with non-
steroidal anti-inflammatory drugs and caffeine should
be tried first before a blood patch is performed. Venous
sinus thrombosis can present in the postpartum period
with severe headache, focal neurologic signs and seizures.
Emergency neurologic evaluation and treatment are needed
to prevent long-term disability.



Table 25.2 Migraine medication and lactation

Compatible Caution

Ibuprofen Aspirin

Naprosyn Other triptans
Acetaminophen Ergotamine

Codeine Caffeine combination pills
Meperidine Amitriptyline

Sumatriptan Valproic acid

Magnesium

Table 25.3 Migraine prevention in pregnancy

Compound Class of drug Pregnancy FDA approved for
category migraine
Propranolol B-blocker C
Verapamil Calcium channel C
blocker
Lisinoprill, ACE/angio Il C first trimester
candesartan
D third trimester
Amitriptyline, Tricyclic D
nortriptyline antidepressant
Venlafaxine SNRI reuptake C
inhibitor
Valproic acid Anticonvulsant D Yes
Topiramate Anticonvulsant C Yes
Gabapentin Anticonvulsant C
Magnesium Alternative B
Riboflavin (B2)  Alternative B
Feverfew Alternative Unknown
Butterbur Alternative Unknown
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Anemia

Anemia affects more than half of pregnant women in the
United States, and is one of the most common problems
encountered in pregnancy. It has long been recognized
that there is a “relative anemia” in pregnancy that occurs
as a result of the disproportionate increase in plasma vol-
ume in relation to the red cell volume. The mean plasma
volume increases in pregnancy by approximately 40-45%
over the mean nonpregnant plasma volume. The result is
a fall in erythrocyte count, hemoglobin, and hematocrit.
The consequence of this process is a physiologic anemia,
which is not a disease but rather a symptom that can be
reversed in most instances.

Guidelines have been established to aid clinicians in
establishing the diagnosis of nonphysiologic anemia.
In the first and third trimesters, the lower limits of nor-
mal are 11 g/dL for hemoglobin and 33% for hematocrit.
In the second trimester the lower limits are 10.5 g/dL for
hemoglobin and 32% for hematocrit.

Etiology of anemia in pregnancy

The first step in recognizing the etiology of any anemia
is to obtain the appropriate history, physical examina-
tion, and laboratory tests. This initial step will aid in the
formulation of the differential diagnosis to distinguish
between an acquired and inherited anemia. While preg-
nant patients with anemia are often asymptomatic, in part
because of the increase in blood volume, clinical findings
can be identified, such as glossitis (nutritional deficien-
cies), jaundice (hemolytic problems), petechiae (coagu-
lopathies) or skeletal abnormalities (hemoglobin sickle cell
anemias), which suggest the presence of anemia.
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The basic laboratory work-up includes a complete
blood count, peripheral blood smear, iron studies, and
urinalysis. Patients at risk for sickle cell anemia or tha-
lassemia should also have a hemoglobin electrophoresis.

Nutritional deficiency anemias

Iron deficiency anemia

The most common cause of anemia in pregnancy is
iron deficiency — it accounts for about 95% of anemia
seen during pregnancy. The ideal body iron content in
the adult woman is 3.5-4 g with approximately 60-70%
contained in circulating hemoglobin and the remainder
stored as ferritin and hemosiderin in the liver, spleen,
and bone marrow. Absence of hemosiderin in the bone
marrow indicates that iron stores are exhausted.

The World Health Organization and most experts
recommend prevention of iron deficiency anemia with pro-
phylactic iron supplementation in pregnancy. Pregnancy
requires an additional 700-1200 mg of iron. Of this,
200-300 mg is transferred to the fetus. Most of the iron
requirements of pregnancy are in the second half of
pregnancy, and they are approximately 5-6 mg/day.
An average balanced diet will supply only 1-2 mg/day.
Daily supplementation with 300 mg ferrous sulfate (which
contains 60 mg elemental iron) will satisfy the pregnancy
requirements; it is recognized that only 10-15% of the
ingested iron is being absorbed.

The consequence of iron deficiency is a microcytic,
hypochromic anemia with red cells showing a mean
corpuscular volume (MCV) of less than 80 femtoliters
(fL). Serum iron studies typically demonstrate a decrease
in serum iron, low serum ferritin, and an increase in
serum total iron-binding capacity.

When iron deficiency anemia is identified, the treat-
ment requires the administration of 900 mg of oral fer-
rous sulfate daily. On occasion, some women will require
parenteral iron therapy given as iron dextran. Each 2 mL
vial of iron dextran provides 100 mg of elemental iron.
The rapidity of response of parenteral therapy is the
same as for oral iron.



A rise in hemoglobin concentration of 0.2 g/dL
associated with an increase in reticulocyte count indi-
cates that the patient is responding to treatment. Blood
transfusion is seldom required, and the potential risks for
blood-borne infections (hepatitis, cytomegalovirus, HIV)
must be weighed carefully before transfusion is recom-
mended. At hemoglobin levels of 4-6 g/dL there is some
risk for high-output cardiac failure in the mother and
somewhat less of a risk for fetal hypoxia.

Vitamin deficiency megaloblastic anemias

The two most common megaloblastic conditions acquired
in pregnancy are caused by folate deficiency and vitamin
B12 deficiency. Both vitamin B12 and folate deficiency
delay DNA synthesis and can result in megaloblastic
anemias. Megaloblastic anemia is a nonspecific term uti-
lized to describe hypoproliferative disorders that have
characteristic hematocytopathic features, evidence of
inadequate erythropoiesis, and /or hemolysis of red blood
cells. The most prominent clinical features of severe meg-
aloblastic anemias are roughness of the skin and glossi-
tis. Folic acid deficiency is the most common cause for
megaloblastic anemia, while vitamin B12 deficiency is
extremely uncommon during pregnancy.

The diagnosis of folic acid deficiency anemia is usually
made late in pregnancy or in the puerperium. Diagnostic
laboratory tests show a macrocytic anemia (MCV above
100 fL) with hypersegmentation of the polymorphonu-
clear leukocytes, decreased reticulocyte count, and a
decreased serum folate (normal folate values in preg-
nancy are 5-10 mg/pL). The natural history of folate defi-
ciency is such that the sequential events usually observed
are: decrease in serum folate in 3 weeks, appearance of
hypersegmented neutrophils in 7 weeks, a decrease in
red cell folate in 18 weeks, a megaloblastic bone marrow
in 19 weeks, with clinical anemia presenting in 20 weeks.
Among the late fetal effects of folate deficiency are low
birthweight and fetal growth restriction. An association
with placental abruption and pre-eclampsia/eclampsia
has been reported but not definitively established.

A variety of factors contribute to folic acid deficiency
in pregnancy: multiple pregnancy, inadequate diet,
excessive hyperemesis, chronic infection, ethanol, drugs
(nitrofurantoin, hydantoin), and inherited defects in
folate metabolism.

The recommended daily allowance of folate during
pregnancy is 800 pg/day. Dietary intake of up to 400 pg
of folate can be achieved with a well-rounded diet. An
additional 400 pg of synthetic folate from fortified foods
or supplements is recommended. The treatment of anemia
caused by folate deficiency is 4 mg of folate PO per day
as soon as the condition is recognized.

Vitamin B12 deficiency (pernicious anemia) is prima-
rily caused by deficiency in oral absorption. The most
common type is that caused by autoimmune atrophic
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gastritis, which occurs most frequently in patients of
Scandinavian and Northern European ancestry as well
as those of Hispanic origins. This condition usually
presents in women between 30 and 40 years of age.
Rare causes of vitamin B12 deficiency, which should
be considered, include infection by the fish tapeworm
Diphyllobothrium latum, and chronic conditions such as
Crohn’s disease. The diagnosis is made in patients dem-
onstrating a macrocytic anemia with an abnormally low
serum vitamin B12 level.

Treatment of patients with pernicious anemia is under-
taken with parenteral therapy because oral absorption of
vitamin B12 is deficient. Daily injections of 200 pg are
given for the first week followed by weekly injections for
3 weeks and then once a month thereafter. Importantly,
therapy must continue for life to prevent recurrence of
anemia. Response to therapy is usually manifested by
a brisk production of reticulocytes within the first few
days of therapy.

Hemoglobinopathies

Sickle cell disease

Sickle cell anemia is inherited in an autosomal recessive
pattern and results in the formation of hemoglobin S
through the genetic substitution of valine for glutamic
acid at codon 6 of the 3 globin chains. Hemoglobin S causes
red blood cells to become sickle shaped in the presence
of decreased oxygen tension. Patients homozygous for
the hemoglobin S allele have “sickle cell anemia,” those
heterozygous have “sickle cell trait.” In the USA, about
10% of African Americans have sickle cell trait, and 1 in
500 has sickle cell anemia. A relatively common associ-
ated condition is hemoglobin S/C disease. This condition
occurs in people who are heterozygous for both the S
and another abnormal hemoglobin allele, C. In this con-
dition maternal mortality rates are as high as 2-3% and
it is peculiarly associated with embolization of necrotic
fat and cellular bone marrow with resultant respiratory
insufficiency.

Screening for sickle cell disease with the Sickledex test
involves mixing 2 mL of sodium dithionite reagent with
20 pL of blood. The presence of hemoglobin S causes
clouding of the solution. Hemoglobin electrophoresis can
then be used to differentiate between the homozygous
and heterozygous states.

Prenatal genetic counseling is of great importance.
If both partners have the gene for S hemoglobin, their
offspring have a one in four chance of having sickle cell
anemia. Fetal DNA isolated from amniotic fluid cells
or via chorionic villous sampling can be evaluated by
polymerase chain reaction (PCR) to detect a hemoglobin-
opathy in pregnancies at risk.

Pregnancy has deleterious effects on sickle cell disease.
There are increased rates of maternal mortality and
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morbidity from hemolytic and folic acid deficiency ane-
mias, frequent crises, pulmonary complications, conges-
tive heart failure, infection, and pre-eclampsia/eclampsia.
In addition, there is an increased incidence of early fetal
wastage, stillbirth, preterm delivery, and intrauterine
growth restriction. Good prenatal care, avoidance of com-
plications, and prompt effective treatment for complications
are necessary for a good outcome of pregnancy.

Sickle cell disease is characterized by chronic hemo-
lytic anemia and other chronic problems. The most
common manifestations of sickle cell disease include
increased susceptibility to bacterial infection; bacterial
pneumonia, segmental bronchopneumonia, and pulmo-
nary infarction; myocardial damage and cardiomegaly;
and functional and anatomic renal abnormalities in the
form of sickle cell nephropathy or papillary renal necrosis,
resulting in hematuria.

Acute sickle cell crisis occurs with variable frequency
and severity in different patients. Pain crises involve the
bones and joints. These are usually precipitated by dehy-
dration or infection. An aplastic crisis is characterized by
rapidly developing anemia. The hemoglobin decreases
to 2-3 g/dL due to cessation of red blood cell produc-
tion. An acute splenic sequestration crisis is associated
with severe anemia and hypovolemic shock, resulting
from sudden massive trapping of red blood cells within
the splenic sinusoids.

While persons with sickle cell trait are not anemic and
are usually asymptomatic, they have twice as many
urinary tract infections as normal women. Additionally,
their red blood cells tend to sickle when oxygen tension
is significantly lowered; thus, hypoventilation during
general anesthesia may be fatal.

Antepartum management involves ultrasound evalu-
ation to assess fetal growth and biophysical monitoring
for fetal surveillance. Adequate intrapartum pain relief is
essential and hypoxia must be prevented during general
anesthesia by maintaining adequate oxygenation and
ventilation. Cesarean section should be carried out at the
earliest sign of fetal compromise for the best perinatal
outcome.

Hemolysis of the defective red blood cells and the
resulting increased hematopoiesis causes a megaloblas-
tic anemia. While iron therapy will not correct the ane-
mia, folic acid 1 mg/day is necessary to compensate for
the shortened red blood cell life span. Monthly urine
cultures are recommended to screen for asymptomatic
bacteriuria. Pneumococcal polyvalent vaccine has been
shown to reduce the incidence of pneumococcal infec-
tion in adults with sickle cell disease, and therefore it is
highly recommended. Haemophilus influenzae type B vaccine
should be considered in patients who have undergone
autosplenectomy. In the management of crises, pre-
disposing factors should be sought and eliminated,
if possible. Symptomatic treatment for a pain crisis

consists of intravenous fluid and adequate analgesics
(e.g. meperidine or codeine). Bacterial pneumonia or
pyelonephritis must be treated rigorously with intra-
venous antibiotics. In all cases, adequate oxygenation
must be maintained by facemask as necessary.

The concentration of hemoglobin S should be less
than 50% of the total hemoglobin to prevent crisis. Blood
transfusion should be considered in cases of a fall in
hematocrit to less than 25%; repeated crisis; symptoms of
tachycardia, palpitation, dyspnea, or fatigue; or evidence
of fetal growth restriction.

Prophylactic hypertransfusion or exchange transfusion
to prevent maternal complications, improve uteropla-
cental perfusion, and achieve a better perinatal outcome
has been advocated by some, but these methods are not
universally accepted. Transfusion always carries a risk of
allergic reaction, delayed hemolytic reaction with rapid
fall in hemoglobin A, and transmission of HIV or hepati-
tis. Isoimmunization may also occur. Hemolytic disease
of the newborn or transfusion reactions due to incor-
rect cross-matching of blood may occur if careful blood
typing is not done. The use of fresh buffy coat-poor
washed packed cells for exchange transfusion will help
in avoiding transfusion reactions. Oral contraceptives are
avoided because of the risk of thromboembolism.

Thalassemia

The thalassemias are a group of autosomal recessive dis-
orders affecting the synthesis of the normal hemoglobin
found in adults, hemoglobin A, which contains two o
globin and two (3 globin chains (o,3;). The two major tha-
lassemias, o and @, are found throughout the world but
are most prevalent in persons of Mediterranean, Central
African, and South-east Asian descent.

Production of o globin is controlled by a total of four
copies of the o globin gene, with two copies residing on
each chromosome 16. Fetal hemoglobin F (o,y;) and all
normal hemoglobins of postnatal life contain o chains.
Therefore, the severity of o thalassemia is directly related to
the number of deleted o globin genes. In o (0) thalassemia,
also called hemoglobin Barts, all four o globin genes
are deleted which prevents formation of normal hemo-
globin. This results in hydrops fetalis and, typically, fetal
demise. The most severe form of « thalassemia compat-
ible with extrauterine life is hemoglobin H (3,) disease in
which three of the four o globin genes are deleted. The
remaining normal o globin gene allows for the produc-
tion of normal fetal hemoglobin F and adult hemoglobin
A, but the overproduction of 3 globin chains leads to
the formation of hemoglobin H as well. The presence of
hemoglobin H, a poor transporter of oxygen, can cause
development of hydrops fetalis. After delivery, neonatal
jaundice and anemia are seen. Women with hemoglobin
H disease have anemia of variable levels that is usually
worsened in pregnancy.



In o thalassemia minor, two o globin genes are deleted,
causing a mild hypochromic, microcytic anemia that
must be differentiated from iron deficiency anemia. o
Thalassemia minima results from a single « globin gene
deletion and commonly has no clinical effects. Women
with these conditions tolerate pregnancy well.

B Thalassemia results from impaired 3 globin chain
production. A single 8 globin gene resides on each chro-
mosome 11. 3 Thalassemia major is the homozygous
state, in which there is little or no production of 3 chains.
The fetus with  thalassemia major is protected from
severe disease because fetal hemoglobin F (a,,) contains
no (3 globin chain. However, this protection disappears at
birth, when fetal hemoglobin production terminates. At
about 1 year of age, a baby with (3 thalassemia major usu-
ally begins to show signs (anemia, hepatosplenomegaly)
and requires frequent blood transfusions. Death in the
late teens or early twenties can occur because of conges-
tive heart failure, often related to myocardial hemosi-
derosis, and liver failure. However, improved treatment
with transfusion and iron chelation therapy has led to
overall improved survival and even successful pregnancies
in women with 3 thalassemia major.

B Thalassemia minor, the heterozygous state, is fre-
quently diagnosed only after the patient fails to respond
to iron therapy or delivers a baby with homozygous
disease. Such patients usually suffer from hypochromic
microcytic anemia and show an increased red blood
cell count, elevated hemoglobin A, (ay0) concentra-
tions, increased serum iron levels, and iron saturation
greater than 20%. Suspected adult cases of thalassemia
are diagnosed by hemoglobin electrophoresis. Antenatal
diagnosis of thalassemia is possible by molecular analy-
sis of fetal cells obtained via amniocentesis or chorionic
villous sampling. Preimplantation genetic analysis is also
available and allows for the transfer of unaffected embryos.

Thrombocytopenia

The approach to thrombocytopenia in pregnancy changed
with the wide availability of the automated blood counts
(CBCQ) in the mid 1980s. It is now common for the obste-
trician to be faced with a low platelet count of uncertain
significance.

The first step is to confirm that thrombocytopenia exists
by making sure the peripheral smear does not show plate-
let clumping. Next, the CBC is examined to note whether
white cells or red cells are affected in addition to platelets.
The size of the platelets is also noted by looking at the
smear or by observing the mean platelet volume (MPV)
on the CBC report. In the vast majority of cases seen dur-
ing pregnancy, the thrombocytopenia is isolated and
the platelets are near or above the upper limit of normal
size. The cause of the thrombocytopenia in such cases is
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peripheral destruction. If the thrombocytopenia does not
fit this pattern, it is our practice to seek consultation with
the hematologist promptly.

The major differential diagnosis of thrombocytopenia
due to peripheral destruction includes immune mecha-
nisms; ITP, systemic lupus erythematosus (SLE), antiphos-
pholipid syndrome (APS), infection (HIV, hepatitis C,
sepsis), medications, disseminated intravascular coagu-
lation (DIC), pre-eclampsia, and pregnancy-associated
thrombocytopenia (PAT). Our approach to this pattern
of thrombocytopenia is based on an understanding of
the characteristics of PAT. It is by far the most common
cause of this pattern of thrombocytopenia (occurring in
5% of all pregnancies), but is of no known pathologic
significance. It rarely presents before 30 weeks’ gestation
and the platelets rarely fall below 60,000/mm?. Thus,
the initial approach to a patient with thrombocytopenia
in the last trimester consists of a history and physical
examination, looking for evidence of the known causes
of thrombocytopenia due to peripheral destruction. No
further work-up is undertaken if the history and physical
examination are negative and the platelet count is above
60,000/mm?. Platelets are rechecked every 2—4 weeks.
The patient may have new-onset mild ITP, but this cannot
be distinguished from PAT unless the platelets continue
to drop. The management of both conditions is the same
(expectant) in any case.

If the platelets are less than 60,000/ mm? or if the throm-
bocytopenia was noted before 28 weeks’ gestation and no
other cause is suspected from the history and physical
examination, the following laboratory tests are checked:
antinuclear antibodies (ANA), anticardiolipin antibodies,
lupus anticoagulant (LAC), HIV, and hepatitis C. If the
laboratory work-up is negative, the presumed diagnosis
is new-onset ITP. Platelet antibodies are not checked as
they are of no value in distinguishing between ITP and
PAT or in the management of ITP itself.

Management of immune
thrombocytopenia in pregnancy

Immune thrombocytopenia, whether diagnosed for the
first time in pregnancy or if it antedates pregnancy, is
managed the same. If the platelet count is consistently
below 50,000/ mm?, the first line of therapy is prednisone
in a dose of 1 mg/kg/day. A response is usually seen
within 3 weeks after which the dose should be tapered to
maintain a count above 50,000/mm?. ASA and nonsteroi-
dal anti-inflammatory agents should be avoided because
they interfere with platelet function.

For patients who do not respond to steroid therapy,
intravenous immune globulin (IV IgG) may be given in
a dose of 400 mg/kg/day for a 5-day course. A response
is usually seen within 5 days. For patients who fail IV
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IgG or who relapse frequently, we have had success
with a regimen of dexametasone 40 mg/day orally for
4 days repeated monthly for 3 months. This latter regimen
avoids the need for cytotoxic agents, which may other-
wise be required in refractory ITP.

Attempts to determine which fetuses are thrombocy-
topenic and therefore at presumed risk for hemorrhage
either poses undue risk (percutaneous umbilical sampling)
or is unreliable (fetal scalp sampling). Of more impor-
tance, although 15% of newborns of mothers with ITP
may have platelet counts less than 50,000/ mm? at birth,
there is no conclusive evidence from large series of ITP
cases that bleeding (in particular, intracranial hemorrhage)
has occurred in the neonate that could have been altered
by changing the mode of delivery. For these reasons, we
manage mothers with ITP expectantly during labor, avoid-
ing instrumental delivery.

If the maternal platelet count is less than 50,000/ mm?,
platelets should be available at the time of cesarean or
vaginal delivery, but the platelets should not be given
unless abnormal bleeding is encountered — an uncommon
occurrence. If a cesarean birth (or other elective surgery)
is planned, it is our practice to administer IV IgG in a
dose of 1 g/kg daily for 2 consecutive days in addition to
the above measures.

There are no exact guidelines regarding when platelets
should be transfused. It is generally agreed that there
is a risk of spontaneous bleeding with counts below
20,000/mm? however, patients with ITP frequently
tolerate lower counts without difficulty if they are not
subjected to surgical or accidental trauma. If thrombocy-
topenia is the only hemostatic abnormality, it is unlikely
that bleeding will occur with counts of 50,000/ mm? or
more, even during surgery. Each unit of platelets will
increase the platelet count by 8000-10,000/ mm?. Single
donor platelet pheresis packs have 8-10 units. Transfused
platelets do not persist for long in the recipient because

the same immune-mediated process that is causing the
thrombocytopenia destroys them.

Fetal and neonatal thrombocytopenia

The neonatal platelet count reaches a nadir 2-6 days after
delivery. Platelet count should be measured, although the
thrombocytopenic neonate usually has petechiae. The plate-
let count usually returns to normal within 2 months after
birth. There is a theoretical, but unlikely, risk that breast-
feeding may transfer maternal antibody to the neonate.
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Introduction

The risk of venous thromboembolism (VTE) is five to
ten times greater during pregnancy than in age-matched
nonpregnant women. It is now one of the leading causes
of maternal morbidity and mortality since other compli-
cations such as infections and hemorrhage are treated
more effectively. According to the Centers for Disease
Control, VTE caused 20% of pregnancy-related deaths
from 1991 to 1999, surpassing the 17% deaths form hem-
orrhage. VTE includes both deep vein thrombosis (DVT)
and pulmonary embolism (PE), which are true clinical
emergencies. Many of the women at risk of thromboem-
bolism also have inherited or acquired thrombophilias
and are more likely to have poor pregnancy outcomes,
including fetal loss (particularly after 20 weeks), severe
pre-eclampsia, eclampsia, HELLP syndrome, abruptio
placentae and intrauterine growth restriction (IUGR).

Location

In pregnancy, DVT involves more frequently the iliofem-
oral system (72% vs 9%) and the left side (85% vs 55%).
On the left side, the iliac artery crosses over the vein,
resulting in additional stasis. Upper extremity VTE is
exceedingly rare and should raise the suspicion of intra-
venous drug use (particularly cocaine), a severe hyperco-
agulable state or, more commonly, a needle or a catheter
left in the vein too long.

Frequency

Symptomatic VTE in pregnant women without previous
episodes and no obvious risk factors is 0.5-1.8 per 1000.

Management of Common Problems in Obstetrics and Gynecology,
5th edition. Edited by T.M. Goodwin, M.N. Montoro,

L. Muderspach, R. Paulson and S. Roy. © 2010 Blackwell
Publishing Ltd.

Older studies reported higher frequencies because
objective documentation of thrombosis was not usually
required. More recent publications quote 1 in 1000 deliv-
eries. Subclinical, asymptomatic episodes of thrombosis,
particularly in the calf and during the puerperium, are
probably much more common and incidences as high as
3% are quoted, but no prospective trials involving preg-
nant or postpartum women have been done. Moreover,
these quotes are extrapolated from studies in nonpreg-
nant patients undergoing a variety of elective surgical
procedures with preoperative injection of fibrinogen-
labeled iodine 131, which for obvious reasons cannot be
used during pregnancy.

In our own experience, during a 19-year period there
were 165 VTE complicated pregnancies and 268,036
deliveries (1 per 1627 births — 0.06%). There were 127
cases of DVT and 38 cases of PE.

The recurrence rate during pregnancy in women
with a previous VTE episode depends on the specific
risks associated with the previous episode. The risk was
higher when it was associated with a hypercoagulable
state (thrombophilia) or if it was labeled as “idiopathic”
and much lower if the risk factors were transient, such as
trauma or surgery.

The risk of recurrence in thrombophilias, either
hereditary or acquired, depends on the specific con-
dition. Heterozygous women who are carriers of the
G1691A factor V Leiden mutation have a 3-9-fold
higher risk but 49-80-fold if they are homozygous. The
G2021A mutation in the prothrombin gene carries a
2-9-fold higher risk for the heterozygotes and 16-fold
for the homozygous carriers. If the patient happens to
be heterozygote for both the factor V Leiden and pro-
thrombin G2021A gene mutation (“compound muta-
tion”), the risk increases by 150-fold. Antithrombin III
(AT-III) deficiency increases the risk 25-50-fold, making
it the single most thrombogenic condition. Protein C
deficiency causes a 3-15-fold higher risk and protein S
deficiency twofold. Hyperhomocysteinemia carries a
2.5-4-fold higher risk and antiphospholipid antibodies
increase the risk by 5-6-fold. Women who are relatives
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of persons with VIE but who themselves have only
laboratory evidence of risk factors, and not previous
clinical VTE episodes, were found to have a 4% risk of
VTE during pregnancy.

At present, 50% or more of pregnancy-related VTE
cases occur in women with a hereditary or acquired
thrombophilia. Those without discernible risk factors are
said to have an “idiopathic episode” but they are at a high
risk of recurring VITE during subsequent pregnancies. It
is possible that the VTE currently labeled as “idiopathic”
are actually cases of still unknown thrombophilias.

Timing in relation to pregnancy

The risk of VTE was thought to increase with progres-
sion of pregnancy but recent studies indicate that the risk
is evenly divided throughout all trimesters and that it is
already well established in early pregnancy, by the end
of the first trimester. The immediate postpartum remains
the highest risk period for PE, with = 80% occurring
after operative deliveries. Sixty-one percent of all PE in
our series occurred post partum and 82.6% of all post-
partum PE occurred after cesarean sections.

The overall risk of VTE at present is still higher after
delivery than antepartum. Nevertheless, the risk of
postpartum VTE has decreased to a greater extent than
antepartum in comparison to older studies and most
likely because of changes in obstetric practices such as
shorter hospital stays, earlier postpartum ambulation
and bedrest not being recommended as frequently.
And when bedrest is recommended, measures are
generally applied to reduce risks by using elastic
stockings, intermittent pneumatic leg compressors or
prophylactic anticoagulation in the high-risk groups.
Furthermore, estrogens are no longer used to suppress
lactation.

Risk factors for venous
thromboembolism

Rudolf Virchow is credited with establishing the basic
risk factors for VTE in his now classic 1845 lecture, later
published in 1856, and known as the “Virchow’s triad”:
venous stasis, “alterations of the blood,” and endothelial
vascular injury. These risk factors are present during ges-
tation and are believed to be the reason for the so-called
“hypercoagulable state of pregnancy.”

¢ The velocity of the venous return may decrease by
as much as 50% towards the end of pregnancy due to
venous dilation caused by progesterone (already present
in early pregnancy) and mechanical obstruction by the
fetus, which increases with the progression of pregnancy.
e There is also a 20-200% increase in the amount of clot-
ting factors such as fibrinogen and factors II (prothrombin),

VII, VIII, X and XII, with a secondary increase after the
delivery of the placenta. There is a concomitant decrease
in the natural inhibitors of coagulation, indicated by
lower protein S levels, and lower activity of the fibrino-
lytic system evidenced by higher levels of the plasmino-
gen activator inhibitors 1 and 2 and thrombin activator
fibrinolysis inhibitor.

¢ Endothelial vascular injury leading to release of tis-
sue thromboplastin may occur during vaginal delivery
and placental separation, but it is more pronounced after
cesarean sections and traumatic deliveries with tissue
rupture. Additional tissue damage by postpartum infec-
tions may further increase the risk.

Other factors that may additionally increase the risk
include older age (> 35 years), obesity (pre-pregnancy
BMI =30 kg/ m?), bedrest, smoking, hypertension,
venous damage from previous thrombosis (postphlebitic
syndrome), large varicose veins, nephrotic syndrome,
dehydration (e.g. in severe hyperemesis), intravenous
drug abuse and long-distance air travel.

It is widely believed that there are still unknown
“thrombopreventive and vasoprotective” mechanisms
that seem to over-ride the thrombogenic diathesis of
pregnancy in most women. It is also likely that future
research will disclose more instances of coagulation
abnormalities in many of the cases now labeled as “idi-
opathic.” The reason for the overwhelming occurrence
of thrombosis in veins, rather than in arteries, during
pregnancy seems to be the increased venous stasis plus
the fact that pregnant women are generally young and
free of arterial vascular disease (e.g. plaque) predispos-
ing to arterial thrombosis. Nevertheless, some cases of
arterial thrombosis (cerebral, cardiac, peripheral) have
been reported in pregnant women although almost
exclusively in those with the most severe forms of the
antiphospholipid syndrome.

Special risk categories: thrombophilias

An increasing number of pregnant women with VTE
are being found to have an underlying hereditary or
acquired thrombophilia. A mutation in the factor V
gene is associated with resistance to activated protein C
(APC-R). This autosomal dominant-inherited defect
causes a point mutation in the gene encoding for fac-
tor V, also known as Leiden, whereby glutamine is
substituted for arginine at the amino acid site 506
which renders factor V resistant to proteolytic down-
regulation by activated protein C, leading to thrombin
generation. The prevalence of APC-R (heterozygous
state) in the general population is 2-7% with variations
according to ethnicity: 3-7% in Caucasians, 2.21% in
Hispanic Americans, 1.25% in Native Americans, 1.23%
in African Americans, and 0.45% in Asian Americans.



These patients also have an increased risk of adverse
pregnancy outcomes, as stated in the introduction.

A mutation in the prothrombin G20210A gene, which
results in increased levels of prothrombin, also increases
the risk of thrombosis and adverse pregnancy outcomes.
It occurs in 2% of the general population. Patients with
both factor V and prothrombin gene compound muta-
tion have a markedly increased thrombotic risk.

Antithrombin III deficiency is reported in 0.02-0.17%
of the general population. It is considered to be a very
thrombogenic condition.

The prevalence of protein S or protein C deficiencies
is found in 0.14-0.5% of the general population, and the
frequency during pregnancy in women with a previous
VTE episode is 0-6% for protein S deficiency and 3-10%
for protein C, but higher, 7-22%, among women who
develop VTE post partum.

Hyperhomocysteinemia, caused by a mutation in the
methylene tetrahydrofolate reductase C677T and A1298C
genes, also increases the risk VTE during pregnancy and
the risk of recurrent abortion by twofold. Other risks
reported include neural tube defects.

Frequently, the precipitating event in persons with
an inherited coagulation defect is the addition of an
acquired risk for thrombosis such as the use of oral con-
traceptives, pregnancy, labor and delivery, immobiliza-
tion, trauma or surgery.

Boxes 27.1 and 27.2 list the inherited and acquired
coagulopathies that may be encountered during preg-
nancy as well as the maternal and fetal risks associated
with these conditions.

Box 27.1 Coagulopathies in pregnancy:
inherited and acquired

Inherited
Deficiency of antithrombin III, protein C, protein S,
plasminogen, fibrinogen
Resistance to activated protein C
Hyperhomocysteinemia
Prothrombin G mutation (G20201A)
Paroxysmal nocturnal hemoglobinuria
Sickle cell disease

Acquired
Antiphospholipid syndrome:
¢ associated with SLE

¢ independent of SLE

* lupus anticoagulant

¢ anticardiolipin antibody
Anti-82 glycoprotein antibody:

¢ antithrombin III deficiency

¢ certain malignancies (rare in pregnancy)
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Box 27.2 Coagulopathies in pregnancy:
maternal and fetal risks

Maternal risks
Deep vein thrombosis and pulmonary embolism
Extensive thrombosis or at unusual sites (sagittal,
mesenteric, portal veins)
Arterial occlusions
Hemocytopenia (thrombocytopenia more commonly)
Pre-eclampsia (early, severe, persistent postpartum,
atypical HELLP, hepatic infarction)
Postpartum autoimmune syndrome

Fetal risks
Spontaneous abortion, recurrent abortion, stillbirth, fetal
death

Intrauterine growth retardation

Placental abruption, placental infarction

Unexplained elevated maternal serum a-fetoprotein
(MSAFP)

Neonatal thrombosis

Diagnosis of deep vein thrombosis
during pregnancy

Clinical diagnosis

The clinical manifestations of DVT may include pain, ten-
derness, swelling, warmth, redness, discoloration, cyano-
sis, a palpable cord, superficial venous dilation and, in
severe cases, massive swelling and phlegmasia caerulea
dolens. The diagnosis should never be made on clinical
grounds alone because many other conditions may cause
similar symptoms. It has been repeatedly shown that the
diagnosis of DVT by clinical signs alone is accurate in
less than 50% of cases, and in pregnancy, even less than
10% of suspected DVT is confirmed by ancillary testing.
A careful personal and family history with emphasis on
thromboembolic events should be taken.

Laboratory testing

General laboratory tests include a complete blood count
(CBC), platelet count, partial thromboplastin time (PTT),
thrombin clotting time and perhaps a bleeding time. A
high-sensitivity D-dimer level, if not elevated, is con-
sidered strong evidence against the presence of VTE in
nonpregnant patients. In pregnancy, a normal D-dimer is
considered helpful if the compression ultrasound is also
normal; if elevated, even if the ultrasound is negative,
this indicates the need for further testing. D-dimer levels
increase with the progression of pregnancy and spike if
there are complications such as pre-eclampsia and placen-
tal abruption. One particular D-dimer assay (SimpliRED)
might have a higher specificity, a superior negative predic-
tive value and a lower rate of false-positive results in the
first and second trimesters but it needs further validation.
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Indications for thrombophilia testing include recurrent
VTE, positive family history, and previous adverse preg-
nancy outcomes such as recurrent miscarriage (3 or more
consecutive losses) before the 10th week, one or more fetal
losses at or after 10 weeks, premature delivery (before
34 weeks) because of severe pre-eclampsia, eclampsia,
HELLP syndrome, placental abruption, IUGR (= 5th per-
centile), or a combination of these factors (see Chapter 28).
Whether or not screening for thrombophilia is warranted
after the first VIE episode is still a matter of debate.

Basic thrombophilia screening tests include functional
AT-III assay, functional proteins C and S assays, APC
resistance factor V polymerase chain reaction and/or the
more specific DNA-based testing for mutation of the fac-
tor V gene, and prothrombin G20210A polymerase chain
reaction. Tests for acquired thrombophilias include the
lupus anticoagulant, anticardiolipin and anti-3, glyco-
protein antibodies (IgG and IgM). Other possible factors
to look for include a homocysteine level (testing 6 hours
after I-methionine loading — 0.1g/kg bodyweight — might
be more accurate than just a fasting level), thrombomod-
ulin gene variants, protein Z levels, fibrinogen, plasmino-
gen, plasminogen activator inhibitors and fibrinolysis
inhibitors.

At present, the cost of thrombophilia screening is very
high for routine use. The recommendation from the most
recent consensus of the American College of Obstetricians
and Gynecologists is to screen patients with a history of
thrombosis, unexplained fetal loss at or after 20 weeks’
gestation, severe pre-eclampsia/HELLP occurring at
less than 34 weeks’ gestation, severe IUGR or a family
history of thrombosis. The basic screening tests should
include factor V Leiden mutation, prothrombin G20210A
mutation, functional protein C and S deficiencies, AT-III
deficiency, lupus anticoagulant, anticardiolipin, anti-3,
glycoprotein antibodies and a homocysteine level.

Imaging

Contrast venography was, for years, the diagnostic gold
standard for DVT and the sensitivity and specificity of all
others tests were measured against it. It is rarely performed
at present since it cannot be repeated serially because of
fetal radiation and intravenous X-ray contrast exposure. It
is an invasive procedure and carries risk of DVT itself.

The venous color Doppler compression ultrasound in
symptomatic patients has a 95% sensitivity and a 96% spe-
cificity for the proximal (above the knee) veins but 75%
sensitivity and 90% specificity for the distal veins (below
the knee). It does not reliably detect isolated iliac vein
thrombosis either. Nevertheless, it is currently the most
widely used initial examination. When the ultrasound
cannot be technically performed (in about 3% of cases)
or if the DVT suspicion remains high despite a negative
ultrasound, back-up testing includes magnetic resonance
venography which has a 95-96% sensitivity and a 90-92%
specificity for both the proximal and distal veins. The

cost is higher but its effectiveness is also higher because
it includes more vein sites such as the vena cava, pelvic,
thigh and popliteal veins. Helical CT contrast venography
of the pelvis and lower extremities has a 95% sensitivity
and a 86% specificity but the experience in pregnancy is
limited and there is concern about fetal radiation although
the risk is supposed to be low. The suggested diagnostic
sequence for DVT can be seen in Figure 27.1.

The most frequent form of DVT, particularly postop-
eratively, involves the veins of the calf. Only 20% extend
proximally and pose a risk of embolization when the
larger veins above the knee are reached. Most authors
recommend treating only those patients in whom exten-
sion is detected and consider it safe to withhold therapy
if no extension is seen by serial ultrasound over a period
of 10 days. There is no uniform agreement, however;
some recommend treating all patients with positive tests
and others withhold therapy only if the noninvasive tests
are negative. The suggested sequence for the manage-
ment of distal (calf) DVT is given in Figure 27.2.

Complications of deep vein thrombosis

Postphlebitic syndrome

May appear immediately or long after, even years after,
the DVT episode. It is caused by damage to veins from the
clot leading to valvular incompetence and/or residual
venous obstruction. The true incidence is unknown but it
is estimated to be as high as 50% after proximal and 30%
after calf DVT. A prompt diagnosis and effective DVT
treatment will prevent lasting vein damage.

Pulmonary embolism

Pulmonary embolism is the most serious complication.
The PE mortality rate of untreated symptomatic DVT
in older studies was 12-37% and even in asymptomatic
patients it was as high as 5%. If left untreated, DVT

Suspected proximal DVT

\2
Venous ultrasound
l J
Abnormal Normal
J d {
Treat Still strong  Low clinical
suspicion suspicion
d d
MR venogram Ultrasound in 1 week
d { l l
Normal  Abnormal Normal  Abnormal
d { l l
No Rx Treat No Rx Treat

Figure 27.1 Suggested diagnostic sequence for proximal deep
vein thrombosis.



Suspected calf DVT

\2
Venous ultrasound
\2 l
Normal Abnormal
\2 l
No Rx Serial ultrasound
days 2 and 7
l 2
No progression  Proximal progression
\2 {
No Rx Treat

Figure 27.2 Suggested sequence for the management of distal
(calf) deep vein thrombosis.

patients may have a high prevalence (50-65%) of initially
silent PE. These figures underscore the importance of
diagnosing and treating all cases of proximal DVT and
those of distal (calf) DVT with proximal extension.

The clinical diagnosis alone is inaccurate and objec-
tive confirmation is mandatory. The clinical symptoms
may be suggestive but are nonspecific. Conditions that may
mimic the symptoms of submassive PE include chest
wall muscle strain, rib fractures, mitral stenosis, viral or
autoimmune pleuritis, pneumonia, pneumothorax or
pericarditis. The differential diagnosis of massive pul-
monary embolism includes aspiration of gastric contents,
amniotic fluid embolism, gram-negative sepsis, mucus
plug aspiration, and tension pneumothorax.

The electrocardiogram or the chest x-ray may be normal
or show nonspecific changes. The blood gases usually
show a decreased PO,, which is not specific either. Other
tests such as fibrin degradation products, lactic dehydro-
genase (LDH), serum alanine aminotransferase (SGPT),
bilirubin levels, etc. are neither sensitive nor specific.
However, a high-sensitivity D-dimer may be helpful (par-
ticularly if normal) but with the limitations of its use in
pregnant women (see above).

The ventilation-perfusion lung scan was for many years
the first step in the diagnostic approach to suspected PE.
A PE was excluded if the perfusion scan was normal and
if it showed high probability, it was considered strong
evidence to warrant initiation of treatment. However, per-
forming lung scans is time consuming, the sensitivity varies
widely, and in 40-70% of cases the result is indeterminate
or “nondiagnostic,” indicating the need for further testing.
The next step in those cases was a pulmonary angiogram,
considered to be the reference standard. However, a pul-
monary angiogram is an invasive procedure with signifi-
cant radiation to the fetus and a large dose of iodinated
x-ray contrast material as well. It requires cardiac catheteri-
zation via a femoral or an internal carotid artery and carries
a 0.5% risk of mortality and a 3% risk of other complications
including groin hematomas, cardiac perforation, contrast-
induced renal failure and respiratory failure. Therefore, an
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intensive effort has been made to find an easier and safer
alternative procedure. CT pulmonary angiography has
emerged as more cost-effective, easier to perform, with
even lower fetal radiation and able to detect other pulmo-
nary disorders as well. It is reported to have sensitivity and
specificity of 94% and 100% and a negative predictive value
of 99.1%, and is considered similar to pulmonary angiogra-
phy. Its usefulness and safety have also been validated in
pregnancy. Because of concerns about maternal breast radi-
ation, the use of breast shields is recommended. Magnetic
resonance angiography (MRA) has a sensitivity of only
77% when compared to pulmonary angiography and in
addition, there is limited experience in pregnancy. The cur-
rent recommended approach to the diagnosis of PE during
pregnancy is given in Figure 27.3.

Fetal radiation from various
diagnostic procedures

Little radiation reaches the fetus from technetium 99 lung
scans; with 1 mCi the fetal radiation is 8 mrads and 15-16
mrads if 2 mCi are used. In comparison, the old iodine 131
scans gave 130 mrads to the fetus. If the mother is post
partum and breastfeeding, she should stop for 48 hours
following a lung scan, after which it is safe to resume (the
half-life of technetium 99 is 6 hours). The ventilation scan
gives 5 mCi to the mother and variable amounts, 1-19
mrads, to the fetus; a ventilation scan is recommended
only when the perfusion is abnormal and not routinely.
Pulmonary angiography via the femoral route gives 221-
374 mrads to the fetus but when it can be performed via
the brachial route, the amount of fetal radiation is much
less. CT pulmonary angiogram gives 130 pGy to the fetus,
which is considered to be low, particularly considering the
risk of an undiagnosed and untreated PE. However, the
effect of this amount of radiation on the mother’s breasts
in pregnancy is not known and to reduce whatever risk
exists, the use of breasts shields is recommended.

Therapy

An accurate and timely diagnosis is mandatory to pre-
vent morbidity from venous insufficiency (postphlebitic
syndrome), and mortality from pulmonary embolism.
Anticoagulants are potentially dangerous and should not

Suspected pulmonary embolus

4
CT pulmonary angiography
{ d
Normal Abnormal
J d
No Rx Treat

Figure 27.3 Recommended approach to the diagnosis of pulmo-
nary embolism (PE) during pregnancy.
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be used unless the diagnosis has been firmly established
by objective ancillary testing.

Unfractionated heparin (UH) has been safe during
pregnancy when properly used and monitored but low
molecular weight heparin (LMWH) has become the
treatment of choice in most cases. Warfarin should be
avoided except in very special circumstances (e.g. older
generation mechanical valves in the mitral position), and
in those cases the women must be informed of the risks,
which include spontaneous abortion, warfarin embryop-
athy, and bleeding during delivery.

Oral anticoagulants (warfarin)

The spontaneous abortion rate is reported to be 8-50%;
however, in many instances the cause may be the under-
lying maternal disease rather than the warfarin itself
because most treated patients are those with cardiac dis-
ease and prosthetic heart valves who have a higher rate
of fetal loss, independent of the therapy. The risk of war-
farin embryopathy is reported to be 5-10% when taken
during the first trimester, but in some studies it is as high
as 29-67% when geneticists examine the newborns. The
risk is lower when the exposure occurs before the 6th week
of gestation and highest between the 6th and 9th weeks.
Fetal malformations may still occur after the first tri-
mester, because fetal bleeding may happen at any time
during gestation. Anomalies of this origin include dorsal
midline dysplasia, midline cerebellar atrophy, and ven-
tral midline dysplasia resulting in optic atrophy, micro-
cephaly, and mental retardation.

Warfarin should be stopped and substituted with
heparin no later than at 35-36 weeks of gestation. This is
particularly important in women with cardiac diseases
because premature delivery occurs frequently (36% in
a recent study) in these women. If labor starts while on
warfarin, a cesarean section is recommended to avoid the
almost certain risk of fetal cerebral hemorrhage during
labor. The mother should receive 2—4 units of fresh-frozen
plasma and vitamin K, but since vitamin K is slow act-
ing it should not be given as the only neutralizing agent.
Breastfeeding is safe while on warfarin since it does not
pass into breastmilk because it is highly bound to plasma
proteins and it is not lipid soluble in its ionized form.

When used post partum, it should be given within
24 hours after the initiation of heparin, which should
not be stopped until the warfarin has been therapeutic
for 2-5 days. The anticoagulant effect of warfarin pre-
cedes its antithrombotic effect by 24 hours, and during
that period a transient hypercoagulable state exists due
to the rapid reduction of protein C levels. Warfarin-
induced skin necrosis is a rare complication which may
occur in patients with protein C or protein S deficien-
cies and it is also related to the rapid decrease in protein
C levels which precede the reduction of prothrombin,
factor IX and factor X levels. In these cases a loading

dose of warfarin should be avoided and warfarin not
given until heparin has become therapeutic. Heparin
should be continued for at least 2 days after warfarin
has become therapeutic.

Monitoring warfarin therapy is necessary because of
the highly individual responses; also, many drugs, espe-
cially antibiotics, interfere with its action. It is monitored
by the prothrombin time expressed as the international
normalized ratio (INR) and kept at two to three times the
control. An INR higher than three greatly increases the risk
of bleeding and it is not more effective.

Heparin

Unfractionated heparin (UH) does not cross the placenta
because of its large size and it is not secreted into breast
milk. It enhances antithrombin and factor Xa inhibitory
activity and inhibits platelet aggregation. It does not
directly destroy blood clots but stops the coagulation
process, allowing the fibrinolytic system eventually to
destroy the clot.

An initial intravenous bolus of 5000 IU is commonly
recommended, followed by an infusion of 30,000 IU for
the first 24 hours because of an increased rate of recur-
rence with lower initial doses. In nonpregnant individuals,
the most commonly recommended doses are 80 IU/kg for
the initial bolus and 18 IU/kg/h for the infusion. Frequent
monitoring of the aPTT, which should be kept prolonged
at 2-3 times the control, is recommended. The intravenous
treatment is continued for 5-10 days, until the symptoms
disappear. After this “acute phase” UH is changed to the
subcutaneous route, also known as the “secondary proph-
ylaxis” phase but at present, almost always, LMWH rather
than UH is used. If for any reason UH is still desired for
the subcutaneous route, the following is recommended:
the total daily amount of intravenous UH needed to keep
the aPTT in the therapeutic range is divided into two
equal doses and given subcutaneously every 12 hours.
The aPTT is checked 6 hours after the subcutaneous injec-
tion and kept at 1.5-2.0 times the control. When heparin
levels by protamine titration are used to monitor UH
treatment, the therapeutic range is 0.2-0.4 IU/mL and, if
using antifactor Xa assays, 0.35-0.7 IU/mL. Post partum,
warfarin may be used instead of heparin to complete the
therapeutic cycle, depending on the specific circumstances
of each case.

Because of the cumbersome dosing, need for frequent
monitoring, hospitalization and potential side effects,
alternative options are highly desirable. Nevertheless,
there are some situations in which therapy with UH
is still recommended for pregnant patients. PE should
be treated in the hospital with IV UH during the acute
phase, particularly if patients are not clinically stable.
Women close to term who might require regional anesthe-
sia and/or a cesarean section, and those at risk of bleeding
(e.g. placental abnormalities or immediately postoperative),



may benefit from the shorter half-life of UH and its ease
of reversibility with protamine.

Complications

Heparin-induced thrombocytopenia (HIT)

Reported in 3-5% of patients. Type I HIT occurs soon
after initiation of treatment and may be self-limiting.
Type II occurs 5-14 days after starting heparin and it
is defined as an absolute platelet count of less than
100,000/mm? or a 50% decrease from the pretreatment
count. It may have an immune basis and be IgG medi-
ated. Platelets are monitored before treatment and on
days 3, 7, 10, 14 and then monthly thereafter. If HIT
occurs, heparin should be stopped and a hematology
consult obtained.

Osteoporosis

The risk of fractures is 2.2% after 17 weeks of UH treat-
ment (range 7-27 weeks). Using serial bone densitom-
etry, there is a 30% decrease in bone density with long
periods of therapy even if no fractures occur. Calcium
supplementation is often recommended (1.5-2.0 g/day)
but it is not known if it might be protective.

Bleeding

Major bleeding occurs in 3-5%. Risks include excessive
PTT prolongation, recent surgery, liver disease, throm-
bocytopenia, and the concomitant use of antiplatelet
agents. The treatment includes stopping heparin and
using local measures against bleeding. Neutralization
with protamine sulfate is rarely needed but it should be
given to patients who are actively bleeding and have a
prolonged PTT, and if at the time of delivery the PTT is
2.7 times the control or greater. Protamine forms a stable
salt with heparin and inhibits its anticoagulant effect. One
milligram of protamine neutralizes 100 IU of heparin, but
giving more than 50 mg at a time is not recommended
because it may cause hypotension. It must be adminis-
tered slowly, over a 10-minute period.

Additional considerations about

unfractionated heparin

Beginning in November 2007, there have been world-
wide (at least 12 countries) reports of acute hyper-
sensitivity reactions (hypotension, facial swelling,
tachycardia, urticaria and nausea, as well as 81 deaths
as of April 2008) in patients receiving unfractionated
heparin manufactured in China. The cause was identi-
fied to be contamination mainly by an oversulfated form
of chondroitin sulfate and some batches also by derma-
tan sulfate. The mechanism was activation by these con-
taminants of the kinin-kallikrein pathway to generate
bradykinin as well as by activation of the complement
system. As a consequence, there was a recall in February
2008 of unfractionated heparin (multidose, single-dose
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and flush vials) [1]. Hopefully, this will be a temporary
problem with prompt and effective resolution.

Low molecular weight heparin

Low molecular weight heparins are fractions of stand-
ard unfractionated heparin obtained by chemical or
enzymatic depolymerization, which result in fractions of
heparin that are approximately one-third to one-fourth
the size of UH. Their molecular weight is 4000-5000 Da.
Although smaller, LMWH does not cross the placenta
and is not secreted into breast milk either.

LMWH offers several advantages over UH and it has
emerged as the anticoagulant of choice for the subcuta-
neous route. Since it does not bind to plasma proteins,
its bio-availability is greater and does not change with
different dosages, providing a more predictable dose
response. It has a longer half-life, offering the possibil-
ity of once-daily dosing although once versus twice a
day dosing is still a matter of debate. Because of its pre-
dictable response, fixed doses can be given with little or
no laboratory monitoring. When monitoring is desired,
however, antifactor Xa levels must be used, since the
aPTT does not correlate well with the effect of LMWH.
There is less risk of bleeding and a lower incidence of
thrombocytopenia than with UH and no osteoporotic
effect on bone. No placental abruption or neonatal bleed-
ing has yet been reported. It may be even more effective
than UH in preventing recurrences and has a good safety
profile in pregnancy. However, pregnant women usually
require 10-20% higher doses because of increased renal
clearance. In addition, there is a slightly greater variabil-
ity of binding, distribution and metabolism in pregnancy
which has led some authors to propose more frequent
monitoring of the factor Xa activity during pregnancy
although this is still an area of debate along with once-
versus twice-daily dosing and inpatient versus outpatient
treatment choices.

The high cost of LMWH was an initial limiting factor.
However, in selected nonpregnant patients, outpatient
therapy of both DVT and even PE is safe and effective.
Therefore, the possibility of outpatient treatment for
many patients and the need for little or no laboratory
testing greatly offset the cost and the overall treatment
course is much cheaper than treatment with UH in the
hospital.

Enoxaparin is the most commonly used in pregnancy
followed by dalteparin. There is little or no experi-
ence with the other LMWH available in the USA at this
time including nadroparin, tinzaparin, ardeparin and
reviparin.

Neuroaxial anesthesia (epidural, spinal) is not recom-
mended unless the last LMWH injection was given > 24
hours before because of danger of spinal hematoma with
neurologic injury which might even include permanent
paralysis. Patients are instructed to hold LMWH at the
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very onset of contractions and therefore 24 hours or
more will have elapsed by the time of delivery in most
cases. For planned labor inductions and cesarean section,
LMWH is held 24 hours before.

The recommended dosages are 1 mg/kg (of actual
weight) subcutaneously every 12 hours for acute-phase
treatments and 0.5 mg/kg (also actual weight) subcu-
taneously every 12 hours for secondary prophylaxis.
Lower doses are now used in some cases for primary
prophylaxis (see below). Laboratory monitoring is not
usually recommended. We measure antifactor Xa levels
when using the higher dose, usually once, after the first
2-3 days of initiating treatment, to ensure a therapeutic
effect and then monthly. The blood sample should be
taken 3-4 hours after the subcutaneous injection for
the peak level and the desired range is 0.6-1.0 U/mL.
The sample for the trough level is taken 12 hours after
the injection, just prior to the next injection, and it should
be 0.2-0.4 IU/mL, but = 0.5 IU/mL for the highest risk
patients. For prophylaxis, the peak range is 0.2-0.4
IU/mL and through levels 0.1-0.3 IU/mL.

Management during labor and delivery
Unfractionated heparin should be stopped at the onset
of contractions and, because it has a short half-life,
its activity will be low or it will have completely dis-
appeared by the time delivery occurs. The maternal
risk of bleeding is low if heparin levels are less than
0.4 IU/mL during spontaneous vaginal delivery, but
increased risk of hematoma formation with episiotomy
has been reported. There is little information about the
risk of bleeding at the time of cesarean section in these
patients. Some authors allow regional anesthesia if
the aPTT is normal at the time of delivery and the last
dose of heparin was administered more than 4-6 hours
before, but the risk of spinal hematoma is a strong
deterrent to most others. Neutralization with protamine
is recommended when the PTT is still 2.5 times the con-
trol or greater at the time of delivery.

In stable patients, heparin is restarted 3-8 hours post
partum, but a longer waiting period (24 h or more) is
recommended if there was excessive bleeding, particu-
larly in operative delivery cases. A reloading bolus of
5000 IU is given followed by an infusion at the previ-
ous level known to be effective. If warfarin is used post
partum, it should be started within 24 hours of heparin
or as soon as the patient is able to resume oral intake.
In patients with coagulation disorders, primarily those
with protein C and protein S deficiencies, warfarin
should not be given until therapeutic concentrations of
heparin have been obtained and a loading dose of war-
farin is avoided. Heparin should be continued until the
warfarin has been therapeutic for 2-5 days (see “Oral
anticoagulants (warfarin)” above). Warfarin anticoagu-
lation should be continued until 6 weeks post partum

or until a total of 3-6 months (or longer), depending on
the circumstances of each case.

However, in most cases LMWH is used post partum.
It is resumed 3—-6 hours after an uncomplicated vaginal
delivery and 6-8 hours after an uncomplicated cesar-
ean section. A longer waiting period is recommended
if there was excessive bleeding or a traumatic or oper-
ative delivery. Most women also prefer LMWH post
partum rather than warfarin or UH because they will
not have to make frequent trips to the laboratory for
testing at a time when they are busy with a new baby
and recovering from a long pregnancy and perhaps a
complicated delivery.

Inferior vena cava filters and

surgical thrombectomy

The indications for inferior vena cava filters are the
same as those outside pregnancy to prevent PE from
clots below the inferior vena cava. They are indicated for
patients with acute thromboembolism and active bleed-
ing, recurrent PE despite adequate anticoagulation, true
HIT and no therapeutic alternative, or any other con-
traindication to anticoagulants because of a high potential
for complications. Whether or not filters are indicated for
patients who are not compliant with their anticoagulants
is a matter of debate.

Surgical thrombectomy may be considered in patients
with pulmonary hypertension from chronic thromboem-
bolism or in massive PE when thrombolytic therapy is
contraindicated.

Thrombolytic therapy

Thrombolytic therapy is not generally recommended
until 10-14 days after delivery. The complications include
maternal hemorrhage, placental abruption, fetal loss, and
preterm delivery. There are no controlled trials and the
data available come from case reports when it was used
in desperate cases of massive PE and hemodynamic
instability. In the majority of those reports streptokinase
(SK) was used. Urokinase (UK) and tissue plasminogen
activator (TPA) have also been used in a few cases. SK
and TPA do not cross the placenta in animals; UK, how-
ever, does cross the placenta although it has not been
shown to be teratogenic in rats.

Outside pregnancy, the indications for thrombolytic
therapy are limited to patients with extensive iliofemo-
ral venous thrombosis and low risk of bleeding, or those
with massive pulmonary embolism and hemodynamic
instability. The regimens approved by the FDA are SK
for extensive venous thrombosis with phlegmasia caer-
ulea dolens, 250,000 units as a bolus dose followed by an
infusion of 100,000 units per hour for up to 72 hours. For
PE, 100 mg of TPA is given intravenously over a period
of 2 hours. Major bleeding seems to be the major limiting
factor.



Duration of anticoagulant therapy
The recurrence of thrombosis is unacceptably high
(>25%) if no therapy is given after the acute phase
and it is low (<4%) if secondary prophylaxis is contin-
ued for 3-6 months following acute-phase treatment.
In addition, the recurrence rate remains high (12-24%)
even after 3 months of anticoagulation, in cases of idi-
opathic or recurrent thromboembolism. However, the
recurrence rate is lower (9%, none fatal) in patients
treated for 6 months after an acute episode of idiopathic
DVT/PE than in those treated for only 6 weeks (18%
and 0.6% fatal). When the only risks are transient (e.g.
surgery, including cesarean section, or trauma), treating
for only 3 months may suffice since the recurrence rate
is low (0—4%) in these cases.

Suggested management recommendations include the
following.
* Venous thromboembolism associated with only tran-
sient risk factors: anticoagulation until 6 weeks post par-
tum or until the risks resolve and the patient is mobile,
whichever occurs later.
e Distal (calf) vein thrombosis, no previous episode and
no other risk factors: anticoagulation for 3 months but if
the patient is still pregnant at this point, continue until
6 weeks post partum. Withholding anticoagulants during
pregnancy except when extension occurs is an accepted
management by some authors.
e Proximal DVT and/or PE, no previous episode, no
other risk factors: anticoagulation for 6 months and if
the patient is still pregnant at that point, continue until
6 weeks post partum.
¢ Congenital or acquired thrombophilia with acute DVT
and/or PE during pregnancy: anticoagulation for at least
6 months (as above). The treatment should be contin-
ued for 1 year or longer after two episodes and perhaps
indefinitely after three episodes.
e In the unlikely case of pregnancy in a woman with
cancer and venous thrombosis: long-term anticoagula-
tion is recommended.

Prophylaxis for prevention of VTE during
pregnancy and post partum
Pregnant women with a history of thromboembolism
have a higher risk of recurrence until 4-6 weeks post
partum. The overall quoted risk is 12-15%, but in some
women it is probably higher: a previous “idiopathic”
episode, an underlying hereditary or acquired throm-
bophilia and residual venous insufficiency (postphle-
bitic syndrome). If the previous episode was only related
to transient risk factors (trauma or surgery), the risk of
recurrence is much lower except if there was residual
venous damage.

The risk of recurrence is already present in early preg-
nancy and prophylaxis should be initiated soon enough to
be effective (at the end of the first trimester at the latest).
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Pregnant women who have to be on prolonged bedrest
will benefit from graded compression stockings or inter-
mittent pneumatic leg compression even if they do not
have other risks. Intermittent pneumatic leg compression
should be used routinely during any operative procedure,
particularly cesarean sections.

The American College of Obstetricians and Gyneco-
logists recently issued specific recommendations for the
prevention of venous thromboembolism and/or pre-
vious adverse pregnancy outcomes. The patients are
grouped according to their risk category after the initial
assessment.
® Low risk: transient risk factors, family history (but no
personal history) of VTE or previous history of severe
pre-eclampsia, IUGR (= 5th percentile) or fetal loss
at = 20 weeks. There are no specific recommendations
other than perhaps the intrapartum use of intermittent
pneumatic leg compressors.
® Moderate risk: history of adverse pregnancy outcome
such as severe pre-eclampsia, IUGR (= 5th percentile),
fetal loss at = 20 weeks, history of VTE associated with
transient risk factors (including pregnancy) and throm-
bophilia with family history of VTE. LMWH is recom-
mended antepartum for prevention of adverse pregnancy
outcome, either enoxaparin 40 mg subcutaneously once
daily or dalteparin 5000 units subcutaneously once daily.
Postpartum prophylaxis: enoxaparin 40 mg subcutane-
ously once daily or 30 mg twice daily or dalteparin 5000
units subcutaneously once daily.

* High risk: history of idiopathic VTE outside pregnancy
and no other identifiable risk factors, thrombophilia with
a previous VTE episode, and history of recurrent preg-
nancy loss. Subcutaneous LMWH antepartum, either
enoxaparin 40 mg once daily or 30 mg twice daily, or
dalteparin 5000 units once or twice daily. Measuring
antifactor Xa levels each trimester is recommended.
Anticoagulation has to be continued after delivery in
women with a history of VTE or, if desired and accepted
by the patient, warfarin could be used post partum to
complete 4-6 weeks.

® Highest risk: this group includes women with active
thromboembolism (venous or arterial), antiphospholipid
antibody syndrome, antithrombin deficiency, homozy-
gotes for factor V Leiden and compound heterozygotes
for both factor V Leiden and prothrombin mutations.
Therapeutic anticoagulation antepartum and for at least
6 weeks after delivery. Enoxaparin at 1 mg/kg of actual
bodyweight, given subcutaneously every 12 hours, or
dalteparin 200 units/kg once daily. It is recommended
to measure antifactor Xa levels each week, keeping peak
levels at 0.8-1.0 IU/mL and through levels at least
0.5 IU/mL. Post partum, warfarin could be used to keep
the INR at 2-3 and not stopping heparin until the INR
has been therapeutic for a minimum of 2 days (see “Oral
anticoagulants (warfarin)” above).
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Additional considerations

Although not specifically mentioned in the ACOG con-
sensus, women with any condition requiring full, long-
term anticoagulation should be managed as per the
“highest risk” group above, and patients with residual
venous insufficiency as a result of vein damage from pre-
vious DVT should be managed as outlined in the “high-
risk” category. Women with antithrombin deficiency
might require antithrombin III concentrate at the time of
delivery to keep the AT-III level = 80% of normal.

All women undergoing cesarean section should have
intermittent pneumatic leg compression during surgery
and postoperatively, until they become ambulatory.

There might be some patients in whom antepartum
anticoagulation could be safely withheld but only if they
meet certain very specific conditions: a single previous
VTE episode associated with transient risk factors that
occurred longer than 3 months before pregnancy, a normal
venous ultrasound with no evidence of residual venous
damage, and the exclusion of thrombophilia or any other
indication for prolonged anticoagulation. Nevertheless,
after delivery they should be given prophylactic antico-
agulation for 4-6 weeks as in the “moderate-risk” group
above.

Factor Xa inhibitors

Factor Xa inhibitors are a new class of anticoagulants
with limited experience of use during pregnancy. The
first of this kind of anticoagulants to be approved for use
was fondaparinux. It is a category B drug for pregnancy
and animal studies have not shown an effect on fertility
or harm to the fetus. However, it is secreted into breast
milk. At present, treatment with fondaparinux in preg-
nancy is considered in patients who are unable to use
any other measures and are at high risk of thrombosis.

Direct thrombin inhibitors

There is very little information about their use in preg-
nant women. No impairment of fertility or fetal damage
has been reported from animal studies and therefore the
FDA has classified them as class B drugs for pregnancy.
Those approved for use in the USA include lepirudin,
bivalidurin and argatroban. In animal experiments, lepiru-
din has been shown to cross the placenta and argatroban

has been detected in breast milk but there are currently
no data about their possible effects in humans.
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Systemic lupus erythematosus Box 28.1 Criteria for the diagnosis of

systemic lupus erythematosus (SLE)

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disease able to cause inflaimmatory damage to
many different organ systems. Women are affected more
often than men (10 to 1) and frequently during their repro-
ductive years (1 in 700 women). Since fertility is gener-
ally preserved, SLE is not uncommonly encountered
during pregnancy (1 in 1600 pregnancies). The diag-
nosis of SLE can be made with certainty when four
or more of the criteria listed in Box 28.1 are fulfilled.
A positive antinuclear antibody (ANA) alone, especially
in low titers, does not identify patients at increased risk
of pregnancy complications unless found in a suspi-
cious clinical context. Nevertheless, even when the strict
criteria for SLE are not met, women with the so-called
lupus-like disease (LLD) may experience pregnancy
complications.

Timing of pregnancy and disease activity

For patients seeking preconception or early pregnancy
counseling, the prognosis is related to the following
factors:

e current disease activity

* end organ damage (especially renal impairment)

* medications required to maintain remission

* presence or absence of the antiphospholipid antibody
syndrome (APS)

* presence of autoantibodies associated with fetal damage
such as anti-Ro/SS-A and anti-La/SS-B.

Knowledge of disease activity prior to pregnancy is
important in estimating the risk of a SLE exacerbation and
superimposed pre-eclampsia. Patients in remission for
6-12 months before pregnancy have a 35% risk of exacer-
bation or superimposed pre-eclampsia during pregnancy
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5th edition. Edited by T.M. Goodwin, M.N. Montoro,
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A patient with any four of the following criteria, either seri-
ally or simultaneously, may be classified as having SLE.

Malar rash (fixed erythematous rash over the malar
eminences, sparing the nasolabial folds)

Discoid rash (erythematous raised patch with kera-
totic scaling and follicular plugging; older lesions
may be atrophic)

Photosensitivity
Oral ulcers (usually painless)

Arthritis (nonerosive arthritis involving two or
more peripheral joints)

Serositis

— DPleuritis or pleural effusion or

— Pericarditis or pericardial effusion

Renal disorder

— Proteinuria of 0.5 g per day or

— Cellular casts

Neurologic disorder

— Seizures in the absence of other causes or
— DPsychoses in the absence of other causes
Hematologic disorder

— Hemolytic anemia with reticulocytosis or

- Leukopenia <4000/mm?® on at least two
occasions or

- Lymphopenia <1500/mm? or

— Thrombocytopenia <100,000/mm?
Immunologic disorder

— Positive LE cell preparation

— Anti-DNA antibody to native double-stranded
DNA

— Anti-Sm antibody or

— False-positive serologic test for a syphilis for at
least 6 months

Antinuclear antibody
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and a better than 90% chance of having a viable pregnancy
while the risk for patients not in remission prior to
pregnancy is approximately 60% for exacerbation or super-
imposed pre-eclampsia and 50% for a viable pregnancy
outcome. Therefore, the optimal time to plan a pregnancy
should be when the SLE has been in remission for at least
6-12 months.

Lupus exacerbations have been said to occur unpre-
dictably and at any time during pregnancy or post par-
tum but more recent case-controlled studies have found
fewer exacerbations in the third trimester. This finding
has been related to lower levels of cytokines (particularly
IL-6), estradiol and progesterone in SLE women than in
non-SLE, normal pregnant controls. These lower levels
have been attributed to a reduced placental production
of these compounds and it is suggestive of placental
damage in women with SLE. Other recent studies have
also shown that postpartum exacerbations were not more
frequent in women with SLE than in nonpregnant SLE
control patients followed for a similar length of time.

Patients with active renal disease (lupus nephritis)
have a poorer prognosis. Between 40% and 60% develop
superimposed pre-eclampsia, which may be difficult
to distinguish from an SLE exacerbation. Besides clini-
cal symptoms, active urinary sediments, high anti-DNA
antibody titers and low serum complement levels will
support the diagnosis of lupus exacerbation but still it
might be very difficult to differentiate superimposed pre-
eclampsia from a lupus flare. Until recently, if a lupus
exacerbation was felt to be present, the patient’s response
to specific therapy for lupus and continued observation
was used to determine if a lupus flare or superimposed
pre-eclampsia was the main cause of the deterioration.
Lately, the Lupus Activity Index to define a lupus flare in
nonpregnant patients has been validated and adapted for
use in pregnancy as well. Three activity scales, specific
for pregnancy, will help to better identify a lupus flare
since they showed a 93% sensitivity and 98% specificity:
the SLE Pregnancy Disease Activity Index (SLEPDAI), the
Lupus Activity Index in Pregnancy (LAI-P), and the modi-
fied Systemic Lupus Activity Measure (m-SLAM).

Management of medications

An important goal of therapy is to reduce the number of
medications to the least possible and with the safest pro-
file for pregnancy. It is generally recommended to change
nonsteroidal anti-inflammatory drugs and hydroxychloro-
quine to prednisone. Prednisone and other nonfluorinated
steroids are preferred because lower amounts reach the
fetus as opposed to the fluorinated compounds (betameta-
sone, dexametasone), which cross the placenta in much
larger amounts. Although the maternal complications of
glucocorticoids could be manifold (glucose intolerance,
gastric ulceration, truncal obesity, cutaneous atrophy, poor
wound healing, glaucoma, cataracts, osteoporosis and,

less commonly, steroid myopathy and aseptic necrosis of
the femoral head), their use during the months of preg-
nancy in the lowest dose possible is usually not associ-
ated with serious complications. Fetal complications such
as transient fetal adrenal suppression are rare. The risk
of cleft lip and cleft palate with glucocorticoid use in the
first trimester is considered to be small. It has also been
recently shown that preterm birth after 33 weeks may
occur in as many as one-third of patients treated with
40 mg/day or more of prednisone. Breastfeeding is con-
sidered to be safe, particularly at daily doses of 40 mg or
less of prednisone or equivalent steroid.

Despite the many potential complications, care-
fully adjusted glucocorticoid regimens are preferable to
long-term use of nonsteroidal anti-inflammatory agents
(NSAIDs). These compounds may not be too problem-
atic in early pregnancy when given in moderate doses
but later, they will cause constriction and/or closure of
the ductus arteriosus, which could even be lethal to the
fetus. After delivery, NSAIDs are considered safe during
breastfeeding. Antimalarials have been generally safe
although cases of fetal blindness and deafness have been
reported.

The chronic use of pharmacologic doses of steroids will
result in maternal adrenal suppression. These patients
should be tested for evidence of adrenal insufficiency but
if unable to confirm it in a timely manner, intravenous
hydrocortisone 100 mg every 8 hours during periods of
stress, including delivery or surgical intervention, should
be given with tapering to the maintenance dose over the
next few days. In addition, patients receiving glucocor-
ticoids should be screened for evidence of tuberculosis,
which may reactivate during steroid therapy, as well as
for glucose intolerance.

The use of immunosuppressants is generally discour-
aged. Nevertheless, some of them, including azathioprine
and 6-mercaptopurine, have been safer than expected
although malformations have been reported with their
use. Ciclosporin crosses the placenta but no malformations
have been reported. Methotrexate, cyclophosphamide,
mycophenolate and mofetil besides being teratogenic,
may also cause miscarriage. None of these drugs should
be used during lactation. Intravenous immunoglobulins
are considered safe (category B) to use if needed. Tumor
necrosis factor inhibitors were associated in one report
with serious anomalies. If a more complex regimen (e.g.
azathioprine) is required to maintain suppression of the
disease, however, it should not be changed just because
the patient is pregnant.

An important role of the obstetrician is to review the
medications and, in most cases, allow the internist/
rheumatologist to use the best regimen possible to con-
trol the disease because, in general, an active lupus is far
worse than the potential medication effect for a success-
ful pregnancy outcome.
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Fetal complications of SLE

The risk of intrauterine fetal growth retardation IUGR) is
increased and there are multiple factors involved, includ-
ing systemic vasculitis, renal disease, chronic hyperten-
sion, and superimposed pre-eclampsia. The presence of
the antiphospholipid syndrome (see below) along with
SLE may be a factor in many of these fetal and maternal
complications such as maternal thromboembolic disease
and placental insufficiency along with preterm labor,
IUGR, pre-eclampsia and fetal death.

The fetal/neonatal lupus syndrome consists of com-
plete congenital heart block or a typical skin rash at birth.
If heart block is identified in utero high-dose maternal dex-
ametasone therapy has been advocated by some authors
but most studies have not shown any benefit. The pres-
ence of the maternal antibody anti-Ro/SS-A in a patient
with SLE is associated with development of the transient
neonatal lupus syndrome in 2-10% of the newborns.

Management guidelines
The basic management of the pregnant patient with SLE,
including serologic tests, is shown in Table 28.1. Blood

Table 28.1 Management of pregnant patients with APS
or active SLE

Antibody Frequency Clinical significance
in SLE (%) associations
ANA > 90
Anti-ds DNA >80 Correlates with disease
activity, specific for SLE
ACA 40 Correlates with fetal loss
and thrombotic events
LAC 20
Anti-SSA (Ro) 25 Both associated with
20 NLE/CCHB Anti-SSB (la)
and with Sjogren’s
syndrome

Every 2 to 3 months

aCL® Useful for following
disease activity

Anti-ds DNA?

Platelet count

Timed quantification

of proteinuria

2 |f positive initially.

aCL, anticardiolipin antibodies; ANA, antinuclear antibodies; CCHB,
congenital complete heart block; NLE, neonatal lupus; LA, lupus
anticoagulant.

Notes:

® Visit every 2 weeks until 24 weeks; every 12 weeks thereafter.

o MSAFP at 16-20 weeks.

e Ultrasound every 4 weeks for fetal growth after 20 weeks.

* Antepartum fetal surveillance weekly between 26 and 34 weeks in
patients with active disease.

e Screen for gestational diabetes at first visit; if negative, repeat at
24-26 and 32 weeks if on glucocorticoids.

pressure, proteinuria and fetal growth are monitored
carefully. Delivery is often triggered by superimposed
pre-eclampsia, exacerbation of the SLE or evidence of
fetal compromise. However, in the patient who is stable
and has a healthy fetus, labor at term can be expected.
Cesarean section is done only for the usual obstetric
indications.

The antiphospholipid
antibody syndrome

An international panel of experts has recently updated
the definition of the antiphospholipid syndrome (APS).
It is present when one or more of the clinical criteria and
one or more of the laboratory criteria are met (Box 28.2).

The diagnosis of APS should not be made if less than
3 months or more than 5 years separate the positive labo-
ratory and the clinical manifestations.

The expert panel discouraged use of the terms primary
or secondary APS and recommended simple documen-
tation of the co-existence of other disease. Most patients
categorized as having secondary APS usually have SLE
and a few others a LLD. It is yet unknown if SLE and
APS are different diseases coinciding in one individual,
if SLE predisposes to the development of APS or if they
are just two different elements of the same disorder.

Antiphospholipid syndrome is generally an acquired
condition but an inherited form has been described in
a few families. Some authors recommend testing for

Box 28.2 Criteria for diagnosis of APS

Clinical criteria

(1) Vascular thrombosis (venous, arterial or small vessel),
which must be confirmed by unequivocal, objective test-
ing, and/or (2) pregnancy morbidity: (a) three or more
consecutive spontaneous abortions before 10th week

and having excluded maternal anatomic or hormonal
disturbances as well as both maternal and paternal chro-
mosomal abnormalities, (b) one or more unexplained fetal
deaths (morphologically normal fetus) at or beyond the
10th week, or (c) one or more premature deliveries (mor-
phologically normal neonate) before 34th week because of
severe pre-eclampsia/eclampsia or placental insufficiency.
Accepted features of placental insufficiency include nonre-
active stress testing suggestive of fetal hypoxia, abnormal
Doppler waveforms, oligohydramnios (index = 5 cm) and
a birthweight below the 10th percentile for gestational age.

Laboratory criteria

Persistently positive antibody titers during a minimum

of 3 months to lupus anticoagulant (LA), anticardiolipin
(aCL) at medium/high titers and to (3,-glycoprotein (3,-GPI)
at medium /high titers (to IgG and/or IgM).
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more extensive phospholipid antibody subgroups than
those recommended by the last international consensus,
arguing that almost one-third of APS patients would be
missed and not otherwise diagnosed.

Category I APS includes positive tests against more
than one antibody and in these cases there is a clear asso-
ciation with clinical events. In category II APS, the tests
are positive against only one antibody and no clear asso-
ciation with clinical events. The significance of low-titer
IgG anticardiolipin or isolated IgM and antibodies is
doubtful and therapeutic decisions should not be made
based on them alone. IgA anticardiolipin is not currently
considered a laboratory criterion for the diagnosis of APS.

The manifestations of APS unique to pregnancy are var-
ied and include infertility, recurrent miscarriage, IUGR,
fetal death, placental abruption, unexplained high mater-
nal serum o-fetoprotein (MSAFP), atypical pre-eclampsia
(e.g. occurring very early in gestation, persisting in the
postpartum period or associated with hepatic infarction)
besides maternal thromboembolism.

The reported pregnancy failure rate among untreated
APS women is over 90% and therefore it is unacceptable
to leave them untreated. The risk is highest in women
found to have an unexplained elevation of the MSAFP
between 16 and 20 weeks’ gestation. Early reports of
improved pregnancy outcome with steroid treatment
were not confirmed and besides, steroids may have
considerable undesirable side effects. The addition of
heparin to low-dose ASA improved the outcome conside-
rably but it appeared that high doses of heparin were not
as successful as lower ones, perhaps related to the occur-
rence of small placental hemorrhages. At present, the
most frequently recommended approach to APS women
is to start low-dose ASA (81 mg in the USA) before preg-
nancy if at all possible and then start heparin as soon as
pregnancy is documented, either UH 5000 units every
12 hours or, more commonly, LMWH, either enoxaparin
40 mg once or twice a day or dalteparin 5000 units once
a day. Obviously, patients with active thromboembolic
events will require therapeutic doses of heparin. The
potential side effects of both UH and LMWH are detailed
in Chapter 27.

There is an accelerated form of APS that affects 1%
or less of patients, called catastrophic APS, resulting in
multiorgan failure, which develops in a short period of
time (less than a week). There is evidence of multiple
small vessel occlusion (rarely, also large vessel thrombo-
sis) and very high titers of antiphospholipid antibodies.
Usually, there is also a precipitating event, mainly an

infectious process. The mortality rate is about 50% with
current therapeutic efforts, probably because its rarity
makes it difficult to diagnose, study and develop optimal
treatment protocols. The management includes treatment
of any precipitating factor including the prompt use of
antibiotics for suspected infections, removal of necrotic
tissues and prevention or treatment of thrombotic events.
Combination therapy is reported to achieve the best
results (up to 70% survival) and includes anticoagula-
tion, corticosteroids, antibiotics, plasma exchange and
intravenous gammaglobulins in addition to full support
in the critical intensive care unit.

Women with APS who have had a fetal death but no
thrombotic event are still at risk of developing a variety
of autoimmune diseases as well as venous or arterial
thromboses later in life. Guidelines for following these
patients are shown in Table 28.1.
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Introduction

Infections of the kidney and lower urinary tract are com-
monly encountered in pregnancy due to the marked
physiologic and structural alterations in these organs
that occur with advancing gestation. Caliceal dilation
due to ureteral obstruction is one change that predis-
poses to urinary tract infection. Ureteral obstruction is
more prominent on the right side and can be attributed
to a number of factors including compression from uter-
ine enlargement and relative dextrorotation, compression
from the right ovarian venous plexus that crosses over
the ureter, and finally from progesterone which may
induce smooth muscle relaxation in the ureter. Bladder
pressure and capacity are also altered due to decreased
tone, all of which when combined lead to increased urinary
stasis and predisposition to infection.

Asymptomatic bacteriuria

Asymptomatic bacteriuria complicates 2-10% of all preg-
nancies and is defined as bacterial colonization of the
lower urinary tract without symptoms. The diagnosis has
traditionally been established by two clean-catch urine
specimens of > 100,000 colony-forming units (cfu)/mL
but one midstream void of > 100,000 cfu/mL is now gene-
rally accepted as adequate for making the diagnosis.
Many other screening tests for the detection of asympto-
matic bacteriuria have been suggested, including urinaly-
sis for the presence of nitrites and leukocyte esterases. This
method was examined in a meta-analysis and found to
have a high specificity (0.98) but a low sensitivity (0.46) in
pregnant women for the detection of bacteriuria. Therefore,
although the urine dipstick is effective at ruling out urinary
infection, its usefulness at ruling in infection is limited
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and most guidelines instead recommend performing
a single urine culture at the beginning of pregnancy.
Some authorities recommend cultures in each trimester to
improve detection rates.

As mentioned above, the incidence of asymptomatic
bacteriuria is 2-10% but this varies with socio-economic
status, parity, and sexual practice, as well as with cer-
tain medical conditions including sickle cell anemia
and diabetes mellitus. The United States Preventative
Services Task Force as well as several other interna-
tional medical societies recommend screening for and
treatment of asymptomatic bacteriuria. Screening and
treatment of asymptomatic bacteriuria is cost-effective
especially in populations where its incidence is greater
than 2%. If untreated, up to 30% of cases will progress to
pyelonephritis. Furthermore, asymptomatic bacteriuria
has been associated with low birthweight and preterm
birth. A review of randomized trials comparing antibi-
otic treatment versus no antibiotic treatment of asympto-
matic bacteriuria revealed that the former management
resulted in a greater clearance of bacteria as well as in a
greater decrease in both pyelonephritis and low birth-
weight in babies. The rates of preterm delivery, however,
were not affected by treatment. It should be noted that
the overall quality of studies in this review was reported
to be poor so caution in interpretation of these studies
must be maintained. With proper treatment of asympto-
matic bacteriuria, the number needed to treat to prevent
one episode of pyelonephritis is only 7, and the rate of
hospitalization for pyelonephritis is reduced to 1.4%.

As in the nonpregnant state, E. coli is the most com-
mon uropathogen found in asymptomatic bacteriuria,
accounting for about 80% of isolates. Other pathogens
include K. pneumoniae, Enterococcus species, S. saprophyti-
cus, and P. mirabilis. Finally, group B hemolytic strep-
tococcus (GBS) in the urine has been associated with
preterm rupture of membranes and preterm delivery, as
well as with early-onset neonatal sepsis and postpartum
chorio-amnionitis. Antepartum treatment of GBS signi-
ficantly decreases the above-mentioned complications.
Further intrapartum prophylaxis for antepartum GBS
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bacteriuria is also recommended to reduce the postpartum
and neonatal complications mentioned above.

A meta-analysis of 10 randomized controlled trials
comparing single dose versus 4-7-day treatments of
asymptomatic bacteriuria showed a nonstatistically signi-
ficant higher “no cure rate” for those in the single-dose
group. There were no significant differences in the rates
of recurrence, preterm delivery or pyelonephritis but
the studies were not sufficiently powered to detect dif-
ferences in the latter two outcomes. Finally, single-dose
treatments were associated with fewer adverse side
effects of any kind. The study concluded that there was
not enough evidence to support the use of one regimen
over the other but single-dose treatment was associated
with lower costs and side effects. Therefore, the recom-
mendations for treatment of asymptomatic bacteriuria at
present remain standard cystitis treatment regimens.

Patients with an initial positive urine culture are
treated empirically, usually based upon local resistance
patterns. A variety of antibiotics have been used to treat
asymptomatic bacteriuria and appear to be equally effi-
cacious although there has been no systematic review of
the topic. The Cochrane review of treatment for sympto-
matic cystitis concluded that there was insufficient evidence
to recommend any one regimen over another. These con-
clusions have been assumed to most likely be applicable
to the treatment of asymptomatic bacteriuria and there-
fore a number of standard regimes are currently used in
its treatment (Box 29.1). Single-dose regimens are also
listed in Box 29.2.

When prescribing antibiotic agents, one should be
familiar with the possible side effects and contraindica-
tions of various classes of drugs. For example, penicillins
and cephalosporins sometimes cause allergic reactions and
rarely anaphylactic reactions. Nitrofurantoin leads to
hemolysis in patients with glucose-6-phosphate dehy-
drogenase deficiency. Sulfonamides inhibit the bind-
ing of bilirubin to albumin and are thus associated with
neonatal hyperbilirubinemia and kernicterus and should
be avoided in the third trimester. Regardless of the type
and duration of the antibiotic course used, patients
should be recultured at the culmination of treatment to
ensure eradication, as well as on a monthly basis as the
risk of recurrence remains elevated. Patients who have a
recurrent infection with the same pathogen or who are
reinfected with a different pathogen should have culture

Box 29.1 Seven to 21 day treatments of
symptomatic or asymptomatic bacteriuria

e Amoxicillin 500 mg po tid
¢ Nitrofurantoin 100 mg po qid

e Cephalexin 250-500 mg po qid

Box 29.2 Single-dose treatments of symp-
tomatic or asymptomatic bacteriuria

* Amoxicillin 3 g po

¢ Cephalexin 2 g po

e Nitrofurantoin 200 mg po

and sensitivities performed and treated accordingly.
After two documented infections, consideration should
be given to suppressive therapy for the remainder of the
pregnancy. A commonly used suppressive regimen is
nitrofurantoin 100 mg orally, nightly.

Cystitis

Acute cystitis occurs in 1-2% of pregnancies and symp-
toms include urinary frequency, dysuria, and urgency.
Diagnosis of cystitis based on symptoms alone may be
confusing as some of the above-mentioned symptoms
are common in normal pregnancy, given compression
of the bladder by the enlarging uterus. Factors that have
been associated with cystitis in pregnancy include those
associated with asymptomatic bacteriuria listed above as
well as the following: anatomic abnormalities of the uri-
nary tract, prior antenatal or pre-pregnancy urinary tract
infections, history of chlamydia (in Caucasian women),
less than 12 years of education, illicit drug use, unmar-
ried status, use of nonprivate clinics, and age less than
30 years.

Given that treatment of asymptomatic bacteriuria has
not been associated with a decreased incidence of cystitis,
it is assumed that most cases of cystitis develop de novo.
Treatment of cystitis is the same as that for asympto-
matic bacteriuria (see Box 29.1). As mentioned above, a
Cochrane review of nine studies showed that no single
treatment regimen for cystitis in pregnancy was superior
to another. More specifically, there were no differences
with regard to cure rates, recurrent infection, preterm
delivery, admission to the neonatal intensive care unit,
need for change of antibiotic or prolonged pyrexia. Again,
as for asymptomatic bacteriuria, cultures should be
repeated at the end of therapy and on a monthly basis
thereafter. Finally, in the case of persistent symptoms and
negative urine cultures, consideration of other diagnoses,
including cervicitis, vaginitis, and especially urethritis,
should be entertained and cultures taken appropriately.

Pyelonephritis

Pyelonephritis also complicates 1-2% of pregnancies and
its recurrence rate is approximately 20%. The majority of
cases occur antepartum, but a significant proportion do



present in the postpartum period as well. Pyelonephritis
is most commonly encountered in younger, nulliparous
women in their second trimester. Women with a history
of pyelonephritis, renal calculi or anatomic malforma-
tions are particularly susceptible to the development
of pyelonephritis and should therefore be regularly
screened on a monthly basis throughout pregnancy. In
a prospective study of 440 cases of antepartum pyelone-
phritis, there was no difference in ethnic background
in women with or without pyelonephritis. In the same
study, 13% had an identifiable risk factor for pyelone-
phritis, the most common being a previous history of
pyelonephritis or asymptomatic bacteruria.

Symptoms and signs of pyelonephritis include symp-
toms of cystitis, chills, flank pain, nausea, vomiting, fever,
and costovertebral angle tenderness. The diagnosis is
made by urine culture and therefore, as for cystitis, ther-
apy is begun on an empiric basis. One to two bacteria per
high-power field (hpf) on a unspun urine sample or greater
than 20 bacteria per hpf on a spun urine sample corre-
lates with 100,000 cfu/mL. The presence of white blood
cell casts on urinalysis can confirm the diagnosis as well.
Other basic investigations which should be obtained
include a complete blood count and a basic metabolic
panel to detect the presence of thrombocytopenia, anemia
due to hemolysis, hypokalemia, and a rising creatinine.
These laboratory parameters, with the exception of anemia,
usually normalize within several days of treatment. Blood
cultures may also be obtained if the patient presents with
significant fever or a septic appearance, and especially if
there is a suboptimal response to antibiotics within
48 hours.

Bacteremia is present in 10-20% of patients with
pyelonephritis. Standard treatment involves in-hospi-
tal administration of intravenous antibiotics for at least
48 hours afebrile. If bacteremia is present, intravenous
treatment should be extended to a period of at least
5-7 days. As with cystitis, E. coli is the uropathogen cul-
tured in 70-81% of cases. The most commonly used first-
line regimen is a first-generation cephalosporin such as
cefazolin 1-2 g every 8 hours. Other treatment options
include a second- or third-generation cephalosporin, an
extended-spectrum penicillin or ampicillin if local bac-
terial susceptibilities are high. Of note, in a trial of 179
patients with pyelonephritis prior to 24 weeks who were
randomized to one of three different antibiotic regimens
(IV ampicillin + gentamicin, IV cefazolin, IM ceftriaxone),
there were no significant differences in clinical response or
birth outcomes. Treatment with antibiotics has also been
shown to decrease the frequency of uterine contractions.

A clinical response to antibiotics, as reflected by defer-
vescence and a decrease in pain and costovertebral angle
tenderness, is usually observed within 48-72 hours of
treatment. If there has been no such response or only a
subclinical response to treatment, then the patient must
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be re-evaluated and an aminoglycoside may be added
if the uropathogen is susceptible to such an agent.
Further evaluation involves radiologic evaluation of the
kidneys and urinary tract to assess for nephrolithiasis
and anatomic malformation. First-line imaging modali-
ties include either ultrasound or a one-shot intravenous
pyelogram to reduce radiation exposure to the fetus.

Following IV or IM treatment, oral antibiotics should be
continued to complete a 2-week course. A urine culture
should be obtained at this point to ensure eradication of bac-
teria. Furthermore, suppressive antibiotic therapy is recom-
mended for the remainder of the gestation with a common
choice being nitrofurantoin 100 mg orally, nightly. In
noncompliant patients, monthly urine cultures should be
obtained to screen for recurrent bacterial growth.

More serious complications of pyelonephritis include
septic shock and pulmonary insufficiency, the latter hav-
ing a reported incidence of fewer than 10%. Pregnant
women are more susceptible to the effects of endo-
toxins and are therefore more likely to develop these
complications when compared with their nonpregnant
counterparts. Endotoxins can cause increased vascular
and alveolar capillary permeability, decreased periph-
eral vascular resistance, and changes in cardiac output.
A high index of suspicion for these complications must
be maintained. Patients with shortness of breath, tachyp-
nea, desaturation or decreases in blood pressure should
be promptly evaluated. Evaluation should include, but
not be limited to, chest radiographs and arterial blood
gas determination. Care should be continued in an inten-
sive care setting, with respiratory and vascular support
promptly administered as needed. This may include
intubation and vasopressive agents respectively.

Conclusion

Infections of the urinary tract are commonly encoun-
tered in pregnancy. Asymptomatic bacteriuria can lead
to pyelonephritis and adverse pregnancy outcomes if
left untreated and should therefore be screened for and
treated promptly. There are various treatment regimens
which are effective for both asymptomatic and sympto-
matic cystitis. Pyelonephritis is also commonly seen in
pregnancy and management remains in-hospital admin-
istration of antibiotics until symptoms and fever sub-
side. Given the uncommon but not rare progression of
pyelonephritis to sepsis and pulmonary edema or adult
respiratory distress syndrome, patients must be closely
monitored and treated aggressively at the first sign of
such conditions. Finally, patients with asymptomatic or
symptomatic bacteriuria should be monitored for recur-
rent infection during the remainder of pregnancy, while
those with pyelonephritis require daily suppressive therapy
for the remainder of their gestation.
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Introduction

Gestational diabetes refers to any degree of glucose
intolerance with variable severity with the onset or
first recognition during pregnancy. This complicates
approximately 4-7% of pregnancies. The prevalence
may range from 1% to 14%. About 90% of diabetes in
pregnancy is gestational diabetes. This does not exclude
the possibility of unrecognized pre-existing diabe-
tes before pregnancy. Pregestational diabetes, which
accounts for 5-10% of diabetes in pregnancy, refers to
diabetes diagnosed before pregnancy. Diabetes mellitus
is a metabolic disorder that can significantly alter the
maternal and in utero environment, leading to compli-
cations. Optimizing maternal glucose is central to the
management of diabetes in pregnancy because it has
been shown that most complications in pregnancy can
be prevented or controlled.

The most widely used classification of diabetes melli-
tus in pregnancy is the White classification. The catego-
rization was used to indicate the duration of disease, age
of onset in relation to the pregnancy, and the presence or
absence of diabetic complications (Table 30.1). This classi-
fication has become less useful as the pathogenesis of
diabetes and the effects of complications on the outcome
of pregnancy are better understood. From a clinical man-
agement perspective, it is more useful to group patients
into three functional groups.

* Gestational diabetes (patients developing diabetes for
the first time during pregnancy)

¢ Preconceptional diabetes without diabetic sequelae (both
insulin-dependent and noninsulin-dependent diabetes)

* Preconceptional diabetes with significant diabetic
sequelae (nephropathy, advanced retinopathy, autonomic
neuropathy or coronary artery disease)
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Screening for gestational
diabetes mellitus

Recommendations for screening for gestational diabetes
mellitus are not universally agreed upon. The Fourth
International Workshop Conference on Gestational
Diabetes recommends screening for gestational diabetes
based on an initial assessment of individual risk in all
pregnant women (Tables 30.2, 30.3). High-risk criteria
include those 25 years or older, belonging to an ethnic
group with a high prevalence of type 2 diabetes, obes-
ity, diabetes in a first-degree relative, history of glucose
intolerance or prior gestational diabetes, prior history of
macrosomia, unexplained stillbirth or congenital anomaly,
current glycosuria. Women with high-risk factors should
undergo screening at the first visit or as soon as possi-
ble, while individuals who continue to exhibit low-risk
characteristics do not require screening. A 1-hour 50 g
glucose challenge test performed randomly without regard

Table 30.1 Classification of diabetes during pregnancy

White's Age of Duration Diabetes Physiologic
classification  diagnosis  of diabetes sequelae classification
or onset
A Any Pregnancy None Gestational
diabetes
B > 20 <10 None Pregestational
years old  years diabetes
C 10-19 or 10-19 None Pregestational
years old  years diabetes
D <10 or>20 Benign Pregestational
years old  years retinopathy  diabetes
F Any Any Nephropathy Pregestational
diabetes with
sequelae
R Any Any Proliferative  Pregestational
retinopathy  diabetes with
sequelae
H Any Any Coronary Pregestational
artery diabetes with
disease sequelae
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Table 30.2 Clinical screening for gestational diabetes based on clinical characteristics

High risk (one or more)

Average risk

Low risk (all)

Clinical risk Obesity

Diabetes of first-degree relative
History of GDM

Prior history of macrosomia,
unexplained stillbirth or anomaly

Current glycosuria

When to screen At initial prenatal visit or as soon as

possible

How to screen Ingest 50 g glucose without reference
to time of day or last meal

Measure serum or plasma venous
concentration 1 hour after

Positive screen meriting oral

GTT: >140 mg/dL

Meets neither low-risk or
high-risk criteria

Between 24 and 28 weeks of
gestation

Normal pregnancy weight and normal
weight gain during pregnancy

No diabetes in a first-degree relative
No history of glucose intolerance

No history of macrosomia, unexplained
stillbirth or congenital anomaly

Below age 25

Belongs to a low-risk race or

ethnic group

Not required

* Not a high-risk race or ethnic group for type 2 diabetes, namely Hispanic, Black, Native American, South or East Asian, Pacific Islander

Table 30.3 Diagnosis of diabetes during pregnancy based on
the recommendations of the Fourth International Workshop-
Conference on Gestational Diabetes Mellitus

Glucose tolerance test (mg/dL)

Fasting” Random* 1h 2h 3h
Diabetes mellitus (type 126 200 - - -
1or2)
Gestational diabetes
mellitus®
1997 4th International 95 - 180 155 140
Workshop-Conference
on GDM

T A subsequent abnormal fasting glucose level >126 mg/dL is required
to confirm the diagnosis of DM. This excludes further testing for
gestational diabetes by a 3-hour GTT.

* Random values are measured at any time and exclude those
measured during a GCT or OGTT.

$ The diagnosis of GDM is made by a 100 g, 3-hour oral glucose test.
Two or more values must be met for the diagnosis of GDM.

to time or eating is recommended. If the initial screen is
< 140 mg/dL in high-risk individuals, the screening test
should be repeated or performed at 24-28 weeks’ gestation.
Routine screening is not required if the individual meets all
low-risk criteria. Routine screening at 24-28 weeks is rec-
ommended for those not meeting low- or high-risk criteria.

The US Preventive Services Task Force states that there
is insufficient evidence to assess the balance between the
benefits and harm of screening for GDM either before or
after 24 weeks’ gestation and clinicians should discuss
screening with their patients on a case-by-case basis. The
American College of Obstetricians and Gynecologists
recommends universal screening since there is a high

prevalence of pregnant patients meeting the high-risk cri-
teria. The Australian Carbohydrate Intolerance Study in
Pregnant Women (ACHOIS), a multicenter control trial of
gestational diabetes mellitus (GDM) versus routine prena-
tal care found a reduction in the composite of severe peri-
natal outcomes in the treatment group. The Hyperglycemia
and Adverse Pregnancy Outcome (HAPO) study, a multi-
institutional study, found strong associations between
higher level of maternal glucose at 24-32 weeks, within
normoglycemic levels, and adverse pregnancy outcomes.
Given that hyperglycemia and pregnancy complications
are strongly associated and that managing gestational dia-
betes reduces complications, the results support screen-
ing for GDM. Current recommendations for screening in
pregnancy are being debated internationally. LAC/USC
Medical Center screens every pregnant woman at the first
visit and if negative, again at 24-28 weeks. This is based
on the high prevalence of risk criteria in our population.

A glucose challenge test (GCT) is recommended for
screening for GDM. Fifty grams of oral glucose is ingested
without diet preparation, at any time of day, with a
venous plasma glucose level measured 1 hour later. A pos-
itive screen is defined as greater than or equal to 140 mg/
dL. Some recommend 130 mg/dL and require a follow-
up oral glucose tolerance test (OGTT) to diagnose GDM.
Using a cut-off of 130 mg/dL increases the sensitivity by
10% but results in almost twice as many OGTT performed.
If the GCT equals or exceeds 200 mg/dL, the risk of undi-
agnosed diabetes is increased. We recommend measur-
ing overnight fasting plasma glucose the next day. If the
fasting plasma glucose is equal to or greater than 126 mg/
dL, no further testing is necessary; the patient has undi-
agnosed diabetes. Otherwise an OGTT is performed after
an overnight fast of 8-14 hours after 3 days of unrestricted



carbohydrate intake. Venous plasma glucose levels are
measured fasting and at 1, 2, and 3 hours. The diagnosis
of GDM is made when two or more values meet or exceed
the cut-off thresholds based on the Fourth International
Conference Workshop Conference on GDM: fasting, 95
mg/dL; 1 hour, 180 mg/dL; 2 hour, 155 mg/dL; 3 hour,
140 mg/dL. Diagnosis is a vital step in the management of
GDM. Once the diagnosis is made, achieving euglycemia
leads to reduction of perinatal complications.

Pregestational diabetes mellitus

Women with pre-existing diabetes mellitus may have insu-
lin-dependent (IDDM or type 1), noninsulin-dependent
diabetes mellitus (NIDDM or type 2) or maturity-onset
diabetes of the young (MODY). In type I diabetes, the insu-
lin deficiency usually results from autoimmune destruction
of pancreatic § cells, leading to severe or complete insulin
deficiency. In type 2 diabetes, the insulin deficiency occurs
due to progressive 3 cell dysfunction. It is recognized that
both type I and type II diabetes may be heterogeneous in
etiology. MODY, an autosomal dominant form of diabetes
resulting from several gene-specific mutations, provides a
third category of 8 cell dysfunction. Although the White’s
classification is still used for diagnosis, it is clinically
more useful to categorize patients with pregestational
diabetes into those with and without significant medical
complications.

Pregnancy for the woman with diabetic sequelae
significantly elevates the risk for maternal, fetal and neona-
tal morbidity and mortality and requires close and highly
specialized medical care. These complications include
preproliferative or proliferative retinopathy, nephropa-
thy, autonomic neuropathy, and coronary artery disease.
Many patients have multiple complications and preg-
nancy outcome is worse with multiple organ involvement.
Women with pre-existing diabetes should undergo a base-
line assessment of renal function, thyroid assessment, lipid
screen. If pre-existing diabetes is greater than five years, an
EKG and ophthalmology exam is also recommended.

Effects of diabetes on fetal
development

Infants born to women with pregestational diabetes, type
1 or type 2 have an increased risk of major congenital
anomalies. This risk increases with poor glycemic and
metabolic control during embryogenesis. The overall
rate of major congenital anomalies in women with type
1 and type 2 diabetes is 6-12%. With poor glycemic con-
trol, the risk increases dramatically to 22-25%. Glucose
is an easily measured metabolite and provides a bench-
mark for assessment of metabolic regulation in diabetic
pregnancies. With elevated glucose, fatty acids, ketones,
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triglycerides, and amino acids may be elevated. These
metabolites may also have an effect on embryonic and
fetal development. This may explain why glycemic con-
trol does not completely eliminate fetal complications in
pregnancy. The risk of major congenital anomalies corre-
lates with the initial glycosolated hemoglobin level and
the initial mean fasting glucose levels. The risk of spon-
taneous abortion is also increased with poor glycemic
control. The most common major structural congenital
anomalies for both type I and type 2 diabetes involve the
heart (transposition of the great vessels, atrial, ventricu-
lar septal defects), the central nervous system (caudal
regression, anencephaly, spina bifida, and encephalocele)
and the genitourinary system (renal agenesis, cystic
kidneys and duplication of the renal collecting system).
Judicious use of ultrasonography provides essential infor-
mation about the fetus of a woman with pre-existing
diabetes. A first-trimester ultrasound should be used
to date the pregnancy and to document fetal viability; a
second-trimester ultrasound (18-20 weeks) involving a
detailed survey of fetal anatomy and a fetal echocardio-
gram will rule out most major congenital anomalies.

Fetal growth is also affected, especially if the glyc-
emia is poorly controlled. Elevated maternal glucose and
abnormal levels of other nutrients cross the placenta, pro-
ducing elevated fetal glucose and altered nutrient levels.
The fetus in turn produces high levels of insulin — fetal
hyperinsulinism. High levels of fetal insulin promote
abnormal intrauterine growth or somatic and biochemical
fetopathy. A newborn of a diabetic mother with poor gly-
cemic control can exhibit abnormal adipose deposition
(central obesity), visceral organ hypertrophy and hyper-
plasia (hypertrophic cardiomyopathy and pancreatic
hyperplasia) and biochemical dysregulation (hypogly-
cemia, hyperbilirubinemia, hypocalcemia). Strict mater-
nal glucose control reduces but may not completely
eliminate fetal overgrowth. The goal of management is
to normalize glucose levels to minimize fetal overgrowth
and reduce the risks of congenital abnormalities and
prevent spontaneous loss or stillbirth.

Effects of pregnancy on diabetes

Maternal metabolism alters significantly during early
pregnancy to provide adequate nutritional stores for the
demands later in pregnancy and during lactation. In nor-
mal pregnancy, the metabolic alterations in pregnancy
lead to increased insulin resistance. This is thought to
be due to several placental hormones (human placental
lactogen, progesterone, cortisol, possibly placental insuli-
nase) and cytokines elevated in the maternal circulation.
The normal response to insulin resistance is to increase
insulin secretion up to 3-5 times more in order to mini-
mize the impact of insulin resistance on the circulating
glucose levels. With low insulin levels, pregnant women
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shift to lipolysis, producing free fatty acids and ketones
for energy. Women with diabetes are unable to meet the
demand of increased insulin secretion. They are either
unable to secrete sufficient insulin (type I DM) or they
have § cell dysfunction with the inability to produce suffi-
cient insulin (type 2I or GDM). Women with diabetes in
pregnancy require increasing insulin doses as the preg-
nancy progresses and are at increased risk for fasting
hypoglycemia, lower premeal glucose or rapid develop-
ment of ketosis with low blood sugars.

Medical management of diabetes

The cornerstone of therapy, whether treating gestational
or pregestational diabetes, is the maintenance of euglycemia
throughout the pregnancy. This is achieved primarily
through a combination of proper diet, exercise, home glu-
cose monitoring and self-management education, insulin
therapy or oral hypoglycemic agents. Medical manage-
ment requires a team approach. This usually involves an
obstetrician, perinatologist, endocrinologist, neonatolo-
gist, diabetes nurse specialist, a registered dietician and
social work specialists. Involving the patient and her
family as an equal team member in every step of her
management is vital to achieving a successful outcome.
Screening for psychosocial issues that may compromise
compliance with treatment should be a routine part of
care, such as screening for depression, domestic violence
and substance use.

Medical management of diabetes in pregnancy
involves a trial of dietary therapy with sufficient calo-
ries and nutrients to meet the increasing demands of
pregnancy and to maintain good metabolic control. The
nutritional requirements for women with diabetes are
the same whether they have gestational or pregesta-
tional diabetes. For women with ideal bodyweight (BMI
<26 kg/ m?), a diet of 30 kcal per kilogram of true bod-
yweight is prescribed. Women who are overweight
(> 120% of ideal bodyweight or a BMI of > 26%), a
caloric intake of 25 kcal per kg is recommended. The
minimum and maximum calories prescribed are between
1800 and 2500, regardless of maternal weight. The current
recommended diet for patients with diabetes includes 10—
20% of calories as protein, about 50-60% as carbohydrate,
less than 30% as fats and less than 10% as saturated fats.
Complex carbohydrates are digested and absorbed more
slowly. This results in a smaller increase in blood sugar.
The ADA guidelines suggest individualizing the per-
centage of calories from carbohydrates. A diet that helps
blunt the postprandial glucose level reduces the risk of
developing macrosomia. The calories are distributed
throughout the day as three meals and three snacks.

Women with gestational diabetes who maintain fasting
glucose levels below 90 mg/dL and 1 hour postprandial

<135 mg/dL on diet therapy are at minimal risk for
developing fetal macrosomia or other neonatal complica-
tions. As the pregnancy progresses, women who demon-
strate hyperglycemia require more intense therapy.

For women with pregestational diabetes or gesta-
tional diabetes with hyperglycemia, self-monitoring of
blood glucose, fasting, premeal, postmeal, and bedtime,
is recommended. Over the last decade, the target glyc-
emic levels have been reduced due to improved benefit
in reducing the risk of macrosomia. The target glycemic
levels are fasting, 60-90 mg/dL; before lunch, dinner and
bedtime snack, 60-90 mg/dL; 1 hour postprandial, < 135
mg/dL; and 2 am—6 am, 60-90 mg/dL. Self-monitoring
of glucose provides patients with immediate feedback
about the effect of their meal on their glucose level. This
gives patients ample opportunity to learn about the
quantity and type of foods that increase postprandial
glucose levels.

Daily exercise in the form of walking briskly 30 minutes/
day or 15 minutes three times a day after meals is also
recommended. Maternal exercise has been shown to
reduce hyperglycemia in patients with gestational diabetes.
Patients with long-standing diabetes should be under
close observation before taking on an exercise training
program.

Most patients with gestational diabetes, the most com-
mon metabolic disorder of pregnancy, are treated with
diet therapy alone. Kjos et al. demonstrated that when
glucose levels are only borderline elevated, an ultrasound
to measure fetal abdominal circumference to assess
excessive fetal growth is a useful modality to help iden-
tify if a fetus is at risk for macrosomia. Women with
GDM and borderline hyperglycemia should have a strict
regimen of diet and exercise with close monitoring to
reduce the risk of unmonitored hyperglycemia.

Pharmacologic therapy

All women with pregestational diabetes and approxi-
mately 20-50% of women with gestational diabetes require
pharmacologic agents for glucose control. Insulin is the
mainstay of pharmacotherapy. An advantage of insulin
is that it does not cross the placenta. The insulin dose
should be titrated to achieve euglycemia. Patients usu-
ally require combined rapid- and /or intermediate-acting
insulin given in multiple injections or an insulin pump.
These patients should be managed by physicians and
diabetes care teams. Significant attention is given to teaching
the patient self-management skills and the understand-
ing of diabetes in pregnancy. Patients can manage their
diabetes with outpatient management and 24-hour on-call
service. The insulin dose should be based on the current
gestational age and bodyweight. During embryogenesis,
patients with markedly elevated fasting hyperglycemia
should be hospitalized for rapid glycemic control and
teaching to reduce the risk of congenital anomalies.



Oral agents are used to achieve euglycemia because
of their ease of administration and dosing schedule.
Oral agents can cross the placenta. Glyburide is a sec-
ond-generation sulfonylurea whose primary action is to
suppress hepatic glucose production and improve insu-
lin secretion after meals. Glyburide is demonstrated to
be effective in patients with residual B-cell function. It
was initially shown not to cross the placenta in signifi-
cant amounts and was also not detectable in umbilical
cord blood. A recent study reported that umbilical cord
levels of glyburide averaged 70% of maternal levels when
using a different modality to detect blood levels. Insulin
sensitivity was five times lower in women with GDM as
compared to healthy pregnant women. Current dosing
recommendations may not be sufficient to achieve higher
levels of insulin sensitivity. Fetal safety should be con-
sidered when administering glyburide, especially when
considering higher doses.

Metformin is a biguanide that enhances insulin action
by stimulating glucose uptake in the liver and by sup-
pressing hepatic glucose output. Metformin is used for
type 2 diabetes patients with residual B-cell function. It
does not stimulate insulin secretion and therefore does not
cause hypoglycemia. Metformin has been shown to cross
the placenta and concentrate in the fetal compartment.
It is classified as a class B drug but many questions
remain about the fetal effects of this agent and further
studies should evaluate its safety. A large randomized
control trial, the Metformin in Gestational Diabetes
(MiG) trial, found that 46% of women assigned to
metformin required the addition of insulin to achieve
glycemic goals.

Obstetric management of diabetes

Pregnancy dating is paramount in the obstetric manage-
ment of diabetes patients. Unsure dating criteria or accele-
rated fetal growth due to uncontrolled diabetes may
lead to delivery prematurely. Prenatal genetic screen-
ing includes first-trimester ultrasound and an expanded
MSAFP screen at 16-20 weeks. A detailed anatomy ultra-
sound at 18-22 weeks to rule out major congenital abnor-
malities is recommended. An echocardiogragm may be
warranted if the glycemic control in the first trimester
was poor or if the hemoglobin A1C was above 7%.

The first prenatal visit should include a urine culture
to screen for urinary infections due to increased risk of
pyelonephritis. A thyroid-stimulating hormone, lipid
panel and 24-hour protein and creatinine clearance are
recommended. Antepartum testing is recommended in all
women with pregestational diabetes or insulin-requiring
GDM beginning 34 weeks or earlier if there are other
medical complications. In diet-treated GDM patients,
testing should begin by 40 weeks. At LAC + USC, in
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the tested diabetic population, the stillbirth rate is about
1.5 per 1000 babies. Decisions regarding the timing of
delivery should be individualized. Generally, elective
delivery after 38.5 weeks may be considered for women
with pregestational and gestational diabetes, taking into
account glycemic control, estimated fetal weight, and like-
lihood of a successful labor induction. All diabetes patients
should be delivered by 40 weeks given the increased risk
of macrosomia and of stillbirth. Diabetes patients should
be monitored for clinical signs of pre-eclampsia or
uncontrolled hypertension.

Intrapartum maternal glycemic control
Generally, the glucose requirement in labor is less.
Women with pregestational and insulin-requiring GDM
need close monitoring of glucose levels during labor.
Patients who are scheduled for an elective cesarean or
induction of labor are instructed to enter early in the
morning fasting and not take their morning insulin or
oral agent. Intrapartum, patients receive continuous intra-
venous glucose infusion (5% dextrose NS at 125 mg/h).
Insulin is administered via an intravenous pump with
monitoring of glucose values every 1-2 hours. Women with
insulin-requiring GDM or type 2 diabetes may not require
insulin infusion. Insulin should be started if the glucose
level exceeds 120 mg/dL. The insulin rate is adjusted in
0.5-1.0 unit increments for every 40 mg/dL of glucose
increase. The target glucose goal is 70-119 mg/dL. For
women with type I diabetes, insulin should be started at
a basal rate of 0.5-1.0 units per hour.

Women requiring a long period of induction may be
a candidate for oral feeding with a reduced caloric diet
(1200-1400 calories) and controlled by short- and rapid-
acting insulin with premeal and postmeal glucose checks.
When the patient enters active labor, she can be switched
to the standard intrapartum management.

Postpartum management, lactation

and family planning

In the postpartum period, women with pregestational
diabetes may not require insulin or only need a low dose
to control their glucose levels. Short- or rapid-acting insu-
lin should be administered on a sliding scale based on
glucose levels measured every 4 hours if they are not eat-
ing or based on premeal glucose levels. In type I diabetes,
insulin is generally restarted 1-5 days post partum based
on 0.5-0.6 units/kg of actual bodyweight. There is very
limited information about the safety of oral hypoglycemic
agents if the mother is breastfeeding and they are gener-
ally not recommended for control of hyperglycemia imme-
diately post partum. Diabetes patients should continue to
monitor glucose levels and return 1-2 weeks post partum
for re-evaluation. Breastfeeding can exhaust about 500
calories per day and should be encouraged. Breastfeeding
reduces glucose concentration and insulin requirements.
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Women with pregestational diabetes should be referred
for continued management within 3-6 months. Women
with gestational diabetes should be tested 4-12 weeks
post partum and if negative, tested yearly thereafter.
Women with gestational diabetes have a considerable
risk of developing type 2 diabetes later in life. The risk
is similar in all ethnic groups with GDM. There is nearly
a linear increase in the cumulative incidence of diabetes
during the first 10 years after pregnancy. Mestman ef al.
found in a Hispanic population that 65% of women with
GDM developed diabetes during a 12-18-year period
post partum. Overall, women will have more than a 50%
risk of developing diabetes within 10-20 years. Factors
associated with an increased risk of developing type 2
diabetes after GDM include: a previous history of GDM,
high maternal age, overweight, early gestational age at
diagnosis of GDM, a high fasting and 2-hour OGTT, a
low fasting plasma insulin in the diagnostic OGTT, and
insulin treatment during pregnancy.

All women should be encouraged to follow an ADA
diet, achieve or maintain ideal bodyweight and exercise
daily. Planning a future pregnancy and contraception
should be addressed. Patients should be counseled about
the risk of congenital anomalies with poor glucose con-
trol, and the risk of developing diabetes for both mother
and child. Preconception counseling prior to a planned
pregnancy is highly recommended.
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Introduction

As more patients with medical complications become
pregnant, the obstetrician is placed in the unique situation
of needing to combine knowledge of both internal medi-
cine and obstetrics to effectively manage these patients.
Gastrointestinal complaints, both those prior to and those
arising during pregnancy, are common. This chapter will
explore various gastrointestinal disorders as they affect
the pregnant woman and her fetus.

Pregnancy effects on gastrointestinal
physiology

The gastrointestinal tract undergoes many physiologic
changes in pregnancy. With advancing gestation, increased
levels of progesterone result in decreased smooth muscle
activity. Esophageal motility, lower esophageal sphincter
tone, as well as gastric tone and contractility are decreased
during pregnancy. Small intestinal motility decreases signi-
ficantly between the first and second trimesters, and
remains fairly constant during the third trimester before
returning to pre-pregnancy levels in the postpartum
period. Biliary contractility is also similarly altered.

Gastroesophageal reflux

Heartburn occurs in nearly half of all pregnancies. It
develops early in pregnancy and resolves in the postpar-
tum period. A combination of decreased lower esophageal
sphincter pressure and decreased gastric motility, with
mechanical obstruction secondary to the gravid uterus,
plays a contributing role. Clinical features of reflux, mainly
heartburn and regurgitation, are similar to those in the
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nonpregnant patient. The evaluation of these complaints
seldom requires more than an adequate history, although
endoscopy may be a necessary method of evaluating more
severe cases in pregnancy. Treatment of these symptoms
in the pregnant patient consists primarily of nonpharma-
cologic interventions, reserving medication for refractory
cases. Lifestyle changes such as elevation of the upper
body while at rest, and decreasing activity that exacer-
bates symptoms should be prescribed. If these do not
improve the patient’'s symptoms, antacids may be taken
before meals and at bedtime; sucralfate 1g three times
daily may be added. For severe cases, histamine blockers
such as cimetidine or ranitidine may be used to alleviate
symptoms. Symptoms associated with reflux resolve in
most patients in the postpartum period.

Diarrhea

Complaints of diarrhea in pregnancy should be investi-
gated in the same manner as in the nonpregnant state. A
careful history should be taken with focus on character-
istics of present illness, diet, laxative use, and eating dis-
orders. Acute microbial diarrhea usually is a self-limiting
entity, resolving spontaneously within 24-72 hours, and
is treated supportively with adequate hydration. If nec-
essary, mild antidiarrheal agents such as kaolin and
pectin may be prescribed. Stronger medications should
be avoided as they may lead to bacterial overgrowth in
the intestines. Care should be taken to ensure that ade-
quate hydration is achieved to prevent preterm labor.
For persistent diarrhea, stool culture and examination for
ova and parasites should be undertaken and treatment is
undertaken accordingly. Endoscopy is safe in pregnancy,
and may be employed when necessary for the evaluation
of persistent diarrhea.

Irritable bowel disease and constipation

Irritable bowel disease is a constellation of continuous
and recurrent abdominal pain, which is relieved with
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defecation or associated with change in frequency or
consistency of stool and/or disturbed defecation with
no organic cause. It is a common disorder in the non-
pregnant population, and it may often be encountered
during pregnancy. Although the etiology is unknown,
the decrease in gastrointestinal motility and pressure
of the gravid uterus on the large bowel may aggravate
symptoms of irritable bowel disease. Treatment of both
irritable bowel disease and constipation is conservative.
Increased water intake, frequent small meals, and a high-
fiber diet are excellent first steps. Stool-bulking agents
may be added if necessary, followed by emollient laxatives
for more difficult cases.

Peptic ulcer disease

Pregnancy-induced changes in symptoms from peptic
ulcer disease may be mediated by a decrease in gastric
acid secretion and an increase in mucus secretion. Clark
reported that of over 300 women with known peptic ulcer
disease, 44% had improvement in symptoms, and an addi-
tional 44% became asymptomatic. Pregnant women with
symptoms of peptic ulcer disease often have their com-
plaints ascribed to gastroesophageal reflux and are treated
accordingly, which often improves ulcer symptomatology.
Conventional antiulcer therapy, including antacids after
meals and at bedtime, and sucralfate are usually sufficient
to ameliorate symptoms encountered during pregnancy.
Histamine receptor antagonists should be used if conserv-
ative management does not alleviate symptoms. If such
measures do not improve patient symptoms, a search for
Helicobacter pylori infection is indicated and if detected,
antimicrobial treatment may be considered. For patients
whose symptoms do not improve, or are associated with
other “alarm” symptoms such as gastrointestinal bleed-
ing or anemia, endoscopic examination should be under-
taken. In the rare event that perforation or hemorrhage
complicates ulcer disease, the patient should be managed
surgically as in the nonpregnant state. For patients with
symptoms that can be managed conservatively during
pregnancy, curative surgical therapy should be reserved
for the postpartum period.

Inflammatory bowel disease

Inflammatory bowel disease (IBD), although rare, tends
to appear most commonly during child-bearing years.
In the absence of pelvic surgery, the disease processes
do not appear to directly affect fertility. Rates of anoma-
lies, spontaneous abortions, and stillbirths in pregnant
women with IBD are similar to those of the general popu-
lation. Some investigators have described an increase in
premature birth, usually related to activity of disease.
Although reviews of Crohn’s disease have shown a

tendency for disease activity to remain static during the
course of pregnancy, symptoms of ulcerative colitis may
tend to flare earlier in gestation, while Crohn’s disease
often worsens in the third trimester. Patients trying to
conceive should first have their symptoms brought under
better control. Medications used to treat IBD such as corti-
costeroids, sulfasalazine, and antibiotics are safe to use in
pregnancy. The route of delivery does not appear to affect
the severity of perianal disease.

Hepatitis

The viral hepatitis, except for hepatitis E, do not occur
with increased frequency or severity during pregnancy.
Systemic symptoms of hepatitis include fever, nausea,
vomiting, fatigue, and jaundice. Aminotransferase levels
are elevated to greater than 500 units/L. Hepatitis A,
transmitted by fecal-oral contact, has a short incubation
period followed by the appearance of classic symptoms.
Diagnosis is demonstrated by the presence of antihepatitis
A IgM antibodies in the serum of acutely or recently ill
persons. It is seldom fatal. Good sanitation and hygiene
should be emphasized for those in contact with a person
acutely infected with hepatitis A.

Hepatitis B is transmitted by contact with blood and
bodily fluids (primarily semen and saliva). The mean
12-day incubation period is followed by onset of
symptoms of varying severity. In acute illness, HBsAg,
HBcAg, and HBeAg are present before the onset of
symptoms. HBsAg disappears with recovery from disease,
and anti-HBs and anti-HBe rise 2 weeks to 6 months later,
marking the end of the illness. The carrier state, present
in approximately 5% of immunocompetent adults, is
marked by the presence of HBsAg for more than 6 months.
All pregnant women should be tested for the presence of
HBsAg and if positive, their infants should receive both
hepatitis Bimmune globulin and hepatitis B vaccine after
delivery. Hepatitis B vaccination can be given to seron-
egative mothers during pregnancy.

Hepatitis C has similar risk factors for transmission as
hepatitis B. There are no known ways to prevent perinatal
transmission of hepatitis C to the fetus. The overall risk
of transmission of hepatitis C to the offspring is 4-8%.
Diagnosis is made by the presence of antihepatitis C anti-
body in the serum of affected individuals. 6 Hepatitis
infection, transmitted in a manner similar to hepatitis B,
co-exists with hepatitis B infection. Diagnosis is made by
demonstration of viral antigen in serum.

For patients who are carriers of hepatitis B and C,
we attempt to avoid any obstetric procedures that will
increase the risk of perinatal transmission such as fetal
scalp monitors and unnecessary amniotomy. For those
patients with hepatitis E, an infection similar to that of
hepatitis A, mortality may reach 20% during pregnancy.
For the rare case of herpes simplex hepatitis, characterized



by oral/vulvar vesicles, mild hyperbilirubinemia, and
coagulopathy, examination of liver biopsy for intranu-
clear inclusions may prompt antiviral therapy, which
greatly improves survival. Treatment for acute hepatitis
is supportive, encouraging appropriate hygiene and oral
intake. Patients with evidence of worsening laboratory
values or hepatic failure should be hospitalized and indi-
ces of hepatic function followed. The type of hepatitis
should be determined by serologic studies and to allow
for appropriate immunoprophylaxis of the newborn.

Chronic liver disease

Pregnancy is uncommon in the patient with chronic
liver disease, as most of these women are anovulatory,
and disease severity tends to correlate with infertility.
In general, pregnancy does not worsen hepatic function,
although a significant risk of esophageal variceal bleeding
may present itself later in gestation, warranting endoscopic
examination early in pregnancy to determine the risk.

Intrahepatic cholestasis of pregnancy

Intrahepatic cholestasis of pregnancy (ICP) is the most
common liver disorder unique to pregnancy. Usually
encountered late in pregnancy, ICP is a condition of total
body pruritus and liver dysfunction. Several different
measures of liver test abnormalities have been reported
in ICP, including elevated transaminases, bilirubin, and
serum bile acid concentration. The most commonly
accepted laboratory criterion for ICP is an elevated total
serum bile acid concentration. The prevalence of this disor-
der varies throughout the world. There is a high prevalence
in Latin America. In Chile, rates have varied from 4% to
22%. The prevalence of ICP in the United States has been
reported to be from 0.001 to 0.32%. At the University of
Southern California, which has a high Latina population,
we have an estimated prevalence of approximately 5.6%.
Maternal consequences of the disease include intoler-
able pruritus and abnormalities of liver function tests.
The fetal course may be more complicated. This disease
is associated with increased risk for fetal death, meco-
nium passage, and preterm delivery. The fetal deaths
are known to cluster at 37 weeks. However, we have
observed fetal deaths occurring at earlier gestational
ages. Therefore, we currently recommend delivery at 37
weeks with confirmed ICP.

Prior to delivery, it is our practice to administer ursode-
oxycholic acid (10-15 mg/kg/day) and this is based on its
better tolerability and efficacy in lowering total serum bile
acid concentrations, ameliorating pruritus, and improving
liver function tests compared to s-adenosylmethione, dex-
ametasone, and cholestyramine. Unfortunately, currently
there are no conclusive data that any of the agents used to
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treat ICP reduce fetal risk. In addition, we place patients
with ICP in twice-weekly antepartum testing. However,
the use of cardiotocography in this setting is debated, as it
is believed that fetal death occurs as an acute event rather
than a consequence of chronic hypoxemia. Fetal demises
have been reported despite having normal-appearing fetal
heart rate testing several days prior and after normaliza-
tion of total serum bile acid concentrations. On the other
hand, concerning fetal heart rate patterns such as pro-
longed decelerations requiring immediate delivery have
been detected with antenatal testing, which is the reason
why we use antepartum testing. Patients with ICP should
not be prescribed estrogen-containing contraceptives.

Cholecystitis

Cholecystitis is the second most common surgical con-
dition encountered in pregnancy. Acute appendicitis is
the most common, and is the subject of Chapter 37 in
this textbook. In the great majority of cases, cholecystitis
results from cholelithiasis. Symptoms of cholecystitis in
pregnancy are similar to those in the nonpregnant patient.
Patients complain of colicky epigastric pain, which often
radiates to the back, and nausea and vomiting. Murphy’s
sign (pain on deep palpation in the right upper quadrant)
is often absent during pregnancy. Attention should be
paid to the presence or absence of jaundice, an indicator
of biliary tract obstruction. Fever and tachypnea may be
present. The differential diagnosis includes appendici-
tis, severe pre-eclampsia, and pancreatitis. Evaluation of
symptoms and signs suggestive of cholecystitis should
include a complete blood cell count, as well as serum
levels of alkaline phosphatase, transaminases, amylase,
and lipase. Ultrasound imaging of the right upper quad-
rant may demonstrate the presence of cholelithiasis in
the gallbladder or biliary tree, or evidence of gallbladder
wall thickening, or dilation of ductal structure indicating
obstruction.

Management of cholecystitis in pregnancy involves
bowel rest, with suction if needed, along with intra-
venous fluid therapy and analgesia which generally
results in an improvement in symptoms. If symptoms do
not resolve or if temperature elevations are suggestive
of infection, antibiotic therapy may be necessary, and
appropriate consultation with gastroenterology and/or
general surgery is obtained. Recurrent episodes of chole-
cystitis indicating failure of medical management require
endoscopic retrograde cholangiopancreatography (ERCP)
or surgical intervention.

Pancreatitis

Pancreatitis does not seem to be more or less prevalent
during pregnancy. It affects approximately 1 in 1434



144 Chapter 31

pregnancies, and has a slightly higher occurrence during
the third trimester. Associated fetal loss rates are between
10% and 20%, and related maternal mortality has been
reported to be 3.4%. Causes of pancreatitis in pregnancy
do not differ significantly from those in the nonpreg-
nant patient. Obstructive biliary disease is the most
common cause, followed by idiopathic causes. Rarely,
estrogen-induced hypertriglyceridemia induces pan-
creatitis during the third trimester. Excessive alcohol
consumption, a more common cause of pancreatitis in
the nonpregnant patient, occurs less frequently during
pregnancy. Common presenting symptoms are epi-
gastric or left upper quadrant pain with radiation to
the back associated with nausea, vomiting, ileus, and
fever. Characteristic pain is not always present, and
pancreatitis should be considered whenever a patient
presents with abdominal pain. Confirmation of ele-
vated serum amylase and lipase values are important
confirmatory tests. Abdominal ultrasound may dem-
onstrate evidence of pancreatic edema or biliary tract
obstruction.

Management is similar to symptomatic cholelithiasis
with bowel rest, intravenous fluids, and meperidine
analgesia. Nasogastric suctioning may be indicated if
ileus and vomiting are prolonged. Oral intake can be
gradually introduced with the resolution of symptoms. If
the pancreatitis is due to hypertriglyceridemia, oral feed-
ing may have to be completely withdrawn, and a low-fat
and low-carbohydrate diet resumed when symptoms
improve. Triglyceride levels should be maintained below
1000 mg/dL. Parenteral nutrition may be required. This
rare cause of pancreatitis in pregnancy resolves sponta-
neously after delivery.

Conclusion

With few modifications, most management techniques
for the nonpregnant patient with a gastrointestinal disor-
der can be applied to the pregnant patient. When treated
appropriately with attention to maternal and fetal status,
morbidity and mortality of most gastrointestinal disor-
ders can be limited for both.
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Introduction

Many viral infections can result in significant adverse
maternal and fetal effects if acquired during pregnancy.
Some of these adverse outcomes are easily preventable.
An overview of the manifestations, prevention and treat-
ment of the more common viral infections during
pregnancy is provided below.

Cytomegalovirus

Cytomegalovirus (CMV) is the most common congenital
infection, occurring in 0.2-2.2% of neonates. The majority
of these infections are asymptomatic; approximately 5%
of infected neonates are symptomatic at birth. Congenital
CMYV is the leading cause of congenital hearing loss.
Transmission can occur via transplacental passage of the
virus, contact of the fetus with infectious secretions at
the time of birth, infected breast milk or blood transfusion.
There is regional variation in the prevalence of pri-
mary (0.7-4%) and recurrent (13.5%) infection among
pregnant women. CMV is transmitted by contact with
infected blood, saliva or urine, or by sexual contact.
The mean incubation period is 40 days, with a range of
28-60 days. Primary CMYV infection in adults is usually
asymptomatic, although a mononucleosis-like syndrome
with fever, malaise, myalgias, chills, lymphocytosis, and
abnormal liver function tests can occur. Recurrent infec-
tion can occur following reactivation of latent virus.
Vertical transmission can occur at any point in preg-
nancy; the greatest risk is with maternal infection during
the third trimester. Maternal CMV infection during the
first trimester results in more serious fetal sequelae, should
vertical transmission occur. The risk of transmission to the
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fetus is 30—40% with primary maternal CMV infection; 10%
of infants infected in utero following primary infection will
have signs and symptoms of CMV infection at birth and
develop sequelae.

Clinical findings at birth can include jaundice,
petechiae, thrombocytopenia, hepatosplenomegaly, intra-
uterine growth restriction, and nonimmune hydrops.
Approximately 30% of infants with symptomatic infec-
tion following primary maternal infection die and 80% of
surviving infants have severe neurologic sequelae. Vertical
transmission after recurrent infection is much lower:
0.15-2%. Infants infected during maternal recurrent
infection usually are asymptomatic at birth. Congenital
hearing loss is the most common severe sequela of vertical
transmission following maternal recurrent infection, and
multiple sequelae are unlikely.

Routine serologic screening of women or neonates for
CMV is not recommended. The presence of immunoglob-
ulin M (IgM) CMV antibody indicates primary maternal
infection. However, both false-positive and false-negative
results are possible. Establishing that seroconversion has
occurred is the most accurate method for demonstrating
maternal primary infection. Detection of the CMV virus
by polymerase chain reaction (PCR) from amniotic fluid is
the most sensitive test for detecting fetal infection.

There is currently no vaccine for CMV prevention,
nor a routinely recommended treatment for maternal or
neonatal infection or interventions to prevent vertical
transmission.

Parvovirus B19

Parvovirus B19 is the cause of erythema infectiosum, also
known as fifth disease. In healthy adults, parvovirus B19
infection is often asymptomatic. Symptoms are generally
mild, with a rash on the trunk and peripheral arthropa-
thy, but can rarely include transient aplastic crisis.
Transmission occurs through respiratory secretions and
hand to mouth contact. Otherwise healthy patients with
erythema infectiosum are contagious 5-10 days after
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exposure, during the week before the onset of the rash,
and are not infectious after this. Immunocompromised
patients remain contagious from before the onset of
symptoms through the period of the rash. Exposure to
an infected household member results in approximately
50% risk of acquiring the infection. Over half of pregnant
women in the USA are immune to parvovirus B19.

Transplacental transmission occurs in up to 33%.
Spontaneous abortion or fetal death occurs in less than 10%
of infected pregnancies. Most maternal infections that have
resulted in fetal deaths occur between 10 and 20 weeks’
gestation, and the spontaneous abortions usually occurred
4-6 weeks after infection. Teratogenicity has not been
proven. Parvovirus B19 can infect fetal erythroid precur-
sors and cause anemia, leading to nonimmune hydrops
and fetal death. Hydrops is unlikely to develop beyond
8 weeks after maternal infection. Fetal ultrasound exami-
nation can easily demonstrate hydrops and the hydropic
fetus can be treated by intrauterine transfusions, if severe
anemia is demonstrated. Spontaneous resolution may
occur, however. There appear to be no long-term sequelae
to in utero parvovirus B19 infection.

In view of the high prevalence of parvovirus B19 and
the relatively low risk of serious harm to the fetus, preg-
nant women should not be routinely excluded from
workplaces where parvovirus B19 is present. Infection
control should consist of handwashing, standard precau-
tions and droplet precautions.

Varicella zoster virus (VZV)

Varicella zoster virus causes chickenpox and herpes zoster.
VZV is transmitted by respiratory droplets or close con-
tact. The attack rate in nonimmune people is 60-90%
after exposure. The incubation period after infection is
10-20 days. The period of infectivity begins 48 hours before
the rash appears and continues until the vesicles crust over.
Primary infection, chickenpox, is characterized by fever,
malaise, and a pruritic rash that develops vesicles. After
the primary infection, VZV remains dormant in the sensory
ganglia and if reactivated causes herpes zoster. Most people
in the United States are immune to varicella, and therefore
infection is uncommon in pregnancy, occurring in approxi-
mately 0.6 per 1000 pregnant women. While chickenpox is
usually a benign and self-limited illness in children, severe
complications such as pneumonia and encephalitis are more
common in adults. Varicella pneumonia is more serious
in pregnant women than in nonpregnant adults, and can be
life-threatening. Pregnant women with varicella should
be monitored closely for any signs of pneumonia.

Fetal infection after maternal varicella during the first
20 weeks of pregnancy occasionally results in varicella
embryopathy, which can include limb atrophy, scarring
of the skin of the extremities and central nervous system

and ocular lesions. Congenital varicella syndrome occurs
in approximately 2% of exposed fetuses when maternal
infection occurs before 20 weeks’ gestation.

The neonate is at risk for life-threatening neonatal
varicella if the mother develops varicella within 5 days
before to 2 days after delivery.

Over 95% of women with a positive history of varicella
have serologic immunity; therefore it is unnecessary to
perform serologic testing in women with a prior history
of varicella. Also, 70-90% of women in the USA with a
negative or uncertain history of varicella are immune.
A pregnant woman who is exposed to varicella should
be tested for immunity if she has no history of prior
infection with varicella or vaccination.

Postexposure prophylaxis within 96 hours of exposure
with VZV immune globulin (VZIG or VariZIG) is recom-
mended for nonimmune pregnant women with varicella
exposure and for infants born to mothers with peripar-
tum varicella. Acyclovir therapy should be considered
for pregnant women with chickenpox.

The varicella vaccine contains live-attenuated VZV
and should not be given to pregnant women. Women
who do not have varicella immunity should receive
the first dose of the VZV vaccine post partum prior to
hospital discharge.

Rubella

Rubella during pregnancy and congenital rubella are
extremely rare in the United States; most cases occur in
women born outside the country. All women should be
screened for serologic evidence of immunity to rubella at
the first prenatal visit. Seropositive women need no fur-
ther testing.

Recent infection can be demonstrated by detection of
rubella-specific IgM antibodies, but false-positive results
are common. Demonstration of seroconversion in acute
and convalescent serum specimens or isolation of the
virus from throat swabs is more reliable.

Fetal structural malformations (serious CNS, cardiac,
ocular and skeletal defects) may be caused by rubella
infection during embryogenesis. While fetal infection
may occur throughout pregnancy, defects are rare if
infection occurs after 20 weeks’ gestation. If rubella is
diagnosed in a pregnant woman, pregnancy termination
should be discussed.

Rubella vaccine is a live-attenuated virus, and there-
fore not recommended during pregnancy. Following
immunization, women should be advised to avoid
conception for 1 month. However, in a woman who is
inadvertently vaccinated during early pregnancy, the
teratogenic risk to the fetus is theoretic. Rubella vaccina-
tion during pregnancy is not an indication for pregnancy
termination.



Women who are not immune to rubella should be
offered vaccination post partum prior to discharge from
the hospital. Breastfeeding is not a contraindication to
rubella vaccination.

Herpes simplex

Herpes simplex virus (HSV) can be differentiated into
HSV type 1 (HSV-1) and type 2 (HSV-2). HSV-1 causes
labial herpes and gingivostomatitis and keratoconjunc-
tivitis. Most genital infections are caused by HSV-2 but
HSV-1 genital infections are becoming increasingly
common, particularly among young women; up to 80%
of new HSV genital infections among women may be
caused by HSV-1.

During initial infection, the incubation period is 2-12
days. HSV replicates in the skin and the virus becomes
latent in the sensory ganglia. Reactivation frequently
occurs and may manifest clinically as recurrent ulcerative
lesions or subclinically as asymptomatic viral shedding.

Most women who are infected with HSV are unaware
of this; only approximately 10% of infected women report
prior infection. In the United States, approximately 26%
of women have serologic evidence of HSV-2 infection.
The incidence of new HSV-1 or HSV-2 infection during
pregnancy is approximately 2%. Approximately 10% of
HSV-2 negative women have partners who are seroposi-
tive and are therefore at risk of acquiring HSV-2 during
pregnancy. As in nonpregnant women, the majority of
new infections in pregnant women are asymptomatic.

Recurrent lesions are common during pregnancy,
with 75% of women experiencing this during pregnancy.
Approximately 14% of pregnant women will have either
prodromal symptoms or lesions at the time of delivery.
Because HSV infection is often asymptomatic, approxi-
mately 80% of HSV-infected infants are born to women
with no reported history of HSV infection.

While neonatal HSV remains a serious infection, mor-
tality has decreased over the past 20 years. Disseminated
disease comprises 25% of neonatal HSV infections and
mortality for disseminated disease is currently approxi-
mately 30%. Central nervous system disease accounts
for 30% of neonatal HSV; mortality is currently approxi-
mately 4%. About 20% of survivors of neonatal herpes
have long-term neurologic sequelae.

A clinical history suggestive of HSV should be con-
firmed with serologic or viral testing. HSV-2 rarely
causes oral infection; therefore detection of HSV-2 anti-
bodies is diagnostic of genital HSV infection. PCR is
more sensitive than culture and may replace culture as
the standard of care for diagnosis of HSV in the future.

While transplacental infection of the fetus is rare, pri-
mary infection with HSV in the first trimester has been
associated with microcephaly, chorioretinitis, and skin
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lesions in the fetus. HSV probably does not increase the
risk for spontaneous abortion.

The risk of transmission is highest at the time of delivery.
The highest risk is with primary genital herpes infection
during pregnancy; the risk of transmission to the neonate
with a primary outbreak occurring at the time of delivery
is 30-60%. Among women with recurrent lesions at the
time of delivery, the rate of transmission with vaginal
delivery is 3%. For women with a history of recurrent
disease and no visible lesions at the time of delivery, the
risk of transmission is 2/10,000.

A primary outbreak in pregnancy can rarely lead to
maternal complications such as disseminated HSV, her-
pes pneumonitis, hepatitis or encephalitis. Antiviral
treatment with acyclovir or valacyclovir should be
administered orally to reduce the duration and severity
of the symptoms of primary infection and to reduce the
duration of viral shedding. IV acyclovir may be given
intravenously for women with more severe infection.

Women with active recurrent genital herpes should be
offered suppressive therapy with acyclovir or valacyclo-
vir, starting at 36 weeks’ gestation. Suppressive therapy
during late pregnancy decreases viral shedding, the risk
of recurrence at delivery and the rate of cesarean delivery
for recurrent genital herpes.

All pregnant women should be questioned about a
history of genital herpes. However, routine HSV screen-
ing of pregnant women is currently not recommended.
Women with a history of genital HSV should have a
careful examination of the external genitalia at the time
of presentation for delivery.

Cesarean delivery is recommended for women with
active genital lesions or prodromal symptoms, such
as vulvar pain or burning, at the time of delivery, to
decrease the risk of neonatal HSV infection. Cesarean
delivery does not completely eliminate neonatal her-
pes. Although the incidence of neonatal herpes is very
low when there is recurrent maternal disease, cesarean
delivery is recommended because of the life-threaten-
ing nature of neonatal herpes infection. In women with
active HSV lesions and ruptured membranes, cesarean
delivery should be performed without delay, regardless
of the duration of ruptured membranes. In women with
preterm premature rupture of membranes and active
HSV, there is increasing support for continuing the preg-
nancy and using corticosteroids to decrease the compli-
cations of prematurity. There is no consensus regarding
the optimal gestational age for delivery in this situation.

Invasive monitoring with fetal scalp electrodes may
increase the risk of transmission of HSV.

Unless there is a lesion on the breast, breastfeeding
is not contraindicated. Mothers should be instructed in
careful hygiene. Mothers or other caregivers with labial
HSV lesions should not kiss the baby.
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Viral hepatitis A, B, C

Patients with acute hepatitis should be hospitalized if
they have encephalopathy, coagulopathy or severe debili-
tation. Fluid and electrolyte abnormalities and coagu-
lopathy should be corrected. Activity should be limited.
Women who are less ill should reduce their level of acti-
vity, avoid upper abdominal trauma, and maintain good
nutrition. Their household members and sexual partners
should receive appropriate prophylaxis and vaccination.

Hepatitis A

The average incubation period of hepatitis A is 28 days
(range 15-50 days). Children usually have asymptomatic
or unrecognized infection and are often the source of
hepatitis A transmission in the home.

Serious complications of hepatitis A infection are uncom-
mon, and there is no chronic carrier state. Breast-feeding is
not contraindicated in women with hepatitis A infection, if
appropriate hygienic precautions are observed. Although
there are few data, hepatitis A vaccination is not con-
traindicated in pregnancy, and should be considered for
women at high risk.

Hepatitis B

Hepatitis B virus (HBV) is the leading cause of chronic
liver disease worldwide. HBV is transmitted by parenteral
and sexual contact; serum, semen and saliva are infec-
tious. Over 90% of adult patients who become infected
with HBV have complete resolution of their infection;
10% or less become chronically infected. Fifteen to 30% of
chronically infected patients have continued viral replica-
tion and persistence of the hepatitis B e antigen (HBeAg).
These individuals are at highest risk of transmission of
hepatitis B and of chronic hepatitis and cirrhosis and
hepatocellular carcinoma. In contrast, 90% of perinatally
infected infants will develop chronic HBV infection and
25% of these will develop cirrhosis or hepatocellular
carcinoma.

Serologic testing for HBV infection using hepatitis B
surface antigen (HBsAg) should be done in all pregnant
women as part of routine prenatal care. Historical infor-
mation about risk factors fails to identify approximately
half of HBV carriers.

Perinatal transmission of HBV generally occurs during
labor and delivery; transplacental transmission is rare.
Without neonatal prophylaxis, the risk of HBV transmis-
sion to the infant is 10-20%, and increases to 70-90% if
the woman is HBeAg positive or if acute HBV infection
occurs in the third trimester.

The combination of neonatal passive and active immu-
nization is 85-95% effective in preventing perinatal
transmission of HBV. Universal active immunization of
all infants is the standard of care. Infants of women who

are HBsAg positive or whose status is unknown at the
time of delivery should receive both passive immuni-
zation with HBIG and HBV vaccine within 12 hours of
birth. If the neonates receive appropriate prophylaxis,
breastfeeding is not contraindicated.

Current research is evaluating the potential benefit
of antiviral medications such as lamivudine and HBIG
administration to the mother in late pregnancy to further
reduce the risk of vertical transmission.

Everyone with risk factors for HBV, including health-
care workers, hemodialysis patients, injection drug users,
those with more than one sexual partner during the past
3 months, recent diagnosis of an STI, clients and staff in
centers for the developmentally disabled, and interna-
tional travelers to high or intermediate prevalence areas
should be vaccinated for HBV. Pregnancy is not a con-
traindication for HBV vaccination; pregnant women with
these risk factors should be targeted for vaccination.

Hepatitis C

Hepatitis C virus (HCV) is the leading cause of chronic
liver disease in the United States. HCV seroprevalence
among pregnant women ranges from 0.6% to 6.6%. Risk
factors for HCV infection include injection drug use,
hemophilia, and the presence of other sexually trans-
mitted infections. Acute HCV infection occurs after a
30-60-day incubation period. Seventy-five percent of
patients are asymptomatic but at least 50% of infected
adults progress to chronic infection, regardless of the
source of infection. At least 20% of chronic HCV infec-
tions lead to chronic active hepatitis or cirrhosis and
possibly hepatocellular carcinoma.

Vertical transmission of HCV occurs in 2-8%. Risk is
increased with maternal viremia, higher HCV viral load,
maternal co-infection with HIV, prolonged rupture of
membranes during labor, use of internal fetal monitor-
ing, and other sources of increased exposure to maternal
blood during delivery.

Routine prenatal screening for HCV is currently not
recommended; however, women at higher risk or those
with evidence of liver disease should be screened for
HCV antibodies.

There are inadequate data on the safety of amniocen-
tesis in women with HCV. Current recommendations are
for cesarean delivery based on obstetric indications only,
and that breastfeeding is not contraindicated.

Currently treatment with peginterferon and ribavi-
rin is the standard of care for HCV infection. However,
ribavirin is contraindicated in pregnancy and treatment
with interferon alone will reduce efficacy. The current
recommendations are for no treatment for HCV during
pregnancy.

There is no vaccination or passive immunization avail-
able for HCV.



Human papilloma virus

During pregnancy, genital warts may proliferate, and
after pregnancy they often resolve. Treatment may be
delayed until post partum, in anticipation of improve-
ment or resolution.

Treatment of genital condylomata during pregnancy
can be safely accomplished using cryotherapy, surgical
excision or laser treatment. Podophyllin, 5-FU and inter-
feron are not recommended during pregnancy, and there
are no data on the safety of imiquimod. Cesarean delivery
is not recommended for prevention of transmission of
human papilloma virus (HPV) to the neonate. However,
rarely genital tract condylomata can be so large that
they may obstruct delivery or may lead to extensive
lacerations and cesarean delivery may be indicated for
this reason. HPV vaccination is not recommended dur-
ing pregnancy.

Immunizations

Immunization is one of the most important preventive
services we can provide.

Ideally, immunizations should be done prior to con-
ception. The benefits of immunization to the pregnant
woman and her neonate usually outweigh the potential
risks of adverse effects. However, live vaccines are con-
traindicated during pregnancy because of the theoretical
risk of transmission of the vaccine virus to the fetus.

Influenza vaccination using the inactivated vaccine is
recommended for all pregnant women. Hepatitis B vac-
cination is recommended for women at risk. Tetanus
and diphtheria vaccination is recommended for previ-
ously vaccinated women who have not been vaccinated
within 10 years, and women who have not previously
been vaccinated. Hepatitis A vaccination should be con-
sidered for women at increased risk.

Women who are not immune should be vaccinated
for rubella and varicella post partum, prior to discharge
from the hospital.

Human papilloma virus vaccination should be delayed
until after completion of the pregnancy.

Varicella, rubella, measles, mumps (MMR), vaccinia,
yellow fever, and live-attenuated influenza vaccine are
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contraindicated during pregnancy, as they are live virus
vaccines.

Although no adverse effects of polio vaccination have
been documented during pregnancy, vaccination of preg-
nant women should be avoided on theoretical grounds.
However, if a pregnant woman is at increased risk for
infection, the vaccine can be administered.

Postexposure prophylaxis for rabies is not contraindi-
cated in pregnancy.

Breastfeeding is not a contraindication to any vaccina-
tion with the exception of smallpox vaccine.

Updated immunization guidelines are regularly dis-
tributed by the Advisory Committee on Immunization
Practices and can be found in the MMWR or at the CDC
website.
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Introduction

In resource-rich settings, we have had remarkable success
in preventing mother-to-child transmission of HIV. The
overwhelming majority of those infected with HIV live
in resource-poor countries. Worldwide, as of December
2007, UNAIDS estimated there were over 33 million
people living with HIV/AIDS: 31 million adults and
2.5 million children. Most HIV infections among children
are due to mother-to-child transmission. Half of the 31
million HIV-infected adults are women [1].

Prevalence and risk factors in the USA

In the USA, most HIV-infected people do not have AIDS.
The Centers for Disease Control and Prevention (CDC)
estimated that as of June 2007, the cumulative number of
HIV infections in the USA was over 1.6 million [2]. An
increase of 40,000 new infections per year is anticipated
in the USA. The number of AIDS cases already reported
to the CDC is 956,109, and more than 530,000 of these
people have died. While worldwide approximately half
of adults with HIV are women, this is not the case in
the USA. However, HIV among women is increasing;
women now constitute 19% of the cumulative reported
AIDS cases in the USA, with a total of over 180,000 diag-
nosed by June 2007, and over 26% of all AIDS cases
reported in 2007.

Expanded treatment regimens have improved the prog-
nosis for HIV-positive patients, with a decrease in pro-
gression to AIDS and a decrease in deaths due to AIDS.
However, AIDS remains an important cause of death in
women, especially minority women in the 2544 years
age group. Currently more women with HIV acquired
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this infection heterosexually (80%) than via their own
injection drug use (19%). However, many infections in
women can be traced to injection drug use in their sexual
partners.

Minority women are disproportionately affected. Black
and Hispanic women comprise 24% of the US adult and
adolescent female population, but 82% of female AIDS
cases.

Seroprevalence varies widely per region. In some cities
more than 1% of all pregnant women are HIV positive;
in Los Angeles County approximately 0.1%.

Risk factors for acquiring HIV infection include: injec-
tion drug use or other needle sharing, cocaine/crack use,
commercial sex work, multiple sexual partners, a bisex-
ual male partner, residing in areas of high HIV prevalence
such as sub-Saharan Africa, the presence of other STIs,
especially syphilis, and blood transfusion in the USA
between 1978 and 1985. Any woman with a sexual part-
ner with these risk factors is also at risk; many women
are not aware of their partners’ risk. All women with
active tuberculosis or cervical cancer should be considered
high risk.

Diagnosis of HIV infection and AIDS

Voluntary, confidential screening should be offered to all
pregnant women. This is the official recommendation
by the US Public Health Service, the CDC [3], and also by
the American College of Obstetricians and Gynecologists
(ACOG) [4].

Several studies have demonstrated that by screening
only those pregnant patients acknowledging risk factors
such as those listed above, approximately half of HIV
infections will be missed; in some populations, up to 70%
of HIV-infected pregnant women had no apparent risk
factors. Enzyme-linked immunoassay (ELISA or EIA) and
confirmatory Western blot to HIV antibodies are used for
adult diagnosis. A period of several months between infec-
tion and seroconversion is possible, although 2 months
or less is typical. Patients undergoing screening must
be informed of this “window period” and should have



testing repeated in approximately 2 months if they had
recent high-risk exposure.

Testing should be repeated in the third trimester in
women at increased risk and should be considered in all
pregnant women if local seroprevalence among women
is > 0.5%. [3,4]

Maternal anti-HIV IgG crosses the placenta and
remains in the neonatal circulation for up to 12-18
months and is not useful to diagnose infection in the
neonate. Testing the neonate will identify HIV-seropositive
mothers and identify infants at risk for HIV. HIV DNA or
RNA polymerase chain reaction (PCR) is used to demon-
strate HIV infection in the neonate. With these techniques,
infants can be diagnosed by 2 months of age.

An HIV-positive patient has AIDS when she develops
an AIDS-indicator opportunistic infection such as Pneumo-
cystis carinii pneumonia (PCP) or active tuberculosis, wast-
ing, invasive cervical cancer or CD4 count below 200,
indicating severe immunocompromise.

Perinatal transmission of HIV

Despite intensive research efforts, many questions remain
unanswered.

Half or more of perinatal transmission occurs around
the time of delivery. Transmission rarely occurs during
the first and second trimesters, but frequently occurs with
breastfeeding. In the absence of antiretroviral treatment,
reported rates of transmission range from 14% to 40%.

Many factors have been associated with increased
transmission, with some studies reporting conflicting
results. These include: higher viral load, advanced mater-
nal disease, lower maternal CD4 count, use of scalp
electrodes, amniocentesis, prolonged rupture of mem-
branes, chorioamnionitis, concurrent syphilis infection,
prematurity, a previous HIV-infected infant, and maternal
substance abuse. Nearly all the studies addressing these
factors found maternal viral load and/or CD4 count to
correlate with perinatal transmission.

Two studies have demonstrated an approximately 50%
decreased risk of perinatal HIV transmission with elec-
tive cesarean section prior to the onset of labor or rupture
of membranes [5,6]. These patients, however, received
either no antiretroviral therapy or zidovudine mono-
therapy. These studies had no data regarding maternal
viral load and did not evaluate maternal risk of elective
cesarean section. Currently, most HIV-positive pregnant
women receiving care at referral centers are using highly
active combination antiretroviral therapy (HAART).
Studies to date have not demonstrated a benefit of cesar-
ean delivery in women on combination antiretroviral
therapy with adequately controlled viral loads.

The May 2000 ACOG Committee Opinion on the use of
cesarean delivery in HIV-infected women recommends
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that women with plasma viral load greater than 1000
copies/mL be offered a scheduled cesarean delivery [7].
If cesarean delivery is chosen, it should be done before
rupture of membranes or onset of labor, and scheduled
at 38 weeks’ gestation. Patients should be counseled that
maternal morbidity associated with cesarean delivery
may be greater in HIV-infected women. The Committee
Opinion also recommends that pregnant women receive
appropriate antiretroviral therapy. Increased maternal
viral load, usually measured by plasma HIV RNA PCR,
has consistently been associated with higher perinatal
transmission rates. However, perinatal transmission
can occur at any viral load, even with undetectable
maternal plasma viremia, although this is infrequent.
The risk of transmission is less than 1% if viral load
at delivery is < 1000 copies/mL and the woman is on
antiretroviral therapy.

The virus is present in breast milk and can infect the
nursing infant, increasing the risk of perinatal transmission
by an additional 10-20% in women not on antiretroviral
treatment.

Role of zidovudine and other
antiretroviral medications

The publication of the results of the AIDS Clinical Trials
Group (ACTG) Protocol 076 in 1994 had a major impact
on the management of HIV infection during pregnancy
[8]. This study reported a highly significant reduction
in perinatal transmission of HIV by use of zidovudine
(ZDV, Retrovir®, AZT) in a selected group of relatively
healthy HIV-positive women. They received oral ZDV
during the second and third trimesters, IV ZDV intra-
partum, and 6 weeks neonatal oral ZDV. ZDV was
tolerated well, with no significant side effects. Perinatal
HIV transmission was reduced from 23% in the placebo
group to 8% in the ZDV group. Since dissemination of
these recommendations and increased implementation
of prenatal testing and the ZDV regimen, perinatal HIV
transmission rates have decreased dramatically through-
out the USA.

Several international studies have demonstrated the
efficacy of shorter courses of ZDV, although this was
not as effective as the “076 regimen” [9]. If the woman
received no antiretroviral treatment, intrapartum or neo-
natal ZDV prophylaxis alone may be of some benefit. An
epidemiologic study from the state of New York found
that administration of ZDV only to the neonate signifi-
cantly reduced transmission if initiated within 48 hours
of birth [10].

Essentially all studies evaluating ZDV use in pregnancy
have demonstrated decreased perinatal transmission
with ZDV use; therefore it is recommended that ZDV be
offered to all HIV-infected pregnant women regardless
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of HIV plasma viral load or CD4 count, plus additional
antiretrovirals in most cases (see below) [11].

With the increased screening for maternal HIV infection
and the widespread perinatal use of ZDV, there has been
a dramatic decrease in perinatally acquired HIV in the
USA. An estimated < 250 HIV-infected infants are born
annually in the USA, while worldwide over 1000 infected
infants are born daily.

In the USA, detailed follow-up of hundreds of HIV-
negative infants with in utero ZDV exposure has found
no adverse effects to date [12,13].

Antiretroviral drugs decrease perinatal transmission
by lowering maternal viral load and via pre- and postex-
posure prophylaxis of the infant. Therefore antepartum,
intrapartum and neonatal prophylaxis are recommended.
Combination antepartum antiretroviral drug regimens
are more effective than single-drug regimens in prevent-
ing perinatal transmission. Most women should be on
combination regimens including at least three drugs dur-
ing pregnancy, especially if their viral loads are > 1000.
Combination regimens are needed to maximally sup-
press viral replication and to prevent the development
of viral resistance.

A large study in Uganda among women not on treat-
ment, HIVNET 012, demonstrated that a single intrapar-
tum oral dose of nevirapine combined with a single oral
dose to the infant reduced transmission by nearly 50%
compared to ZDV given intrapartum and for 1 week to
the neonate [14]. A study in the USA, PACTG 316, evalu-
ating the addition of nevirapine at delivery to an existing
antiretroviral regimen, was unable to demonstrate a ben-
efit, owing to the very low rate of transmission in women
already receiving appropriate antiretroviral therapy (1.5%
in this study) [15].

As ZDV has been proven to decrease perinatal HIV
transmission, it is recommended that any antiretroviral
regimen the pregnant woman may be receiving include
ZDV, unless contraindicated for maternal reasons.

Most experts recommend that women who become
pregnant while taking antiretroviral medications should
not discontinue them without substituting other drugs.
The current standard of care for HIV-positive patients is
combination treatment, usually with three medications,
to maximally suppress viral replication to < 50 copies/mL,
preserve immune function and reduce development of
resistance. These medications should not be withheld
from pregnant women due to pregnancy per se. There
are, however, additional concerns regarding potential
adverse effects on the fetus/infant and maternal toxici-
ties. Treatment must be individualized and accompanied
by extensive counseling.

Several reports of adverse effects of combination
antiretroviral therapy with protease inhibitors during
pregnancy have raised concern. Two early reports on

small cohorts in the USA and in Switzerland found a
high rate of prematurity, and in one also congenital and
neonatal abnormalities. This has prompted careful evalu-
ation of the experience with combination antiretroviral
treatment during pregnancy in the USA. These findings
were more reassuring, with no excess anomalies and low
rates of prematurity. Several large multicenter retrospec-
tive studies of combination antiretroviral therapy during
pregnancy found no increased risk of prematurity [16,17].

Nevirapine treatment has been associated with mater-
nal hepatotoxicity in women with higher CD4 counts,
although not in women with CD4 <250 and not with
single-dose use. However, in part due to its long half-
life, single-dose nevirapine results in HIV mutations
conferring resistance to nevirapine and efavirenz in an
unacceptably high percentage of women. As this will
later result in poor virologic response to two important
components of HAART regimens, additional treatment
(for example, 3 weeks of zidovudine and lamivudine
(Combivir®)) should be provided to cover the nevira-
pine “tail.”

Protease inhibitors may cause glucose intolerance and
other metabolic complications, and often have gastroin-
testinal side effects.

Nucleoside analog drugs may induce mitochondrial
dysfunction and can cause lactic acidosis in pregnant
women and their neonates. The combination of didano-
sine (ddI) and stavudine (d4T) is of particular concern
and has been associated with several maternal deaths.
A French group reported fatal mitochondrial dysfunc-
tion in two infants with in utero and neonatal exposure to
ZDV and 3TC [18]. An extensive review of several much
larger cohorts of antiretroviral-exposed infants in the
USA identified no deaths attributable to mitochondrial
dysfunction [13].

An antiretroviral registry is collecting safety and tera-
togenicity data on the use of other antiretroviral drugs
during pregnancy (Antiretroviral Pregnancy Registry,
800-258-4263, www.APRegistry.com) for voluntary reg-
istration of all antiretroviral drug exposures) [19]. To
date, no excess birth defects have been reported among
prospectively followed pregnancies with first-trimester
exposure to zidovudine, lamivudine, abacavir, efavirenz,
lopinavir/ritonavir (Kaletra®), nelfinavir, nevirapine,
ritonavir, stavudine or tenofovir [19]. The rate of con-
genital anomalies was nearly doubled with ddI use.
Efavirenz (Sustiva®), a non-nucleoside reverse tran-
scriptase inhibitor, has been associated with severe
congenital anomalies in pregnant monkeys. Although
prospective studies found no increase in anomalies in
humans, efavirenz is currently best avoided during the
first trimester, along with ddI.

The pharmacokinetics of many drugs are altered dur-
ing pregnancy and dosing adjustments may be necessary.



The standard doses of lopinavir/ritonavir (Kaletra® and
nelfinavir result in suboptimal blood levels during the
third trimester so increased dosing should be considered
during this time [20, 21].

Careful counseling regarding the risks/benefits and
the lack of adequate data on long-term effects of in utero
antiretroviral exposure is necessary for each HIV-infected
pregnant patient.

With the use of antiretrovirals during pregnancy and
in the neonate, in settings of adequate resources, mother-
to-child transmission of HIV-1 has been reduced to
less than 2%. Because of the importance of preventing
mother-to-child transmission, it is recommended that
all pregnant women take antiretroviral medications;
most should be on a HAART regimen. Many women
are taking antiretrovirals during pregnancy for reasons
of maternal health, and others for prevention of mother-
to-child transmission only. The benefit of antiretroviral
therapy during pregnancy in preventing mother-to-child
transmission is well documented. Although there are
concerns about the safety of antiretrovirals during preg-
nancy, risk-benefit considerations support the use of
antiretrovirals during pregnancy.

This is a rapidly evolving field, becoming more com-
plex, and expert consultation or referral is recommended
to optimize maternal health and reduce perinatal
transmission.

Pregnancy complications

Other than perinatal transmission, maternal HIV infec-
tion has not been conclusively demonstrated to have an
adverse effect on pregnancy outcome. However, pregnancy
increases the risk of antiretroviral toxicity. An adverse
effect of pregnancy on maternal HIV disease has likewise
not been conclusively demonstrated, and some investiga-
tors have demonstrated a lack of an adverse impact on
maternal HIV disease progression.

Rapid testing at labor and delivery

Determining HIV status prior to pregnancy is optimal.
While identification of HIV infection during early preg-
nancy provides more opportunities to intervene and results
in lower transmission risk, peripartum interventions can
still reduce vertical transmission to the infant.

Standard HIV testing takes several days or weeks,
thereby missing the opportunity to intervene. The CDC
and ACOG recommend that all pregnant women without
documented results when they present for delivery have
rapid HIV testing [3,4]. A woman testing positive could be
given zidovudine or nevirapine intrapartum; most experts
recommend zidovudine and lamivudine and nevirapine
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intrapartum with 3 weeks of zidovudine and lamivudine
or tenofovir and emtricitabine postpartum to prevent nevi-
rapine resistance.

If not close to delivery, a cesarean could be performed.
The woman should not breastfeed, and the infant should
receive prophylaxis, starting within hours after delivery.
Most experts recommend zidovudine for 6 weeks and
lamivudine and nevirapine for a shorter period.

Management of HIV disease
and pregnancy

Routine prenatal and peripartum care should include the
following.

¢ Screen all pregnant women for HIV infection. Rapid
testing at labor and delivery for those presenting without
HIV results.

¢ Comprehensive psychosocial services.

¢ Screen for other STIs, especially syphilis and HSV.

¢ Screen for tuberculosis, toxoplasmosis, CMV, hepatitis B
and C.

¢ Pap test every 6 months, with aggressive follow-up of
abnormal results.

¢ Refer to a tertiary center for enrolment in studies and
integrated specialized care: in view of the growing and
confusing body of literature and rapidly changing treat-
ment regimens, referral to obstetricians and internists
with expertise in the management of HIV disease during
pregnancy is strongly recommended and mandated by
law in several states.

¢ Zidovudine and other antiretroviral drugs as indicated
to reduce perinatal transmission. Most women should be
using HAART.

* Measure CD4 count and viral load at least each trimester
and tailor therapy accordingly: strongly consider combina-
tion antiretroviral medication with =3 drugs (HAART),
preferably including ZDV, for maximal suppression of
viral replication and to prevent resistance. If possible, the
antiretrovirals used should be ones about which we have
more data on safety, tolerability and pharmacokinetics
during pregnancy. The current standard of care at spe-
cialized centers is intensive treatment to achieve and
maintain undetectable viral load.

* Medications may be discontinued post partum if not