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1Anatomy of the anterior abdominal wall, 
uterus, and pelvic organs
BERNADETTE M. CRACCHIOLO and JOSEPH J. APUZZIO

A complete and thorough knowledge of female abdom-
inal and pelvic anatomy is important for specialists in 
obstetrics and gynecology since patient safety in the 
operating room during surgery is critically dependent 
on this knowledge along with the appropriate function-
ing of the operating room team.1 Therefore, this chapter 
reviews anatomy of the female pelvis with emphasis on 
avoiding anatomic complications of laparotomy and/or 
laparoscopic and robotic pelvic surgery2 and on struc-
tures important in pelvic organ support and urinary 
continence.3,4

ANTERIOR ABDOMINAL WALL
Boundaries and surface landmarks

The anterior abdominal wall is bound above by the xiphi-
sternal junction in the midline and the arching margin 
of the lower costal cartilages (costal margin) laterally. 
Below, it is bound by the symphysis pubis in the midline 
and laterally by the pubic crest, inguinal (Poupart’s) liga-
ment, and iliac crest (Figure 1.1). There are no bony struc-
tures laterally, the wall being limited by a vertical line 
from the middle of the axillary depression (midaxillary 
line) that crosses the 10th rib to the iliac crest. Additional 
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2 Anatomy of the anterior abdominal wall, uterus, and pelvic organs

bony landmarks are the xiphoid process in the midline 
above, the pubic tubercle located below at the lateral end 
of the pubic crest, and the anterior superior iliac spine at 
the anterior end of the iliac crest. The inguinal ligament 
courses from the pubic tubercle to the anterior superior 
iliac spine, separating the abdominal wall from the thigh. 
The pubic bone and symphysis pubis separate the wall 
from the genitalia.

In addition to the above bony landmarks, several soft 
tissue landmarks are apparent, their degree of visibility 
largely dependent upon the amount of fat in the subcuta-
neous tissue. Most obvious is the umbilicus, which lies in 
the midline about two-thirds of the distance between the 
suprasternal (jugular) notch and the symphysis pubis5 at 
approximately the level of the lumbar (L3–4) interverte-
bral disk. The aponeuroses of the lateral abdominal mus-
cles unite in the midline with their equivalent on the other 
side, forming the linea alba, which runs from the xiphoid 
process to the symphysis pubis. The linea alba is usually 
the strongest point in the aponeurotic part of the wall. In 
lean, muscular subjects, it is represented on the surface 
as a vertical midline depression. On each side the lateral 
margin of the rectus muscle is evident in similar subjects, 
appearing as a slightly curved, vertical depression called 
the linea semilunaris.

The surface markings and contour of the anterior 
abdominal wall vary considerably with age, body mass 
index (BMI), muscular status, parity, and period of ges-
tation. The normal landmarks mentioned above usually 
are present during pregnancy, and, in some instances, the 
umbilicus and linea alba may be more intensified because 
of the distention of the wall by the expanding uterus. 

Abdominal contents sometimes protrude through a weak 
umbilicus, resulting in an umbilical hernia. The distention 
during pregnancy also may widen the linea alba, thereby 
separating the rectus muscles and creating diastasis recti 
of varying degrees. In severe cases, the uterus is covered 
only by skin, a thin layer of fascia, and peritoneum. A 
brown-black pigment frequently is deposited in the mid-
line skin, forming the linea nigra.

Skin and subcutaneous tissue

Usually the skin of the abdomen is smooth, very elastic, 
and firmly attached to the deeper tissue in the midline. 
The cleavage lines of the skin (Langer’s lines) mainly 
run transversely.6 Transverse incisions through the skin 
course mainly parallel to the lines of tension, whereas ver-
tical incisions cut perpendicular to them. The cutaneous 
lips of vertical incisions, therefore, tend to retract. In the 
latter months of pregnancy about one-half of all pregnant 
women develop reddish, slightly depressed streaks (striae 
gravidarum) in the abdominal skin. In addition to red-
dish striae, the abdominal skin of multiparous women 
frequently exhibits glistening, silvery, vertical lines that 
represent cicatrices of previous striae.

The subcutaneous tissue (superficial fascia) of the 
anterior abdominal wall, like other areas of the body, is 
composed mainly of fat and connective tissue and con-
tains cutaneous blood vessels, lymphatics, and nerves 
(Figure 1.2). The quantity of fat in this region varies 
remarkably from one individual to another. In fatty 
subjects, the outer portion of the superficial fascia in 
the lower abdominal wall appears more fatty in texture 
than the deeper portions, where sheets (lamellae) of 

Umbilicus

5

4

1

2

3

Iliac crest

Anterior superior 
Iliac spine

Pubic tubercle

Pubic crest

Pubic symphysis

Figure 1.1 Surface landmarks and the sites of popular incisions for obstetric surgery: (1) vertical median incision, (2) vertical 
paramedian incision, (3) transverse incision, (4) oblique incision, and (5) umbilical incision.

  



Anterior abdominal wall 3

overlapping fibrous connective tissue tend to concen-
trate.7 The fibrous sheets do not always form on the deep 
surface of the fat. Often they are enclosed in fat them-
selves and, on occasion, may comprise more than one 
layer.8,9 In thin individuals, it may be impossible to dem-
onstrate distinct fatty and fibrous portions. The subcuta-
neous tissue is continuous inferiorly into the labia majora 
and perineum. Often a vertical, thickened, fibrous band 
is present in the midline in the lower abdominal wall 
which is adherent to the linea alba. It represents the fun-
diform ligament, which usually is described only in the 
male. On each side of the midline the subcutaneous layer 
is loosely separated from the deep fascia over the lower 
part of the external abdominal aponeurosis. This fascial 
cleft is quite definite and is continuous below with a simi-
lar cleft in the perineum.

The superficial (subcutaneous) arteries arise from vari-
ous sources and freely anastomose with each other in the 
subcutaneous layer. Most of the skin below the umbilicus 
is supplied by three small branches that ascend from the 
femoral artery passing superficial to the inguinal liga-
ment: the superficial epigastric courses obliquely toward 
the umbilicus and then rises upwards approximately 4 
cm lateral to the midline, the superficial circumflex iliac 
passes laterally just above the iliac crest, and the super-
ficial external pudendal runs medially, superficial to 
the round ligament of the uterus to the perineum and 

lower-most part of the wall (Figure 1.2). The superficial 
(subcutaneous) veins accompany the arteries but are 
more numerous and form extensive anastomoses. Below 
the umbilicus they course mainly downward, also cross-
ing superficial to the inguinal ligament to empty into the 
great saphenous vein in the upper thigh. The subcutane-
ous veins in the lower abdominal wall anastomose with 
those draining the upper wall. When the deeper, main 
venous drainage of the lower limb is obstructed, these 
anastomoses enlarge, forming a large venous channel, 
the thoracoepigastric vein that connects the great saphe-
nous vein with the axillary vein. The superficial (subcu-
taneous) lymph vessels generally follow the course of the 
veins. Below the umbilicus they course downward to the 
superficial inguinal nodes located just below the inguinal 
ligament. The cutaneous nerves arise from the lower six 
thoracic nerves and the first lumbar nerve (T7–12 and 
L1). The seventh thoracic nerve supplies the skin over 
the xiphoid process, the tenth thoracic nerve courses 
to the umbilicus, and the eleventh and twelfth thoracic 
nerves and the iliohypogastric nerve (L1) innervate the 
skin of the infraumbilical portion of the wall. The nerves 
to the skin on each side of the midline are arranged in 
two vertical rows, a small, anterior, cutaneous series that 
pierce the anterior rectus sheath a short distance from 
the midline, and a larger, lateral, cutaneous series that 
enter the subcutaneous layer near the midaxillary line. 
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Figure 1.2 Front view of the layers and components of the infraumbilical part of the anterior abdominal wall. The more superfi-
cial subcutaneous layer is exposed on the left side of the body; the deeper muscular layer and the anterior rectus sheath are shown 
on the right side.
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The anterior branches of the lateral cutaneous series sup-
ply a large segment of the anterior wall.

Muscles and rectus sheath

The anterior abdominal wall contains five pairs of muscles 
that support and protect the abdominal viscera in front 
and laterally (Figure 1.2). The muscles are mainly attached 
above and laterally to the sternum and lower ribs, and 
below to the pelvic bone. Three of the muscles are located 
laterally and superimpose as sheets one on the other. From 
superficial to deep, they are the external oblique, the inter-
nal oblique, and the transversus muscles. The rectus and 
pyramidalis muscles make up the medial group lying 
adjacent to the linea alba and enclosed in varying degrees 
by the rectus sheath. The rectus sheath is formed by the 
fusion of the sheet-like tendons (aponeuroses) of the three 
lateral muscles as they course to the midline. The linea 
alba might be considered the common area of decussation 
of the aponeuroses of the three lateral muscles rather than 
their insertion.10

The external oblique muscle originates from the outer 
surface of the lower eight ribs, its fibers coursing down-
ward and forward. The more posterior fibers insert 
directly on the outer lip of the iliac crest. The remaining 
muscle fibers give rise to a broad aponeurosis that passes 
in front of the rectus muscle to attach to the linea alba. 
Above, the aponeurosis attaches to the sternum; below, it 
attaches to the anterior superior iliac spine, pubic tubercle, 
and symphysis pubis. The lower border of the aponeurosis 
is thickened and folded back on itself to form the ingui-
nal (Poupart’s) ligament between the anterior superior 
iliac spine and the pubic tubercle. The inguinal ligament 
is bound down to the deep fascia of the thigh (fascia lata). 
A small oval opening in the external oblique aponeuro-
sis, the superficial inguinal ring, is located about 2.5 cm 
above and lateral to the pubic tubercle. Its inferior margin 
lies close to the inguinal ligament. The round ligament of 
the uterus passes through the ring into the labium majus, 
where it attaches to the subcutaneous tissue.

Immediately deep to the external oblique is the inter-
nal oblique muscle. Its fibers arise from the lateral half of 
the inguinal ligament, iliac crest, and lumbodorsal fascia. 
The posterior fibers run upward and forward to insert 
into the lower ribs and their cartilages. The anterior fibers 
course medially and give rise to an aponeurosis. Most of 
the fibers of the external and internal oblique muscles run 
at right angles to each other, an arrangement that contrib-
utes strength to the wall. The internal oblique aponeurosis 
divides at the lateral border of the rectus into anterior and 
posterior lamellae. The anterior lamella joins the aponeu-
rosis of the external oblique to form the anterior rectus 
sheath in front of the rectus and pyramidalis muscles. In 
the upper three-fourths of the wall, the posterior lamella 
joins the aponeurosis of the transversus muscle to form 
the posterior rectus sheath, passing deep to the rectus 
muscle to attach in the midline to the linea alba (Figure 
1.3). Approximately midway between the umbilicus and 
the symphysis pubis, the entire aponeurosis of the internal 

oblique muscle unites with the aponeurosis of the external 
oblique and transversus muscles, and together they pass 
in front of the lowest part of the rectus muscle in the ante-
rior rectus sheath. The posterior rectus sheath, therefore, is 
lacking below this point, its lower border referred to as the 
arcuate line (semilunar line of Douglas).

The deepest of the lateral muscles is the transversus 
muscle. Like the internal oblique, its fibers originate from 
the inguinal ligament, iliac crest, and lumbodorsal fascia, 
but it has an additional origin from the inner aspect of the 
lower six costal cartilages. Its fibers are directed mainly 
transversely, coursing medially to give rise to an aponeu-
rosis at the lateral border of the rectus muscle. Its aponeu-
rosis helps to form the posterior rectus sheath in the upper 
three-fourths of the wall and the anterior rectus sheath in 
the lower one-fourth. The lowermost fibers of the trans-
versus muscles join similar fibers of the internal oblique 
muscle and together they arch inferiorly and medially over 
the inguinal canal as the falx inguinalis. More medially, 
the combined fibers give rise to the conjoined tendon that 
inserts below on the pecten of the pubis. The conjoined 
tendon blends medially with the lowermost part of the 
anterior rectus sheath and lies just deep to the superficial 
inguinal ring.

The rectus muscle arises from the xiphoid process 
and the anterior surface of the fifth, sixth, and seventh 
costal cartilages. Passing inferiorly as a thick, flat, strap-
like muscle, it inserts on the front of the pubic bone and 
symphysis pubis. It is broad and thin above, narrow and 
thick below. The rectus muscle is enclosed by the rectus 
sheath except posteriorly in its lower one-fourth. Above 
the umbilicus, the muscle is attached to the anterior rectus 
sheath at approximately three levels by transverse bands 
called tendinous intersections or inscriptions (Figure 1.2).

The pyramidalis muscle lies deep in the lowest part of 
the anterior rectus sheath in front of the rectus muscle 
(Figure 1.2). It arises from the pubic crest and courses 
superiorly and medially to insert into the lower part of the 
linea alba. This muscle is absent approximately 10%–20% 
of the time; it is more frequently missing in whites than 
African-Americans and is usually missing bilaterally.11,12

The muscles of the anterior wall are innervated mainly 
by the lower six thoracic nerves (T6–12) (Figure 1.2). The 
iliohypogastric and ilioinguinal branches of the first lum-
bar nerve (L1) are primarily cutaneous nerves. The lower 
five intercostal nerves and the subcostal nerve enter the 
anterior wall after giving off lateral cutaneous branches. 
They spiral forward and inferiorly between the internal 
oblique and transversus muscles, sending motor branches 
to them and the external oblique muscle. The nerves then 
enter the lateral aspect of the rectus sheath, innervate the 
rectus muscle, and terminate by piercing the anterior rec-
tus sheath as anterior cutaneous nerves. The lateral bor-
der of the rectus muscle, therefore, cannot be easily freed 
and retracted medially without injuring its nerve supply. It 
can be retracted safely laterally, however. The infraumbili-
cal portion of the rectus muscle usually is innervated by 
the 10th, 11th, and 12th thoracic nerves. The pyramidalis 
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muscle receives its motor innervation from the subcostal 
nerve (T12). The iliohypogastric and ilioinguinal nerves 
often arise in common with the first lumbar nerve and 
enter the anterior wall in series with the lower thoracic 
nerves. They divide close to the iliac crest but do not 
enter the rectus sheath. The ilioinguinal nerve may send a 
branch to the lower part of the internal oblique muscle and 
then passes through the inguinal canal to emerge through 
the superficial ring to supply cutaneous branches to the 
labium majus. Injuries can occur with extended trans-
verse or laparoscopic incisions and can present with neu-
ropathic pain which is usually burning or sharp in quality 
and is sometimes associated with neurothesias.

The deep arteries to the anterior wall include branches 
of the lower five intercostal arteries and the subcostal 
artery that accompany their respective nerves. They some-
times enter the rectus sheath, where they anastomose with 
the superior and inferior (deep) epigastric arteries. The 
smaller superior epigastric artery is the inferior continu-
ation of the internal thoracic (mammary) artery. It passes 
downward behind the seventh costal cartilage, enters the 
rectus sheath, and becomes buried in the deep portion 
of the rectus muscle. The larger inferior epigastric artery 

arises from the external iliac artery behind the middle of 
the inguinal ligament. It courses medial to the deep ingui-
nal ring and then runs diagonally upward and medially 
between the transversalis fascia and peritoneum (Figure 
1.3). Close to the lateral border of the rectus muscle, the 
inferior epigastric artery pierces the transversalis fascia 
and enters the rectus sheath by passing in front of the 
arcuate line. It ascends on the deep surface of the rectus 
muscle, gradually becoming buried in it. In only about 
one-half the cases studied did the superior and inferior 
epigastric arteries anastomose to form a vertically cours-
ing channel within the rectus sheath.13 The course of the 
inferior epigastric vessels can be more difficult to identify 
in overweight patients at laparoscopy.14 The lower lateral 
part of the anterior wall is supplied by branches of the 
deep circumflex iliac artery. This vessel also arises from 
the external iliac artery and ascends between the internal 
oblique and transversus muscles.

The veins draining the deeper portions of the anterior 
wall correspond to the arteries. Below the umbilicus they 
course downward to the external iliac vein, but above this 
level they pass upward to the internal thoracic vein and 
laterally to the intercostal veins.

Umbilical ring

Posterior rectus sheath

Arcuate line (semicircular)

Rectus muscle

Bladder

Inferior epigastric vessels

Deep inguinal ring

Round ligament

Median umbilical ligament
(urachus)

Medial umbilical ligament 
(obliterated umbilical artery)

Transversalis fascia

Cut edge of transversalis fascia

Inferior epigastric vessels 
pierce transversalis fascia

Inferior epigastric vessels 
(lateral umbilical fold)
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Figure 1.3 Posterior view of the infraumbilical part of the anterior abdominal wall. The parietal peritoneum and extraperitoneal 
(preperitoneal) tissue are removed from the right side, exposing the layer of transversalis fascia. On the left side, the transversalis 
fascia is removed, revealing the deep surface of the rectus muscle, below the arcuate line, and the posterior rectus sheath, above 
the arcuate line.
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Transversalis fascia, extraperitoneal tissue, and 
peritoneum

The fascia deep to the transversus muscle is better devel-
oped than it is between the abdominal wall muscles and 
it is referred to as the transversalis fascia. This relatively 
strong fascial layer is a part of the endoabdominal fascia 
that lines the entire abdominal cavity. It is continuous 
with that of the other side in the midline deep to the linea 
alba and lies adjacent to the deep surface of the rectus 
muscle in the lower one-fourth of the anterior wall, where 
the posterior rectus sheath is absent (Figure 1.3). Above 
the arcuate line, it lies adjacent to the deep surface of the 
posterior rectus sheath. Superiorly, it becomes the fascia 
on the underside of the diaphragm. Inferiorly, it attaches 
to the pubis, but more laterally in the pelvis it helps form 
the femoral sheath and is continuous with the iliopsoas 
fascia. Posteriorly, the transversalis fascia blends with the 
fascia on the anterior surface of the quadratus lumborum 
muscle. The transversalis fascia is separated from the peri-
toneum by loose extraperitoneal (preperitoneal) tissue that 
contains a variable quantity of fat and, in the lower por-
tion of the anterior wall, remnants of fetal structures. The 
peritoneum forms the deepest layer of the anterior wall 
and is the serous membrane lining the peritoneal cavity. 
In the lower part of the anterior wall, it extends laterally 
on the deep side of the inguinal canal and reflects superi-
orly to line part of the iliac fossa on each side. Inferiorly, 
the parietal layer of peritoneum becomes visceral by con-
tinuing onto the superior surface of the bladder into the 
vesicouterine pouch to the anterior aspect of the uterus. In 
the infraumbilical part of the anterior wall, there may be 
little or no fat in the extraperitoneal layer or there may be 
a considerable quantity. The ligamentous remnants of fetal 
structures course superiorly within this layer to the deep 
side of the umbilicus (Figure 1.3). In or near the midline is 
the single median (middle) umbilical ligament that repre-
sents the remains of a tubular structure called the urachus. 
The urachus connected the fetal bladder to the body wall 
at the umbilicus. The proximal part of the ligament retains 
its tubular structure and attaches to the apex of the blad-
der. Its distal segment is a fibrous cord that usually divides 
into three strands as it approaches the umbilicus.15 This 
ligament is often hypertrophied during pregnancy and is 
sectioned during mobilization of the bladder. Located far-
ther laterally on either side is the medial (formerly called 
lateral) umbilical ligament, a remnant of the distal part 
of the umbilical artery. It sometimes is referred to as the 
obliterated umbilical or hypogastric artery. During fetal 
life the umbilical artery arose as a large, rounded trunk 
from the uppermost part of the internal iliac artery. It 
actually represented the main stem of the parent artery 
that continued along the lateral pelvic wall, up the deep 
side of the anterior abdominal wall to the umbilicus, 
and then through the umbilical cord to the placenta. The 
definitive branches of the internal iliac artery during fetal 
life were relatively small. Thin sheets of connective tissue 
that stretch between the medial umbilical ligaments have 

been observed in the extraperitoneal tissue but are of little 
clinical importance. Of more importance is the fact that 
the extraperitoneal tissue in the lower anterior abdomi-
nal wall continues below to the prevesical or retropubic 
space (cave of Retzius), allowing for easy separation of the 
bladder. The peritoneum in the lower anterior wall in the 
gravid female is mobilized in an extraperitoneal cesarean 
section by the development of this space from the supra-
pubic approach (Figure 1.4).

Abdominal surgical incisions

The main abdominal incisions used in obstetric surgery 
are in the infraumbilical portion of the abdominal wall 
and are as follows (Figure 1.1):

 1. Vertical
 a. Median (1)
 b. Paramedian (2)
 2. Transverse (3)
 3. Oblique (4)
 4. Umbilical (5)

The ideal incision is one that affords maximum expo-
sure with minimal damage to the tissue, especially nerves 
and blood vessels. Sites that predispose to the formation 
of postoperative hernias should be avoided whenever pos-
sible. Many factors influence the surgeon’s choice.

Perhaps the most commonly used is the median verti-
cal incision. It has the advantage of a good exposure and 
comparative avascularity, cuts through no muscle fibers 
or nerves, and can be repaired to produce a strong abdom-
inal wall. The linea alba is incised, using the pyramidalis 
muscles as a guide to the midline (Figure 1.2). The medial 
margins of the rectus muscles are exposed and retracted 
laterally. The rectus muscles lie in close proximity, unless 
diastasis has occurred. The deeper median umbilical lig-
ament usually is pushed to one side (Figure 1.3).

The paramedian vertical incision is made through 
similar layers as in the median incision, except that the 
anterior rectus sheath is cut rather than the linea alba. 
The rectus muscle may be retracted medially or laterally; 
medial retractions tend to jeopardize its nerve supply. In 
muscle-splitting incisions, the rectus muscle is dissected 
vertically along the length of the wound. When the poste-
rior rectus sheath is divided, the inferior epigastric vessels 
are retracted laterally (Figure 1.3). Since the posterior rec-
tus sheath is absent, the transversalis fascia is encountered 
immediately below the arcuate line (semicircular line of 
Douglas).

The transverse incision is made in a curved manner two 
finger breadths above the symphysis pubis just below the 
hairline to avoid bladder entry.16 The anterior rectus sheath 
is cut transversely on both sides. The median sagittal sep-
tum (linea alba) that separates the rectus muscles is freed 
above and below the cut. The rectus muscles are retracted 
laterally, and the peritoneal cavity is entered by a vertical 
incision through the transversalis fascia, extraperitoneal 
tissue, and peritoneum. When additional exposure is 
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required, the rectus muscles are cut transversely (Maylard 
or Mackenrodt technique) or their insertion on the sym-
physis pubis is detached.17 When the need for even greater 
exposure is anticipated, the skin incisions may extend from 
one anterosuperior iliac spine to the other (Mackenrodt’s 
approach). As the rectus muscles are cut transversely in 
this approach, the inferior epigastric vessels are ligated 
and cut. The transversalis fascia, extraperitoneal tissue, 
and peritoneum also are cut transversely.

The oblique incision (McArthur or McBurney incision) 
is a muscle-splitting incision in the lower lateral part of 
the anterior wall, providing good postoperative support 
because of the grid type of closure. The three flat abdomi-
nal muscles (external oblique, internal oblique, and trans-
versus) are divided in the direction of their fleshy and 
tendinous fibers. The aponeurosis of the external oblique 
muscle is encountered first and is separated inferiorly and 
medially in the direction of its fibers. The internal oblique 
and transversus muscles are then encountered and sepa-
rated in the direction of their fibers. Last, the incision is 
made through the underlying transversalis fascia, extra-
peritoneal tissue, and peritoneum. In the pregnant patient, 
consideration must be given to the possible upward and 
lateral displacement of the underlying viscera by the gravid 
uterus. The more advanced the pregnancy, the higher must 
be the incision in the abdominal wall for exposure of the 
appendix and uterine adnexa.

The umbilical incision is a short semilunar incision 
made at the lower edge of the umbilicus. The incision is 
made through stretched skin and the underlying subcuta-
neous layer. Transversely cutting the underlying transver-
salis fascia and peritoneum is now preferred to the initial 
vertical incision.

UTERUS
Parts and relations of the nongravid uterus

The nongravid uterus is a hollow, flat, pear-shaped, mus-
cular organ located in or near the midline of the pelvis 
between the bladder and small intestine, in front, and the 
rectum and sigmoid colon, behind (Figure 1.4). It is best 
divided into three major parts: an upper triangular por-
tion, the body; a lower, tubular portion, the cervix; and 
an intervening, short, constricted segment, the isthmus 
(Figure 1.5). The dome-shaped portion of the body, above 
the entrance of the uterine tubes, is the fundus. The cervix 
is continuous inferiorly with the vagina, the wall of which 
attaches to the cervix along an oblique line dividing it into 
supravaginal and vaginal segments. The nongravid uterus 
usually has an anteverted and anteflexed position with the 
convex fundus directed anteriorly. The anterior surface of 
the body is flat and rests on the superior surface of the blad-
der. Its posterior surface is convex and lies close to the rec-
tum and sigmoid colon. The cervix is directed downward 
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Figure 1.4 Midsagittal view of the female pelvis, showing the relations of the viscera to each other and the peritoneal cavity.
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and backward, resting against the posterior wall of the 
vagina. Its external os lies at about the level of the ischial 
spine and the upper border of the symphysis pubis. The 
ureter lies immediately lateral to the cervix, making it very 
susceptible to injury at this level (Figures 1.6 through 1.8). 
The fundus and body are covered by peritoneum that is 
reflected anteriorly at the level of the isthmus to the upper 
surface of the bladder, forming the vesicouterine pouch 
(Figure 1.4). Posteriorly, the peritoneum extends farther 
inferiorly, covering the isthmus, supravaginal cervix, and 
posterior fornix of the vagina before reflecting to the rec-
tum to form the rectouterine pouch of Douglas.

Size and positional changes of the gravid uterus

First trimester

The dimensions of the nongravid uterus vary considerably. 
The body averages approximately 5 cm in length, 5 cm at 
its widest part, and 3–4 cm in thickness (anteroposteri-
orly). The isthmus and cervix together measure about 2.5 
cm in length and 3 cm in diameter. The uterus that has 
accommodated a previous pregnancy is usually slightly 
larger than the one that has not. For the first few weeks of 
pregnancy, the original pear shape is maintained. By the 
end of the second month of gestation, the uterus triples 
in size and changes from the typical flat pear shape to a 
rounded form, a shape it retains throughout the second 
trimester. Because of the rapid increase in size and weight 
during the second month, the uterus may assume exagger-
ated positions of anteflexion, retrocession, and retrover-
sion. By the end of the first trimester, the fundus usually 
can be palpated above the symphysis (Figure 1.9).

Second and third trimesters

During the second trimester, the uterus expands superi-
orly out of the pelvic cavity, through the superior pelvic 

aperture, and into the abdominal cavity (Figure 1.9). It 
contacts the anterior abdominal wall and displaces the 
intestines laterally and superiorly. Midway through preg-
nancy (20 weeks gestation), the fundus is at the level of the 
umbilicus. By 8½ months, the fundus reaches the level of 
the xiphoid process, but during the last month it recedes 
slightly when the presenting part of the fetus descends 
into the pelvis (lightening). At the beginning of the third 
trimester, the uterus assumes an ovoid shape, the vertical 
axis increasing more rapidly than either the transverse or 
anteroposterior axis.18 The pregnant uterus is quite mobile 
and tends to rotate to the right with the left side moving 
anteriorly toward the midline. Rotation to the right is con-
sidered to result from the pressure of the sigmoid colon in 
the left side of the pelvic cavity. Occasionally, rotation of 
the uterus to the left occurs when there is a pelvic or lower 
abdominal mass on the right side. In the erect standing 
position, the abdominal wall supports the uterus. In the 
supine position, the uterus lies backward, resting upon the 
aorta and inferior vena cava.

The myometrium during pregnancy

The wall of the uterus is composed of a thin outer cov-
ering of peritoneum (serosa), a thick, intermediate layer 
of variable proportions of muscle and connective tissue 
(myometrium), and an inner mucosal layer (endome-
trium). The body of the uterus contains the most muscle, 
with the content of muscle fibers diminishing below as 
the cervix is approached. The cervix is composed mainly 
of connective tissue and only about 10% muscle fiber.19

The arrangement of the muscular fibers within the myo-
metrium of the body is complex as a result of its devel-
opment from the fused portion of the paramesonephric 
(Müllerian) ducts (Figure 1.10), but generally they can be 
divided into three layers. The external longitudinal layer 
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Figure 1.5 Posterior view of the mature, nongravid uterus and adnexa. Part of the uterus and the right uterine tube and ovary 
are frontally sectioned.
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Figure 1.6 Female pelvis viewed from above at three different levels. (a) Highest level showing the relations of the nongravid 
uterus, adnexa, bladder, and rectum to the peritoneal cavity. (b) Middle level showing the course of the ureters and their relations to 
the supravaginal part of the cervix and uterine vessels.

  



10 Anatomy of the anterior abdominal wall, uterus, and pelvic organs

of the uterine tube blends with the outer layer of vertical 
fibers of the uterus.20 Muscle fibers in the outer part of 
the inner circular layer of the tube spiral around each 
tube and continue into the uterus, spiraling in a clock-
wise direction from the right and a counterclockwise 
direction from the left. This interlacing network of mus-
cle fibers is in the middle layer that forms the main part 
of the uterine wall. Bundles of smooth muscle contained 
in the supportive ligaments interlace and blend with the 
middle layer. The inner layer of muscle consists of cir-
cularly arranged, sphincter-like fibers at the isthmus 
and, at the orifices of the tubes, it is continuous with the 
inner portion of the inner circular layer of the tube. Two 
muscle bundles, the fasciculi cervicoangulares, are pres-
ent at the lateral aspect of the uterus, bridging the cervix 
and fundus. The bundles may serve as a system for con-
duction or coordination of muscle contraction.21 During 
pregnancy, the muscle fascicles in the lower portion of 
the uterus overlap one another like shingles on a roof.

Uterine enlargement during pregnancy involves 
stretching and marked hypertrophy of the muscle layer. At 
term the body of the uterus weighs over 1000 g compared 
to approximately 70 g in the nongravid state. Since mitotic 
activity is rarely observed in the myometrium, the smooth 
muscle cells are considered to undergo hypertrophy rather 
than hyperplasia. The new muscle cells which do form 
likely originate from growth of the media of the myome-
trial arteries and veins.22 Hypertrophy of the myometrium 

begins during the first few weeks and overall increases 
5- to 10-fold, mainly during the third month. Increases 
in fibrous and elastic tissue accompany the hypertrophy. 
During the second and third trimesters, the increased 
uterine size is caused mainly by the pressure exerted by 
the expanding conceptus. In early pregnancy the myome-
trium of the body is 2–3 cm thick but thins to 1–2 cm in 
late pregnancy. Thinning of the uterine wall may be exag-
gerated in multigravid women, during multiple pregnancy 
and in hydramnios.

The musculature in the wall of the isthmus must dilate 
during labor rather than contract and, after the second 
month, makes up the major portion of the lower uterine 
segment. It is poorly defined during the early weeks of 
pregnancy when the area feels softer than either the body 
or cervix. The isthmus hypertrophies like the body dur-
ing the first trimester, and its canal triples in length to 
approximately 3 cm (Figure 1.11). During the second tri-
mester, the isthmus becomes incorporated into the body 
of the uterus and the isthmic canal becomes part of the 
uterine cavity.23–25 Since the wall of the isthmus and the 
wall of the body are approximately the same thickness 
during this time, their junction region no longer is visible 
externally. This condition persists until the middle of the 
last trimester, when a transverse linear depression appears 
in the junction region. The musculature above the depres-
sion is thicker than that below. The transverse depression 
forms just below the vesicouterine pouch and is thought 
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to correspond to the level of the anatomic internal os. It is 
sometimes referred to as the physiologic contraction ring, 
which rises to a higher level during labor. After delivery 
the ring appears as a marked constriction between the 
body and the cervix.

The cervix of the gravid uterus

The size of the cervix in relation to the body of the uterus 
varies with age and parity. The cervix is twice the size 
of the body in a young child, about equal in nulliparous 
women, and about one-third the size of the body in a mul-
tiparous woman. It then regresses to its prepubertal state 
in menopause. It is composed mainly of collagen-rich con-
nective tissue and only approximately 10% is muscle.

The cervix undergoes profound changes during preg-
nancy and labor. Two of the earliest signs of pregnancy 
are cervical softening and cyanosis caused by increased 

vascularity and edema. Soon after conception, the cervical 
glands secrete a very thick mucus into the cervical canal, 
forming a plug that closes off the canal during the gesta-
tion period. In the nonpregnant state, the glands usually 
comprise only a small fraction of the cervical mass. They 
undergo such remarkable proliferation during pregnancy 
that by term they make up approximately one-half its 
mass. There is no appreciable change in the muscle content 
of the cervix during pregnancy. The cervix dilates during 
labor as a result of collagen dissociation. The incompetent 
cervix dilates painlessly during the second or early third 
trimester, resulting in rupture of the membranes, followed 
by the delivery, usually, of a previable fetus. Previous cer-
vical trauma from such procedures as dilation, curettage, 
and cauterization appears to be a major causative fac-
tor. The ratio of muscle to collagen has been reported to 
change, resulting in more abundant muscle fibers. Cervical 
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weakness is reinforced surgically by the placement of a 
purse-string suture around the vaginal cervix after the 
first trimester but before significant dilation occurs.

Changes in the uterine cavity during pregnancy

The uterine cavity in the nongravid state is little more 
than a slit, when viewed laterally, with close anterior and 
posterior walls (Figure 1.4). From the front, the cavity has 
the shape of an inverted triangle with a base superiorly, 
where it is continuous on each side with the lumen of the 
uterine tube, and an apex inferiorly, where it is continu-
ous with the canal through the isthmus and cervix (Figure 
1.5). The cervical canal is slightly expanded in its middle 
and opens into the vagina through the external os. It is 
continuous superiorly with the constricted canal of the 
isthmus, which may be 6–10 mm long (Figure 1.11). The 
point where the lower end of the isthmic canal widens into 
the cervical canal is known as the histologic internal os, as 
it is the point where an abrupt microscopic change occurs 
in the mucosa. Its upper end widens into the uterine cav-
ity at the anatomic internal os. The uterine cavity in the 
gravid condition enlarges as the myometrium hypertro-
phies. Initially, its rate of enlargement is greater than the 
growth rate of the conceptus. Later, during the early part 
of the second trimester, the uterine cavity becomes com-
pletely filled by the rapidly expanding conceptus. Uterine 
enlargement is not symmetric but is sometimes most 
marked in the fundus and other times in the body below 

the tubes. This probably is influenced greatly by the loca-
tion of the implantation site.

FALLOPIAN TUBE
A long, narrow, trumpet-shaped uterine (fallopian) tube 
extends laterally from each side of the uterine body, arch-
ing over the upper pole of the ovary and then downward on 
the posterior part of its medial surface (Figures 1.4 through 
1.6). Its canal runs from the superior angle of the uterine 
cavity to the ovary and gradually increases in diameter 
as it courses laterally. When straightened, the tube in the 
nongravid state measures approximately 10 cm long. It can 
be divided into four parts. The intramural portion passes 
through the uterine wall and has the smallest lumen diam-
eter (1 mm or less). The portion that extends laterally from 
the uterus is the narrow isthmus. It continues laterally into 
a broad, sometimes tortuous, portion called the ampulla. 
The ampulla terminates near the ovary as the funnel-
shaped infundibulum. Finger-like fimbriae extend from the 
periphery of the infundibulum surrounding the abdominal 
ostium. One or more fimbriae are in contact with the ovary 
(ovarian fimbria). The wall of the uterine tube is made up 
of three layers: an outer serosa, an intermediate smooth 
muscle layer (myosalpinx), and an inner mucosal lining 
(endosalpinx). The endosalpinx is arranged into longitu-
dinal folds that become highly branched in the ampullary 
segment. The uterine tube occupies the upper border of the 
broad ligament and stretches with it as tension is exerted on 
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them by the rising, gravid uterus. It becomes hyperemic but 
undergoes little hypertrophy during pregnancy.

OVARY
Medial to the curved segment of the uterine tube on each 
side lies the solid, almond-shaped ovary (Figures 1.4 
through 1.6). Each ovary measures approximately 4 cm 
long, 2 cm wide, and 1 cm thick and usually has a grayish-
pink color and a puckered, uneven surface. Its long axis 
is nearly vertical, with the upper pole located close to the 
uterine tube and the lower pole nearer the uterus. One 
surface faces medially, and the other laterally. Its poste-
rior border is free, but its anterior border is attached to the 
broad ligament by a short, two-layered fold of peritoneum, 
the mesovarium, through which vessels and nerves pass 
to the hilum of the ovary. The ovary in the nulliparous 
woman usually lies in the upper part of the pelvic cavity 
in a slight depression on the lateral pelvic wall between 
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the diverging external and internal iliac vessels (ovarian 
fossa). However, in the multiparous woman, it may lie 
anywhere against the lateral pelvic wall and sometimes in 
the rectouterine pouch.26 During the first pregnancy, the 
ovary becomes displaced and probably never returns to its 
original position. In nulliparous women, the upper pole of 
the ovary lies near the external iliac vein, and attached to it 
is a vascular fold of peritoneum, the suspensory ligament 
of the ovary (infundibulopelvic), containing the ovarian 
vessels and nerves. The lower pole is attached to the lat-
eral angle of the uterus behind the uterine tube by a round 
cord, the ligament of the ovary that is made up mainly of 
fibrous tissue but also contains some smooth muscle fibers.

During the first month of pregnancy, the ovary 
enlarges, and the corpus luteum reaches its maximal size 
of 2–2.5 cm in diameter. After the second month, the 
ovary becomes smaller and its surface often is covered 
by patches of the reddish-appearing decidual reactions 
in the underlying stroma. Regressive changes appear in 
the corpus luteum within 2–3 weeks after implantation. 
Parts of the corpus luteum persist until the middle of 
pregnancy, but eventually it involutes and becomes the 
corpus albicans.

As pregnancy progresses, the adnexal structures move 
superiorly. An adnexal mass may present in the upper 
abdominal quadrant during the last trimester.
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Figure 1.11 Location and extent of the three parts of the uterine wall at different periods of gestation: (a) nonpregnant, (b) first 
trimester, (c) first trimester (late), (d) second trimester, and (e) third trimester.
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LIGAMENTS OF THE UTERUS
The broad ligament is the mesentery of the uterus, uter-
ine tube, and ovary. It is formed by extensions laterally of 
the peritoneum on the anterior and posterior surfaces of 
the uterus to the lateral pelvic wall (Figures 1.5 and 1.6a). 
Enclosed between the two peritoneal layers are impor-
tant structures related to the uterus, tubes, and ovaries. 
A reflection from the posterior surface of the broad liga-
ment forms the mesovarium portion. That part above the 
mesovarium containing the tube in its free border is the 
mesosalpinx, while the part below this level is the meso-
metrium. The suspensory ligament of the ovary and its 
contained vessels and nerves continue into the lateral 
aspect of the broad ligament. The ligament of the ovary 
lies within the broad ligament as it courses to the lat-
eral border of the uterus. The base of the broad ligament 
encloses the uterine vessels and nerves and part of the 
uterus (Figure 1.6b). As the gravid uterus enlarges and 
rises, it exerts tension on the broad ligament and the 
structures within it.

The connective tissue and smooth muscle within the 
broad ligament are referred to as the parametrium. The 
parametrium is scant medially near the uterus and supe-
riorly near the tube where the two layers of the ligament 
are close. Laterally and inferiorly, the ligament thickens, 
and the parametrial tissue is more abundant. The con-
nective tissue in the base of the ligament is continuous 
with the connective tissue of the pelvic floor. Its densest 
portion is referred to as the cardinal ligament (transverse 
cervical or Mackenrodt’s) that blends medially with the 
supravaginal portion of the cervix and upper vaginal 
wall and laterally with the fascia on the lateral pelvic 
wall (Figure 1.6c). The cardinal ligament is the main sup-
portive structure of uterus and divides the paravesicular 
space from the pararectal space. Continuous with the 
posterior aspects of the cardinal ligament is another fas-
cial condensation known as the uterosacral ligament. It 
extends posterolaterally from the supravaginal portion 
of the cervix, encircles the rectum, and becomes continu-
ous with the fascia over the second and third sacral verte-
brae. It is covered by peritoneum forming the uterosacral 
fold, which is the lateral boundary of the rectouterine 
pouch (Figure 1.6). While the cardinal and uterosacral 
ligaments have long been regarded as important sup-
ports of the uterus, they are considered primarily peri-
vascular sheaths or simple condensations of intrapelvic 
fibrous tissue rather than distinct anatomic ligaments.27

The uterosacral fold does not contain thick fibrous tis-
sue. In nulliparous women, pregnancy is associated with 
increased pelvic organ prolapse.28,29

The round ligament of the uterus is attached to the 
lateral uterine border in front of the attachment of the 
ovarian ligament. It passes laterally through the broad 
ligament to reach the pelvic wall. There it ascends over 
the external iliac vessels, enters the deep inguinal ring, 
and passes through the inguinal canal to anchor in the 

tissue of the labium majus. The round ligament of the 
uterus is composed of smooth muscle fibers and connec-
tive tissue, and it has a diameter of 3–5 mm. As the gravid 
uterus rises, the round ligament of the uterus increases 
substantially in both length and diameter (Figures 1.3, 
1.4, and 1.6a).

UTERINE BLOOD VESSELS, LYMPHATICS, AND NERVES
Arteries

Knowledge of the origin, course, and branching pattern 
of the vessels that supply the uterus is important in con-
trolling bleeding during surgery. The uterine artery is the 
main blood supply to the uterus, although the ovarian 
artery assists through its large anastomoses with the uter-
ine artery (Figures 1.7 and 1.8). The uterine artery arises in 
a variable manner from the anterior division of the internal 
iliac (hypogastric) artery.30 Nearly half of the time, it arises 
independently from the internal iliac artery, but very often 
it may originate from the umbilical artery.30 Origins from 
the internal pudendal, inferior vesical, vaginal, and a stem 
in common with two other anterior division vessels have 
been observed, as well as doubling of the artery. From its 
origin, the uterine artery courses along the lateral pelvic 
wall downward, forward, and medially, passing in front 
of and above the ureter, to which it may send a branch. It 
turns sharply medially in the base of the broad ligament 
running toward the cervix. The surrounding connective 
tissue binds it to the accompanying veins, the ureter, and 
the cardinal ligament (Figures 1.6b and c). As the uterine 
artery approaches the cervix, it supplies the cervix with 
several tortuous, penetrating branches that allow for rapid 
cervical expansion. It then divides into a large, very tortu-
ous ascending branch and one or more smaller descending 
branches to the upper vaginal wall and adjacent portions 
of the bladder (Figure 1.8). The ascending or main branch 
courses superiorly along the side of the uterus supplying 
arcuate branches to the body of the uterus. The arcuate 
arteries circle the uterus just beneath the serosa and, at 
intervals, give off radial branches that penetrate directly 
inward, passing between interlacing muscle fibers of the 
myometrium. When the muscle fibers contract after deliv-
ery, their interlacing arrangement constricts the radial 
branches, thus acting as ligatures. The arcuate arteries rap-
idly diminish in size as they pass toward the midline. This 
arrangement explains why midline sections of the uterus 
bleed relatively less than lateral ones.

As the ascending branch of the uterine artery approaches 
the uterine tube, it turns laterally in the upper part of the 
broad ligament, where it divides into tubal and ovarian 
branches (Figure 1.8). The tubal branch courses laterally in 
the mesosalpinx close to the uterine tube, which it supplies 
through a series of branches. The ovarian branch passes 
into the mesovarium, where it forms a broad anastomosis 
with the ovarian artery proper from the abdominal aorta. 
The anastomotic channel supplies the ovary and gives a 
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series of tubal branches through the mesosalpinx that 
anastomose with the tubal branch of the uterine artery.

Both the uterine and ovarian arteries undergo marked 
enlargement during pregnancy, the latter vessel bringing 
blood to the uterus through its broad anastomosis with the 
ovarian branch of the uterine artery. The tortuous arrange-
ment of the ascending branch of the uterine artery allows 
the vessel to elongate and accommodate to the growth of 
the uterus during pregnancy. The unspiraled descending 
branches are felt easily along the lateral side of the cervix 
at vaginal examination as a result of their increased size 
during pregnancy. A vast ipsilateral and contralateral arte-
rial anastomotic network forms throughout the uterus.31

There is an increase in the size and degree of arborizations 
of the arcuate arteries in and around the implantation site.

Veins

The uterine venous plexus drains inferiorly and the vagi-
nal venous plexus drains superiorly into a plexiform 
arrangement of uterine veins that surround the uterine 
artery lateral to the cervix (Figures 1.7 and 1.8). Near the 
lateral pelvic wall, the uterine veins unite to form usu-
ally two trunks that drain into the internal iliac vein. The 
major portion of venous blood from the uterus is drained 
by way of the uterine veins. The remainder drains through 
the ovarian or pampiniform plexus. On the right, the 
ovarian plexus drains superiorly through the suspensory 
ligament of the ovary, crosses the right ureter obliquely, 
and then empties into the inferior vena cava. On the left, 
the ovarian plexus drains into the left renal vein and usu-
ally does not cross the ureter on that side. The ovarian 
veins on both sides dilate to enormous size during preg-
nancy and are possible routes for thrombus formation. 
They can be injured by external trauma and occasion-
ally rupture spontaneously. The diameter of the ovarian 
vascular pedicle nearly triples during pregnancy.32,33 The 
veins surrounding the uterus (plexus of Santorini), includ-
ing those beneath the bladder, within the broad ligament, 
and around the cervix and upper vagina, become greatly 
enlarged during pregnancy.

Dissection during cesarean section must remain 
near the midline to avoid excessive bleeding from these 
dilated venous plexuses. Those veins in the broad ligament 
appear medusa-like and may be 1 cm or more in diam-
eter. The ovarian and uterine veins are devoid of valves, 
so that constant venous pressure within the uterus is 
probably maintained by their expansion and contraction. 
Hypervascularity of the uterine wall during pregnancy 
may occur 20% of the time, probably representing dilation 
of myometrial veins.34,35 Hypervascularity of the anterior 
uterine wall may cause excessive bleeding during invasive 
procedures. Collateral circulation is extensive and can 
occur through the internal iliacs, lumbar, sacral, hemor-
rhoidal, and systemic branches.

Lymphatics

Lymph channels are especially numerous in the walls 
of the female genital tract.35 Intramural plexuses drain 

both the endometrium and myometrium into a subse-
rous plexus from which efferent vessels arise. Studies on 
the rhesus monkey show the intramural plexuses much 
enlarged during pregnancy.36 Efferent vessels from the 
lower uterus empty mainly into sacral nodes and nodes 
along the external, internal, and common iliac vessels. 
Some empty into lower lumbar nodes around the aorta, 
and a few empty into superficial inguinal nodes. Most of 
the lymphatics from the upper uterus pass laterally in the 
broad ligament, where they join those from the uterine 
tube and ovary. Together, they leave the pelvis by cours-
ing superiorly through the suspensory ligament of the 
ovary, accompanying the ovarian vessels on the posterior 
body wall to empty into nodes along the lower part of the 
abdominal aorta.

Nerves

Nerves to the uterus and vagina are derived from the 
pelvic plexus (Frankenhauser’s ganglion) and consist of 
afferent and sympathetic fibers but few, if any, parasympa-
thetic fibers. The uterovaginal portion of the plexus passes 
medially toward the cervix around the uterine vessels in 
the upper part of the cardinal ligament. Most of the nerves 
accompany the branches of the uterine artery, with the cer-
vix supposedly receiving more fibers than the body of the 
uterus. During pregnancy, the nerve supply to the uterus 
hypertrophies and is accompanied by an increase in size of 
the pelvic plexus. The function of the motor supply to the 
uterus is not well understood and is not essential to nor-
mal activity at parturition. Catecholamines exert a greater 
inhibiting effect on the pregnant than the nonpregnant 
uterus,37 and norepinephrine can both excite and inhibit 
the musculature of both the uterus and uterine tube.38

Preganglionic sympathetic fibers to the uterus course 
from the aortic plexus through the hypogastric plexus just 
below the sacral promontory to the pelvic plexus, where 
they synapse in ganglia contained within the plexus. 
Afferent pain fibers from the body apparently travel also 
through the hypogastric plexus and lumbar sympathetic 
trunk to enter the spinal cord through the T11 and T12 
nerves. Pain in cancer of the uterus has been relieved by 
blocks of the first three lumbar sympathetic ganglia,38

and hypogastric resection makes biopsy of the fundus 
painless.39 Sensory pain fibers from the cervix and upper 
vagina pass through the pelvic nerves to enter the spinal 
cord through the sacral (S2, S3, and S4) nerves.

PELVIC PORTION OF URETER
The course and relations of the pelvic ureter can be clearly 
demonstrated by endovaginal magnetic resonance imag-
ing. Both ureters can usually be identified with laparos-
copy even in overweight patients.14 As the ureter enters 
the pelvis, it crosses the common or external iliac artery, 
coursing medial to the ovarian vessels (Figure 1.7). The 
base of the pelvic mesocolon lies between the left ureter 
and the midline. In the pelvis the ureter on both sides 
passes medial to the internal iliac artery, its branches, and 
the obturator nerve (Figures 1.6b and 1.7). It courses in a 

  



Bladder and urethra 17

curved manner just posterior to the ovary on the upper 
part of the pelvic wall where it lies just beneath the perito-
neum (Figure 1.6a). If the uterus is elevated anteriorly by 
traction, the course of the ureter frequently can be seen 
clearly through the transparent peritoneum and poste-
rior leaf of the broad ligament to below the cervical level 
without involving dissection.40 Or found by entering the 
retroperitoneal space by dividing the round ligament and 
opening the posterior leaf of the broad ligament lateral to 
the suspensory ligament. Its course can then be traced on 
the medial side of the posterior leaf of the broad ligament. 
The ureter is in close proximity to the suspensory ligament 
of the ovary through which the ovarian vessels course 
(Figures 1.5 and 1.6). It adheres to the undersurface of the 
peritoneum and may be accidentally drawn into the jaws 
of artery forceps if traction is placed on the peritoneum 
when the suspensory ligament is clamped. Dissection of 
the bladder off the anterior surface of the supravaginal 
cervix displaces the ureter downward and laterally. As the 
uterosacral fold is approached, the ureter loses its perito-
neal relation by passing deeply lateral to the connective tis-
sue of the uterosacral and cardinal ligaments at the base of 
the broad ligaments of the uterus. Here it passes obliquely 
medially, behind and beneath the uterine artery (Figures 
1.7 and 1.8). The ureter and uterine artery are closely 
related for 1–2.5 cm of their length41 and are enclosed in a 
common connective tissue sheath. At this point the ureter 
lies approximately 1.5–2 cm lateral to the cervix, varying 
1–4 cm.42 This segment of the ureter is most susceptible to 
injury during surgery, its ligation common accident, but 
ligation of the uterine vessels also may produce injury.42

Identification of the cord-like medial umbilical ligament 
(obliterated hypogastric or umbilical artery) and following 
it to its lateral origin help locate the distal ureter.43,44

After the ureter leaves the base of the broad ligament, it 
inclines medially and downward in front of the upper vag-
inal wall through the ureteric tunnel. It then runs through 
the inferior portion of vesicouterine ligament. This seg-
ment is eminently palpable. At the posterior wall of the 
bladder, the ureters are approximately 5 cm apart. Their 
slit-like openings inside the bladder are only 2.5 cm apart 
approximately because of their very oblique downward and 
medial course through the thick wall of the empty bladder. 
The oblique course of the ureter through the bladder wall 
is important in preventing reflux. It is unclear whether or 
not reflux, which may occur with chronic bladder disten-
tion, causes the hydroureter that often accompanies preg-
nancy. The connective tissue sheath that encloses the lower 
one-third of the ureter and uterine vessels hypertrophies 
during pregnancy. This, together with the accompanying 
massive enlargement of the uterine vessels, would favor 
urinary stasis and dilation of the upper portion of the ure-
ter. After the pregnant uterus rises completely out of the 
pelvis (fourth month), it may compress the ureter at the 
pelvic brim, also producing hydroureter. Ureteral dilation 
above the pelvic brim is usually more marked on the right 
side.45,46 The right ovarian vein, which becomes greatly 
dilated during pregnancy, obliquely crosses the right 

ureter, possibly contributing to dilation on the right side.47

The pressure of the enlarged uterus frequently causes lat-
eral displacement and elongation of both the abdominal 
and pelvic portions of the ureter.

The chief arterial supply to the pelvic portion of the ure-
ter arises close to the pelvic brim from the common, exter-
nal, or internal iliac arteries rather than descending with 
it from higher levels.47–49 Since this branch reaches it from 
the lateral side, the pelvic ureter should be exposed from 
its medial side. The lower end of the ureter close to the 
bladder regularly receives a branch from the uterine and 
inferior vesical arteries. As many as 10–15% of ureters may 
have inadequate anastomoses in their pelvic portions.50,51

Interruption of one of the supplying vessels in such cases 
may damage the ureter.

Nerves to the pelvic portion of the ureter are limited to 
a few branches from the hypogastric nerve and the pel-
vic plexus. Although ureteric peristalsis is not dependent 
upon a nerve supply, the lower part of the ureter receives 
both sympathetic and sacral, parasympathetic fibers.

BLADDER AND URETHRA
Bladder

The bladder is a hollow, muscular organ lined with a 
mucous membrane and covered superiorly with perito-
neum (Figures 1.4 and 1.6). The shape and relations of 
the bladder vary, depending upon its state of distention. 
The place when empty, the bladder has a pyramidal shape 
with an apex directed forward and slightly upward, a base 
(fundus) directed backward and slightly downward, and 
a superior and two lateral surfaces. The place where the 
two lateral surfaces meet the base is the neck, which lies 
on the superior layer of the urogenital diaphragm and is 
continuous with the urethra. The apex is continued supe-
riorly as the median umbilical ligament, which runs to 
the umbilicus in the extraperitoneal tissue between the 
peritoneum and transversalis fascia. Below the vesicouter-
ine pouch, the base of the bladder is related to the cervix 
and the anterior vaginal wall, from which it is separated 
by a concentration of connective tissue called the vesico-
vaginal septum. This region contains a large venous plexus 
(vesical, pudendal, or Santorini’s) that drains the posterior 
surface of the bladder, the cervix, and upper vagina. An 
awareness of these veins is important during low cervical 
cesarean section and total hysterectomy. Toward the end 
of pregnancy, the base of the bladder is moved superiorly 
out of the pelvis by the enlarging uterus to a position in the 
lower abdomen. The pressure of the presenting part may 
impair the drainage of blood and lymph from the base of 
the bladder, causing the area to swell and become trau-
matized. During parturition, the anterior vaginal wall is 
enlarged and is the site of possible vesicovaginal fistulas.

The superior surface of the bladder is covered by peri-
toneum and, when empty, is flat or concave and in contact 
with the body of the nongravid uterus which lies directly 
upon it (Figure 1.4). When the bladder fills, the superior 
surface becomes convex and comes into close relation with 
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coils of small intestine. As the pregnant uterus expands, 
it compresses the superior surface from above. The lat-
eral surfaces are separated from the symphysis pubis and 
pubic bones by a loose connective tissue space called the 
prevesical or retropubic space (of Retzius) that allows for 
easy separation of the bladder from the pubis. The space 
may contain a large amount of fat and extend around the 
sides of the bladder, upward through extraperitoneal tis-
sue to the umbilicus. An extraperitoneal cesarean section 
is performed through the upper part of this space with 
mobilization of the peritoneum over the bladder.52 More 
laterally, the lateral surface of the bladder lies close to the 
levator ani and obturator internus muscle (Figure 1.6c); 
between these muscles and the bladder passes the oblit-
erated umbilical artery that courses forward and upward 
on the anterior abdominal wall as the medial umbilical 
ligament.

Adjacent to the bladder wall and surrounding it is a 
loose layer of visceral pelvic fascia allowing for great dis-
tention. Between the bladder and the cervix, there are 
sometimes thickened bands of parietal pelvic fascia (called 
the vesicouterine or pubocervical ligament) that course 
obliquely anteriorly to the symphysis pubis as the pubo-
vesical ligament. The bladder is supported by this fascia 
and the underlying pelvic floor.

The mucous membrane lining the interior of the bladder 
is loosely attached to the muscular coat and appears folded 
when the bladder is empty. Only in a smooth triangular 
area at the base of the bladder (called the trigone) is the 
lining smooth. Here the mucous and muscular layers are 
bound firmly. The lateral angles of the trigone are formed 
by the orifices of the ureters. Underlying muscle fibers 
between the ureteral orifices raise the mucosa into an 
interureteric ridge. After the fourth month of pregnancy, 
the bladder becomes hyperemic, the trigone elevates, and 
the interureteric ridge thickens. The trigone region pro-
gressively deepens and widens until the end of pregnancy.

Urethra

The female urethra is a short tube approximately 3–4 cm 
long that extends from the bladder neck to the external 
urethral orifice (meatus) in the vestibule of the vagina 
(Figure 1.4). The upper end begins at the level of the 
middle of the symphysis pubis, where it is surrounded 
by dense fascia and the vesical plexus of veins. It extends 
downward and forward in a gentle curve to terminate pos-
terior to the lower border of the symphysis pubis. Intact 
pubourethral ligamentous and muscular attachments aid 
in stabilizing the urethra to its normal anatomic position 
and help maintain continence.53 Posteriorly, the urethra 
is applied closely to the anterior vaginal wall, from which 
its upper half is separated by dense connective tissue and 
blood vessels. Its lower half is actually embedded in the 
anterior wall of the vagina. While superiorly the bladder 
and vagina are separated from each other by a cleavage 
plane, called the vesicovaginal septum, this plane does 
not extend inferiorly to separate the urethra and vagina. 
The urethra pierces the urogenital diaphragm where it is 

surrounded by the sphincter urethrae muscle. Its mucosa 
is arranged into longitudinal folds that contribute to the 
ease with which the female urethra can be dilated.

The arteries to the bladder vary in origin, number, and 
branching pattern. One to four superior vesical arteries 
usually arise from the proximal, patent segment of the 
umbilical artery and supply the apex and superior and 
lateral surfaces of the bladder. In about 10% of the cases, 
a superior vesical artery arises from the uterine artery. 
Anastomoses occur with the inferior epigastric artery 
in the extraperitoneal tissue, but none were found in the 
bladder wall. The usually single inferior vesical artery has a 
variable origin directly or indirectly from the internal iliac 
artery to supply the base and neck of the bladder and the 
upper part of the urethra and vagina (Figure 1.8). The vesi-
cal plexus of veins around the neck of the bladder drains 
most of the bladder wall, receives the deep dorsal vein of 
the clitoris, and communicates with the vaginal plexus. 
It drains laterally by three channels into the internal iliac 
vein.54,55 Lymphatics from the bladder drain laterally into 
the external and internal nodes.

The nerves to the bladder are derived from the superior 
hypogastric plexus, the sacral sympathetic trunk, and the 
pelvic splanchnic nerves, all of which join together in the 
pelvic plexus. The vesical plexus of nerves is an anteroinfe-
rior continuation of the pelvic plexus that turns medially 
toward the bladder. Numerous cholinergic (parasympa-
thetic) nerves supply the bladder neck and the proximal 
urethra,56 although there are few adrenergic (sympathetic) 
nerves in these areas except in the trigone area, where they 
are abundant.57 The connective tissue lateral to the bladder 
containing the arteries, veins, and nerves to the bladder 
and the terminal part of the ureter is known as the lat-
eral (true) ligament of the bladder. The connective tissue 
blends inferiorly and laterally with the fascia on the upper 
surface of the levator ani muscle. It sometimes thickens to 
form the vesicouterine ligament, which laterally binds the 
shallow vesicouterine pouch (Figure 1.6c). No muscular 
connections are found between the levator ani muscle and 
the pelvic organs.57 A layer of fascia is always interspersed 
between them.

SIGMOID COLON, RECTUM, AND ANAL CANAL
Sigmoid colon

The sigmoid (pelvic) colon is the continuation of the 
descending colon, beginning in the left iliac fossa near the 
pelvic brim and ending in front of the third sacral vertebra 
by becoming the rectum. The course of the sigmoid colon 
is S-shaped, entering the true pelvis by passing over the 
medial border of the left psoas major muscle, crossing the 
midline in front of the sacrum, and then swinging back to 
the left and inferiorly to become the rectum in the posterior 
pelvic wall. The uterus, uterine tubes, and ovaries are ante-
rior to this segment of the colon (Figure 1.4). Structures 
crossing the left pelvic brim are posterior to the sigmoid 
colon, including the left ovarian vessels, left ureter, and left 
common iliac vessels (Figure 1.7). In the midline the sacral 
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promontory and first three sacral vertebrae are posterior. 
The sigmoid colon is covered completely with peritoneum 
and is suspended by the sigmoid mesocolon. After pelvic 
surgery, the sigmoid colon sometimes is used to cover the 
operative site and thereby prevent adhesions to the small 
intestine.

Rectum

At the level of the third sacral vertebra, the sigmoid colon 
loses its mesentery and becomes the rectum. The rectum 
is approximately 10 cm long and extends downward and 
forward in the back of the true pelvis, following the curve 
of the sacrum and coccyx (Figure 1.4). Below the coccyx, 
it turns sharply backward to become the anal canal. The 
highest one-third of the rectum is covered with perito-
neum on its front and sides. Only the front of the middle 
one-third is covered with peritoneum where it is reflected 
upward in the floor of the rectouterine pouch onto the pos-
terior fornix of the vagina and supravaginal cervix. The 
lowest one-third of the rectum has no peritoneal covering 
and is sometimes dilated, forming the ampulla. Posterior 
to the rectum are located the lower sacrum, coccyx, and 
anococcygeal raphe. Related laterally are, from above 
downward, the sigmoid colon in the pararectal fossa, the 
sacral plexus, and the piriformis, coccygeus, and levator 
ani muscles. Anteriorly, the upper part of the rectum usu-
ally is separated from the cervix and posterior fornix of the 
vagina by coils of intestine that fill the rectouterine pouch. 
The posterior vaginal wall is directly anterior to the lower 
part of the rectum, from which it is separated by a thin 
layer of fascia named the rectovaginal septum. Although 
its existence has been controversial, the rectovaginal sep-
tum can be separated from the rectum by a cleavage space 
but is associated more closely with the vaginal fascia.58,59

Anal canal

The anal canal is the terminal segment of the large intes-
tine, beginning at the lower flexure of the rectum as the 
intestinal tract passes through the pelvic diaphragm 
between the pubococcygeus portions of the levator ani 
muscles (Figure 1.4). The canal is 3–4 cm long, extending 
downward and backward to end at the anus. It is sepa-
rated from the ischiorectal fossa by the levator ani muscle 
and is surrounded by an upper, involuntary internal anal 
sphincter and a lower, voluntary external anal sphincter. 
Anorectal varicosities or hemorrhoids are very frequent 
during pregnancy and arise from the venous plexus just 
deep to the surface lining of the anal canal. The upper part 
of the plexus drains into the hepatic portal system by the 
superior rectal (hemorrhoidal) vein. There are no valves 
in this system of veins, and the plexus therefore is affected 
particularly by the pressure from the growing uterus.

Obesity in pregnancy

A special note must be made about obesity in pregnancy. 
Depending upon the body mass index of the patient, the 
site of surgical incisions into the abdomen should be care-
fully selected. For example, the umbilicus in a morbidly 

obese patient with a pendulous abdomen will often be just 
above the public symphysis. So if a transverse abdominal 
incision for a cesarean delivery is made using the umbi-
licus as a landmark, it will be too low to allow entry into 
the abdominal cavity. So great care must be taken with 
obese patients, since the usual anatomic landmarks may 
be distorted by adipose tissue. However, the optimal skin 
incision for cesarean delivery (vertical compared to trans-
verse) in obese patients has not been determined.60
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2Topographic anatomy of the perineum, 
vulva, vagina, and surrounding 
structures
KAREN HOUCK

VULVA
The region of the external genital organs, known as the 
vulva (or pudendum), lies in front of and below the pubis 
(Figure 2.1). It is the term applied to the mons pubis and 
labia majora, and the structures that lie between the labia 
(i.e., labia minora, vestibule of the vagina, clitoris, bulbs of 
the vestibule, and greater vestibular glands).

Mons pubis

The mons pubis is a rounded, median elevation lying ante-
rior and inferior to the pubic bone. It consists mostly of 
a pad of fat. After puberty, the overlying skin is covered 
by coarse hair. The suspensory ligament of the vagina 
attaches to the subcutaneous tissue of the mons pubis.

Labia majora

The labia majora are two large folds of skin that run down-
ward and backward from the mons pubis. These elongated 
folds enclose between them the median pudendal cleft 
and are largely filled with subcutaneous fat. After puberty, 
their outer aspects are overlaid by pigmented skin that 

contains sweat and sebaceous glands and are covered by 
coarse hair. Their interval aspects are hairless and smooth. 
Anteriorly, the labia majora meet in the midline at the 
anterior labial commissure. They are not united posteri-
orly, but the forward projection of the tendinous center of 
the perineum into the pudendal cleft gives the appearance 
of a posterior labial commissure. Each labium majus con-
tains the termination of the round ligament of the uterus.

Clinical Correlate: Because the round ligament termi-
nates in the labia majora, inguinal hernias can rarely pre-
sent as labial masses. In pregnancy, varicosities of the round 
ligament can readily be mistaken for inguinal hernias. Color 
Doppler sonography can be useful in making the diagnosis.1

Labia minora

The labia minora are fleshy, smaller lips located between the 
labia majora at either side of the opening of the vagina. 
The two lips are without hairs and are in contact with each 
other. There is wide variation in size and shape of normal 
labia minora. Posteriorly, the labia minora may be united 
by a small fold of the skin called the frenulum of the labia. 
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Anteriorly, each labium minus divides into a lateral and a 
medial part. The lateral part joins the corresponding one 
from the opposite side to form the prepuce of the clito-
ris. The medial parts unite below the clitoris to form the 
frenulum of the clitoris.

Clinical Correlate: Partial or complete removal of the 
labia minora and/or majora due to female genital muti-
lation is increasingly seen in the United States. Recent 
reports estimate that up to 507,000 females in the United 
States have undergone or are at risk for genital cutting.2

Infibulation, or narrowing of the vaginal orifice by cut-
ting and apposing the minor and or majora can increase 
the risk of obstructed labor, postpartum hemorrhage, and 
cesarean delivery. Antepartum defibulation may have a 
role in the care of these patients.3

Vestibule of the vagina

The vestibule of the vagina is the space between the labia 
minora. It contains the orifices of the urethra, vagina, and 
ducts of the greater vestibular glands. The external ure-
thral orifice (meatus) is located about 2 cm or more behind 
the glans clitoris and immediately in front of the vaginal 
orifice. It is usually a median slit with slightly everted mar-
gins. The vaginal orifice is considerably larger than the 
urethral one and is also a median cleft. Its appearance and 
size depend upon the condition of the hymen, which is a 
thin fold of mucous membrane that partially or sometimes 
wholly occludes the vaginal orifice. It varies much in shape 
and extent.

Clitoris

The clitoris lies between the anterior ends of the labia 
minora. The parts of the labia minora lying anterior 
to the clitoris form the prepuce of the clitoris, whereas 
the parts lying posterior to it form the frenulum. The 
clitoris consists mainly of erectile tissue and is capable 
of enlargement like the penis as a result of engorge-
ment with blood. It is composed of two corpora caver-
nosa which form the body of the clitoris, which is about 
2.5 cm long. The corpora cavernosa are enclosed by a 
fibrous envelope and are separated from each other by 
an incomplete septum. The body of the clitoris separates 
posteriorly into two crura, each of which is attached to 
its respective ischiopubic ramus. The glans of the clitoris 
is the small elevation on the free end of the body. It also 
is composed of erectile tissue and, like the glans of the 
penis, is covered by sensitive epithelium. The suspensory 
ligament of the clitoris connects the organ to the front of 
the pubic symphysis.

Bulbs of the vestibule

The bulbs of the vestibule are two elongated masses of 
erectile tissue, one lying at each side of the vaginal open-
ing under the bulbospongiosus muscle. They are narrow 
in front where they unite with each other to form a thin 
strand which is connected to the underside of the glans 
clitoris. Their posterior ends are broad and in contact with 
the greater vestibular glands.

Clitoris

Anterior labial commissure

Labium majus

Labium minus

Opening of greater 
vesibular glands

Hymen
Frenulum of labia minora

Mons pubis

Prepuce of clitoris

Frenulum of clitoris

External ori�ce of urethra

Vagina

Vestibule

Posterior labial commissure

Perineal body

Figure 2.1 Vulva showing mons pubis, labia majora, labia minora, vestibule, glans clitoris, and the opening of the greater 
 vestibular glands.
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Greater vestibular glands

The greater vestibular glands, commonly referred to as 
Bartholin glands, are small ovoid bodies, one located 
on each side of the vaginal vestibule posterolateral to 
the vaginal orifice at 4 and 8 o’clock. The duct of each 
gland opens into the groove between the labium minus 
and the attached margin of the hymen. During sexual 
intercourse, the greater vestibular glands are compressed 
and secrete mucus which lubricates the vagina. There are 
many smaller, lesser vestibular glands on each side of the 
vestibule which open between the urethral and vaginal 
orifices.

Clinical Correlate: Cysts and abscess of the gland are 
not uncommon. Cysts can be managed expectantly in 
women under 40 years old. Ascending infections have been 
described with bartholin abscess in pregnant women. The 
infections are typically polymicrobial with Escherichia coli
being the most common isolate.4 Because of its location in 
the vestibule, bartholins abscesses will often appear with 
vulvar masses. When incising a bartholin abscess, the 
incision should be made at, or proximal to, the hymen.

PERINEUM
The perineum is a diamond-shaped area which forms the 
most inferior part of the trunk (Figure 2.2). It extends from 
the symphysis pubis, anteriorly, to the sacrum and the tip 
of the coccyx, posteriorly, with an ischial tuberosity on 
each lateral side. Its superior limit is the pelvic diaphragm 
consisting of the levator ani and coccygeus muscles. It is 
restricted to the region immediately around and between 
the anal and vaginal orifices. The perineum is divided into 

two parts, the urogenital region and the anal region. The 
urogenital region is anterior to an imaginary horizontal 
line joining the midpoints of the two ischial tuberosities. 
The anal region is posterior to this line.

The perineal body or tendinous center of the perineum 
is a fibromuscular mass that is located in the median 
plane between the anal canal and the lower vagina. It 
contains smooth and skeletal muscle fibers bound with 
elastic and collagenous tissue. Attached to it are the 
superficial and deep transverse perineal, the bulbospon-
giosus, the levator ani, and the anal sphincter muscles. 
The anal sphincter muscles include an external sphincter, 
which is a thick ring of predominately striated muscle, 
and an internal anal sphincter. The internal sphincter 
is found deep to the external sphincter and extends 
approximately 1 cm superior to external sphincter, along 
the anal canal. The superficial and deep perineal fasciae 
and the superior and inferior fasciae of the urogenital 
diaphragm blend with it.

Clinical Correlate: Lacerations or episiotomies in the 
midline may involve the anal sphincter and the rectum. 
Command of the anatomy in this region is imperative 
to safely and successfully repair these defects. Particular 
attention should be placed to restoring the both the inter-
nal and external anal sphincters, if involved, as they per-
form roles in anal continence.

Urogenital region

The urogenital region contains the external genital organs 
and the associated muscles and glands. This region is 
divided into a superficial and a deep perineal compartment.

Urogenital regin

Ischiocavernosus muscle

Bulbospongiosus muscle

Deep transverse perineal 
muscle

Ischial tuberosity

Sacrotuberous ligament

Ischiorectal fossa

Levator ani muscle

Gluteus maximus muscle

Coccyx

Perineal body

Super�cial transverse perineal 
                                             muscle

Perineal nerve

Anus

Anal region

Inferior rectal nerve

Pudental nerve

External and sphincter muscle

Figure 2.2 Female perineum showing urogenital and anal regions.
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Superficial perineal compartment

The superficial compartment lies superficial to the inferior 
layer of fascia of the urogenital diaphragm and contains on 
each side the bulbospongiosus muscle with the underlying 
bulb of the vestibule, the ischiocavernosus muscle with the 
underlying crus of the clitoris, the superficial transverse 
perineal muscle, and the greater vestibular gland. All of 
the muscles in the superficial compartment are supplied 
by the perineal branch of the pudendal nerve.

Bulbospongiosus muscle

This muscle arises from the tendinous center of the 
perineum and passes forward around the lower part of 
the vagina covering the bulb of the vestibule. It is inserted 
partly into the side of the pubic arch and partly into the 
dorsum and body of the clitoris. The muscle with its coun-
terpart on the other side constricts the vagina. This muscle 
is sometimes referred to as bulbocavernosus.

Clinical Correlate: This muscle is often disrupted in 
second degree vaginal lacerations and mediolateral episi-
otomies. Care should be taken to reapproximate it when 
repairing these defects.

Ischiocavernosus muscle

This muscle originates from the inner surface of the ramus 
of the ischium and inserts on the lower and medial aspects 
of the crus of the clitoris. It helps to maintain erection of 
the clitoris by compressing the crus and thus retarding the 
flow of blood from the clitoris.

Superficial transverse perineal muscle

This muscle arises from the lower part of the inner sur-
face of the ramus of the ischium adjacent to the tuberosity 
and inserts into the tendinous center of the perineum. It is 
poorly developed, and its action is insignificant.

Deep perineal compartment

The deep compartment is enclosed between the superior 
and inferior layers of fascia of the urogenital diaphragm. 
The inferior layer of fascia also is called the perineal mem-
brane. The deep compartment contains the deep transverse 
perineal and sphincter urethrae muscles and is traversed 
by the urethra and vagina (Figure 2.2). Both muscles are 
innervated by the perineal branch of the pudendal nerve. 
Their arrangement varies considerably, and often they are 
poorly developed.

Deep transverse perineal muscle

This muscle arises from the inner surface of the ramus of 
the ischium. Its anterior fibers insert into the lateral wall 
of the vagina, and its posterior fibers insert into the ten-
dinous center of the perineum. It helps fix the tendinous 
center.

Sphincter urethrae muscle

This muscle arises from the inner surface of the inferior 
ramus of the pubis. Most of its fibers insert into the lateral 

wall of the vagina, but a few pass in front of the urethra 
and between the urethra and vagina. Since the urethra and 
vagina are fused inferiorly, the fibers of the sphincter ure-
thrae muscle do not surround the urethra completely.

The superior fascia of the urogenital diaphragm is indis-
tinct, but the inferior fascia is relatively dense and strong. 
The deep compartment contains the internal pudendal 
vessels, the dorsal nerve of the clitoris, and branches of the 
perineal nerve that supply the two muscles located there.

Anal region

The anal region contains the anus, the external anal 
sphincter muscle, and the ischiorectal fossa (Figure 2.1). 
The anal canal passes through the pelvic diaphragm and 
opens onto the surface of the perineum as the anus. The 
skin around the anus is pigmented and contains sweat and 
sebaceous glands.

The external anal sphincter muscle surrounds that part 
of the anal canal which is located in the anal triangle below 
the pelvic diaphragm. This muscle forms a broad band on 
each side of the anal canal and is divided into three parts: 
subcutaneous, superficial, and deep. The external anal 
sphincter muscle is under voluntary control and is sup-
plied mainly by the inferior rectal nerve. The anterior por-
tion of the muscle is innervated by the perineal division of 
the pudendal nerve. An additional innervation may be the 
perineal branch of the forth sacral nerve. The coccygeal 
nerve can be found near the posterior part of the external 
anal sphincter muscle close to where this muscle attaches 
to the coccyx. It is sensory to the skin over the coccyx.

The ischiorectal fossa is a wedge-shaped space located 
between the skin of the anal region below and the levator ani 
muscle above. It is filled with fat, which allows the rectum 
and anal canal to distend during the passage of feces. The 
ischiorectal fossa is not limited to the anal region but extends 
anteriorly and posteriorly. Anteriorly, when the fossa reaches 
the posterior border of the urogenital diaphragm, it extends 
forward above the diaphragm but below the levator ani mus-
cle. When the surfaces of these two structures meet near the 
symphysis pubis, the fossa is obliterated. Posteriorly, the fossa 
extends above the gluteus maximus muscle to the sacrotu-
berous ligament. Laterally, it is limited by the ischium and 
the fascia covering the inferior part of the obturator internus 
muscle. The fossa extends medially into the levator ani and 
external anal sphincter muscles, which separate the fossa 
from the rectum and anal canal.

In addition to the ischiorectal pad of fat, the ischiorectal 
fossa contains branches of the internal pudendal vessels 
and pudendal nerve that run in its lateral wall in a chan-
nel through the obturator fascia called the pudendal canal. 
Posteriorly, these vessels and this nerve give off the infe-
rior rectal (hemorrhoidal) vessels and nerve, which cross 
the fossa to supply the external anal sphincter muscle and 
the skin and fascia around the anus. Other cutaneous 
branches, such as the perforating branch of the second and 
third sacral nerves and the perineal branch of the fourth 
sacral nerve, also pass through the ischiorectal fossa.
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Nerves and vessels of the perineum

The pudendal nerve is the principal nerve to the perineum 
and divides into three terminal branches. The nerve con-
tains fibers from S2, S3, and S4 spinal cord segments and 
leaves the pelvis through the greater sciatic (ischiatic) fora-
men. It passes behind the spine of the ischium and enters 
the ischiorectal fossa through the lesser sciatic (ischiatic) 
foramen. The pudendal nerve divides near the ischial 
spine into three branches: (1) the inferior rectal nerve, 
which crosses the ischiorectal fossa and innervates the 
external anal sphincter muscle, the skin around the anus, 
and the lining of the anal canal below the pectinate line; 
(2) the perineal nerve, which enters the urogenital region 
and divides into superficial and deep branches (the super-
ficial perineal branch gives posterior labial branches to the 
labia majora and lower vagina, whereas the deep perineal 
branch supplies the levator ani and external anal sphincter 
muscles, the muscles of the superficial and deep perineal 
compartments, and the bulb of the vestibule); and (3) the 
dorsal nerve of the clitoris, which runs forward in the uro-
genital diaphragm, and then passes through the inferior 
layer to the dorsum of the clitoris.

The internal pudendal artery is the principal artery 
to the perineum, where it gives off many branches. It 
arises from the internal iliac artery and leaves the pel-
vic cavity by passing out the greater sciatic foramen. It 
crosses behind the spine of the ischium and enters the 
pudendal canal in the lateral wall of the ischiorectal fossa 
through the lesser sciatic foramen. Its inferior rectal 
branch crosses the ischiorectal fossa to the muscles and 
skin around the anal canal. The perineal branch enters 
the superficial perineal compartment to supply the struc-
tures there and continues as posterior labial branches 
to the labium majus and minus. The internal pudendal 
artery enters the deep perineal compartment, where it 
gives branches to the bulb of the vestibule, urethra, and 
greater vestibular gland. It terminates near the pubic 
symphysis by dividing into the deep and dorsal arteries 
to the clitoris.

The veins primarily accompany the arteries and drain 
into the internal iliac vein. An exception is the deep dorsal 
vein of the clitoris, which passes entirely or mainly into 
the pelvis through a gap in the perineal membrane to the 
vesical venous plexus.

The lymph vessels from the perineum course mainly to 
the superficial inguinal lymph nodes, but some also pass 
to the deep inguinal nodes. A few lymph vessels from the 
clitoris follow the deep dorsal vein to join lymphatics from 
the upper part of the urethra and bladder to empty into the 
internal iliac nodes.

Clinical Correlate: Because the majority of the perineum 
and perineal body is served by the pudendal nerve, puden-
dal block at the level of the level of the ischeal spines can 
provide adequate anesthesia for repair of most obstetrical 
lacerations and episiotomies. With increasing availabil-
ity of epidural anesthesia, use of the pudendal block has 
decreased, but it remains a valuable tool in certain settings.

VAGINA
The vagina is the female organ of copulation, extending 
from the uterus to the vestibule. Its walls are distensible 
and serve as the lower end of the birth canal. The upper 
part of the vagina is located in the pelvic cavity and the 
lower part lies in the perineum. The longitudinal axes 
of the vagina and uterus are almost at right angles. The 
vagina extends forward and downward in a plane parallel 
to that of the pelvic inlet. This plane is about 60° from the 
horizontal. The vagina forms an angle of about 90° with 
the uterus.

The anterior and posterior walls of the vagina are in 
contact with each other below the entrance of the cervix. 
The anterior wall is about 7 cm in length; the posterior 
wall is 2.5–3 cm longer. The lateral walls are attached 
above to the cardinal ligament and below this to the pel-
vic diaphragm. The vaginal lumen surrounding the cervix 
forms a recess called the fornix. Since more of the poste-
rior part of the cervix enters the vagina than the anterior 
part, the posterior fornix is deeper than the anterior for-
nix. The vaginal recess lateral to the cervix is called the 
lateral fornix.

The opening of the vagina into the vestibule is partially 
covered by the hymen. After the hymen ruptures, small 
fragments remain attached to its margin called hymenal 
caruncles.

Relationship to surrounding structures

Anteriorly

The upper part of the vagina is related to the base of 
the urinary bladder, the terminal parts of the ureter, 
and the urethra, whose lower half is actually embedded 
in the vaginal wall. The vagina is connected to the pubis 
by the pubovesical ligament.

Posteriorly

The upper third of the vagina lies close to the rectouterine 
peritoneal pouch (pouch of Douglas); below this, it is adja-
cent to the ampulla of the rectum. The lower part is related 
to the tendinous center of the perineum, which separates 
it from the anal canal.

Laterally

The ureter and uterine vessels are closely related to this 
part of the vagina. More inferiorly, the pubococcygeal 
portion of the levator ani muscle, the greater vestibular 
gland, the bulb of the vestibule, and the bulbospongiosus 
muscle are near. The levator ani muscles together act as a 
sphincter of the vagina by decreasing the size of the lumen 
about 3 cm above the orifice.

The uppermost part of the vagina is supplied by a branch 
of the uterine artery. The lowermost part has a blood supply 
from the internal pudendal artery. The middle portion of 
the vagina may be supplied by vaginal branches from the 
internal iliac, inferior vesical, and middle rectal arteries. 
The vessels anastomose on and in the vaginal wall, forming 
a longitudinal channel anteriorly and posteriorly known as 
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the azygos artery. All the arteries to the vagina directly or 
indirectly originate from the internal iliac artery.

The veins from the vagina drain into a vaginal venous 
plexus, then upward to the uterine plexus, and then to the 
internal iliac vein. The lymphatics from the upper part of 
the vagina accompany the uterine artery and drain to the 
external and internal iliac nodes. From the middle part, 
the lymph vessels accompany the vaginal artery and drain 
to the internal iliac nodes. Lymph from the lower part of 
the vagina adjacent to the hymen drains into the superfi-
cial inguinal nodes.

The nerves to the upper vagina are derived from the utero-
vaginal portion of the hypogastric plexus. Parasympathetic, 
sympathetic, and afferent fibers pass through this plexus to 
supply the cervix and superior part of the vagina. The low-
ermost part of the vagina receives its innervation from the 
pudendal nerve, which has its origin from the same sacral 
nerves (S2, S3, and S4) that supply the viscera in the pelvis.

For a more extensive review of the anatomic relation-
ships of the female reproductive organs, see Clemente,5

Hollinshead,6 Leeson and Leeson,7 Moore,8 and Snell.9
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3Clinical pelvimetry
ELAINE K. DIEGMANN and RHONDA NICHOLS

Power, passenger, and passage; this is the triad that con-
trols the birth process. Unaffected by the ebbs and tides 
of modern technology, the dimensions of the bony pelvis 
remain constant. Therefore, it is of utmost importance to 
understand the role of the pelvis and to commit to mem-
ory the types, the dimensions, and prognosis for birth of 
the basic pelvic types, since the practitioner will be mak-
ing decisions regarding the route of birth that may have 
significant consequences for mother and infant. Therefore, 
this chapter will focus on the bony pelvic structures, the 
best predictors of birth outcomes. Knowledge of pelvic 
adequacy is an essential component in the decision to 
allow a trial of labor and plan for a vaginal birth.

PELVIC ANATOMY
The pelvis is composed of the two innominate bones (each 
of which is further divided into the ilium, the ischium, 
and the pubis): the sacrum and the coccyx (Figure 3.1).

Each innominate bone has several points of obstetric 
significance. The ilium contains the greater sacrosciatic 
notch between the inferior iliac spine and the ischial spine. 
The ischium contains the ischial spine, the landmark for 
the smallest pelvic diameter; the ischial tuberosity, located 
at the lowest border of the ischium; and the lesser sacro-
sciatic notch housed between them. The side walls of the 
ischium can be slightly convergent in the normal pelvis.

The pubis joins the two innominate bones anteriorly to 
form the symphysis pubis, the lower border of which serves 
as the apex of the pubic arch. The inferior pubic rami form 
the side walls of this significant anatomic structure, the 
angle of which is a predictor of successful vaginal birth.

The sacrum comprises the posterior pelvic boundary. It 
has five fused vertebrae, the angle and inclination of which 
predict the birth outcome. The sacral promontory is the 
anterior surface of the first sacral vertebra. It is a signifi-
cant obstetric landmark of the pelvis.

The coccyx, composed of four vestigial vertebrae, form-
ing the “tail bone,” articulates with the sacrum.

Four joints articulate with the pelvic bones. Laterally, the 
sacroiliac joints join the sacrum to the two innominate bones 
at the iliac portions. Anteriorly, the symphysis connects the 

pubic portions of the innominate bones. Posteriorly, the 
sacrococcygeal joint joins the sacrum and the coccyx.

The sacrospinous ligament spans the greater sacrosci-
atic notch from the junction of the fifth sacral and first 
coccygeal vertebrae to the ischial spine. The sacrosciatic 
notch is a landmark in determining the posterior capacity 
of the pelvis. The sacrotuberous ligament is attached to the 
level of the third, fourth, and fifth sacral vertebrae pos-
teriorly and to the ischial tuberosities anteriorly. The two 
ligaments form the side walls of Alcock’s canal, through 
which the pudendal nerve passes.

THE OBSTETRIC PELVIS
The pelvis is divided into the false and the true pelvis. 
The linea terminalis, also known as the iliopectinal line, 
is the structural boundary which separates the two. The 
false pelvis provides support for the abdominal and pelvic 
organs and has no obstetric significance. The true pelvis 
is located beneath the false pelvis and is of paramount 
importance to the birth process. As the fetus enters the 
pelvis, the pelvic axis curves gradually downward and 
backward. Once the fetus traverses the midpelvis, the axis 
is gradually directed downward and forward.

There are four planes of the pelvis through which the 
passenger (fetus) must pass: the pelvic inlet, the plane of 
greatest pelvic dimensions, the plane of least pelvic dimen-
sions, and the pelvic outlet.

The pelvic inlet is shaped like a rounded heart. Its 
boundaries are the sacral promontory, the iliopectinal 
line, and the upper aspect of the symphysis pubis. The 
anteroposterior diameter, known as the anatomic (true) 
conjugate, extends from the top of the symphysis to the 
sacral promontory and measures 11.5 cm. It has no obstet-
ric relevance, since it is not the smallest diameter of the 
inlet. The anteroposterior diameter, known as the obstet-
ric conjugate, is the shortest distance between the sacral 
promontory and the posterosuperior surface of the sym-
physis pubis. It should measure at least 10 cm and is the 
shortest anteroposterior diameter of the pelvis through 
which the presenting part must pass. Since this distance 
cannot be measured clinically, the diagonal conjugate is 
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used to estimate it. The diagonal conjugate, which can be 
determined by bimanual examination, is measured from 
the lower margin of the symphysis to the sacral promon-
tory. It usually measures 12.5 cm or more. By subtracting 
1–1.5 cm (depending on the inclination of the symphy-
sis), the obstetric conjugate can be estimated. The normal 
transverse diameter is 13 cm or more at the inlet. The aver-
age oblique diameter is 12.5 cm. Right/left designation of 
the oblique diameters is determined by the sacral crest.

The midpelvis has two planes. The plane of greatest 
dimensions runs from the middle of the symphysis through 
the second and third sacral vertebrae. It is the roomiest plane 
and, therefore, does not have obstetric significance. On the 
other hand, the plane of least dimensions is very impor-
tant obstetrically, since it is the smallest plane of the pelvis, 
accounting for most cases of arrest of labor. This plane cir-
cles at the level of the ischial spines, the apex of the pubic 
arch, and the fourth and fifth sacral vertebrae (Figure 3.2).

The anteroposterior diameter of the midpelvis extends 
from the fourth and fifth sacral vertebrae to the lower 
margin of the symphysis. It usually measures 11.5 cm. The 
transverse diameter, also known as the bispinous diameter, 
is the smallest midplane measurement through which the 
fetus must travel. A less than 10.5 cm measurement of this 
diameter may have adverse effects on the birth progress. 
The posterior segment of the midpelvis is predictive of the 
birth outcome. This diameter extends from the midpoint 
between the ischial spines to the junction of the fourth and 
fifth sacral vertebrae. It should measure 4.5 cm or more.

The pelvic outlet is diamond shaped. It has been 
described as two triangles with the bituberous diameter as 
the common base.

Anteriorly, the landmarks are the lower margin of the 
symphysis pubis, the pubic rami, and the tuberosities. 
Posteriorly, the landmarks are the sacrotuberous liga-
ments and the sacrococcygeal joint. Again, there are two 
anteroposterior diameters which must be addressed. The 
anatomic anteroposterior diameter is measured from the 
apex of the pubic arch to the tip of the coccyx. This diam-
eter measures only about 9.5 cm but is not considered in 

the determination of pelvic capacity, since the coccyx is 
mobile and is pushed backward at the time of birth. Of 
clinical significance is the obstetric anteroposterior diam-
eter. It extends from the lower border of the symphysis to 
the sacrococcygeal joint and measures 11.5 cm. The trans-
verse (or bituberous) diameter is the distance between the 
ischial tuberosities. It measures an average of 11 cm. In 
the pelvic outlet, both the anterior and posterior sagittal 
diameters are important. The posterior sagittal diameter 
extends from the midpoint between the ischial tuberosi-
ties to the sacrococcygeal joint and measures 9 cm. The 
anterior sagittal diameter extends from the same point to 
the apex of the pubic arch and measures 6 cm.

PELVIC SHAPES
There are four basic pelvic shapes classified by Caldwell 
and Moloy,1 who are recognized authorities on pel-
vic architecture.2 The four types are gynecoid, android, 
anthropoid, and platypelloid.3

The gynecoid pelvis is the typical female type configu-
ration. Its inlet is rounded in shape. The measurements 
of this pelvic type reflect the optimum dimensions of the 
pelvic planes. The average inlet measurements include the 
obstetric conjugate (11 cm), the diagonal conjugate (12.5 
cm), and the transverse diameter (13 cm). The midplane 
measurements include the anteroposterior diameter (12 
cm), the transverse diameter (bispinous) (10.5 cm), and the 
posterosagittal diameter (4.5 cm). The greater sacrosciatic 
notch is wide and short, the ischial spines are blunt and not 
encroaching, and the sacrum is concave and inclined back-
ward. The side walls of the pelvis are straight. The postero-
sagittal diameter is spacious, encouraging the passage of 
the fetus through the midpelvis without obstruction. The 
measurements of the outlet include the anteroposterior 
diameter (11.5 cm) and the transverse diameter (bituber-
ous) (11 cm). The pubic arch is wide: about 90° at its apex. 
The inferior rami are short and gently splay outward. The 
fetal head typically enters this pelvic type in the transverse 
diameter. Labor usually progresses without complications 
and culminates in spontaneous vaginal birth (Figure 3.3).

B A

I

G
F

D

H

E

C

Figure 3.1 Pelvic bones: (A) sacrum, (B) innominate bone, 
(C) inferior rami, (D) coccyx, (E) ilium, (F) pubis, (G) ischial spine, 
(H) ischium, and (I) ischial tuberosity.

C

D

B

A

Figure 3.2 Pelvic midplane: (A) sacrum, (B) anteroposte-
rior diameter, (C) bispinous diameter, and (D) posterosagittal 
diameter.
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The android pelvis is the male-type configuration. Its 
inlet is wedge shaped, with the sacral promontory deeply 
encroaching on the anteroposterior diameter of this plane, 
reducing the posterosagittal diameter as well. The trans-
verse diameter is usually adequate, but the anterior pelvis is 
sharply angulated. In the midpelvis the anteroposterior and 
the transverse diameters are reduced. The spines are usu-
ally prominent and encroaching. This further reduces the 
already small midpelvic diameter. The side walls are con-
vergent. This reduces the capacity of the midplane as well 
as that of the outlet. The sacrum is flat, narrow, thick, and 
inclined forward. The greater sacrosciatic notch is narrow 
and high. This combination reduces the capacity of the pos-
terior midpelvis and diminishes the posterosagittal diam-
eter. Coupled with the angulation of the anterior pelvis, the 
dimensions of the midpelvis are so reduced that the fetal 
head may not be able to engage. The measurements of the 
outlet may also be reduced. The anteroposterior diameter is 
short, due to the flatness of the sacral curve. The transverse 
or bituberous diameter is decreased. The pubic arch is nar-
row, and the inferior rami are long and straight. The angle 
of the arch is less than 90°. Occipitoposterior and transverse 
rotations of the vertex are common with this pelvic type. 
In occipitoposterior positions, especially because the head is 
often not well flexed until it hits the pelvic floor, engagement 
is difficult. Thus, the progression of labor may be delayed. If 
the head negotiates the inlet in the transverse position, deep 
transverse arrest in the midplane is common. The android 
pelvis frequently is the source of labor dystocia, requiring 
operative delivery (Figure 3.4).

The anthropoid pelvis is commonly known as the ape-
like pelvis. Its inlet is a long oval. All the planes of this 
pelvis are adequate. The anteroposterior diameter of the 
inlet usually is long. The transverse diameter tends to be 

the least adequate. The sagittal diameters are deep. In the 
midplane, again, the anteroposterior diameter generally 
is long and the transverse diameter adequate. The pos-
terosagittal measurement is deep. The greater sacrosciatic 
notch is wide and long, and the sacrum is narrow, long, 
and inclined backward. The spines are variable, and the 
side walls usually are straight. The measurements of the 
outlet are also adequate. The anteroposterior measurement 
is the longest. The pubic arch may be somewhat narrow, 
depending upon the length and angulation of the inferior 
rami. The fetal head often engages in the oblique diameter. 
Occipitoposterior rotation of the vertex is common. Face 
presentation is prevalent in this pelvic type. The progress 
of labor is usually normal, and the prognosis for vaginal 
birth is good (Figure 3.5).

The platypelloid pelvis is commonly known as the flat 
pelvis. Its inlet is a horizontal oval. The anteroposterior 
diameter is short, and the antero- and posterosagittal 
diameters are shallow. The transverse diameter is wide. The 
midplane has the same characteristics: a short anteropos-
terior diameter, a long transverse diameter, and reduced 
antero- and posterosagittal diameters. The greater sacro-
sciatic notch is wide and shallow. The sacrum is wide and 
deeply curved, with sharp angulation. The sacral vertebrae 
tend to be thick. The side walls are straight or divergent.

The outlet measurements mirror the other planes, 
the anteroposterior diameter being short, and the pubic 
arch wide. The inferior pubic rami are also wide, with 
decreased angulation. The fetal head engages in transverse 
rotation, but, due to the reduced anteroposterior dimen-
sions, cannot rotate to complete the mechanisms of labor. 
Thus, deep transverse arrest often occurs. The prognosis 
for vaginal birth is unfavorable, and cesarean section is a 
frequent mode of delivery (Figure 3.6). The above-quoted 

Figure 3.3 Gynecoid pelvis.

Figure 3.4 Android pelvis.

Figure 3.5 Anthropoid pelvis.

Figure 3.6 Platypelloid pelvis.
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pelvic configurations represent the pure prototypes. In 
any individual gravida, these types may be mixed to vari-
ous extents.

CLINICAL PELVIMETRY
Due to the potential hazards associated with x-rays, radio-
logic examinations have little place in obstetric practice 
today. Computed tomography (CT) scanners can be uti-
lized to calculate pelvic measurements, with negligible 
amounts of radiation to mother and fetus, but at great 
expense.4 However, the obstetrician and the nurse midwife 
have at their fingertips an effective and readily available 
tool with few working parts to break down: clinical pel-
vimetry.5–7 All the clinician needs is a pair of gloves and 
awareness of a few measurements.

It is important to measure from the angle of the thumb to 
the third finger for the determination of the diagonal con-
jugate. The measurement should be made in centimeters. 

The width of the fist of the examining hand should also be 
measured in centimeters. This measurement will assist in 
determining the bituberous diameter.

There are several sequences for doing a clinical pelvim-
etry. One’s preference is the main prerequisite for choosing 
a particular sequence. As with all procedures, the clinician 
should choose one and refine his or her skills. An explana-
tion to the patient both before and during the examination 
is of paramount importance. The patient should empty her 
bladder prior to the examination and be instructed not to 
hold her breath or lift her head during the procedure in 
order to avoid tension of the vaginal muscles. Table 3.1 
illustrates one effective technique. Documentation for 
clinical pelvimetry should be succinct as follows:

• Pubic arch
• Angle of symphysis
• Notch
• Spines

Table 3.1 Sequence for performing clinical pelvimetry.

Technique Findings

1. Slide the index and middle fingers into the vagina and evaluate the width 
of the subpubic arch in FB. Then slide fingers up along the symphysis to 
determine the angle of the pubic bones (separate fingers slightly to 
“splint” urethra, thereby eliminating discomfort).

Slide arch: average about two FB. Angle of the 
symphysis: about 90°.

2. Next outline the sacrosciatic notch. Feel the sacrospinous ligament by 
placing the gloved fingers between the ischial spine and the lateral 
edge of the sacrum.

Sacrosciatic notch: note depth; it gives clue to pelvic 
type.

Sacrospinous ligament: short, average, or long.
3. Continue down to the back until reaching the ischial spine. Determine its 

prominence.
Ischial spines: blunt, defined, palpable, prominent, 

sharp, encroaching.
4. Proceed either to left or right and palpate the side walls to determine 

their splay. The splay is determined by following a line from the point of 
origin of the widest transverse diameter of the inlet downward to the 
inner aspect of the tuberosity. (Placing the thumb or the examining 
hand on the patient’s buttocks over the tuberosity may increase spatial 
conceptualization.)

Side wall slope: convergent, straight, divergent.

5. Sweep the fingers down the sacrum, noting its curvature. Note angle and 
mobility of coccyx.

Straight, concave or convex, forward, or backward 
inclination. 

Coccyx mobile or rigid.
6. Measure the diagonal conjugate. Keep vaginal hand relaxed by placing 

your corresponding foot on a stool and rest your arm against your thigh 
or hip if comfortable. Exert downward pressure on the perineum and 
keep away from the symphysis to prevent undue discomfort to the 
patient. With the examining fingers directed upward at an acute angle 
toward the upper sacrum and with the longest finger touching the 
sacral vertebrae, walk up the sacrum until the promontory is reached or 
fingers lose contact with the sacrum. Raise fingers to the symphysis. 
Drop elbow and mark off on your hand the point that touches the 
symphysis. Measure this distance on a ruler or centimeter scale. This 
measurement is done last, since it usually causes discomfort and may 
increase patient’s emotional tension.

Exact measurement in centimeter if reached. Greater 
than your measurement limit if not reached.

7. The ischial tuberosities are measured by following the descending rami 
down to the tuberosities and placing your fist between them.

Average, 10 cm. Note exact measurement in 
centimeter if your fist fits snugly between the 
tuberosities. Chart greater-than-fist measurement if 
there is room between your fist and the bones.

Abbreviation: FB, finger breadth.
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• Side walls
• Sacrum
• Coccyx
• Diagonal conjugate measured by the examining finger
• Obstetric conjugate (calculated)
• Bituberous diameter measured by the fist

Knowledge of pelvic measurements and a sequential 
technique for clinical pelvimetry should facilitate the 
assessment of pelvic capacity and the formulation of a 
prognosis for vaginal birth. The size of the examiner’s hand 
and the length of the fingers probably have little effect on 
the accuracy of clinical pelvimetry. If they do, one’s reach 
can be extended by the placement of a thimble on the mid-
dle finger under the glove. Knowledge of pelvic architec-
ture and expertise in recognizing the pelvic landmarks are 
important. The practitioner who has small hands must be 
more inventive in hand placement and must learn to posi-
tion patients to the best advantage. One should remember 
that, when positioning the hand to begin the examination, 
the middle and index fingers should be straight, with the 
thumb extended at greater than 90°. The ring finger and 
the pinky should be flexed across the palm, with the first 
and second joints extended. This position decreases the 
angulation of the hand between the extended middle fin-
ger and the flexed first and second fingers, allowing partial 
admission of these two fingers posteriorly into the vagina 
to increase the reach of the examining fingers. When posi-
tioning the patient, ask her to place her fists under her but-
tocks. This will decrease the angle between the pelvis and 
the examining table and thus increase the efficiency of the 
small examining hand.

Until the 1950s, assessment of the gravida’s pelvic 
capacity by external measurements was a routine proce-
dure. It was discarded almost overnight when an anony-
mous “expert” declared that “the size of the dining room 
cannot be determined by measuring the outside walls of 
the house.” Members of the profession overlooked that, 
whereas a house may contain as many as 20 chambers, 
the various pelvic bones surround only one. Thus, in 
keeping with the experience of early twentieth-century 
obstetricians, external pelvic measurements may provide 
useful information about a woman’s pelvic dimensions. 
When the technique was discarded, x-ray pelvimetry 
was a routine procedure and accurate enough to make 

external pelvimetry unnecessary. Today, since x-ray pel-
vimetry is not considered appropriate in current prac-
tice, only practitioners who have mastered the technique 
of clinical pelvimetry can perform accurate pelvic assess-
ments. Therefore, the obstetric calipers may deserve to be 
reintroduced into clinical practice as a practical method 
for assessing a woman’s pelvis with acceptable accuracy 
(Figure 3.7).

The external pelvic diameters to be measured are indi-
cated in Table 3.2. The tips of the arms of the instru-
ment are to be placed onto the quoted anatomic points. 
Representing the best palpable pelvic prominence 
(anterosuperior spines) and the most distant points of 
the pelvic side walls (iliac crests), the critical anatomic 
landmarks are easily identifiable. The same is true for the 
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Figure 3.7 Obstetric calipers.

Table 3.2 External pelvic diameters.

Measurable pelvic diameter Normal pelvis Borderline pelvis Contracted pelvis

Distance between the 
anterosuperior iliac spines

26 cm or more 23–25 cm Less than 23 cm

Distance between the iliac crests 29 cm or more 26–28 cm Less than 26 cm
Distance between the middle of 

the symphysis and the deepest 
point of Michaelis’s rhomboid

20 cm or more 18–19 cm Less than 18 cm

Note: With considerable approximation, these pelvic measurements permit the identification of various pelvic types as well as pelvic adequacy or 
inadequacy for an average size fetus.
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anteroposterior diameter. The predictive value of “nor-
mal,” “borderline,” and “contracted” pelvic measure-
ments approaches that obtainable by internal manual 
pelvimetry performed by an experienced examiner. This 
alternative method can be helpful for those accoucheurs 
who are not comfortable with their manual skills in 
clinical pelvimetry as well as for those who may utilize 
it to check their accuracy. It can be invaluable in a clini-
cal situation when a previously unregistered gravida is 
hospitalized after premature rupture of the membranes, 
prior to the onset of labor, a situation which renders 
manual pelvimetry contraindicated.
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4First-trimester embryofetoscopy
E. ALBERT REECE and ANTHONY M. VINTZILEOS

INTRODUCTION
First-trimester embryofetoscopy is a technique that allows 
visualization and access to the developing embryo/fetus 
and its environment. The procedure can be performed by 
the introduction of an endoscope into the extracelomic 
space transcervically or transabdominally. The procedure 
uses a high-resolution fiber-optic equipment attached to 
a camera for direct visualization of the embryo/fetus. The 
need for first-trimester embryofetoscopy has been created 
by the recent technological advances of ultrasound for first-
trimester prenatal diagnosis. Improved high-resolution of 
transvaginal ultrasound has made possible the morpho-
logic evaluation of a developing embryo/fetus. Certain fetal 
anomalies cannot be diagnosed with certainty by using 
ultrasound alone. Therefore, the direct visualization of the 
fetus may be necessary to confirm some ultrasonically diag-
nosed fetal anomalies in the first trimester of pregnancy, 
and also to help in the management in selected families 
affected by recurrent genetic syndromes with recogniz-
able external fetal abnormalities. An additional reason for 
introducing first-trimester embryofetoscopy is its potential 
for early in utero therapy, opening the way for a new era of 
early pregnancy intervention.

HISTORY
Transcervical fetal visualization in three early pregnancies 
was first reported by Westin in 1954 using the McCarthy 
panendoscope.1 The gestational ages were not stated by 

the author, and measurements of fetal length suggested 
that these pregnancies were in the second trimester. It is 
unclear, however, whether fetal size had been overesti-
mated by the varying magnification factor of the fiber-
optic scope. Westin described the exploration of “the space 
between the uterine wall and the membranes up to the site 
of the placenta,” a description which is suggestive of the 
unobliterated extracelomic cavity of the first trimester. In 
the 1960s, several groups of investigators performed trans-
cervical chorion villus biopsy under endoscopic guidance; 
however, fetal anatomy and development were not a main 
focus. In 1974, MacKenzie described his experience with 
transcervical fetoscopy between 8 and 20 weeks gesta-
tion in 28 patients; he used a 5-mm, flexible-tip broncho-
fiberscope, which was introduced through an undilated 
cervix and without anesthesia or sedation.2 Gallinat et al. 
reported in 1979 on transcervical embryoscopy using a 
hysteroscope and CO2 inflation of the uterus; pregnancies 
that were intended to be terminated at 12 weeks gestation 
were followed weekly from 5 weeks gestation and gross 
fetal anatomy was described.3 Roume et al.4 and Dumez5

from the Port Royal Maternity Hospital in Paris incorpo-
rated embryoscopy into their prenatal diagnosis program 
in 1979 and reported on the utility of this tool in the diag-
nosis of limb abnormalities. The largest study in noncon-
tinuing pregnancies was reported in 1990 by Cullen et al.6

They confirmed the utility of embryoscopy in the detec-
tion of fetal anomalies other than limb abnormalities. In 
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1990, Reece et al. demonstrated the accessibility of the 
embryonic blood circulation.7

Because the number of cases warranting fetal surgery 
remain low, specialized instruments for visualization of 
the embryo were not developed in earnest until the mid- 
to late 1990s.8 Today’s embryofetoscopes are designed to 
have the smallest diameter possible while still allowing 
sufficient image quality, available in lengths of 20–30 cm 
and diameters of 1.0–3.8 mm.9

TECHNIQUE
The technique of first-trimester embryofetoscopy consists 
of fiber-optic endoscopy, and it can be performed as early 
as 5 weeks menstrual age transcervically or transabdomi-
nally.6 The first attempts of early embryofetoscopy were 
performed transcervically with rigid fiber-optic endo-
scopes 30 cm in length, with diameters 2–3.5 mm and 
angle lengths of 0° or 30°.6 Under continuous sonographic 
guidance, the endoscope is passed through the cervix into 
the extracelomic cavity with extreme care, so that the 
amnion is not ruptured. The chorion is identified by its 

opaque character, and it is bluntly penetrated by the tip 
of the endoscope. The site of penetration is very carefully 
chosen to avoid the placenta and also areas where the cho-
rion and amnion are juxtaposed (Figure 4.1).

Another technique of first-trimester embryofetoscopy 
uses the transabdominal approach. This approach was devel-
oped in recent years, and it is also performed under continu-
ous sonographic guidance.7 Instrumentation consists of a 
0.8-mm fiber-optic endoscope and a 27-gauge needle, which 
are accommodated by a specially designed 16-gauge, double-
barrel instrument sheath. Under the sonographic guidance, 
the endoscope and needle are passed transabdominally 
into the extracelomic or amniotic cavity. The morphology 
of the fetus, as well as any blood-sampling procedures, is 
viewed through a video camera and recorded. Only lim-
ited movement of the  endoscope tip can be used to prevent 
intra-amniotic bleeding, which can occur in 10%–15% of 
pregnancies.9 The procedure is very similar to performing an 
amniocentesis, and it avoids the potential risk of fetal trauma 
and introduction of infection that are associated with the 
transcervical route.

Yolk 
sac

Amnion

Chorion
Chorionic 
cavity

(a)

C

E

(b)  (c)

Figure 4.1 (a) Schematic representation of transcervical embryofetoscopy, (b) ultrasound image of transcervical embryofetos-
copy, and (c) access to the umbilical cord via transabdominal embryofetoscopy.
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APPLICATION
First-trimester embryofetoscopy has several current appli-
cations: (a) documentation of normal early human devel-
opment; (b) confirmation or exclusion of first- trimester 
ultrasound findings; (c) evaluation of embryonic morphol-
ogy and cytogenetic analysis in early failed pregnancies, 
recurrent miscarriages, and fertility treatment programs. 
Future applications may involve access to the fetal circula-
tion for early fetal therapy.

Documentation of normal early human 
development

Embryoscopy can be a valuable tool for the primary diag-
nosis of congenital anomalies in the first trimester and 
for the confirmation of ultrasonographically suspected 
anomalies. Because this technique can be used as early as 
five menstrual weeks and allows for direct visualization 
of normal and abnormal development, it is of significant 
importance to our understanding of human embryology. 
Much of our knowledge of early human development has 
been based on the investigation of human abortuses or ani-
mal research, which only provides close approximations 
to normal human fetal growth. Embryoscopy visualizes 
the human embryo in vivo unaffected by any pathology 
of the uterine environment. The embryonic period, during 
which all major external and internal structures develop, 
extends from conception to 8 weeks (or 10 menstrual 
weeks). This is the period of greatest susceptibility to the 
effects of teratogens. At the end of this early development, 
the fetus has all external features of the human species.

The head and neck

The endoscopic view of the fetal face at 6 conceptual weeks 
reveals a prominent forehead, widely spaced eyes, and 
confluent oral and nasal cavities. At 8 conceptual weeks 
and beyond, greater facial detail is seen. Some congeni-
tal malformations of the head and neck can be visualized 
in early pregnancy. These include anencephaly, acrania, 
hydrocephaly, microcephaly, and macrocephaly. However, 
the most likely diagnosable malformations include anen-
cephaly and acrania. Potentially diagnosable anomalies of 
the face include micrognathia and cleft lip.

The trunk

Development of the gut occurs at a time when the abdomi-
nal cavity is still small; hence, herniation occurs in the body 
stalk at about 5 weeks gestation. The gut remains extruded 
until about 10 weeks gestation, when reinsertion occurs, fol-
lowed by complete closure of the ventral wall. These normal 
developmental events can be documented by embryoscopy. 
The ventral hernia is seen as early as 4 conceptual weeks, 
and by 8 conceptual weeks the hernia is almost completely 
resolved. It is likely, therefore, that dorsal and ventral wall 
defects are diagnosable by embryoscopy.

The neural tube

The neural tube is seen with the cephalic end open at about 
5 conceptual weeks. By about 7 conceptual weeks, the 

complete closure of the neural tube is visible (Figures 4.2 
and 4.3), unless malformations have occurred.

The limbs

The normal development of the limb buds is manifested 
first as lateral swellings or paddle-shaped structures 
in the late fourth week after conception (Figure 4.4). 
At 7 weeks gestation, a fully developed hand is seen 
(Figures  4.5 and 4.6). Foot paddles and well-developed 
feet are usually visible 2 weeks later than the equivalent 
in the upper extremities (Figure 4.7). Because the limbs 
can be clearly visualized by embryoscopy, this technique 
is likely to diagnose limb anomalies such as hemimelia, 
phocomelia, sirenomelia, missing digits, lobster claw, 
polydactyly (Figure 4.8), syndactyly, brachydactyly, club-
hand, and clubfoot.

Figure 4.2 Completely closed neural tube is seen at 7 
 conceptual weeks.

Figure 4.3 Posterior view of neural tube at 7 conceptual 
weeks.
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Other structures

The yolk sac can be visualized as early as 5 weeks gesta-
tion. Embryoscopically, the early yolk sac has a confluent 
and prominent vasculature in contrast to the yolk sac at 10 
conceptual weeks, which contains smaller, more numer-
ous, but less prominent vessels. The anomalous develop-
ment and external appearance of the yolk sac have been 
described under experimental conditions and have been 
associated with embryonic malformations. It is likely that 
similar changes of yolk sac morphology will be detected 

Figure 4.4 Hand paddle at 4 conceptual weeks with subtle 
demarcations of finger rays.

Figure 4.5 Hand at 7 conceptual weeks.

Figure 4.6 At 9 conceptual weeks, a fully developed hand 
is observed without webbing.

Figure 4.7 Well-developed fetal foot at 9 conceptual 
weeks with well-developed toes without webbing.

Figure 4.8 Hand at 7 conceptual weeks shows polydactyly.
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by embryoscopy and correlated with pathologic states. The 
genitalia can also be seen to develop from a “nonspecific” 
genital ridge to typical male genitalia.

Utility and safety

According to Reece et al., first-trimester embryofetoscopy 
takes approximately 5 minutes, and fetal visualization is 
achieved in approximately 90% of the cases.7,10 The risk of 
infection, uterine perforation, or any other maternal mor-
bidity related to the procedure is very small. The possibil-
ity of trauma to the amnion is the least between 7½ and 11 
menstrual weeks gestation and increases with gestational 
age. Other investigators have reported similar success 
rates of visualization.

Dumez reported using transcervical embryofetos-
copy in over 60 continuing pregnancies.5 Although he 
observed six pregnancy losses as a result of using trans-
cervical embryofetoscopy, after introducing the transab-
dominal approach in 20 cases, there were no additional 
adverse outcomes. Quintero et al. reported their experi-
ence with transabdominal embryofetoscopy using an 18- 
or 19-gauge, thin-wall needle and a 0.7-mm endoscope 
in 18 patients undergoing first-trimester or early second-
trimester pregnancy termination.11 They obtained a thor-
ough visualization of fetal anatomy from 7 to 13 weeks 
in 85% of cases. Ville et al. reported that the procedure-
related risk of transabdominal, first-trimester embryofe-
toscopy is approximately 12%.12 Yin et al. reported on 
12 pregnant women scheduled for the legal termination 
of pregnancy at 6–12 weeks gestation.13 A flexible fiber-
optic endoscope was used transcervically under ultra-
sound guidance. Complete visualization of the embryo/
fetus was accomplished in 50% of the cases. There were no 
procedure-related complications. Greco et al. reported on 
their experience with nine cases at 10–14 weeks gestation, 
using transabdominal embryofetoscopy.14 They reported 
complete visualization of the embryo/fetus in all cases, 
and they concluded that fetal examination was easier at 
10–12 weeks of gestation than at 13–14 weeks. Surbek 
et al. performed transabdominal embryofetoscopy in 14 
patients scheduled for termination of pregnancy, using a 
1-mm, semirigid, fiber-optic telescope with an 18-gauge 
examination sheath and a single-chip digital camera.15 A 
25-gauge needle was inserted through a 21-gauge side port 
to access the fetal circulation. The fetal head, face, abdo-
men, and complete upper and lower limbs were visual-
ized in over 80% of the cases. However, the fetal back and 
external genitalia were visualized in only 35.7% and 64.3% 
of the cases, respectively. Injection of 10–20 mL of saline 
improved the visibility in 43% of the cases. The investi-
gators attempted successful funipuncture in two of three 
attempts. Zwinger and Krofta attempted transabdominal 
embryofetoscopy at 7–8 postconceptional weeks and were 
successful in all seven cases.16 Miliou-Paouleskou et al. 
attempted transabdominal embryofetoscopy during the 
first 12 weeks of pregnancy in 20 women prior to preg-
nancy termination.17 A complete methodological survey 
of the embryo/fetus was possible in all cases. Access to 

embryonic circulation was attempted, and a small quan-
tity of blood was obtained in 71.4% of the cases. The aver-
age length of the procedure was approximately 15 minutes. 
There were no maternal complications.

As an invasive procedure, embryofetoscopy carries 
the risk for preterm premature rupture of membranes 
(PPROM). In two recent reviews, Beck et al. examined 
the rates of PPROM following fetoscopy as reported in 
the  literature, and found a trend in rupture rates and the 
diameter of the endoscope.9,18

Confirmation or exclusion of first-trimester 
ultrasound findings

The introduction of high-resolution vaginal sonogra-
phy has tremendously improved our ability to diag-
nose fetal anomalies in the first trimester of pregnancy. 
However, when congenital anomalies are diagnosed at 
such an early stage of pregnancy and patients choose to 
terminate the pregnancy, pathologic confirmation, and 
anatomic studies are not possible due to the destructive 
nature of first-trimester induced abortions. First-trimester 
embryofetoscopy prior to pregnancy termination can 
be used to confirm prenatally diagnosed anomalies and 
ensure accurate patient counseling for subsequent preg-
nancies. In addition, embryofetoscopy can be used in 
cases where the ultrasound diagnosis is not certain or 
an ultrasound diagnosis may not be possible, depending 
upon the type and nature of the genetic disorder. In sev-
eral cases, embryofetoscopy was used for early pregnancy 
prenatal diagnosis. In 1993, Quintero et al. diagnosed a 
case of Meckel–Gruber syndrome at 11 weeks menstrual 
age by visualizing postaxial polydactyly and occipital 
encephalocele.11 Dommergues et al. used embryofetos-
copy to diagnose a case of van der Woude’s syndrome at 
11 weeks menstrual age, allowing for early pregnancy ter-
mination.19 Also, Rankine et al. were able to confirm the 
diagnosis of acrania at 12 weeks gestation by using trans-
cervical endoscopy; in addition, they were able to demon-
strate other abnormalities, including a small omphalocele, 
hexadactylism on both sides, and bilateral clubfoot.20 More 
recently, Di Spiezio Sardo et al. reported on the embryofe-
toscopic diagnosis of Pentalogy of Cantrell by visualizing 
an omphalocele with ectopia cordis.21

Embryofetoscopy has also been used not only to confirm 
suspicious ultrasound findings but also to exclude con-
genital anomalies in continuing pregnancies. Reece et al. 
used transabdominal embryofetoscopy to rule out a sus-
pected neural tube defect based on suspicious ultrasound 
findings.22 In addition, Robert’s syndrome was ruled out 
in a mother who had previously given birth to an affected 
infant; complete visualization of the embryo was achieved 
in this case, and no limb or facial abnormalities were seen.23 
Similarly, Hobbins et al. ruled out Smith–Lemli–Opitz type 
2 syndrome in a patient at risk by using transabdominal 
embryofetoscopy after transvaginal ultrasound had sug-
gested polydactyly; embryofetoscopy revealed a normal 
fetal hand and the patient chose to continue with the preg-
nancy, resulting in a healthy, normal baby at birth.24
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Lee et al. ruled out short rib-polydactyly syndrome, 
type II (Majewski), at 13 weeks gestation by demon-
strating the absence of limb and facial abnormalities by 
embryofetoscopy.25 The same investigator reported on six 
patients who had embryofetoscopy performed between 
12 + 6 and 14 + 6 weeks of gestation to rule out recur-
rent major and minor (cleft lip/palate) genetic abnormali-
ties.26 Satisfactory visualization was achieved in five of 
the six cases (83%) and the procedures lasted between 15 
and 40 minutes. One pregnancy was terminated because 
the diagnosis of Meckel–Gruber was made, two pregnan-
cies were terminated because of amniotic fluid leakage 
after the procedure, and the remaining three pregnancies 
resulting in full-term infants with no abnormalities.26 The 
authors stressed the need to establish efficacy and safety of 
embryofetoscopy by large multicenter studies.

In summary, first-trimester embryofetoscopy has been 
used by various clinicians and investigators in patients 
who have already decided for a pregnancy termination if 
fetal anomalies are found and also in patients who wish to 
continue their pregnancies if fetal anomalies are excluded.

Evaluation of embryonic fetal morphology and 
cytogenetic analysis in early failed pregnancies 
in recurrent miscarriage or fertility treatment 
programs

One of the applications of embryofetoscopy is to evalu-
ate the morphology of the embryo/fetus in early failed 
pregnancies. In such cases, the embryofetoscopy is per-
formed transcervically to assess fetal morphology and 
obtain material directly from fetal tissues, so that success-
ful fetal cytogenetic analysis is possible. Guida et al. used 
embryofetoscopy to make the diagnosis of spinal dyra-
phism in an early missed abortion in the first trimester 
of pregnancy; a dorsal cystic lesion was visualized, which 
was biopsied and proved to be meningeal tissue.27 Yin et al. 
reported on transcervical embryoscopic diagnosis of con-
joined twins in a 10-week missed abortion.28

Philipp and Kalousek reported on the use of transcervi-
cal embryofetoscopy in diagnosing localized and systemic 
defects in the embryonic morphogenesis of missed abor-
tions in a population of 24 women.29 They used the rigid 
hysteroscope, which was passed transcervically into the 
amniotic cavity. An embryo was visualized in 80% of the 
cases, and half of the embryos showed multiple develop-
mental defects. Philipp et al. also reported on the use of 
transcervical embryofetoscopy in the evaluation of struc-
tural defects in four first-trimester, monochorionic twin, 
intrauterine deaths.30 One case was diagnosed with tri-
somy 21, a second with thoracophagus twins, and a third 
with acardiac twins, while a fourth case was remarkable 
because of the concordance of limb reduction defects.

Philipp et al. subsequently reported on 272 patients 
with missed abortion in whom transcervical embryofe-
toscopy was used prior to dilation and curettage to study 
the morphology of the embryo/fetus and also to perform 
cytogenetic analysis of chorionic villi by either standard, 
G-banding cytogenetic techniques or comparative genomic 

hybridization in combination with flow-cytometry analy-
sis.31 Visualization of the embryo or early fetus was suc-
cessful in 86% of the cases, and a successful karyotype 
was obtained in 81% of the cases. Approximately 75% of 
the cases had an abnormal karyotype, 18% had a morpho-
logic defect with a normal karyotype, and no embryonic 
or chromosomal abnormality could be found in 7% of the 
cases. The authors concluded that transcervical embryofe-
toscopy for the evaluation of missed abortions provides 
valuable information for genetic counseling in planning 
for future pregnancies.

Ferro et al. used embryofetoscopy prior to curettage in 
68 women with missed abortions between 4 and 19 weeks 
gestation to obtain direct embryo and chorion biopsies for 
chromosomal analysis; biopsies suitable for chromosomal 
analysis were obtained in 97% of the cases and all “46,XX 
misdiagnoses” of the conventional curettage karyotype 
due to maternal contamination (22%) were identified.32

Paschopoulos and colleagues performed 42 embryofetos-
copies in missed-abortion pregnancies, using the trans-
cervical approach and leaving the amnion intact during 
visualization.33

It appears that the use of transcervical embryofetoscopy 
in accurate evaluation of embryonic morphology and 
cytogenetic analysis can be a helpful tool for understand-
ing the reasons for early pregnancy failure; most impor-
tantly, it may provide extremely useful information for 
genetic counseling and planning for future pregnancies.

Access to the embryonal/fetal circulation and future 
applications of first-trimester embryofetoscopy

Cannulation of the vitelline and umbilical blood vessels 
under direct embryofetoscopic guidance is feasible. Reece 
et al. were the first to attempt fetal blood sampling by 
using first-trimester, transabdominal needle embryofe-
toscopy.7,10 These investigators were able to infuse indigo 
carmine dye into the circulation of three patients at 8–12 
weeks gestation prior to pregnancy termination. Surbek 
et al. reported on the use of transabdominal, first-trimes-
ter embryofetoscopy as a potential approach to early in 
utero stem-cell transplantation and gene therapy, since 
they succeeded in funipuncture in two of three attempts 
in patients prior to pregnancy termination.15

The best results in achieving access to the embryonal/
fetal circulation during the first trimester of pregnancy were 
reported by Miliou-Paouleskou et al., who attempted first-
trimester, transabdominal embryofetoscopy in 20 women.17 
Access to the embryonic circulation was attempted in 14 
cases and was performed successfully in 10 (success rate 
71.4%). There is no question that such high success rates, if 
confirmed by other investigators, would provide the vehicle 
for early intravascular stem-cell transplantation.

The prospects of human gene and cell therapy 
have become excellent in recent years. First-trimester 
embryofetoscopy allows accessibility to the circula-
tion of the developing embryo/fetus at a time when it is 
immunologically naive, and, therefore, more receptive to 
grafts. The early in utero application of this technology 
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may be advantageous in genetic diseases that produce 
irreversible damage by the time of birth. At present, the 
only technique that can be used effectively for gene trans-
fer is bone marrow. In the near future, however, more 
should be learned about how to package DNA and make 
it tissue specific. If so, the use of embryofetoscopy for 
intravenous injection of genetic material will hold great 
promise. Although fetal gene therapy is still experimen-
tal, the availability of first-trimester embryofetoscopy 
brings fetal gene therapy within our reach, and this ther-
apy may be proven in the future to be critical in prevent-
ing irreversible perinatal disease manifestations in many 
inherited conditions. However, it is prudent to investi-
gate this approach extensively, first in animal models in 
order to improve the technological aspects of the proce-
dure and assess the efficacy of gene expression, as well 
as possible side effects, before application in humans is 
considered.

Chan et al. have used embryofetoscopy to obtain fetal 
blood between 7 + 2 and 13 + 4 weeks gestation for ex vivo 
viral transduction of cultured human fetal mesenchy-
mal stem cells, thus leading to possible ex vivo fetal gene 
therapy.34 The same group of investigators showed that 
intrauterine transplantation of first-trimester fetal human 
mesenchymal stem cells repaired bone and reduced frac-
tures by two-thirds in osteogenesis imperfect mice, thus 
putting forward the scientific basis for similar treatment 
of affected human fetuses.35

Another future application of first-trimester embryofe-
toscopy is research on the role of the human yolk sac. A 
major question awaiting elucidation is the role of the 
yolk sac in early human development. The yolk sac pro-
vides blood cell precursors, gonadocytes, and epithe-
lia of the digestive and respiratory tracts and has been 
demonstrated to be structurally altered when exposed to 
high glucose concentrations in embryo culture experi-
ments.36 Therefore, the yolk sac may play an essential role 
in the pathogenesis of congenital anomalies in the fetuses 
of diabetic mothers. Direct observation of the yolk sac 
by embryoscopy, as well as aspiration of its contents for 
laboratory analysis, could enhance our understanding of 
human malformations considerably.

ETHICAL CONSIDERATIONS
Patients undergoing embryofetoscopy for either fetal 
diagnosis or therapy should be selected very carefully. 
The risks versus benefits should be carefully weighed 
in each individual case. The ability to treat terminal or 
debilitating congenital disorders before birth will lead 
to complex ethical questions with respect to the rights of 
the mother and fetus. The hospital ethics committee and 
other noninvolved physicians should be consulted in dif-
ficult or controversial cases.

CONCLUSION
In recent years, prenatal diagnosis has focused on the 
first trimester of pregnancy due to the improved resolu-
tion of transvaginal ultrasound and other first-trimester 

screening techniques such as nuchal translucency evalu-
ation. We now have the ability to diagnose many fetal 
anomalies in the first trimester of pregnancy, and the 
opportunity may be given for early intervention in terms 
of termination of pregnancy or fetal therapy, depending 
upon the particulars of each situation and the parents’ 
wishes. Soon the availability of first-trimester embryofe-
toscopy may routinely allow access to the embryo/fetus 
for early diagnosis and be coupled with potential thera-
peutic interventions. At the present time, however, early 
embryofetoscopy is typically considered in patients with 
early failed pregnancies for the evaluation of embryonic 
morphology and for fetal tissue retrieval for cytogenetic 
analysis.
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5Chorionic villus sampling
PATRICE M.L. TRAUFFER, NEIL S. SILVERMAN, and RONALD J. WAPNER

INTRODUCTION
The diagnosis of fetal cytogenetic abnormalities in the 
first trimester of pregnancy by chorionic villus sampling 
(CVS) has been a routine part of obstetrical care for over 
three decades. In the last 20 years, based on its proven 
safety and ability to provide a diagnosis earlier in preg-
nancy than amniocentesis, CVS has become the primary 
prenatal diagnostic approach in many centers. However, 
due to the continued improvement in noninvasive aneu-
ploidy screening the use of all diagnostic procedures, 
including CVS, has decreased by over 33% to more and 
50% in the last 5 years.1,2 Despite this decrease in routine 
use, the procedure remains a valuable technique for the 
diagnostic evaluation of screen positive patients, for diag-
nosing disorders not amenable to noninvasive screen-
ing, and for providing an option for couples who desire 
to maximize the available cytogenetic information about 
the pregnancy.

CVS entails aspiration of a sample of placental villi rep-
resented by microscopic, finger-like projections emanat-
ing from the chorion frondosum. The procedure is most 
often performed between 9 and 12 weeks from the last 
menstrual period: a time when the developing gestational 

sac has not yet filled the entire uterine cavity offering an 
ideal opportunity for the passage of a sampling instru-
ment transcervically into the developing placenta. The 
chorion layer has begun its differentiation into the chorion 
frondosum, which will become the placental site, and the 
smooth chorion laeve, from which the villi have already 
begun to degenerate (Figure 5.1).

The chorion frondosum contains the mitotically active 
villi cells and is, therefore, the area to be biopsied. At 
this early gestational age, the villi float relatively freely 
in the intervillous space and are anchored loosely to the 
 underlying decidua, making aspiration minimally trau-
matic. The individual villi have a distinctive branched 
appearance with an outer single-cell layer, the syncy-
tiotrophoblast, bordering on the proliferative cytotro-
phoblast. The mesenchymal core of the villi contains 
macrophages (Hofbauer cells) and fibroblasts. Fetal cap-
illaries are present within the mesenchymal core of the 
villus (Figure 5.2). The mitotically active cytotrophoblast 
buds provide tissue for a rapid direct karyotype prepa-
ration. Tissue culture techniques analyze mesenchymal 
core cells and this is the approach most commonly used 
for clinical testing.
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THE SAMPLING PROCEDURE
Transcervical sampling

Before sampling, real-time abdominal or vaginal ultrasound 
is used to evaluate the pregnancy.3 Fetal cardiac activity is 
documented. Measurements of the fetal crown–rump length 

(CRL) and gestational sac size are taken and compared with 
expected values for the gestational age by menstrual dates. 
Over 10% of our patients have had blighted ova diagnosed 
on this initial scan. Scheduling the procedure after 10 
weeks’ gestation appears to eliminate much of the potential 
early pregnancy loss and prevent sampling of karyotypically 
abnormal embryos destined to perish spontaneously.4 Most 
importantly, sampling after 70 days from the last menstrual 
period eliminates the risk of fetal limb defects seen with ear-
lier sampling (see Safety of CVS, below).

Ultrasound is used to map out the chorion frondosum, 
which is recognizable as a homogeneous, hyperechoic area. 
Visualization of the cord insertion can be used as confir-
mation of the correct location. The relative relationship 
of the uterus and cervix to the proposed sampling path 
should be noted and may be altered, to assist sampling, 
by distention or emptying of the maternal bladder, though 
overfilling, in an attempt to modify uterine anteversion. 
This can prevent uterine mobility, which is a requisite 
for safe sampling. Uterine contractions are frequently 
encountered and on occasion can interfere with the pas-
sage of the catheter (Figure 5.3). Waiting 10–20 minutes 
for dissipation or relocation of the contraction will make 
the procedure easier and therefore safer.

Once the conditions for sampling are satisfactory, the 
patient is placed in the lithotomy position; a speculum is 
inserted; the vulva, vagina, and cervix are aseptically pre-
pared with a povidone-iodine (Betadine) solution.

The distal 3–5 cm of the 1.5-mm diameter sampling 
catheter is bent into a slight curve (Figure 5.4) and passed 
through the cervix under ultrasound visualization until 
loss of resistance is detected at the internal orifice of the 
cervix uteri (internal os). At this point, the operator waits 
until the tip of the catheter is clearly seen on ultrasound, 
then directs the catheter, under continuous ultrasound 
guidance, to the sampling site well in the substance of the 
chorion frondosum. A combination of up and down move-
ment of the speculum to change the angle of approach, 
rotation of the catheter, and, if required, manipulation of 
the cervix with the tenaculum is used to guide the catheter 
into place. The catheter must be inserted slowly, without 
excessive force, along the unresisting tissue plane provided 
by the freely floating villi. Excessive force against resistance 
may cause the disruption of the underlying vessels or injury 
to the chorionic membrane. The catheter is inserted paral-
lel to the axis of the chorion frondosum and passed almost 
to its distal end (Figure 5.5). The flexible obturator is then 
removed, the outer plastic catheter is held in place, and a 
20-mL syringe containing 5 mL of nutrient medium with 
added heparin is attached to the catheter. Approximately 
15–20 mL of negative pressure is applied through the 
syringe as the catheter and attached syringe are withdrawn 
slowly. Once the catheter is removed, the aspiration fluid 
is visually examined to confirm the retrieval of adequate 
villi, which are seen within the syringe as white, branched 
structures. If inadequate material is obtained on the first 
pass, up to three passes, each with a fresh catheter may be 
attempted. Although the risk of adverse outcome appears 
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Figure 5.1 Chorionic villus sampling (CVS) is performed at 
9–11 weeks’ gestation. At this stage of gestation, the chorion 
has already differentiated into the frondosum, in which the 
villi are present, and the chorion laeve, in which the chorionic 
villi have degenerated. The chorionic space remains since the 
amnion and the chorion have not yet fused.

Figure 5.2 A high-power view of the chorionic villus. 
Cytotrophoblast buds are seen emanating from the villus core. 
Within the mesenchymal core of the villus, fetal blood vessels 
are easily identified.
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to be proportional to the number of passes required, two 
or occasionally three appear to be safe and are sometimes 
needed to obtain a diagnosis.5

Once the technique is mastered, one can achieve sufficient 
tissue retrieval with one or two insertions in about 97% of 
the cases. After an adequate sample is obtained, the patient 
is discharged home with no required recovery period, except 
for mild reduction of activity for the first 24 hours. She is 
instructed to contact the sampling center if heavy bleed-
ing or fever develops, though mild to moderate spotting or 
cramping is not uncommon up to 1 week after the procedure.

Transabdominal sampling

Though accumulated data suggest the safety and reliability 
of transcervical CVS for the first-trimester prenatal diag-
nosis, the technique has two major imitations. First, not all 
patients are appropriate candidates for a transcervical pro-
cedure. For example, that approach would be difficult or 
relatively contraindicated in women with active genital her-
pes, large cervical polyps, or a severely retroverted uterus. 
Second, many practitioners, because of experience gained 
by performing amniocenteses, are more  comfortable with 
a transabdominal than with a transcervical approach. Two 
techniques for transabdominal CVS have been described. In 
one, a two-needle technique, using a larger outer needle as a 
trocar, through which a thinner sampling needle is inserted 
to obtain a suction biopsy is used.6 Alternatively, a single-
needle, “free-hand” method, using a 20-gauge spinal needle, 
under direct ultrasound guidance can be used.7 Although 
the two-needle technique has the advantage of allowing 
reinsertion of the sampling needle without requiring a sec-
ond skin puncture if sufficient tissue is not initially aspirated, 
the single-needle procedure is quicker, less uncomfortable, 
and able to retrieve adequate tissue with minimal number 
of insertions. In our center the single-needle approach for 
transabdominal sampling is used exclusively.

As with the transcervical technique, a careful ultra-
sound evaluation is performed before the procedure. The 
biopsy path is selected by ultrasound so that the needle 
will be inserted parallel to the chorionic plate while tak-
ing care to avoid accidental passage through the bowel. 
In most cases, a relatively empty bladder is preferred so 
that the uterus is closer to the abdominal wall, minimizing 
the possibility of an inadvertent visceral injury. Povidone-
iodine preparation of the skin of the abdominal wall is 
performed, as in amniocentesis. We do not employ local 
anesthesia as a rule, though some centers do. At our center, 
an ultrasound biopsy guide is used to direct insertion of 
the needle tip into the myometrium just above the chori-
onic sampling site. Other centers prefer not to use a biopsy 
guide. Either approach appears to be equally successful, 
depending upon the operator’s preference.8 Once the nee-
dle is in place the needle is removed from the guide, the 
stylet is withdrawn, a syringe is placed into the needle’s 
luer lock, and, while applying continuous negative pres-
sure from the syringe, the biopsy needle is moved up and 
down three or four times through the entire length of 
the chorion before removal. If the sample is inadequate, 

Figure 5.3 A uterine contraction is seen in the lower uter-
ine segment displacing the sac upward. Waiting 15–20 minutes 
will frequently allow the contraction to dissipate and make 
sampling easier.

Figure 5.4 The catheter used for transcervical sampling 
includes a stainless steel inner stylet, which is easily malleable. 
The polyethylene outer sheath is also seen.

Figure 5.5 The CVS catheter is seen well within the chorion 
frondosum. The catheter is inserted into the distal end of the 
frondosum in order to maximize sample size.
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a new needle is reinserted and the procedure is repeated. 
As with the transcervical technique, no recovery period is 
required. Patients experience little, if any, bleeding after 
transabdominal CVS but significantly more transient 
cramping than with the transcervical approach.

Because of the success with transabdominal CVS 
for diagnosis in the first trimester, investigators have 
suggested extending its use to rapid karyotyping in the 
second and third trimesters as well. Pijpers et al.9 reported 
successful chromosomal analysis beyond 13 weeks’ gesta-
tion. This confirmed the work by others10,11 who advocated 
second-trimester transabdominal CVS for the rapid chro-
mosomal evaluation of at-risk fetuses. A recent study dem-
onstrated the efficacy of the procedure performed in the 
second and third trimesters and showed its special value 
in oligohydramnios, where amniocentesis was technically 
unfeasible.12 Exact determination of the pregnancy loss 
rates associated with these placental biopsies is difficult, 
since many procedures are performed for abnormal preg-
nancies. Documented losses occurred in less than 1% of 
the reported cases within 2 weeks of the procedures.

Choosing the transcervical or transabdominal CVS 
approach

The transabdominal and transcervical approaches to villus 
sampling are equally safe when performed by individuals 
equally skilled in both.13,14 In most cases, either approach 
can be used. But in about 3%–5% of cases, one approach is 
clearly more appropriate. For example, a posterior placenta 
will be more easily approached by the transcervical route, 
whereas a fundal or anterior placenta may be better sam-
pled transabdominally. For this reason, operators should 
be capable of performing a CVS by both approaches, leav-
ing them the option of sampling each patient by the most 
appropriate and hence safest procedure.15

Twin gestations

It has been demonstrated that CVS can be performed 
successfully and safely in twin gestations.16–18 However, 
occasional studies have suggested a slight increase in preg-
nancy loss. There are a number of potential pitfalls that 
are not present when a singleton is sampled. Whereas dye 
can be injected into the amniotic sac of one twin to allow 
confirmation that each fetus has been sampled at the time 
of amniocentesis, no such marker is available for CVS. 
Therefore, the operator must be certain that each placental 
site is separately identified by ultrasound and individu-
ally sampled. It is recommended that once the sampling 
instrument is in place the operator pauses to allow the 
sonographer to confirm accurate catheter/needle place-
ment. A combination of both sagittal and transverse scan-
ning will maximize the accuracy.

Ultrasound is important in determining whether mono-
chorionic or dichorionic placentation is present. The pres-
ence of the “twin peak” sign along with a thick well-defined 
membrane separating the two fetuses is a reliable indica-
tor in the first trimester of a dichorionic pregnancy.19 The 
absence of a membrane or a thin, wispy membrane without 

an identifiable twin peak is seen with a monochorionic preg-
nancy. In order to avoid errors, we attempt to sample each 
fetus near its placental cord insertion site whether a mono-
chorionic or dichorionic placentation is demonstrated by 
ultrasound. Sampling both fetuses even if they appear by 
ultrasound to be monochorionic is important since cases 
of dizygotic monochorionic pregnancies with discordant 
karyotypes have been reported, especially following assisted 
reproductive technology.20 Postzygotic nondisjunction can 
also occur leading to discordant monochorionic twins. Both 
of these occurrences are exceedingly rare so that monocho-
rionic cases in which sampling both twins appears inordi-
nately difficult may undergo one pass. In cases in which a 
membrane is not demonstrated, only one sample is retrieved. 
In our experience of hundreds of chorionic villus samplings 
in multiple gestations, utilization of this sampling technique 
has consistently led to correct information.

Cases in which the operator is not convinced that 
both fetuses within a dichorionic pregnancy have been 
independently sampled should have zygosity testing per-
formed to confirm appropriate independent samples. 
Although monozygotic dichorionic twins cannot be dif-
ferentiated from sampling one twin twice, it is advisable to 
offer amniocentesis in these cases. With experience, this 
should occur in less than 1% of cases.

Contamination of one tissue sample with villi from the 
other fetus is not uncommon and can lead to misinforma-
tion when the laboratory is not aware of this possibility. 
Clinically, this is usually not a problem when karyotype 
alone is to be analyzed, since the presence of an abnor-
mal cell line in one fetus will be identified even if some of 
these villi are contaminating the other sample. However, 
this can lead to a completely inaccurate result when bio-
chemical enzyme analysis is performed. Contamination 
is best avoided by choosing sampling routes that do not 
pass through both frondosums. Combinations of both 
abdominal and cervical sampling make this possible. For 
biochemical testing, analysis of individual villi rather than 
combining all villi in one sample will also diminish the 
possibility of an error. Most molecular analysis includes 
testing for maternal cell contamination, which will iden-
tify tissue from the coexisting twin.

The need for selective termination will occur when mul-
tiple gestations are tested. In our experience, 1%–2% of 
pregnancies in advanced maternal age patients will have at 
least one fetus with a karyotype abnormality. Fortunately, 
reduction or selective termination can be performed safely 
in early gestation.21 However, the need to occasionally per-
form this procedure mandates that an accurate and detailed 
graph of fetal position be drawn at the time of sampling so 
that the aneuploid fetus can be identified 1–2 weeks later. In 
cases in which uterine rotation makes identification of the 
affected fetus inconclusive, a repeat CVS with a 1- to 3-hour 
direct preparation to confirm the karyotype is suggested.

Since twins present unique difficulties, it is suggested 
that only experienced operators sample these gestations. 
Multiple gestations of higher order such as triplets and 
quadruplets have also been successfully sampled, but in 
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these cases the patient must be informed of the potential 
additive risks of the procedure.

Neural tube screening after CVS

Patients with either singleton or twin gestations who have 
first-trimester CVS should receive neural tube screening by 
either ultrasound examination or maternal serum alpha-
fetoprotein (AFP) at 15–18 weeks’ gestation. If the maternal 
serum AFP is elevated, the CVS need not be regarded as the 
cause of this elevation, these patients should have the appro-
priate workup to explain the high maternal serum AFP. 
Patients who have undergone selective termination are not 
candidates for maternal serum AFP screening because the 
residual fetal tissue will elevate the AFP; they should receive 
targeted ultrasound for malformation screening.

LABORATORY ASPECTS OF CVS
Tissue preparation

The average sample from a transcervical CVS contains 
15–30 mg wet weight of villus material for analysis. 
Transabdominal samples are slightly smaller, on average, 
but are adequate for routine procedures.22 The sample, 
once in the processing laboratory, is aseptically trans-
ferred to a Petri dish and inspected under an inverted 
microscope, where contaminating maternal tissue adher-
ent to the villi is teased away with a fine forceps and dis-
carded. Free-floating decidual tissue may also be present 
and likewise should be discarded. In contrast to the villi 
which have a frond-like branching appearance, decidua is 
amorphous. To avoid erroneously analyzing maternal tis-
sue, atypical appearing villi should be discarded and only 
those with a classical appearance saved. Cleaned villi are 
then transferred to a balanced salt solution, gently washed 
with a swirling motion, and transferred again to smaller 
dishes for tissue culture, incubation, or further prepara-
tion and analysis for biochemical or DNA diagnoses.

Cytogenetic analysis

Processing of the villi for cytogenetic analysis may be 
performed by two distinct methods. The “direct” method 

described by Simoni et al.23 makes use of the actively 
mitotic cytotrophoblast cells in the buds of the villi and 
may give a result in as little as 2 hours. In clinical practice, 
most laboratories use an overnight incubation and report 
results 3–4 days after the procedure. The second approach 
is to culture the cells of the villous mesenchymal core in 
standard monolayer cultures for about 5–8 days. Though 
the direct method is rapid and rarely plagued with decid-
ual contamination, tissue culture is superior in identifying 
and evaluating discrepancies between the cytotrophoblast 
and the actual fetal state, which is more closely represented 
by the cells of the mesenchymal core.

SAFETY OF CVS
Evaluation of the risks of CVS has focused on the issues of 
fetal loss, particularly in regard to spontaneous abortion 
(Table 5.1). Procedure-related spontaneous abortion has 
generally been defined as spontaneous fetal loss or diag-
nosed intrauterine fetal death prior to 28 completed weeks 
of gestation. However, calculating procedure-induced 
losses is complicated by the background pregnancy loss 
rate. Investigators have demonstrated that 2%–5% of preg-
nancies shown by ultrasound to be viable at 7–12 weeks’ 
gestation were either nonviable when rescanned at 18–20 
weeks prior to amniocentesis30–33 or were lost spontane-
ously prior to 28 weeks’ gestation. The rate of spontaneous 
loss increases with maternal age and is highest in women 
whose age places them at particular risk of chromosomal 
abnormalities and thus in need of prenatal diagnosis.31,33,34

Overall, these spontaneous losses appear to occur pre-
dominantly in early pregnancy, with losses after 16 weeks 
occurring uncommonly.35 The largest compilations of data 
regarding the risks of CVS have come from two collab-
orative reports. In early 1989, the Canadian Collaborative 
CVS-Amniocentesis Clinical Trial Group performed a 
prospective randomized comparison of CVS and second-
trimester amniocentesis and demonstrated no significant 
difference in the risk of pregnancy loss (relative risk [RR] 
1.10; 95% confidence interval [CI] 0.92, 1.30).24 Maternal 
complications were infrequent in each group.

Table 5.1 CVS and pregnancy loss.

Reference
Total procedures 
(technique used)

Induced abortions 
(%)

Spontaneous abortions (%) 
(losses upto 28 weeks/

continuing pregnancies
Procedural 
success (%)

Rhoads et al.5 2248 (TC) 45 (2.0) 77 (3.5) 97.8
Brambati et al.16 1159 (TA) 71 (6.1) 25/716 (3.5)a 99.7
Canadian Group24 1191 (TC) 26 (2.2) 57 (4.9) 98.5
Ward et al.25 163 (TC) 43 (26.3) 13 (10.8) 96.8
Green et al.26 940 (TC) 27 (2.9) 23 (2.5) 99.4
Wade and Young27 714 (TC) 29 (4.1) 31 (4.5) N/A
Jahoda et al.28 1550 (TC) 101 (6.5) 73 (5.0) 97.8
Clark et al.29 211 (TC) 8 (3.8) 6 (2.9) N/A

8029 350/8176 = (4.3%) 305/7454 = 4.1%

Abbreviations: CVS, chorionic villus sampling; N/A, not applicable; TA, transabdominal CVS; TC, transcervical CVS.
a Includes only completed pregnancies.
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An American collaborative report described a prospec-
tive but nonrandomized trial of over 2200 women who 
had chosen either transcervical CVS or second-trimester 
amniocentesis for prenatal diagnosis.5 As in the Canadian 
study, advanced maternal age was the primary indication 
for the procedures. When the losses were adjusted for group 
differences in gestational age and maternal age, an excess 
pregnancy loss of 0.8% referable to CVS, over amniocente-
sis, was calculated, which again was not significant.

Multiple single-center reports have confirmed the 
results of these collaborative trials regarding the safety 
and  accuracy of transcervical CVS.25–29,36 After adjust-
ments for background loss, no significant increases in 
pregnancy losses were related to CVS, though a proce-
dural “learning curve” was observed. The latter must be 
taken into account with any new technical development. 
Data from all studies show that loss rates increase with 
the number of insertions required to obtain an adequate 
sample and that the number of insertions is inversely pro-
portional to the expertise of the operator.

Transabdominal CVS is equally safe with comparative 
trials demonstrating no significant difference in loss rates 
between the two approaches.13,22 In the United States with 
over 1000 patients in each arm of the study, procedural suc-
cess (over 99%) and total pregnancy loss rates were equiva-
lent for both groups.22 In addition, for a comparable numbers 
of patients only one attempt was required to retrieve the tis-
sue (87%), some had unsuccessful procedures (less than 1%). 
These results were confirmed by others who also suggested 
that because of preexisting operator experience with trans-
abdominal invasive procedures that approach might be the 
method of first choice for most CVS.37

Contemporary studies continue to confirm the safety 
of CVS. A recent meta-analysis and systematic review 
evaluated relevant citations reporting procedure-related 
complications of CVS.38 Only studies reporting data on 
more than 1000 procedures were included to minimize the 
effect of bias from smaller studies. This analysis included 
207 losses in 8899 women who underwent CVS. The risk 
of miscarriage prior to 24 weeks in women who underwent 
CVS was 2.18% (95% CI, 1.61%–2.82%). The background 
rate of miscarriage in women from the control group 
that did not undergo any procedures was 1.79% (95% CI, 
0.61%–3.58%). The weighted pooled procedure-related risk 
of miscarriage was 0.22% (95% CI, -0.71% to 1.16%).

In conclusion, in experienced centers, CVS is safe with 
a procedure-related loss rate of approximately 1 in 500, 
a risk similar to that of second-trimester amniocente-
sis. However, the impact of operator experience cannot 
be underestimated. CVS, particularly the transcervical 
approach, has a relatively prolonged learning curve. Saura 
et al.39 suggested that over 400 cases may be required 
before safety is maximized. The role of experience is fur-
ther demonstrated by three sequential National Institute 
of Child Health and Human Development (NICHD) 
sponsored trials in which the majority of operators 
remained relatively constant. The postprocedure loss rate 
following CVS fell from 3.2% in the initial trial performed 

from 1985 to 1987,5 to 2.4% for the trial performed from 
1987 to 1989,14 and to only 1.3% in their most recent expe-
rience from 1997 to 2001.40 Most recently, Caughey et al.41

confirmed the continuing improvement seen with experi-
ence. When outcomes from their center were analyzed in 
5-year time intervals the overall postprocedure loss rate 
decreased from 4.4% in the interval 1983–1987 to 1.9% in 
the interval 1998–2003.

Complications of CVS

The incidence of post-CVS chorioamnionitis is low. One 
study found an incidence of 0.3% prior to 20 weeks’ gesta-
tion,42 while another reported only two clinically detected 
infections in 1000 procedures.43 These results were con-
firmed by the large CVS collaborative series.5,24 In our own 
series of over 8000 patients, we have observed no case of 
chorioamnionitis requiring uterine evacuation. We do 
not prescribe prophylactic antibiotics periprocedurally. 
Among our pregnancy losses, the suspected incidence of 
periabortion chorioamnionitis was 0.08%, about the same 
as seen in a series of spontaneous abortions that had not 
been previously sampled.31,33

Risk of fetal abnormalities after CVS

An association between exposure of a pregnancy to CVS 
sampling and fetal limb reduction defects (LRD) initially 
led to a significant concern about the safety of the proce-
dure. In a series of 539 CVS-exposed pregnancies, Firth 
et al.44 identified five infants with severe limb abnormali-
ties, all of which came from a cohort of 289 pregnancies 
sampled at 66 days’ gestation or less. Four of these infants 
had oromandibular-limb hypogenesis syndrome and the 
fifth had a terminal transverse LRD. Oromandibular-limb 
hypogenesis syndrome occurs with a birth prevalence of 
1 per 175,000 live births45 and LRD occur in 1 per 1,690 
births.46 In this initial report, all of the limb abnormalities 
followed transabdominal sampling performed at 55–66 
days’ gestation. Subsequent to this initial report, others 
added supporting cases,47 while other case–control stud-
ies did not find an association.4

More contemporary studies have demonstrated that the 
risk of LRD from CVS exposure is limited to procedures 
performed in very early gestation. Most notably, Brambati 
et al.,48 an extremely experienced group that found no 
increased risk of limb defects in patients sampled after 9 
weeks, observed that patients sampled at 6 and 7 weeks 
had a 1.6% incidence of severe defects. This rate decreased 
to 0.1% for sampling at 8–9 weeks.

A review of almost 140,000 CVS procedures reported to 
a World Health Organization (WHO) registry has demon-
strated no increase in the overall incidence of LRD after 
CVS performed beyond 63 days’ gestation or in any spe-
cific type or pattern of defects.47 Table 5.2 summarizes the 
studies evaluating the association between CVS and fetal 
limb defects for procedures performed after 63 days of ges-
tation and confirms the findings of the registry.

In conclusion, present data demonstrate that perform-
ing CVS in the standard gestational window of 10–13 
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weeks does not increase the risk of LRD. Sampling before 
10 weeks is not recommended, except in very unusual cir-
cumstances, such as when a patient’s religious beliefs may 
preclude a pregnancy termination beyond a specific gesta-
tional age.63 These patients, however, must be informed that 
the incidence of severe LRD could be as high as 1%–2%.

Bleeding

Vaginal bleeding or spotting is relatively uncommon 
after transabdominal CVS procedures but not unusual 
after transcervical CVS. Most centers report this occur-
rence in 15%–20% of transcervically sampled patients, 
though heavy bleeding occurs in only a small percent-
age. Subchorionic hematoma formation immediately after 
sampling was seen in 4% of sampled pregnancies and was 
associated with up to 7 days of vaginal bleeding.43 The 
hematoma usually disappeared before week 16 of preg-
nancy and was rarely associated with an adverse outcome. 
The heavy bleeding and resulting hematoma formation 
result from accidental placement of the transcervical cath-
eter into the vascular decidua basalis underlying the cho-
rion frondosum. In many of these cases, a distinct “pop” 
is felt prior to the bleeding and a gritty feeling indicates 
penetration into the decidual layer. In extreme cases, the 
development of a hematoma can be seen on ultrasound 
and its expansion charted (Figure 5.6). Careful attention 
to the feel of the catheter, which is gained with experience, 
can prevent many of these hemorrhagic episodes.

Rh sensitization

An acute and consistent rise in maternal serum AFP levels 
after CVS has been reported, implying a detectable degree 
of fetal maternal bleeding.64–66 In Rh-negative women, 

this fact is critical, since Rh-positive cells in volumes as 
low as 0.1 mL can cause Rh sensitization.67 The risk of 
fetal–maternal bleeding has been shown to be indepen-
dent of CVS method (transcervical or transabdominal), 
and dependent on the amount of tissue aspirated, though 
all women with even a single pass by either method had 
detectable rises in AFP.66 For these reasons, all Rh-negative 
nonsensitized women undergoing CVS, receive Rho (D) 
immunoglobulin subsequent to the procedure. The risk of 
worsening the already existing Rh immunization in previ-
ously sensitized women has been described and presents a 
relative contraindication to CVS in this population.68

Rupture of the membranes

Acute rupture of the membranes, documented either by 
obvious gross fluid leakage or by a decrease in amniotic 
fluid volume on ultrasound, is a very rare complication 
of CVS. In a collaborative review of over 6000 procedures 
from three centers, acute membrane rupture was not 
observed. In fact, attempts intentionally to rupture mem-
branes with a transcervical catheter in pregnancies sched-
uled for termination have confirmed that the chorion can 
withstand significant pressure without rupturing.

Rupture of the membranes days or weeks after the pro-
cedure may occur, however, either from injury to the cho-
rion allowing exposure and damage of the amnion or as 
a result of low-grade chorioamnionitis. Various groups 
have reported a 0.3% incidence of delayed rupture of the 
membranes after CVS.42,43 A significant finding confirmed 
by our own experience is the presence of oligohydramnios 
in the second trimester in 6 of 1000 sampled patients, in 
the absence of clinical evidence of fluid leakage.42 In one 
of our cases, blue dye injected transabdominally into the 

Table 5.2 Studies evaluating the association of CVS and LRDs: procedures performed after 63 days of gestation.

No association Association

Author
No. of post-CVS 
live births No. of LRD Author No. of CVS No. of LRD

Jahoda et al.49 3,973 3 Burton et al.50 394 4
Halliday et al.51 2,071 3 U Mastroiacovo et al.52 2,759 3
Canadian Group24 905 0 Bissonnette (A)53 507 5
Schloo et al.54 3,120 2
Monni et al.55 2,752 2
Blakemore et al.56 3,709 3
Silver et al.57 1,048 1 U
Mahoney–U.S. NICHD58 4,588 8
Jackson et al.59 12,863 5
Smidt-Jensen et al.60 2,624 0
Bissonnette (B)53 269 0

Case–control studies OR CI OR CI

Eurocat4

U.S. Multistate62

Overall LRD
Transverse LRD

1.8

1.7
4.7

0.7–5

0.4–6
0.8–28

Italian multicenter <76 days61

U.S. Multistate62

Terminal digital LRD

19

6.4

9–37

1.1–38

Abbreviations: CI, confidence interval; LRD, limb reduction defects; OR, odds ratio; U, uncertain association.
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amniotic sac was subsequently detected transvaginally, 
confirming the leak.

Perinatal complications

Absence of an increase in the rate of congenital abnor-
malities after CVS was noted in the large collaborative 
series and in our own experience of over 6000 deliveries. 
Prolonged follow-up of 53 children born after placen-
tal biopsy found all of them in good health, with normal 
development and school performance.69 No series to date 
has demonstrated late perinatal complications. There has 
been no reported increase in preterm labor, premature 
rupture of the membranes, and small-for-date infants.70

There have been reports of an increased risk of preeclamp-
sia following CVS, which theoretically may occur because 
of an increased exposure of the mother to fetal tissue.71,72

Other studies have not observed this increase.73

ACCURACY OF CVS
CVS is a highly reliable method of prenatal diagnosis with 
a 99.7% rate of successful cytogenetic diagnosis.74 However, 

errors most often from maternal cell contamination or misin-
terpretation of mosaicism confined to the placenta can occur.

Maternal cell contamination

Chorionic villus samples frequently contain both villi and 
decidua. Even when specimens are inspected under a dis-
secting microscope, some maternal cells may remain and 
grow in the culture.

Contamination of samples with significant amounts 
of maternal decidua is rare but almost always due to the 
retrieval of a limited number of villi, making selection 
of appropriate tissue difficult. In experienced centers in 
which adequate quantities of villi are available, this prob-
lem is minimal.75 Therefore, if the initial aspiration is 
small, a second pass should be performed rather than risk 
inaccurate results.

Confined placental mosaicism

Although the fetus and placenta have a common ancestry, 
the karyotype from chorionic villus tissue may not always 
reflect that of the fetus.74,76–78 This usually is associated 
with confined placental mosaicism in which the CVS will 
demonstrate both a euploid and an aneuploid cell line with 
the abnormal cell line not being confirmed in the fetus. 
On rare occasions, the villi will have only aneuploid cells. 
0.6%–1.3% of CVS samples will be mosaic, with approxi-
mately three-quarters being isolated to the placenta.5,24,79

Mosaicism can occur through two possible mecha-
nisms.80 In one, a meiotic error initially leads to a trisomic 
conceptus. On subsequent mitotic divisions, some of the 
cells loose one of the trisomic chromosomes resulting in 
a disomic cell line within the morula. Cells in the morula 
will then segregate to either the inner cell mass becom-
ing the embryo or proceed to the trophoblast cell lineage. 
Because only a small proportion of cells are incorporated 
into the inner cell mass, involvement of the fetus will 
depend on the random distribution of the aneuploid pro-
genitor cells. If only euploid cells comprise the fetal cell 
lineage “confined placental mosaicism” occurs in which 
the trophoblast will have aneuploid cells and the fetus will 
be euploid.

Mitotic postzygotic errors can also result in confined 
placental mosaicism with the distribution and percent of 
aneuploid cells depending on the timing and location of 
nondisjunction. If mitotic errors occur early in develop-
ment, affected cells may segregate to the inner cell mass 
resulting in true fetal mosaicism or alternatively only to 
the trophoblast. Mitotic errors occurring after primary 
cell differentiation and compartmentalization will lead to 
cytogenetic abnormalities in only one lineage.

In most cases, if the mosaic results are confined to 
the placenta, fetal development will be normal, but if the 
mosaic cell line involves the fetus, significant phenotypic 
consequences are possible. When placental mosaicism is 
discovered, amniocentesis should be performed to elu-
cidate the extent of fetal involvement. Under no circum-
stances should a decision to terminate a pregnancy be 
based entirely on a CVS mosaic result. Alternatively, no 

(a)

(b)

Figure 5.6 (a) Demonstrates a small subchorionic hematoma 
seen shortly after transcervical chorionic villus sampling. (b) 
Demonstrates a much larger hematoma found at the 16-week 
follow-up scan. Both of these hematomas resolved spontane-
ously and were not visible at follow-up scanning at 20 weeks.
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guarantees should be made if the amniocentesis is nor-
mal since a low-grade fetal mosaic result can be missed. 
Management of confined placental mosaicism is com-
plex and patient counseling will vary depending on the 
chromosome involved and the percentage of abnormal 
cells present. Further testing such as ultrasound, fetal 
blood sampling, or even fetal skin biopsy is occasionally 
required to evaluate the risk of an abnormal fetal phe-
notype. Collaborative management with an experienced 
genetic specialist is recommended.

Depending on the chromosome involved, confined pla-
cental mosaicism may be a marker for fetal uniparental 
disomy (UPD) and inheritance of a pair of chromosomes 
from a single parent. In these cases delineation of the 
parental origin of the remaining disomic chromosomes 
may be necessary. UPD may have clinical consequences 
if the chromosomes involved carry imprinted genes in 
which expression is based on the parent of origin. For 
example, Prader–Willi syndrome may result from unipa-
rental maternal disomy for chromosome 15. Therefore, a 
CVS diagnosis of confined placental mosaicism for tri-
somy 15 may be the initial clue that UPD could be present 
and lead to an affected child.81,82 In addition to chromo-
some 15, chromosomes 7, 11, 14, and 22 are believed to be 
imprinted and require similar follow-up.83 Overall, women 
with confined placental mosaicism can be generally reas-
sured regarding the course of pregnancy and infant health 
and development.84

Confined placental mosaicism (unassociated with 
UPD) can alter placental function and lead to fetal growth 
failure or perinatal death.80,85–90 The exact mechanism 
by which abnormal cells within the placenta alter func-
tion is unknown, but the effect is limited to specific chro-
mosomes. For example, confined placental mosaicism 
for chromosome 16 leads to severe intrauterine growth 
restriction, prematurity, or perinatal death, with less than 
30% of pregnancies resulting in normal, appropriate-for-
gestational-age, full-term infants.91–95

ESTABLISHING A CVS PROGRAM
Although CVS has been demonstrated to be safe and effi-
cacious in the hands of experienced operators, gaining 
this experience has proven difficult for a number of cen-
ters. Since transabdominal sampling utilizes skills that 
many operators already have, studies have demonstrated 
that trainees gain experience under the guidance of expe-
rienced operators so that they can use their skills safely 
and effectively.96

Ultrasound-guided transcervical sampling requires 
the learning of a new approach. However, the availability 
of both techniques dramatically improves the ability to 
retrieve tissue safely and easily. Transcervical sampling is 
best learned on pretermination patients. In general, 25–50 
such procedures should be performed prior to beginning 
sampling on continuing pregnancies. It is suggested that 
the operator continue to practice sampling until he or she 
is able to retrieve sufficient villi from over 95% of patients. 
If pretermination procedures are unavailable, sampling 

in patients with blighted ova is useful and has the added 
advantage of offering the patients karyotype information 
on the abnormal pregnancy. At the present time, CVS 
sampling should be performed in centers in which sam-
plers and cytogeneticists are in close proximity to each 
other, working as a single system. This allows the tissue to 
be reviewed prior to the discharge of the patient and per-
mits a comprehensive and complete service for the patient.

ACCEPTANCE OF CVS
Initial experiences reporting on the technical feasibility of 
first-trimester sampling of the placenta for the purposes of 
prenatal diagnosis were followed by large-scale series that 
confirmed the safety of the procedure.5,24,97 Still to follow 
were reports on the acceptability of the method by patients 
presenting for genetic diagnosis. Once the feasibility and 
acceptance of first-trimester diagnosis was established, 
aneuploid screening quickly moved from the second to the 
first trimester. Prenatal diagnosis in the first trimester has 
now found almost universal approval.

The major advantage of CVS is the privacy inherent in 
an earlier procedure. Psychologic studies on populations 
of women undergoing prenatal diagnosis demonstrate that 
first-trimester procedures lower maternal anxiety levels 
earlier and more consistently than traditional midtrimes-
ter amniocentesis. Measurable and significant decreases in 
anxiety scores are seen after normal results are available. 
CVS results, logically, produce lower scores earlier than did 
amniocentesis.

Women undergoing CVS report greater attachment 
to the pregnancy during the second trimester than 
women undergoing amniocentesis, assessed in terms 
of both attachment between mother and fetus and self-
comparison to attachment perceived by other pregnant 
women.98 The increased acceptance of prenatal diagnosis 
earlier in pregnancy has made researchers realize that, as 
earlier procedures become available, they quickly become 
the preferred choice making CVS the standard against 
which the safety and accuracy of even newer technologies 
have to be measured.
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6Amniocentesis
SRIRAM C. PERNI, JOHN R. ROOST, and FRANK A. CHERVENAK

HISTORICAL BACKGROUND
Amniocentesis is the most commonly performed inva-
sive prenatal diagnostic test. Over a century ago, initial 
reports of extracting amniotic fluid from the gravid uterus 
appeared for the treatment of polyhydramnios.1 Over the 
past few decades, indications for its use have significantly 
evolved. Amniocentesis was performed in the 1930s to 
identify the placental location and for the purpose of preg-
nancy termination by the instillations of dye and hyper-
tonic saline, respectively.2 Subsequently, in the 1950s, 
amniocentesis was utilized to monitor the progression of 
rhesus isoimmunization3 and for fetal sex determination.4
It was not until the 1960s that amniocentesis was used for 
the prenatal diagnosis of fetal abnormalities,5 including 
the evaluation of metabolic derangements.6 In the 1970s, 
amniocentesis was used to assess fetal lung maturity7 and 
as an adjunct in the diagnosis of fetal neural tube defects 
with the amniotic fluid alpha-fetoprotein assay.8 Currently, 
the diagnostic capabilities for invasive amniocentesis in 
the field of prenatal diagnosis are vast. However, the util-
ity of this genetic test has evolved with the result of novel 
screening algorithms and with the advent of noninvasive 
screening technologies.9

GENETIC AMNIOCENTESIS
Trends

With the emergence of first-trimester risk assessment pro-
tocols, and the proven clinical utility of these algorithms in 
clinical practice, further options are available to expectant 
mothers outside of historic invasive genetic testing based 
on advanced maternal age alone.10 Reduced utilization rates 
of invasive diagnostic testing have been observed recently, 
especially in women over the age of 35 years, secondary 

to the proven clinical value of first- trimester screening for 
aneuploidy risk assessment and also noninvasive screen-
ing technologies.9,11 The first- trimester aneuploidy risk 
assessment was triggered by nuchal translucency screen-
ing which led to a reduction in the incidence of invasive 
diagnostic testing.11 Prenatal screening using first- and 
second-trimester ultrasound and biochemical markers 
have been well established.12,13 Studies have shown a con-
sistent decline in the performance of genetic amniocen-
tesis, as well as chorionic villus sampling, with the robust 
use of these screening algorithms.14

As noninvasive prenatal testing (NIPT) methodologies, 
using cell-free fetal DNA, have come to fruition there has 
been a further steady decline in the clinical application of 
these invasive prenatal diagnostic technologies.9 A signifi-
cant decrease in the usage of genetic amniocentesis (e.g., 
from 5.9% to 4.1% in patients with an increased risk for a 
fetal aneuploidy) was also validated in a study by Pettit et 
al.15 Since 2011, NIPT has been corroborated to be a via-
ble option for those women who are at increased risk of 
fetal aneuploidy, whose only previous option was invasive 
genetic testing.16 Thus, NIPT, along with first-trimester 
risk assessment, significantly altered the clinical landscape 
for genetic amniocentesis.

Despite the capabilities of NIPT technology in women 
at an increased risk for fetal aneuploidy, genetic amnio-
centesis remains the gold standard for prenatal diagnosis.15

NIPT should not replace invasive diagnostic testing, espe-
cially in the presence of ultrasound fetal anomalies, since 
it has significant limitations and shortcomings in iden-
tifying all fetal chromosome abnormalities.17 NIPT may 
not capture the less common chromosomal abnormali-
ties, which may otherwise be identified only with invasive 
genetic amniocentesis. Furthermore, although there has 
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been a decline of genetic amniocentesis as a result of these 
noninvasive technologies, NIPT has not been validated to 
be a diagnostic test.9

Indications

Invasive prenatal diagnosis remains the reference stan-
dard for diagnosis in pregnancies at high risk of fetal aneu-
ploidy, genetic disorders, and metabolic derangements. 
Amniocentesis is a safe and accurate procedure and can 
be selectively performed by the clinician to identify con-
ditions after collecting amniocytes. Midtrimester amnio-
centesis continues to be the most common procedure 
performed in invasive prenatal diagnosis.18,19 Patients at 
high risk for fetal aneuploidy, or those who have a finding 
of a fetal structural anomaly, are candidates for amniocen-
tesis. If a structural fetal anomaly is identified on ultra-
sound evaluation, further invasive diagnostic testing and 
genetic counseling should be offered to the patient.17

Indications for genetic amniocentesis include advanced 
maternal age at the time of delivery, a pregnancy previously 
affected by aneuploidy, parental carriage of a balanced chro-
mosomal translocation, a phenotypically normal mother 
with known sex chromosomal mosaicism, a female carrier 
of a sex-linked recessive condition, heterozygous paren-
tal carriers of a single-gene mutation disorder, evaluation 
of fetal neural tube defects in conjunction with maternal 
serum alpha-fetoprotein levels and fetal anatomic survey 
by ultrasonography, abnormal multiple serum marker bio-
chemical screening, maternal request, and confirmation of 
the diagnosis of fetal aneuploidy suspected on NIPT, and 
remains the only consistent proven clinical way to diagnose 
fetal aneuploidy in multifetal gestation.17,20 The most com-
mon of these indications for amniocentesis is a maternal 
age greater than or equal to 35 years of age at the time of 
delivery,18 although the clinical use of an age cutoff has been 
questioned.21

Timing

Genetic amniocentesis is usually performed at 15–20 
weeks of gestation.19,20,22 At this gestational age, there 
should be a sufficient amount of amniotic fluid surround-
ing the fetus to allow for adequate collection. As fetal size 
and micturition steadily increase with advancing gesta-
tional age, approximately 100 cc of fluid is present at 14 
weeks’ gestation, and greater than 300 cc surrounds the 
fetus by 17 gestational weeks.23 In addition, midtrimester 
results from the amniocentesis will be available to offer the 
patient the option of pregnancy termination. Fetal cells 
exfoliated from gastrointestinal and urogenital tracts, 
from the skin, and from the amnion are used for genetic 
analysis. Since these cells are not actively proliferating, 
they are cultured. Culture failure rates are low, owing to 
the fact that there are 1.2 × 104 cells/mL of amniotic fluid 
collected; however, culture failure is more likely if the fetus 
is abnormal.24 Cell culture production for genetic analysis 
is undertaken by setting up multiple flask cultures or by 
allowing amniocytes to settle individually on a slide and 
form discrete colonies.20 However, conclusive results may 

take weeks. Amniocentesis performed at this gestational 
age yields greater than 99% diagnostic accuracy.25,26 The 
amniotic fluid collected can be used to test for fetal chro-
mosomes, alpha-fetoprotein, and acetylcholinesterase lev-
els, as well as fetal metabolic disorders when indicated.

Due to the significant recent advances in ultrasound 
visualization and laboratory techniques, efforts have been 
made to shift prenatal diagnosis into the first trimester 
of pregnancy to provide parents with an earlier diagno-
sis. The diagnostic options available in the first trimester 
for fetal karyotyping include chorionic villus sampling 
(CVS) and early amniocentesis (EA). A few studies have 
demonstrated the possibility of performing amniocente-
sis at 11–14 weeks of gestation,27,28 the so-called EA. The 
primary concerns that the clinician faces when perform-
ing an EA are the reliability in obtaining a specimen and 
the potential for culture failure. A study evaluating EA in 
600 patients demonstrated that a specimen could not be 
obtained in only 1.6% of patients.29 Another study, how-
ever, demonstrated a higher culture failure rate with EA 
than in later gestational ages.30 In our opinion, EA should 
not be performed. CVS is a safer alternative for earlier 
diagnosis.

Most new information on the safety and efficacy of 
EA comes from the Canadian Early and Midtrimester 
Amniocentesis Trial (CEMAT), a large, prospective, ran-
domized clinical trial, of over 4000 pregnant women, 
with significant power to detect clinical outcome differ-
ences.26,31,32 In this trial, EA was associated with a higher 
rate of total fetal loss, an increase in the incidence of tali-
pes equinovarus, and a higher incidence of postprocedural 
amniotic fluid leakage compared with the midtrimester 
amniocentesis group. However, culture success (97.7%) 
and accuracy (99.8%) rates were high for the patients in 
the EA group; culture of EA fluid required one more day 
than the midtrimester amniocentesis group.

Studies have also evaluated and compared CVS with 
EA. These studies have also demonstrated a higher inci-
dence of talipes equinovarus in the EA than in the CVS 
group.33,34 In addition, higher rates of fetal loss after EA 
have also been demonstrated compared with CVS33,35 
and a higher rate of repeat testing was required in the EA 
group due to culture and sample failure.35

There are a few other technical considerations that make 
EA challenging to the clinician. Membrane tenting may be 
more likely to occur with EA due to the incomplete fusion 
of the amnion and chorion. With EA, the presence of 
physiologic gut herniation or bladder exstrophy between 
the abdominal wall and uterus makes the procedure dif-
ficult and potentially dangerous. We believe EA should not 
be performed in any situation.

FETAL LUNG MATURITY TESTING
Utilization of amniocentesis for determination of fetal 
lung maturity is usually performed in the mid-to-late 
third trimester of pregnancy. It usually is indicated at 
various late gestational ages depending on the maternal, 
fetal, and obstetric conditions that are involved. A variety 
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of diagnostic laboratory tests are available to determine 
the relative concentrations of the surfactant-active phos-
pholipids. Prior to 34 weeks’ gestation, lecithin and sphin-
gomyelin are present in similar concentrations in the 
amniotic fluid. However, after 34 weeks’ gestation, the rel-
ative concentration of lecithin to sphingomyelin begins to 
increase. Some clinicians, in contrast, utilize the presence 
of phosphatidylglycerol in amniotic fluid as the definitive 
test to ensure fetal pulmonary maturity. A myriad of other 
tests, including the foam stability, lamellar body counting, 
surfactant-to-albumin ratio, and infrared spectroscopy 
tests, may also be performed by various reference labora-
tories on amniotic fluids obtained by amniocentesis.22,36–38

This is an important procedure, especially in cases of 
poorly dated pregnancies; however, it should not be used 
to guide the timing of delivery in well-dated pregnancies.39

ISOIMMUNIZATION IN PREGNANCY
Hemolytic disease of the newborn resulting from rhesus 
alloimmunization was previously a major contributor to 
perinatal morbidity and mortality. Since the widespread 
availability of rhesus immunoglobulin (RhoGam), the 
prevalence of this condition has substantially decreased 
to one to six cases per 1000 live births.40 Today, alloim-
munization is more likely to result from the “atypical” 
antibodies (e.g., anti-Kell or non-D Rh antigens). Invasive 
diagnostic technologies, such as amniocentesis, have been 
regularly used historically in the management of pregnan-
cies complicated by alloimmunization. However, with the 
advent of noninvasive ultrasound technology, an indirect 
methodology for evaluation for fetal well-being can be 
ascertained with evaluation of the fetal middle cerebral 
peak-systolic velocity Doppler waveforms.41 Therefore, as 
a result, the utilization of amniocentesis for such pregnan-
cies has substantially declined 41 and it is almost nonexis-
tent in centers with the appropriate ultrasound expertise.

In situations where the appropriate ultrasound exper-
tise for noninvasive evaluation for fetal anemia is available, 
amniocentesis with spectophotometric examination of 
the amniotic fluid can be used to assess for fetal  anemia.42

Amniotic fluid bilirubin, derived from fetal pulmonary 
and tracheal secretions, is quantified by spectrophotomet-
rically measuring its absorbance at the 450-nm wavelength 
(change in optical density [∆OD450]). Care must be taken 
to shield the amniotic fluid specimen from light. Fetal sta-
tus is estimated by plotting the results from the ∆OD450
measurement on the Liley curve and assessing which zone 
(i.e., zone I lowest, zone II middle, zone III uppermost) the 
measurement falls in. Amniocentesis is repeated as indi-
cated, usually every 3–4 weeks if it is in zone I and every 
1–4 weeks if it is in zone II.

TECHNIQUE OF AMNIOCENTESIS
Before amniocentesis is performed, the patient should be 
counseled. Since most amniocenteses are performed for 
genetic reasons today, such counseling is best done by a 
genetic counselor. A careful assessment of the patient’s 
medical history and family pedigree analysis will provide 

useful information for both the patient and the obstet-
ric caregivers. This time will also allow for a discussion 
regarding the risks and benefits involved in the amniocen-
tesis procedure itself. At the initial encounter, the patient’s 
laboratory tests (ABO blood type and indirect Coombs’ 
tests status) should be verified to assess the need for 
RhoGAM after the amniocentesis. An ultrasound evalu-
ation should also be performed prior to the procedure to 
document the viability, number, complete fetal anatomic 
survey, gestational age, and position of the fetus(es) and 
to identify the placental location. Only clinicians famil-
iar with its indications and technique should perform 
amniocentesis.43

High rates of infection and failure to obtain amniotic 
fluid have been reported with amniocentesis performed 
transvaginally.1 This technique also potentially causes 
greater patient discomfort and requires appropriate patient 
positioning. Thus, transabdominal amniocentesis is the 
approach of choice for this prenatal diagnostic technique.

Initially, transabdominal amniocentesis was performed 
without ultrasound guidance.44 Later, static and real-time 
ultrasound was utilized during amniocentesis. The possi-
bility of continuous ultrasound guidance during amnio-
centesis was first reported in the early 1980s.45 Studies 
have demonstrated the superiority of continuous ultra-
sound visualization of the needle during amniocentesis to 
“blind” amniocentesis, in which ultrasound is performed 
prior to the procedure, with subsequent removal of the 
transducer and immediate sampling. Continuously moni-
tored amniocentesis resulted in a lower number of dry 
and bloody taps of the first needle insertion, a decrease in 
the number of patients requiring multiple attempts, and a 
reduction in the number of spontaneous losses following 
the procedure.46,47 Other studies have also corroborated 
the safety and efficacy of continuous visualization of the 
needle during amniocentesis.48

After the maternal abdomen is prepped in a sterile man-
ner (e.g., Betadine), the transducer should be placed into 
a sterile plastic bag, sheath, or glove with gel. Sterile gel 
can then be applied to the abdomen for improved sono-
graphic visualization of the intrauterine environment. 
Alternatively, the transducer can be held at a 90° angle 
outside the sterile field.

After the initial ultrasonic evaluation, the obstetrician 
locates an appropriate site for the needle insertion. An 
area that does not contain fetal parts (especially the head) 
or the umbilical cord, has an adequate volume of amniotic 
fluid, and avoids the lower uterine segment and placen-
tal tissue should be selected, if possible (see Figure 6.1).19

Utilization of a local anesthetic agent (e.g., 1% lidocaine 
without epinephrine) prior to needle insertion is at the 
individual discretion of the physician and patient. Some 
would argue that this is an unnecessary step because the 
site of the initial needle insertion may change if the fetus 
moves; therefore, the anesthetic would have to be applied 
to another site. In addition, this may actually increase 
patient discomfort because an extra skin puncture would 
be required.

  



58 Amniocentesis

A variety of spinal needles can be utilized for amniocen-
tesis. The procedure has been reported to use an 18-, 20-, 
or 22-gauge spinal needle.1,19,20 The 18-gauge needle is used 
the least. We prefer to use a 22-gauge needle to minimize 
maternal discomfort and maintain uterine quiescence 
if possible. However, some clinicians prefer a 20-gauge 
spinal needle to the 22-gauge because of the decreased 
resistance to amniotic fluid flow, increased resistance to 
bending, and more echogenic visibility of the tip on real-
time ultrasound. Needle guidance can adequately be per-
formed with a linear or curvilinear transducer, and great 
care must be taken to ensure that the echogenic needle 
tip is always visualized by the clinician, and does not go 
outside the beam of the ultrasound. In addition, minimal 
pressure should be applied to the transducer so as not to 
distort the spatial relationship between the maternal abdo-
men and uterine cavity. Some obstetricians also prefer to 
use a needle guide during the procedure; however, there 
is a limited range of motion compared with the free-hand 
technique (Figure 6.1).

After meticulous asepsis of the maternal abdomen is 
completed and the puncture site has been selected after 
ultrasonic evaluation, the spinal needle is introduced 
into the maternal skin. After dermal and uterine pen-
etration, the amniotic sac is perforated, with a charac-
teristic “pop” or loss of resistance being perceived by the 
obstetrician. During this time, careful attention is paid 
to continuous visualization of the needle tip. Upon con-
firmation of appropriate entry into the amniotic cavity, 
the needle stylet should be removed. A 5-mL syringe 
can be attached and approximately 2–3 mL of amniotic 
fluid is aspirated and discarded to minimize the poten-
tial of maternal cell contamination of the specimen. 
Maternal cell contamination is much more pronounced 
in women with anterior placentas than in posterior pla-
centation.49 This most likely is the result of introduc-
tion of maternal cells from placental bleeding into the 
amniotic fluid cavity. Some investigators have evaluated 

different techniques of amniocentesis and their impact 
on maternal cell contamination; one study found no dif-
ference between amniocentesis technique and maternal 
cell contamination.50 For the initial syringe application, a 
5- or 10-mL syringe should be chosen for easier removal 
of amniotic fluid under less tension. If no fluid is aspi-
rated, the needle should be slowly rotated. This “dry tap” 
is not uncommon in early gestation and may result from 
a tenting of the membranes. In the 1980s, two techniques 
were introduced to overcome tenting. The first technique 
involved withdrawing the needle tip back into the myo-
metrium and reinserting it with a forceful thrust.51 The 
second involved further needle penetration into the pos-
terior myometrium under ultrasound guidance and then 
withdrawing the needle into the amniotic fluid pocket in 
an attempt to displace physically the obstructing mem-
brane.52 In 1996, a modified stylet technique was intro-
duced to relieve membrane tenting.53 In this technique, 
the membrane can be entered by using a stylet that is 
made longer than the inserted needle by advancing the 
stylet tip 10 mm beyond the needle tip.

After initial removal of the 2–3 mL of amniotic fluid 
to be discarded, a second syringe is attached. This is usu-
ally a 20- or 30-mL syringe. The amount of amniotic fluid 
to be aspirated depends on the indication for the pro-
cedure. A volume of 15–40 mL of amniotic fluid is usu-
ally required for chromosomal and alpha-fetoprotein 
analysis.19,20 The amount of amniotic fluid to be removed 
depends on the gestational week in which the procedure is 
being preformed. In general, earlier in gestation, less fluid 
is removed. If large quantities of amniotic fluid are being 
removed in cases of polyhydramnios to alleviate mater-
nal symptoms, a gravitational drainage system, multiple 
syringe aspirations, or a negative-pressure vacuum bottle 
aspiration system can be used safely to remove amni-
otic fluid at a rate of 89 mL/minute.54 If amniotic fluid is 
required for assessment of fetal lung maturity, a smaller 
volume of amniotic fluid (10–15 mL) is sufficient.

After obtaining the appropriate volume of amni-
otic fluid, the stylet should be reinserted and the needle 
removed under continuous ultrasound visualization. If no 
fluid is obtained after more than two attempts, the patient 
should be offered the opportunity to repeat the procedure 
after 1 week. Fetal cardiac activity should be verified after 
the completion of the amniocentesis, whether successful 
or not. The patient can be discharged after the appropriate 
postprocedural counseling is completed and the results of 
the indirect Coombs test are confirmed.

AMNIOCENTESIS IN A MULTIFETAL GESTATION
Multifetal gestations have increased over the past decade 
owing to an increase in absolute number and proportion as 
a result of assisted reproductive technologies and women 
delaying childbirth.55 The twin birth rate has increased 
50% over the past two decades in the United States and 
risen 2% to 33.7 per 1000 in 2013.56

The first genetic amniocentesis in a multifetal gesta-
tion was performed in the 1970s.57 Prenatal diagnosis of 
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Figure 6.1 Ultrasound picture showing the appropriate 
placement of the needle (shaft and tip), away from the fetal 
body, during amniocentesis.
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chromosomal abnormalities in multifetal gestation requires 
the sampling of two or more gestational sacs. Great care 
must be taken to ensure that all gestational sacs have been 
sampled. The clinician can instill 1 mL of a dilute indigo 
carmine dye solution (1 mL indigo carmine/9 mL normal 
saline) into the first gestational sac after amniotic fluid has 
been removed. In this manner, with sampling of the second 
sac, the amniotic fluid should be clear and colorless. If the 
fluid is not clear, this may indicate that the same sac was 
sampled twice. Methylene blue dye is contraindicated for 
this purpose because of the potential for fetal hemolysis. 
This technique usually requires two different skin puncture 
wounds under continuous ultrasound guidance.

Other techniques have been described for amnio-
centesis in a multifetal gestation. Two techniques were 
described in the early 1990s. In the first technique 
described, two separate needles are introduced sequen-
tially into two different gestational sacs with visualization 
of the dividing membrane without altering the position 
of the transducer. This technique permits verification of 
the sampling of two different sacs without introduction of 
a foreign dye substance.58 The second technique requires 
a single-needle insertion, does not require dye, and can 
potentially be performed quicker than the other tech-
niques. In this technique, an amniotic fluid pocket is iden-
tified that contains the dividing membrane. Once fluid is 
aspirated from the first sac, the needle is guided to pen-
etrate the dividing membrane, and fluid is removed from 
the second sac.59 This technique cannot be encouraged at 
this point until larger studies evaluating the possibility of 
cross- contamination are adequately addressed. A recent 
study, however, utilizing quantitative fluorescent poly-
merase chain reaction assays of amniotic fluid samples 
obtained by the single-needle technique allowed detection 
of all aneuploid fetuses quickly and had great sensitivity 
in detecting small traces of contaminating cell lines.60 In 
our opinion, amniocentesis in a multifetal gestation is best 
performed by the two separate skin punctures technique.

COMPLICATIONS OF AMNIOCENTESIS
As previously mentioned, amniocentesis is an invasive 
diagnostic procedure, which should be performed only 
after careful patient counseling for an appropriate indica-
tion. Due to the nature of the procedure, there are mini-
mal risks, to both the mother and fetus, which the patient 
must understand. Amniocentesis is generally safe for both 
the mother and her fetus. Maternal risks, overall, are much 
less than fetal risks.

Although a major common concern for a patient under-
going amniocentesis is the risk of spontaneous abortion,61

maternal factors also need to be addressed prior to per-
forming amniocentesis. Maternal complications occur in 
approximately 1 in 1000 procedures.62 The risk of develop-
ing chorioamnionitis after the procedure is 0%–1% and sub-
clinical infection may complicate under 0.5% of pregnancies 
requiring repeated sampling.19,62,63 Chorioamnionitis should 
be suspected if the patient presents with fever, with or with-
out chills, and diffuse abdominal pain 24–72 hours after the 

procedure. If  chorioamnionitis is diagnosed, expeditious 
delivery is advised with utilization of the appropriate broad-
spectrum, intravenous, antibiotic regimen. Signi ficant 
maternal sequelae can occur, including septic shock and 
death, if chorioamnionitis is not promptly handled. There 
are reports of maternal septicemia with Escherichia coli after 
midtrimester amniocentesis that resulted in septic shock, 
multiorgan failure, and ultimate demise.62 The incidence of 
amniotic fluid leakage after amniocentesis has been reported 
to occur in 1%–2% of patients.64 This usually does not repre-
sent frank rupture of the membranes, but rather a transient 
condition of extraovular leakage of fluid that should spon-
taneously resolve in 2–3 days. Other maternal complica-
tions, such as premature rupture of the membranes, preterm 
delivery, fetomaternal transfusion, and placental abruption, 
are rare. There has been a report that women undergoing 
amniocentesis more often had an operative vaginal delivery 
and opted for elective cesarean delivery.61

The most common and concerning fetal complication of 
amniocentesis is spontaneous loss. A spontaneous loss rate 
of 1.0% has been reported from randomized, controlled, 
prospective clinical trials.65,66 However, lower loss rates 
have been reported.62 Accepted reports of pregnancy loss 
associated with amniocentesis approach 1 in 300–500.15 
The fetal loss rate has been reported to be higher (2.7%) 
when amniocentesis is performed in a multifetal gesta-
tion.67 Although it is impossible to predict which preg-
nancies will end in a fetal loss, certain variables have been 
identified that could increase the spontaneous loss rate, 
including older maternal age, uterine myoma, multifetal 
gestation, and earlier gestational age.68 A review of 4600 
amniocentesis procedures by one clinician over a 28-year 
period demonstrated that the indications for amniocente-
sis and the technique used have evolved over time; how-
ever, the procedure-related fetal loss rate did not improve 
significantly with increasing operator experience.69 The 
reported loss rate in this study (0.95%) is consistent with 
loss rates described in other large series.

Before continuous ultrasound guidance was used for 
amniocentesis, fetal injuries, such as gangrene of the fetal 
limb and porencephalic cysts,70,71 were reported to be due 
to direct needle trauma. Other reported neonatal morbidi-
ties with amniocentesis include potentially higher rates 
of pneumonia, respiratory distress syndrome, and ear 
infections.1,68

With the increase utilization of NIPT technologies, 
there has been concern with the practitioners ability to 
maintain their technical expertise in performing invasive 
tests.9 This sentiment was corroborated, as there has been 
a decline in “hands-on” training for practitioners.14

CONCLUSION
Amniocentesis is the most common invasive procedure 
used in the field of prenatal diagnosis. It is a very accurate 
and safe technique that today is mostly used to diagnose 
many genetic and metabolic conditions. The procedure 
should be performed by experienced operators and only 
after careful patient counseling.
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Treatment of fetal anemia may be the most complete 
example of the concept of fetal therapy that has been 
achieved so far. Detecting the fetus at risk, evaluating the 
extent of disease, and delivery of transfusion blood by 
ultrasound-guided intrauterine transfusion (IUT), all con-
tinue to improve. The combination of maternal testing, 
ultrasound parameters, refinement of the application of 
fetal blood sampling, and mechanisms for reducing disease 
severity have all impacted the roles of IUT, with increased 
application, better safety, and better, more detailed results. 

Fetal transfusions were developed to address the stag-
gering perinatal mortality of severe Rhesus (Rh) disease. 
Strict adherence to Rh prophylaxis produced a marked 
drop in the number of such cases, but IUT remains a 
critical resource for severe alloimmune anemia, as well as 
many other congenital and acquired causes. This chapter 
highlights the evolution of IUT, emphasizing fetal evalua-
tion and transfusion techniques.

MECHANISMS OF FETAL ANEMIA
Alloimmunization

Maternal sensitization to foreign paternal–fetal red blood 
cell (RBC) antigens commonly follows transplacental hem-
orrhage (TPH). TPH occurs in many pregnancies, includ-
ing over 50% at delivery and at least 15% antenatally.1
Volumes are usually inconsequential, but Rh-negative 
“high responders” may immunize with as little as 0.01 mL 
of Rh-positive fetal blood.2 Rh prophylaxis is indicated in 
routine pregnancies at 28 weeks and after delivery of an 
Rh-positive fetus, and in virtually all unusual pregnancies 
where TPH before 28 weeks is a concern.3 Infrequently, 
TPH is so large that sensitization would not be prevented 
by standard treatment, and additional Rh immunoglobu-
lin may be required.4

While universal prophylaxis has dramatically 
decre ased the incidence of severe Rh disease, maternal 
D-alloimmunization remains a major cause of severe 
fetal anemia requiring IUT. Causes of serious anti-D 
alloimmunization include failure to provide prophylaxis 
for obstetric events, failure to administer the routine 
28-week dose, inadequate Rh immunoglobulin for TPH, 
misidentification of Rh-negative women, absent prenatal 
care, and patient refusal.5 Sources outside pregnancy are 
unusual, because RhD crossmatching for transfusion is 
routine. However, maternal intravenous drug abuse may 
produce extremely potent alloimmunization before any 
pregnancy.6

Non-D Rh disease is important, as transfusion blood 
is not typically matched for other Rh system components 
(CcEe). Anti-c disease is just as dangerous as classic Rh 
disease and is monitored and treated by similar proto-
cols.7,8 Anti-C disease is rarer, with less hydrops, but may 
require invasive testing and treatment in the third tri-
mester.9 Anti-E is more common, but milder still, while 
isolated anti-e virtually never causes fetal disease. Many 
other RBC antigens may induce maternal sensitization 
and (in subsequent pregnancies) fetal anemia due to 
transplacental immunoglobulin G (IgG)10 (Figure 7.1).

IgG is the critical vector of fetal disease. It crosses the 
placenta by facilitated transport, reaches high concen-
tration in the fetus, binds to paternal/fetal antigens, and 
induces fetal immune-mediated trapping of these anti-
body-labeled RBCs. Immune-based microphagocytosis 
and extravascular hemolysis rapidly eliminate labeled 
cells. Anemia and corresponding waste products result. 
Ultimately, severe Rh disease demands extreme eryth-
ropoietic effort, with release of many immature forms; 
hence, the term “erythroblastosis fetalis.”
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Figure 7.1 Distribution of sources of fetal anemia requiring intrauterine transfusion (IUT). Note the shift in the frequency of Kell 
alloimmunization and parvovirus, emergence of congenital category.
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Kell alloimmunization has an additional complement-
fixing mechanism, inducing hemolysis intravascularly and 
within fetal bone marrow.11 The Kell antigen is an active 
RBC membrane component, and immunization may also 
inhibit cell division and erythropoietin response.12 The 
result is more complete hemolysis, hemolysis of progenitor 
cells, and unexpectedly profound and sudden fetal ane-
mia. For all alloimmune anemias, since the fetus simply 
produces more RBC with the same offending antigen, an 
accelerating process is inevitable.

Immune responsiveness is important. Up to 30% 
of Rh-negative women and 20%–30% of Kell-negative 
women immunized by mismatched blood  transfusion will 
not produce antibody sufficient to cause fetal disease.1

Anemia due to fetal infection

Fetal infection may produce anemia in varying patterns: 
(1) hydrops with profound anemia, potentially remediable 
by serial IUT (e.g., parvovirus B19) and (2) hydrops with 
moderate anemia without improvement despite mainte-
nance of normal hemoglobin levels by IUT (most other 
infections and even some parvovirus).

Parvovirus generates aplastic anemia by specific mech-
anism. The P antigen on RBC precursors facilitates inte-
gration of virus into the cellular genome, arresting cell 
division of colony-forming erythroid precursors (CFU-E) 
and more primitive burst-forming units (BFU-E).13 Fetal 
RBC production is halted, almost absolutely.14 There is no 
direct viral effect on circulating cells, although the RBC 
half-life may be shorted by associated hepatitis and myo-
carditis.15 As erythropoiesis stops, natural attrition of 
1%–2% per day results in progressive anemia. Immunity, 
acquired from the mother transplacentally, reverses this 
viral suppression. Reactivation of BFU-E and CFU-E takes 
some time, and recovery may be further complicated by 
liver failure with hypoproteinemia, and/or cardiac failure 
with nonanemic hydrops. In some fetuses, serious ane-
mia lasts only a few days, and the disease is self-limited. 
In other fetuses, absent RBC production is so profound 
and sustained that recovery starting with release of very 
immature forms (another example of erythroblastosis) 
is too little, and hydropic stillbirth results. Lifesaving 
serial transfusions may be necessary in up to 50% of such 
fetuses.16

Other infections generate fetal anemia by chronic 
debilitation, induced hemolysis by hepatosplenomegaly, 
and sequestration in the enlarged placenta. In some cases 
of congenital syphilis, listeriosis, and coxsackie infection, 
fetal anemia may be severe enough to warrant transfusion, 
but, in general, anemia is a rather modest manifestation of 
hydrops, not a cause.

Congenital anemias

An increasing number of reports give information about 
successful management of various congenital causes of 
severe fetal anemia, including dyserythropoietic anemia 
of all types, previously lethal hemoglobinopathies such as 
α-thalassemia major, red cell membrane abnormalities, 

asplastic anemias such as Diamond–Blackfan, anemia 
syndromes such as Fanconi’s anemia, and so on. In many 
cases, successful fetal treatment leads to stem cell or bone 
marrow transplant, so the result is true treatment.

Hydrops fetalis

As anemia worsens, physical manifestations become 
apparent, paralleling different patterns of response. In the 
fetus compensating, effectively for low-grade hemolysis 
with increased reticulocytosis and elevated production 
of bilirubin, yielding a very slow rate of anemia, physical 
changes may be limited to increased liver diameter (due 
to extramedullary erythropoiesis), modest cardiovascu-
lar changes (slight cardiac chamber dilation, increased 
peak systolic velocities in cerebral and systemic circula-
tions, increased cardiac output, and increased heart rate—
“hyperdynamic” fetal circulation) and increased amniotic 
fluid volume (increased cardiac output leads to increased 
fetal glomerular filtration rate).17

More severe anemia results in localized endovascular 
hypoxemia, with vasodilation in major vascular beds. 
RBC decline yields decreased blood viscosity, potentiat-
ing increased velocity, the basis for Doppler prediction of 
anemia. Fetal liver and, after 26–28 weeks, fetal kidney 
are potent sources of oxygen-dependent erythropoietin 
release. Erythropoietin acts not only on intramedullary 
BFU-E but also on dormant lines within liver, spleen, 
and other organs. Once erythropoietin rises, extramed-
ullary RBC production displaces normal hepatic func-
tion. Hypersplenism, low production in bone marrow 
congested with hematopoiesis, and oxygen-sensitive 
shortened life span, may produce associated thrombocy-
topenia. Kell hemolysis leads to an almost-vacant marrow, 
so does not seem to be associated with thrombocytope-
nia.18 Devotion of hepatic architecture to erythropoietic 
cells results in metabolic defects, including hypoprotein-
emia, disordered fixed acid buffering, and mechanical 
obstruction of venous cardiac return. Lymphatic blockade 
by the enlarged liver, decreased oncotic pressure due to 
hypoproteinemia, increased peritoneal vascular perme-
ability from hypoxemia, and increased venous pressure all 
combine to produce ascites as hydrops begins. Worsening 
hypoproteinemia, venous congestion, and hypoxemic 
tissue fluid mishandling result in progressive anasarca, 
serous accumulations in pleural spaces and pericardium, 
and scalp and subcutaneous edema. The placenta also 
becomes increasingly edematous.19 This full-blown picture 
is hydrops fetalis (Figure 7.2). Further decline features loss 
of heart rate variability and biophysical variables, as ane-
mia becomes lethal. Once blamed for the onset of hydrops, 
fetal heart failure is now understood to be terminal, caused 
by hypoxemic myocardial malfunction. Classification of 
ultrasound hydropic manifestations (Table 7.1) serves as 
a system for description of fetal compromise.20 There are 
direct hematologic correlates (Figure 7.3). Disease severity 
described by this classification also reflects prognosis.

These physical manifestations reflect pathophysiology, 
within limits. For instance, small pericardial effusions are 
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common in mild to moderate anemia. Large pericardial 
effusions in end-stage hydrops are components of ana-
sarca, not cardiac malfunction, while pericardial effusions 
seen with parvovirus may follow anemia and/or viral 
myocarditis. Often, onset of hypdrops is apparent only on 
serial observations by experienced operators in terminal 
fetal disease. Especially in midtrimester, ambient fetal PO2
is very high, so hydropic changes may be modest and, due 
to mechanical effects. The hypoxemic abnormalities read-
ily inducible in third-trimester anemic fetuses do not usu-
ally occur prior to 22 weeks’ gestation unless the fetus is 
preterminal. Thus, physical changes in anemic fetuses are 

important correlates of disease, but are too complex to use 
as sole determinants of therapy.

The present of fetal hydrops on ultrasound mandates 
immediate blood sampling. With known etiology (e.g., 
alloimmunization, parvovirus), starting transfusing 
before the opening hemoglobin value is known, may be 
appropriate. However, in many cases of nonimmune 
hydrops, comprehensive fetal testing is important before 
transfusion with adult donor cells permanently obscures 
diagnosis. High-level ultrasound examination and careful 
planning of sample requirements are imperative before the 
procedure is started.

Table 7.1 Ultrasound classification of fetal alloimmune disease.

Class
Elevated 

MCA Doppler Placentomegaly

Ultrasound 
appearance 

ascites Effusion Anasarca
Abnormal 
BPS <4/10

0 − − − − − −
I + + − − − −
II + + + − − −
III + + + + + −
IV + + + + + +

−, absent; +,  present; BPS, biophysical profile score; MCA, middle cerebral artery.

(a) (b)

(c)  (d)

Figure 7.2 Ultrasound images of hydrops fetalis showing scalp edema (between arrows): (a) transverse view; (b) sagittal view;  
(c) massive ascites with umbilical cord stretched from the edematous abdominal wall to its insertion at the base of the fetal liver and 
(d) polyhydramnios (largest pocket between calipers=10 cm) and thick placenta at 30 weeks gestation.
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Subjective “prehydropic” changes may have relevance to 
preprocedure monitoring in patients at very early gesta-
tional ages. For instance, abdominal circumference may 
accelerate before hydrops appears (Figure 7.4). Amniotic 
fluid volume and placental thickness, subjective appear-
ance of fetal organs outlined by fluid, and minor reduc-
tions in fetal heart rate (FHR) variability determined by 
computerized interpretation are all features which may 
predict hydrops. Fetal middle cerebral artery (MCA) 
Doppler velocimetry predicts fetal anemia accurately 
enough to render these subjective elements less critical.

Noninvasive monitoring of fetal anemia

History

In alloimmune disease, the timing of invasive testing 
depends on the onset and severity of previous disease, 
as subsequent antigen-positive fetuses are often more 
severely affected. Recurrence is not invariable and not 
always as severe, so historical factors are always weighed 
against more relevant evidence from the index pregnancy.

Maternal antibody titers

The concept of “critical titer” is important. For each 
regional laboratory and for each antibody, there is a 
threshold concentration below which fetal disease is 
unlikely (Table 7.2).21–23 Local standards may range from 
1:16 to 1:128 depending on the test and control antigen-
positive cells used. Typical titers at our institution 
(anti-D 1:16, anti-C 1:32, anti-K 1:4–8; direct antiglobulin 
test) may not apply to the reader’s experience.23,24 Serial 
titrations, done by the same laboratory using identical cell 
lines, performed monthly (sooner with important obstet-
ric events) provide the most accurate assessment, but this 
remains controversial.25 Reaching the critical tier, or a rise 
of two dilutions, mandates enhanced surveillance, but not 
invasive testing.

Fetal anatomic survey

Ultrasound fetal anatomic survey provides  interesting 
data on disease progression, but may incompletely reflect the 
onset of anemia. Many fetuses with hemoglobin under the 
10th percentile have normal ultrasound. Among fetuses 
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Figure 7.3 The relationship between disease severity by ultrasound classification (Table 7.1) and fetal hematologic parameters 
measured at the time of cordocentesis. There is a significant reflection of disease severity and prognosis.
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ference (AC) measured by ultrasound and disease progression. 
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tosplenomegaly. With treatment by intravascular transfusion 
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referred for emergency IUT, 15% had procedures deferred 
because “there was normal fetal anatomic survey,” only to 
develop overt hydrops within 10–14 days.5 Suspicious find-
ings may prompt invasive testing earlier than planned, but 
a normal fetal scan should not postpone invasive testing 
scheduled for objective prognostic factors.17

Doppler velocimetry

Several vascular beds reflect regionalized effects of ane-
mia,17 but Middle Cerebral Artery (MCA) Doppler velo-
cimetry is the standard for noninvasive production.26

Mari et al.,27 correlating anemia with MCA peak systolic 
velocity in untreated fetuses, in fetuses with anemia fol-
lowing transfusion,28 and in fetuses with anemia other 
than alloimmune causes,29 provide a solid experiential 
basis for application in prospective management of fetuses 
at risk (100% for detection of moderate to severe anemia, 
95% confidence interval [CI] 86%–100%).30 In fetuses with 
mild anemia, MCA Doppler velocimetry has a significant 
false-positive rate (up to 30% in unselected patients under-
going fetal blood sampling for nonanemic reasons) and a 
more concerning false-reassuring rate of about 5%—a rate 
which has declined, but persists, with substantial experi-
ence. In the latter case, normal MCA peak systolic velocity 
may delay invasive testing. When a significant rise finally 
occurred, fetal hemoglobin levels were below 5.0 g/dL.31

Some investigators have not duplicated Mari et al.’s high 
level of accuracy in predicting anemia. However, in all stud-
ies, the detection of fetal anemia improves as disease becomes 
more severe. Several factors may interact in this relationship. 

In mild anemia, blood viscosity may singly influence MCA 
changes (thinner blood is easier to push, volume cardiac out-
put increases, and peak systolic velocity rises). With worsen-
ing anemia, additional mechanisms, including vasodilation 
due to endovascular hypoxemia, optimized ejection fraction 
due to mild cardiac dilation, increased sympathetic tone, 
and advancing gestational age, may interact, enhancing the 
accuracy of MCA peak systolic velocity.

The MCA is readily accessible, the Doppler angle is usu-
ally optimal, and adding color Doppler imaging helps in 
differentiating from other intracranial arterial waveforms. 
Gestational age variation appears predictable and thresh-
olds for invasive testing seem applicable to all forms of 
fetal anemia. IUT produces Doppler changes concurrent 
with measured hematocrit (Figure 7.5). Incorporated in a 
routine of fetal physical and functional assessment, MCA 
Doppler velocimetry has become the standard in the non-
invasive evaluation of fetal anemia.

Noninvasive fetal blood typing by cell-free DNA

In the past, calculations of likelihood, based on C/E anti-
gen distribution, guided treatment with a heterozygous 
father. For D-alloimmunization such approximations 
are no longer necessary because fetal D-status is reliably 
obtained in >99.3% of patients by 12 weeks’ gestation 
using cell-free fetal DNA from maternal serum.32

As noted earlier, many other antigens may be implicated 
in fetal hemolytic disease. Testing for C, c, E, and K antigen-
determining fetal DNA has been established in some juris-
dictions, but is currently under investigation before broad 
application in the United States.33,34 D-typing is reliable by 
10 weeks, essentially 100% by 12 weeks,35 as are other Rhesus 
DNA types, while Kell is less reliable until 20 weeks.34 There 
are limitations to this approach. (1) Not all antigens’ DNA 
has been sequenced so that further research is needed to 
address less common sources of anemia. (2) There are many 
D-variants, some with D-expression at very low or even 
absent levels. (3) Maternal gene expression may be absent 
due to abnormal DNA regulation—her DNA may be normal 
D-positive DNA, but unexpressed due to promoter–region 
defect. This will result in a positive plasma DNA test in a 
serologically negative, alloimmunized mother, creating a 
paradoxical false positive.36 (4) The method remains expen-
sive, so it is not cost effective for D-determination in guiding 
postpartum prophylaxis versus routine cord blood typing.37

Despite these minor considerations, the accurate guid-
ance of pregnancy management by knowing fetal blood 
type is a leap forward in fetal treatment. Currently for D, 
and soon for many others, fetal blood typing by using cell-
free DNA should be a routine maternal blood test in all 
sensitized first-trimester pregnancies.

Invasive monitoring of fetal anemia

Invasive procedures require caution because of their 
potential aggravation of existing disease. Transplacental 
amniocentesis causing TPH may provoke maternal anti-
body production.38 Cordocentesis for fetal blood typ-
ing with subcritical sensitization may convert a benign 

Table 7.2 Assessment of alloimmunization.

Is the antibody dangerous?

Antibody specificity
 Frequent D, c, E CW, K
 Uncommon C, e, Kpa, Kpb, Fya, Cellano, s, M, U
Antibody strength
 D Titer 16

Absolute level ≥6 IU/mL
 Kell Indirect Coombs titer ≥4
 All others Indirect Coombs titer ≥16
Recent two-dilution rise from any level

Is this fetus at risk?: Determine fetal blood type

Fetal DNA in maternal serum (D only—see text)
Amniocentesis DNA (all Rhesus antigens, Kell)
Fetal typing by cordocentesis
Previous affected fetus, 2-dilution titer rise

Is this fetus anemic?

Serial middle cerebral artery Doppler looking for peak 
systolic velocity (PSV) >1.5 MOM
Ultrasound examination abnormal
Fetal blood sampling by cordocentesis

Abbreviation: MOM, multiples of the median.
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situation into one needing repetitive early IUT.39 The goal 
of testing must be clear. If the father is a known homozy-
gote, there is no reason to perform an invasive procedure 
for blood typing alone. In known alloimmunized preg-
nancies, when hydrops is present, cordocentesis for fetal 
blood sampling without transfusion is equally pointless.

Fetal blood typing

Knowing whether the fetus is at risk is extremely important 
in planning the treatment. In cases where cell-free fetal DNA 
testing is not applicable, direct determination may be indi-
cated. If the father is heterozygous, 50% of the fetuses will 
be antigen negative, and completely unaffected. Fetal blood 
typing for Kell and non-D Rh system antigens requires 
simple amniocentesis only.40,41 Standard DNA technology, 
as early as 14–16 weeks, can mandate ongoing surveillance 
(positive fetuses) or make it irrelevant (negative fetuses). 
The same methodology allows typing of fetal platelets for 
critical antigens in neonatal alloimmune thrombocytope-
nia (NAIT).42 Currently, alloimmune disease from other 

sources requires fetal blood typing from RBCs obtained at 
cordocentesis. Again, rapid progress in noninvasive tech-
niques likely will eliminate invasive blood typing in all but 
the most unusual situations.

Amniocentesis for ΔOD450

The endpoint of hemolytic degradation is bilirubin. As 
hemolysis increases, much is transported across the pla-
centa, fetal serum bilirubin levels are modestly elevated and 
amniotic fluid bilirubin also rises. Amniotic fluid bilirubin 
normally changes over gestation, requiring specific norms 
(Figure 7.6). Amniocentesis is generally easy to perform, it is 
within the technical range of most obstetricians, and it does 
not require specialized laboratory services. Amniocentesis 
done under continuous ultrasound guidance, through a pla-
centa-free window, a sterile procedure, can provide safe reas-
surance in most cases. Limitations include contamination 
from blood and meconium, difficult interpretation before 
22 weeks, a false alarm of about 10%, and a life- threatening 
false-reassuring rate of 3%–5%. The reliability of MCA 

(a)

(b)

Figure 7.5 Serial Doppler waveforms from the middle cerebral artery (MCA) of a fetus severely affected by Rh disease. Top panel: 
MCA peak velocity is 61.2 cm/s, more than two standard deviations above the mean; fetal hemoglobin = 5.7 g/dL. Middle panel: post-
IVT, MCA peak systolic velocity is 38.5 cm/s; fetal hemoglobin = 13.4. Bottom panel: 3 weeks later, pre-IVT MCA peak systolic velocity 
is 72.9 cm/s, as predicted by the post-IVT hemoglobin; the pretransfusion level is 6.0.
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Doppler in predicting onset of severe fetal anemia has elimi-
nated OD450 testing as a routine assessment tool.43

Fetal blood sampling

Cordocentesis for fetal blood typing alone has essentially 
no role. Sampling without intravascular transfusion (IVT) 
may be appropriate in several circumstances, and in oth-
ers the need for transfusion is clear, so a separate cordo-
centesis procedure would not be indicated (Table 7.3).

Cordocentesis for fetal blood sampling without IVT 
is not considered for hydropic fetuses with known etiol-
ogy. In nonhydrops, blood sampling is performed sepa-
rately with IVT readily available. With suspicious history, 
ultrasound findings, rising antibody titers, or difficulty in 
obtaining rare donor blood types, a combined procedure 
(cordo-IVT) is prepared, but infusion of blood is withheld 
until the hemoglobin value is known at bedside. Here, the 
portable hemoglobin machine is invaluable, saving donor 
blood, but at the same time avoiding a repeat procedure, if 
transfusion is necessary.

Cordocentesis procedure

For simple cordocentesis, maternal sedation, prophylac-
tic antibiotics, hospital admission, and antenatal steroids 
are not used. Meticulous identification of an umbilical 
vein target often takes as long as the procedure itself. The 
ideal image shown in Figure 7.7 is not always available. 
Alternative targets include umbilical vein within the fetal 
abdomen, free cord loop which can be pinned against 
adjacent uterine or placental surfaces, umbilical cord at 
its fetal abdominal skin incision, and fetal cardiac punc-
ture, in the order of preference. Mother or fetus can be 
manipulated to improve target imaging. Only when a safe 

approach is identified, not traversing surface placental ves-
sels or maternal vascular compartment, should cordocen-
tesis proceed. Other prerequisites are shown in Table 7.4.

Cordocentesis is performed under continuous ultra-
sound visualization, with a 22-gauge spinal needle of 
appropriate length. Once the needle is positioned on 
the vessel, it is inserted with a vigorous “pop,” and the 
tip should be readily seen within the lumen of the vessel 
(Figure 7.8). An initial sample is aspirated for immediate 
hemoglobin measurement, and further samples are slowly 
withdrawn while the reading is taken. Blood typing, 
direct Coombs test, hematologic values in duplicate, and 
biochemistry normally require 3.0 mL. Once samples are 
secured, a small “puff” of sterile saline identifies the vessel 
sampled, to validate results.

The following critical values may indicate proceeding 
directly to fetal transfusion:

1. Hemoglobin concentration: This rises throughout 
gestation; therefore, an age-correlated curve is used 
(Figure 7.9). Transfusing at the fifth percentile helps 

Figure 7.7 Sonogram of the insertion site of the umbilical 
cord on the surface of an anterior placenta. The umbilical vein, 
the prime target for IVT, is well visualized.

Table 7.3 Cordocentesis for investigation of fetal anemia.

Cordocentesis alone
 MCA PSV 1.5 MOM—2.0 MOM, known alloimmune
 Late-gestation planning (>35 weeks)
 Elevated MCA PSV with no known cause for anemia
 Alloimmune IUGR fetus
Rare, hard to obtain donor blood
 Ready to transfuse pending bedside Hb
 Nonhydrops MCA PSV > 2.0 MOM, known alloimmune
 Hydrops without known cause of anemia
 Suspect accelerated hemolysis
 Gestational age <24 weeks
Transfusion without waiting
 Alloimmune or parvovirus hydrops
 Subsequent IVT
 Difficult access, maternal, fetal, vessel factors
 Rare donor

Hb, hemoglobin; IVT, intravascular transfusion; IUGR, intrauterine 
growth restriction.

0.01
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Gestational age in weeks
24 28 32
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anto-Kell 64
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Figure 7.6 Gestational age application of ΔOD450 shows a 
curvilinear relationship. Depicted are two patients with signifi-
cant alloimmunization. Upper profile in an Rh-alloimmunized 
woman shows a sudden rise in ΔOD450 at 24 weeks, associated 
with ultrasound evidence of accelerating hydrops (class II). This 
fetus survived intact with four IVT. ΔOD450 measurements in 
Kell disease may not accurately reflect disease severity; there-
fore, in this case (shown by circles), amniocenteses were per-
formed frequently from 18 to 36 weeks. Serial results did not 
cross 80% zone II line, fetal blood sampling was not utilized, no 
IVT was done, and a healthy baby was delivered at 37 weeks, 
requiring only exchange transfusions for elevated bilirubin. 

  

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-8&iName=master.img-006.jpg&w=234&h=123


Mechanisms of fetal anemia 71

avoiding unnecessary transfusion of fetuses not requir-
ing it (some have simplified this to a threshold of 9.0 g/
dL for all gestations).

2. Serum bilirubin44: In hemolytic disease, clearance from 
the fetal compartment is rapid, but not complete. Total 
bilirubin over 80 mmol/L indicates potential hemo-
lytic crisis and normal hemoglobin is interpreted 
cautiously—it may fall rapidly. Bilirubin 60–80 mmol/L 
indicates accelerated hemolysis. In this intermedi-
ate group, an elevated reticulocyte count may indicate 
adequate erythropoietic response.45 For bilirubin under 
40 mmol/L, hemolysis is most likely mild and timing of 
repeat cordocentesis is based on hemoglobin concentra-
tion and other clinical inputs.

 3. RBC precursors: Some authors have evaluated nucle-
ated red blood cell (NRBC) counts46 (in our experi-
ence, NRBC vary with technical difficulties and may 
remain elevated for days following difficult cordocente-
sis), reticulocyte count45 (in our experience, only levels 
under 2% predict anemia), and mean corpuscular vol-
ume (MCV), which rises as earlier/younger RBCs are 
elaborated. In the latter instance, microphagocytosis of 
older RBC produces smaller damaged forms, tending to 
lower MCV.5

4. Blood gases/pH: Most fetuses show minor changes in PO2
through mild to moderate anemia. Tissue hypoxemia 
responsible for local perfusion changes is not usually 
detectable in blood gas analysis.47 Increased concentration 
of carboxyhemoglobin may indicate intravascular oxygen 
depletion, but is very difficult to measure clinically.

Preparing for IUT: amniocentesis versus 
cordocentesis

Some authors have suggested that geographic isolation, 
unavailable subspecialty resources, or inadequate ultra-
sound resources, may allow for amniocentesis as a means 
to assess alloimmunization until IVT is “necessary.”48 Our 
team agrees with the Society for Maternal-Fetal Medicine 

Figure 7.8 With a posterior placenta, the needle traverses 
the amniotic fluid, with the shaft indicated by the upper 
(white) arrow. The needle tip (lower black arrow) is within the 
 umbilical vein (double arrow heads) during transfusion.

Table 7.4 Prerequisites for performing invasive fetal 
testing/therapy.

Detailed indication
Informed consent
Experienced team
High-resolution ultrasound
Accessible target
Bedside testing
Detailed blood typing laboratory
Transfusion blood available
Fetal monitoring capabilitya

Emergency obstetric servicesa

Tertiary-level neonatal intensive carea

Maternal/family support systems

a Usually applicable only when gestation is >25–26 weeks.
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Figure 7.9 Normal hemoglobin concentration rises throughout gestation, depicted by lines indicating the 95th, 50th, and 5th 
percentiles. The case was that of a sensitized Rhesus (Rh)-negative woman in her third pregnancy, undergoing invasive testing, start-
ing 3 weeks earlier than the severe anemia that had occurred in the second pregnancy. Serial cordocentesis, begun at 21.5 weeks, 
showed declining hemoglobin levels, reaching threshold for transfusion at 24+ weeks. Four transfusions, shown by rapid rise in 
hemoglobin concentration, allowed continuation of pregnancy until induction and vaginal delivery at 37+ weeks, with delayed cord 
clamping and newborn hemoglobin level of 11.8 g/dL.
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(SMFM)43 that amniocentesis ΔOD450 has no place in the 
monitoring of the antigen-positive fetus in a seriously 
alloimmunized pregnancy: referral to a center capable 
of accurate serial MCA monitoring and identification of 
resources for fetal blood sampling and IVT are in order.

Amniocentesis is easier than cordocentesis but pro-
vides relatively modest information of imperfect accu-
racy. Cordocentesis provides greatly superior data. 
Amniocentesis may be chosen primarily to avoid aggra-
vation of mild to moderate maternal disease. As well as 
making existing conditions worse, cordocentesis may allo-
immunize against other RBC antigens (e.g., Kell or Duffy 
in an Rh-negative woman), causing fetal disease, and at 
the least, complicating the crossmatching process. These 
considerations, in the context of noninvasive fetal blood 
typing, and reliable noninvasive determination of anemia 
mean that not only is amniocentesis eliminated but also 
cordocentesis alone is also much less frequent.

Invasive treatment of fetal anemia

Goals of transfusion

The goals of transfusion are as follows:

1. Restore hemoglobin concentration and, therefore, oxy-
gen-carrying capability

2. Suppress production of (fetal) antigenic RBCs
3. Elevate hemoglobin concentration enough to allow sig-

nificant interval between procedures, while minimizing 
the risk of high-volume infusion

Preoperative evaluation

Patients are counseled according to the likelihood of 
intact survival (Table 7.5). Maternal cooperation is criti-
cal; in selected patients, premedication with narcotic 
analgesic and mild sedation is used. However, much has 
become simplified in our experience with over 1000 IUTs. 
Nowadays, in the ultrasound era, maternal sedation, pro-
phylactic antibiotics, and tocolytics are rarely used. Once 
viability is attained, mothers are NPO from midnight, and 
have an intravenous started. Prolonged hospital admission 
is rarely required.

Transfusion blood

Fresh RBC, group O, antigen negative, human immu-
nodeficiency virus (HIV)-/hepatitis negative, buffy coat 
poor, and fully crossmatched with mother are irradiated 
immediately prior to the procedure. Centrifugation for 
approximately 10 minutes at 4000 revolutions per minute 
(rpm) achieves donor hematocrit 80%–85%. With class IV 

hydrops (including parvovirus hydrops) platelet concen-
trate is also obtained for suspension of the packed RBCs. 
We usually order 30–40 mL more than the target volume 
to account for tubing, residue, and sampling losses.

Intravascular transfusion

The history of fetal transfusion includes hysterotomy and 
open cannulation of fetal vessels, repetitive transfusion 
via indwelling catheters, fetal exchange transfusions, IVT, 
and combined (intravascular and intraperitoneal) trans-
fusions.49,50 All had detailed justifications, and most had 
some success. It has become clear, however, that the short-
est, simplest procedure, giving high-volume, highly con-
centrated RBCs in 20-mL aliquots, sampling halfway and 
at completion of the target volume, maximizes therapeu-
tic effect and minimizes complications. Uterine tone and 
maternal complications, such as emesis, supine hypoten-
sion, and anxiety, are time dependent. Quickly reaching 
a high concentration of donor (adult) blood meets thera-
peutic targets. There appears no measurable advantage 
to giving extra blood intraperitoneally or fetal exchange 
transfusion because these do increase the time, technical 
difficulties, and complications.

Maternal operative preparation

Standard Betadine prep, maternal tilt, and 1% xylocaine 
infiltration directly above the targeted vessel are used. On 
the rarest occasion, for example, near term in a woman 
requiring difficult cesarean section (should urgent delivery 
be required), spinal epidural anesthesia may be initiated.

Needle insertion

A 22-gauge spinal needle is used, 20-gauge after 28 weeks. 
If needle removal is required, “a new needle is used” 
to preserve maximum sharpness. We do not use “echo 
tip” needles for this same reason. We have not found a 
rigid needle “guide” necessary for stability. The needle 
is directed under continuous ultrasound guidance to the 
umbilical vein, the picture format is zoomed, and gentle 
bouncing indents the vein wall. Vessel entry is charac-
terized by a “pop.” Just pressing forward does not enter 
the vessel cleanly; a 3-mm staccato advance achieves the 
necessary motion. Without follow-through, drag on the 
needle penetrating the vessel wall will usually stop it in 
the ideal position. The stylet is removed, and blood wells 
into the hub. Only light aspiration pressure is required—
aspirating too hard may pull the vessel wall up against 
the needle. The vein is preferred—larger lumen, turbu-
lence along the cord (vs. on the placental surface), no risk 
of vascular spasm—but we have performed over 50 full-
volume intra-arterial IVT without complication. If blood 
return is not achieved, the stylet should not be reinserted 
above the target, as this may obscure the approach with 
air bubbles. After preliminary sampling, proper cannula-
tion is confirmed by injecting 0.4–0.6 mL of sterile saline. 
This produces intravascular turbulence, confirming free 
placement (Figure 7.10). The first sample is used for bed-
side hemoglobin level. After correct vessel placement is 

Table 7.5 Likelihood of intact survival with fetal IVTs.

Nonhydropic Hydrops

First IVT
 <24 weeks 95% 70%
First IVT
 >24 weeks 99% 88%
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ensured, it is common to inject 2–4 mg rocuronium for 
fetal paralysis. We use this approach in most transamni-
otic procedures and in about one-third of transplacental 
procedures in order to avoid needle displacement by fetal 
movement. In our region, availability of pancuronium is 
unreliable; vecuronium (causes frequent fetal arrhyth-
mia) and atracurium (has shorter onset and duration) 
have not worked as well. Postprocedure monitoring is 
more complicated when the fetus is paralyzed, as an ini-
tial period of pseudosinusoidal heart rate follows paraly-
sis and movement may not resume for up to 2 hours.

Transfusion volume

Pressuring the donor blood bag facilitates filling the 
20-mL syringe connected via stopcock. The blood vol-
ume used aims to raise fetal hemoglobin concentration to 
approximately 16.0 g/dL.5 However, for hydropic fetuses 
with pre-IVT hemoglobin under 4.0 g/L, or previously 
transfused fetuses with pre-IVT hemoglobin over 10.0 
g/L, such blood volumes may not be tolerated. Sampling 
halfway verifies that the total volume will reach the 
desired target. If the needle is dislodged, it is reinserted, 
and target volume attained, unless one of the following 
occurs: there is a significant change in FHR (monitored 
by audible pulsed wave (PW) Doppler), there is severe 
maternal supine hypotension, over 75% target volume is 
reached, or visualization declines. Blood should never be 
injected if intravascular turbulence is absent.

Needle removal

When the total volume has been administered, the intrave-
nous tubing is disconnected and the posttransfusion sam-
ple is obtained (Figure 7.11). This is not always simple. After 
large transfusions, dense blood coats the inner lumen and 

aspiration may be difficult; uterine tone may increase and 
preclude needle manipulation; visualization may decline; 
and all these may prevent post-IVT sampling. Calculation 
(versus measurement) of posttransfusion hemoglobin is 
approximate, but correlates with midpoint sampling and 
posttransfusion MCA Doppler.51 We do not reinsert the 
needle just for a posttransfusion value. Back-bleeding after 
needle removal is common, but may be reduced if ves-
sel penetration is via cord substance, and if the needle is 
removed very gradually. In severe hydrops, combination 
of elevated intravascular pressure and thrombocytopenia 
may result in excessive bleeding.52 Arterial back-bleeding 
averages about 25% longer than venous.53 In either case, it 
is watched until cessation. The threshold for cardiovascular 
collapse due to blood loss is 300 seconds (5 minutes) and 
this may indicate an immediate repeat procedure. Since tiny 
volumes of blood leaking from vessel punctures are detect-
able by ultrasound, it is common to overestimate blood loss. 
Blood loss during IVT in the intra-abdominal portion of 
the umbilical vein will ultimately be reabsorbed, so perhaps 
not truly “lost.” Periodic checks of FHR, cardiac filling, cord 
artery, and MCA Doppler waveforms provide ample reas-
surance of circulating volume stability.

Complications

Most complications occur during the IVT (Table 7.6). 
Cord tamponade may be lethal, so IVT over 24 weeks is 
done on the delivery suite, with emergency cesarean sec-
tion available. In 10 cases (1.1%), post-IVT monitoring was 
abnormal enough to prompt emergency cordocentesis, but 
the most common finding was normal post-IVT hemo-
globin, and normal pH and blood gases. Since MCA PSV 
has been shown to return to more-normal levels very soon 
after transfusion, its role in immediate posttransfusion 

(a) (b)

Figure 7.10 The umbilical vein is infused with concentrated donor red blood cells (RBCs), producing turbulence during infusion 
(a), which stops immediately when the infusion stops (b) well shown by ultrasound.
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fetal assessment (e.g., slow recovery from paralysis, appar-
ently excessive back-bleeding on needle removal) should 
be investigated.54 Deaths of hydropic fetuses not improv-
ing with serial IVTs have occurred despite retransfusion 
within 12 hours of first IVT.

In general, the frequency and severity of procedural 
complications has declined, with better ultrasound, greater 
experience, centralization to fetal treatment centers, and 
earlier detection of severe fetal anemia with improved 
MCA Doppler surveillance. As discussed below, an emerg-
ing additional factor may be the use of IVIG to ameliorate 

disease, allowing transfusion at later (technically easier) 
gestational age. Complications are more common <24 
weeks, with procedures in free cord loops (vs. either intra-
abdominal or placental insertion, which do not differ), and 
are more often fatal in fetuses with hydropic disease.55–57

Intraperitoneal transfusion (IPT)

Transfusion blood is absorbed from the peritoneal cavity 
via subdiaphgragmatic and intrathoracic lymphatics. 
Absorption is directly related to volume, duration after 
transfusion, and presence of fetal diaphragmatic and 
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Figure 7.11 Serial RBC histograms taken during an IVT. Top panel: pretransfusion shows high mean corpuscular volume (MCV) 
(123.0) typical of an anemic fetus. Middle panel: bimodal curve demonstrates substantial addition of adult (donor) RBCs, lowering 
average MCV to 99.2. Lower panel: posttransfusion final MCV of 92 reflects the addition of donor hemoglobin, raising the initial pre-
IVT hemoglobin value of 4.8 g/dL to a post-IVT value of 11.4 g/dL.
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body movements.58 Poor response of hydropic fetuses to 
IPT relates to dilution of transfused blood by ascites and, 
importantly, absence of fetal breathing movement accom-
panying low biophysical profile scores.59 When fetal blood 
vessels are too small to cannulate, only under 17 weeks, 
IPT is used in hydrops. IPT (without fetal blood sampling) 
is less precise than IVT. Transplacental IPT is hazardous, 
featuring fetal mortality of up to 5% per procedure.60

Preparation

In addition to the prerequisites indicated for all transfu-
sions, mandatory IPT criteria include:

 1. Nonhydropic fetus
2. Ideal fetal position
3. Team experience in IPT
4. Posterior placenta

Further, IPT application is generally limited to times 
when fetal vascular access is not available, for example, very 
early in gestation when vessels are too small, or very late 
in gestation when fetal size, spine anterior, blocks vascular 
access.

Technique

Classical IPT uses a 16-gauge Tuohy needle with curved 
lumen, inserted into the peritoneal cavity, allowing thread-
ing of a no. 18 epidural catheter. Placement of the catheter 
free within the abdomen is confirmed by infusion of radi-
opaque dye (Figure 7.12).61 A simpler procedure is to visu-
alize by ultrasound the turbulence produced by pushing 
saline to prove free placement (Figure 7.13). However, many 
fetal complications may result from inadvertent injection 
of highly packed donor blood (prepared as for IVT) into a 
confined space. Considerable force is required to push this 
thick blood through the catheter in 10-mL aliquots. FHR 
is monitored throughout, showing characteristic tachycar-
dia, probably indicating pain as the peritoneum distends. 
Bradycardia, failure of transfused blood to produce a fluid 
interface on ultrasound, and maternal complications are 
the most common reasons for terminating IPT before tar-
get volume.62 Post-IPT monitoring is extended, as trau-
matic fetal bleeding may take time to produce detectable 
effects. Timing of repeat IPT is similar to IVT, averaging 
3–4 weeks, but serial IPTs are seldom used.

Figure 7.12 Radiograph of the fetal abdomen after injec-
tion of 3 mm of 76% Renografin via intraperitoneal catheter. 
The fetus, in a breech position, shows radiopaque dye along 
the dome of the diaphragm. Lower in the fetal abdomen, dye 
dispersed between loops of fetal bowel causes discrete scal-
loping confirming that the catheter tip is free within the peri-
toneal cavity.

Figure 7.13 Intraperitoneal transfusion with ultrasound 
verification of proper placement. With ideal fetal position 
(spine at 11 o’clock position), a 20-gauge spinal needle was 
used to enter the peritoneal cavity, and placement free in the 
abdomen was confirmed with agitated saline. Arrows show 
intraperitoneal fluid rim forming (infused blood), at the 50-mL 
point in the transfusion.

Table 7.6 Complications of 966 fetal IVTs.

Survivors Class I 141/144 98%
Survivors Class II–III 65/74 88%
Survivors Class IV 27/37 73%
Incomplete proceduresa 44 4%
Compressive hematoma 10 1%
Bradycardia, unknown case 38 3.9%
Severe bradycardia 6 6.2%
Exsanguinating bleed 19 2%
Rupture of membranes 5 0.5%
Supine hypotension 32 3.3%

a 00%–49% of planned target transfusion volume given.
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IPT versus IVT

Theoretically, it might be easier to place a needle within 
the fetal peritoneal cavity than into a vessel. Also, more 
blood can be delivered intraperitoneally, according to the 
following formula.62

IPT volume in milliliters = (weeks gestation − 20) × 10

The major drawback of IPT, in addition to limited abil-
ity to treat fetal hydrops, is fetal trauma. This is worse at 
premature gestation and with anterior placenta. Death 
from laceration of a major vessel, cardiac penetration, 
and neurologic injury have been reported. While these 
are decreased with continuous ultrasound guidance, data 
from a matched control trial display dramatic differences 
in safety and efficacy, all favoring IVT (Table 7.7).63

Fetal exchange transfusion

This topic includes modern revival of an original approach. 
Exchange transfusion takes much longer, involves many 
more dangerous excursions in fetal central perfusion, and 
has no apparent advantages.64 Similarly, the combination 
of IVT and IPT to deliver a greater total volume of trans-
fused RBC has no apparent advantage—except perhaps 
when intravascular access is tenuous, in order to complete 
an adequate volume. As a routine procedure, it does not 
prolong the interval until the next transfusion (all the 
transfused RBC will degrade on the same time-line) and 
adds the increased risks of IPT. In our view, the increased 
risks of IPT are far more significant than the occasional 
extra IVT that may be required because of less than full-
volume IVT.

Intracardiac transfusion (ICT)

In severe early disease treated with IVT, fetal exsangui-
nation occasionally occurs due to vessel trauma and/or 
thrombocytopenia. In such critical situations, the oppor-
tunity for resuscitation may pass in seconds. Vascular 
collapse makes repeating venous puncture impossible 
and fetal death is probable. ICT in such circumstances 

may be lifesaving. Even more rarely, ICT may be the only 
means of transfusing very early hydrops.65

Our experience includes 18 ICTs in 17 fetuses. Ten of 
these fetuses were exsanguinating. Twelve fetuses survived 
the acute event after successful intracardiac resuscitation 
(Figure 7.14). Intracardiac blood sampling and transfusion 
were semielective in two Rh-positive fetuses whose moth-
ers had hydropic demise at 16 weeks in prior pregnancy.5

Without life-threatening hypovolemia, ICT is relatively 
straightforward. The rigidity of a 20-gauge needle may allow 
improved maneuverability. While the right ventricle seems 
most appropriate, it is usually not easy to be that selective. 
IVT principles are utilized, with blood return and “puffs” 
of saline confirming placement and RBC infusion under 
continuous ultrasound visualization. Turbulence should 
be visible in umbilical arteries exiting the fetus. The initial 
response to severe hypovolemia is profound bradycardia. 
After the first few milliliters of intracardiac infusion. FHR 
rises to normal and then to tachycardia. Cold blood straight 
from the blood bank produces cardiac slowing and ven-
tricular dysfunction. Therefore, one should warm several 
capped, 5-mL syringes of donor blood under running water. 
The catheter should not be removed from the needle hub 
for repeated sampling. We simply give 50% of anticipated 
IVT volume, sample once, and remove the needle. In fetuses 
recovering from this procedure, it is perhaps surprising that 
only one had a significant pericardial effusion. All class III 
or class IV hydropic fetuses have the potential for thrombo-
cytopenia, vessel wall edema, and exsanguination at IVT. It 
is useful before starting IVT for such severe illness, to per-
form a complete anatomic survey of the fetal heart.17 Cardiac 
puncture may be a routine way of obtaining early fetal blood 
samples, but has rarely been reported in nonemergent fetal 
treatment.66

Noninvasive management of fetal alloimmune 
disease

Especially prior to intravascular techniques, this consid-
eration featured prominently in scholarly work about seri-
ous fetal anemia—the risks of IPT were so significant and 

Table 7.7 Choice of management (IVT vs. IPT) (matched control trial—1990)

Factor IPT IVT p

Number of procedures 2.4 3.9 .03
Attempts/transfusions 1.8 1.2 .02
Procedural complications 38% 10% .004
Traumatic death 18% 3% .001
Delivery (GA) 31 34 .011
Exchange transfusions 1.8 0.8 .007
ICN days 8.2 6.1 .044
Nonhydrops alive 83% 98% NS
Hydrops alive 48% 86% .01
Class IV alive 0/6 4/6

Source: Harman CR et al., Am J Obstet Gynecol, 162, 1053–1059, 1990.
Abbreviations: GA, mean gestational age; ICN, intensive care nursery; IPT, intraperitoneal transfusion; NS, nonsignificant.
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benefits so delayed in gestation, that many maneuvers were 
considered, to delay or reduce the use of IPT. Now, the focus 
is on cases too early to manage safely with IVT (especially 
before 18–20 weeks), but emerging information suggests 
that these methods may not only delay the onset of intra-
uterine treatment, but obviate it altogether in some cases.

Plasmapheresis

In an infusion center, maternal whole blood is withdrawn, 
centrifuged to remove plasma, reconstituted, and trans-
fused back to the mother. Typically, this is repeated to 
account for twice the maternal circulating blood volume 
(double volume plasma exchange). This lowers maternal 
IgG levels abruptly, with decreased anti-D titers of four 
dilutions, up to 15 IU/mL. The drop is transient, no longer 
than 5–7 days, and the process is arduous and expensive. 
Our team’s experience is all pre-1985 (pre-IVT) and sug-
gested that the onset of disease could be delayed, but never 
prevented.62 Modern experience with plasmapheresis 
alone is confined to individual cases managed successfully 
until immunoglobulin-G infusion (IVIG), fetal transfu-
sion, or both, were started. While the logic of reducing 
maternal antibody levels makes sense, the value of this 
demanding process has not been proven.67,68

High-dose IVIG

IVIG done weekly, with or without preceding plasma-
pheresis may be another story. Including several series 
and neonatal case–cohort evidence, IVIG may be associ-
ated with a significant delay (80%–90% delayed by at least 
6 weeks compared with previous IVT treated pregnancies) 
or in some (up to 40% of women with critical titers and 
prior fetuses requiring IVT) avoiding IVT altogether.

Our experience includes 17 highly selected pregnan-
cies in women with critical titers to D (16) or Kell (1), 

antigen-positive fetuses demonstrated before 16 weeks 
by cell-free DNA in maternal serum and poor history—
hydrops <22 weeks, hydropic still birth, permanent peri-
natal injury. None required transfusion before 24 weeks, 
none were hydropic, and only 10 of 17 required any IVT. 
All were intact survivors, delivered at 36–39 weeks and had 
moderate neonatal disease (6/10 nontransfused) or mini-
mal effects. Recognizing that these data are difficult to 
control (subsequent pregnancies are not always as severely 
affected), that the reliability of MCA Doppler surveillance 
generates fewer procedures than in prior practice, and that 
precise mechanism(s) have not been completely defined, 
the reader is justifiably skeptical.

IVIG is administered by protocol 1.0 Gm/Kg maternal 
weight intravenously, weekly, starting at 12–14 weeks’ ges-
tation. It is continued until fetal transfusions are required 
according to MCA PSV cutoff, or 36 weeks, whichever 
comes first. It is expensive, and thus reserved for fetuses 
proven antigen-positive and at high risk (regardless of 
maternal titer). Since Kell positivity is predicted less 
reliably <20 weeks, and the mechanism of Kell anemia 
is different from Rh antigens, recommendation of this 
technique is currently focused on anti-D disease.69,70 The 
mechanisms of action are not proven, but placental Fc 
blockade appears most likely the most important. For this 
reason, we emphasize maintaining elevated maternal Ig 
levels by sticking to a weekly schedule.

There is no reliable evidence that direct fetal IVIG 
administration (without maternal therapy and/or IUT) 
can treat significant alloimmune disease.71 On the other 
hand, neonatal therapy with IVIG appears quite effective 
in babies with untreated hemolysis.72 This is in further 
support of the concept of placental blockade.

Disorder-specific issues

Transplacental hemorrhage

Chronic anemia due to blood loss may follow fetomater-
nal hemorrhage (FMH) which may occur either sponta-
neously or following trauma. IUT to replace blood loss 
has been successful in FMH, but chronic hemorrhage 
often continues. Because donor cells are adult, Kleihauer–
Betke testing cannot assess post-IVT fetal bleeding. MCA 
Doppler and serial cordocenteses should be used in this 
situation.73 In many cases, delivery is a better option once 
viability has been reached.

Twin-to-twin transfusion syndrome 

In twin-to-twin transfusion syndrome (TTTS), IVT has 
been suggested for the donor twin after laser ablation of 
placental anatomoses when Twin Anemia Polycythemia 
Sequence (TAPS) is suspected.74 This practice assumes 
that the TTTS donor is anemic due to fetofetal blood 
loss. However, donors have contracted intravascular vol-
ume that will eventually re-expand if placental function 
is adequate and, except in the minority, still have enough 
hemoglobin for oxygenation. IVT in TTTS is currently 
undergoing active research.

Figure 7.14 Intracardiac transfusion visualized by ultra-
sound. The needle enters the fetal chest, and the tip sits in the 
right ventricle (arrow) for intracardiac transfusion of an anemic 
hydropic fetus at 17 weeks gestation. The ICT was lifesaving. At 
last follow-up, this child was 2 years old, and developmentally 
normal.
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Parvovirus

Parvovirus hydrops with profound anemia is quite treat-
able with IVT. An average of 2.2 transfusions is enough to 
raise the hemoglobin and sustain it until fetal erythropoi-
esis resumes. Results will vary, as parvovirus may cause 
permanent deficits in cardiac function, hepatic function, 
cerebral function, and growth. Cautious counseling about 
the potential for permanent injury in other systems should 
accompany transfusion therapy in parvovirus.75

Anemia at very early gestational age

The majority of fetuses treated at this difficult stage 
have been managed successfully with the intravascular 
approach.76,77 This probably is due to several factors—
rarity of disease this severe, skill of the teams reporting 
this experience, and the time it takes (6–10 weeks fol-
lowing onset of high-capacity transplacental transport of 
maternal IgG at about 10 weeks gestation) for disease to 
outstrip fetal production. Early treatment by IPT is limited 
to 16 weeks and later as the fetal abdominal wall lacks the 
epithelialization to retain transfusion blood before this. 
It seems likely that a combination of maternal IVIG and 
delicate IVT will address these issues in the future.

Anemia beyond 32 weeks

In most centers, 32 weeks marks a watershed between mor-
tality and morbidity of the neonate. Should one deliver the 
anemic fetus for transfusions in the neonatal intensive care 
unit (NICU) rather than “risking” IVT? For experienced 
teams, IVT up to 36 weeks has measurable advantages. 
The neonate challenged with rapid, high-volume transfu-
sion may suffer cardiac failure and pulmonary edema. Due 
to the distensability of fetoplacental vasculature, the fetus 

simply makes volume corrections into the maternal space 
and amniotic cavity, tolerating large, rapid transfusion with-
out compromise.78 For the nonhydropic fetus, arrhythmia, 
NICU accidents, operator experience with exchange trans-
fusion, and infectious issues may mean that a simple IUT 
is safer than multiple neonatal exchange transfusions.5,58,79

Lethal fetal anemias

Inherited hemoglobinopathies and RBC membrane disor-
ders may cause severe fetal anemia and/or anemic hydrops. 
Serial fetal transfusions are timed similarly to those in Rh 
disease, suppressing production of abnormal RBCs, and 
allowing recovery from RBC breakdown products, while 
maintaining homeostasis. Hemosiderosis is a significant 
problem with potentially lethal complications in child-
hood. Advances in transfusion medicine, iron chelation, 
and bone marrow and liver transplantation in infancy 
have salvaged small numbers.80,81 This demonstrates the 
potential for early and sustained fetal transfusion.82,83

Class III/IV hydrops

In such compromised fetuses, rapid transfusion to usual 
target volumes leads to cardiovascular collapse, due to 
the already high intravascular pressures, poor placental 
respiratory function caused by edema, and direct over-
load of the compromised cardiac function.84 One gives 
50%–60% target volume for gestational age, and 3–5 
days later, the same volume is repeated. Response to 
the first two transfusions is a highly predictive of out-
come (Figure 7.15). In Class IV disease, with abnormal 
biophysical profile, maternal oxygen is started preproce-
dure, and maintained until fetal heart rate and activity 
are normal. Rarely, thrombocytopenia is so severe that 
fetal platelet transfusion is required, Usually, a short, 
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Figure 7.15 Initial response to fetal transfusion indicates prognosis in moribund class IV hydrops. On the left, 14 fetuses showed 
improvement in biophysical profile score (BPS) between first and second transfusions. Eleven of 14 survived. On the right, five 
fetuses, equally sick, showed no improvement in pH, and no return of fetal activity, and all died during or after the second transfu-
sion. The return of normal behavior after the transfusion, even when the physical findings are severe, is reassuring.
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single-puncture procedure restoring hemoglobin con-
centration to 6.0–8.0 g/dL produces a rapid return to 
normal neurologic function and normal vascular integ-
rity (called “reanimation”), although physical changes of 
hydrops may take weeks to regress.

Neonatal alloimmune thrombocytopenia

This is a significant source of transfusion patients, merit-
ing attention here. Maternal sensitization against platelet 
antigens (primarily PLA1 and Baka) causes alloimmune 
destruction of fetal platelets via transplacental antiplatelet 
IgG. High-dose maternal IgG therapy may treat up to 70% of 
these fetuses at risk of intracranial hemorrhage antenatally. 
However, the problem with NAIT in its most severe form is 
that not all cases respond to IV IgG and the worst may have 
platelet counts so low that intracranial hemorrhage is prob-
able.85 Thus, after a significant course of therapy (starting 
at 14 weeks gestation, and extending for 6–8 weeks, until 
placental and fetal receptors are saturated with IgG), fetal 
blood sampling for platelet count may be appropriate to con-
firm therapeutic effect. However, there is controversy about 
this approach because bleeding after cordocentesis depends 
not only on thrombocytopenia but also on the fact that 
the offending antigen is present on fetal endothelial cells.86

Both vascular integrity and platelet count and function are 
impaired, and both remain impaired in the 30% treatment 
failures. Exsanguination from uncomplicated cordocentesis 
in PLA1 disease caused our only fetal losses in hundreds of 
procedures. Because of this danger, every blood-sampling 
procedure for NAIT includes a fetal platelet transfusion. 
The platelets are fresh, moderately concentrated, at 10 mL/
kg of anticipated fetal weight. The transfusion technique is 
similar, with a 25- or 22-gauge needle in the intrahepatic 
umbilical vein. If cord needling is utilized, it is in midcord 
where Wharton’s jelly may assist in closing the puncture. 
Adjunctive, high-dose dexamethasone and early delivery 
further maximize therapeutic results. In our experience of 
28 severely thrombocytopenic fetuses, of the 19 survivors, 
only 2 required serial fetal platelet transfusion.87

Posttransfusion monitoring

In class IV hydrops, FHR monitoring is continuous with 
maternal oxygenation until the biophysical profile score is 
normal. In less severe disease, oxygen is not used and the 
mother is discharged when FHR reactivity and fetal move-
ment have returned and there are no uterine contractions. 
Weekly MCA Doppler and biophysical profile scoring are 
performed until the next transfusion. The next transfusion 
is intended to be when the pre-IVT donor hemoglobin has 
dropped to 80–90 g/dL. This is calculated by subtracting 
0.3 g/dL per day from post-IVT donor level (e.g., if closing 
level is 16.6 g/dL, 10% residual fetal, repeat IVT in 20–24 
days). This interval lengthens as gestational age advances 
and is modified by MCA results, noting that some authors 
have found this imprecise,88 and others have had variable 
post-IVT response.89 In our long-standing practice, calcu-
lation based on posttransfusion final sample, using 0.3 g/
dL per day, is accurate within 1.0 g/dL >90% of the time.

Outcome studies

The results of our transfusion program are shown in 
Table 7.8.5,17 We have seen substantial improvement in 
IVT technique and outcome statistics since its first incep-
tion, with renewed focus on preventing prematurity and 
related morbidity.

In our series, the factors most highly associated with 
perinatal mortality were Class IV hydrops (relative risk 
[RR] 4.53 CI 1.4–9.2) and first IVT <24 weeks (RR 1.8 CI 
0.96–2.08, nonsignificant [NS]). Reports by many other 
centers are similar: survival rate >90%, normal long-term 
outcome in the majority (almost always in nonhydrops) 
and similar paucity of pretransfusion predictive fac-
tors.90–92 The LOTUS study is the largest long-term follow-
up study of children who were transfused as fetuses, 
identifying hydropic disease, early-onset disease (via 
increased procedural complications), and possibly parvo-
virus infection causing hydrops, as primary determinants 
of long-term developmental deficit.93

Long-term follow-up is key, whenever fetal therapy is 
considered. For many intrauterine interventions, infancy 
and childhood are marked with multiple complications 
and a very challenging course. However, in general, this 
is not the case for survivors of fetal transfusion, regard-
less of severity of disease. In class IV hydrops, with poor 
fetal behavior, outcomes include 10% incidence of cere-
bral palsy.94 Other than this discrete group, long-term 
results are excellent, with very low incidence of permanent 
handicap.

In the short term of neonatal life, most babies who had 
serial IVT have delayed erythropoietic response.95 In the 
transfused fetus, erythropoietin levels have been sup-
pressed for weeks or months prior to delivery. Donor cells 
have a reduced half-life in the newborn. With this com-
bination of delayed response and rapid attrition, it is very 
common for IVT survivors to have two or more neona-
tal “top-up” transfusions, typically at 6 and 10 weeks. In 
many cases, this is the only hematologic manifestation of 
disease. The fully transfused neonate has normal biliru-
bin, ample iron to make new RBC, and an excellent birth 
hemoglobin level if cord clamping is delayed, and often 
needs no transfusion during its short NICU stay. For many 
fetal transfusion teams, these neonatal benefits clearly jus-
tify the application of transfusion therapy until late in 
gestation.

Table 7.8 IVT (1986–2015).

IVT Fetuses Survival

966 255 91%
Class 1 508 144 98%
Class 2 121 35 88%a

Class 3 143 39
Class 4 194 37 73%a

a There was no significant difference in survival between causes of 
hydropic hemolytic disease (anti-D, anti-Kell, parvovirus) when hydrops 
of comparable severity is compared.
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SUMMARY
Access to the fetal circulation has made precise moni-
toring and pretransfusion evaluation routine. Cell-free 
fetal DNA in maternal serum has the potential to iden-
tify fetuses at risk, and to exclude antigen-negative fetuses 
from dangerous management, with accelerating precision. 
Data obtained by cordocentesis have validated noninva-
sive Doppler techniques using MCA Doppler velocimetry, 
reliably identifying fetuses at risk of anemia, while reliably 
excluding fetuses not yet anemic. Fetal IVT techniques 
have been simplified and now account for almost all IUT 
procedures. This has resulted in a high level of success, 
even in the presence of fetal hydrops. The success of these 
techniques has led to the application of IVT in many other 
areas with promising results. Against a background of con-
tinued vigilance to prevent alloimmunization by proper 
transfusion and prophylaxis techniques, IUT stands as a 
model of successful fetal therapy.
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8Fetal reduction and selective termination
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INTRODUCTION
Since we first published on the subject of pregnancy 
management via fetal reduction (FR) a quarter century 
ago, the field has witnessed significant changes.1 These 
changes have occurred in medical technology, outcomes, 
patient choices, and the large demographic and cultural 
shifts that are driving the pace and direction of progress 
and research.

FR started out as a means of managing pregnancies in 
which the risks to both mother and fetuses from carry-
ing multiple embryos were unacceptably high. Selective 
termination (ST)—as it was called then—of some of the 
embryos in order to reduce the risks for morbidity and 
mortality for the mother and increase the viability of the 
remaining embryos was a desperate attempt to salvage 
hopeless medical situations. Like many other technologi-
cal advancements, initial concerns were dominated by 
matters of life and death and shifted toward acceptance. 
Today, the indications for FR have transformed from the 
binary crisis of “life and death” into the broader arena of 
issues regarding quality of life.2,3

Since Louise Brown’s birth in July 1978, more than 
5,000,000 in vitro fertilization (IVF) babies have been 
born. The skyrocketing incidence of multiple gestations 
over the last 30–35 years is an undeniable side effect of 
infertility treatments. In the United States, the birth rate 
of twins has gone from the preinfertility treatment era 
background of 1/90 to nearly 1/30.4,5 A woman delivering 
twins today has a nearly 70% chance of having conceived 
with the assistance of medical technology, such as IVF.

Nearly half of the babies born from IVF in the United 
States are products of multiple pregnancies5 (Table 8.1). 
Although the incidence of higher-order multiples has 
somewhat plateaued, many IVF programs create as many 
multiples as singletons.4,5 This assertion is supported by 
the U.S. Society for Assisted Reproductive Technologies 
(SART), which reported 37,699 singleton and 13,562 

multiple pregnancies producing 65,151 infants in 2012. 
These numbers have remained relatively constant over the 
last several years.

A somewhat different picture emerges if we examine 
the trends of multiple births over the last 25 years.5–7 The 
incidence of twin births has escalated and stayed relatively 
constant; however, the curves for triplets and above show a 
curvilinear pattern (Figure 8.1). The picture is clearest for 
quadruplets; there was an initial doubling and then a return 
to roughly the same number as in 1989, which actually may 
be lower, if viewed as a percentage of eligible women. The 
increase for higher-order multiples is an unintended result 
of the advancement of in vivo and IVF techniques. However, 
the increase in these techniques also galvanized changes in 
medical technology and introduced new procedures that 
over time have afforded greater control of the situation.

One of the key developments in controlling the number 
of multiples, beyond that afforded from simply moving from 
the use of gonadotropins to IVF, has been the codification of 
norms and expectations regarding single-embryo transfers 
(SET).5–7 While elective single embryo transfer (eSET) can 
have many medical advantages, it is unlikely that eSET will 
ever be predominant in the United States under the current 
health-care system and the economics. Since IVF is associ-
ated with extremely high costs for every cycle (commonly 
$15,000 or more with variable insurance coverage), all parties 
involved—both patient and IVF provider—are under pres-
sure to achieve a very high pregnancy rate with each cycle. 
As a result, SART guidelines state that under age 35, only 
one or two embryos should be transferred; yet, according to 
Centers for Disease Control (CDC) and SART data for 2014, 
the average number of embryos transferred is only down to 
1.8 from 2.2 in 2007.5–7 This is unlikely to change even with 
any further health-care reform that may ultimately emerge 
in the United States, either from the expansion or repeal-
ing of the Affordable Care Act. For example, 2009 SART 
data showed that only 7% of IVF cases in the United States 
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in women under 35 were SET, and the numbers were much 
lower in older women (Table 8.2).5–7 For 2013, the percent-
age of eSET for women under 35 was 22%, and for women 
>40 was approximately 4.5%.5 Lawlor in 2012 using U.K. data 
showed that the success rate for live-borns is about 7% greater 
when transferring two embryos in one cycle rather than one 
each over two cycles.8 It is known that the percentage of live 
births per transfer clearly diminishes with advancing mater-
nal age regardless of using fresh versus frozen cycles. Thus, 
the impetus to be aggressive in embryo transfers is apparent 
but it also correlates with increased risks of multiples. Egg 
donors tend to be younger, so statistically they resemble the 
<35-year-old cohort (Table 8.3).

Due to a shift in management from ovulation induction 
to IVF, in which there is better control of the number of 
embryos transferred, the proportion of very high order 
multiples has diminished. Thus, the average “starting num-
ber” of patients presenting for FR procedures has slowly 
decreased from about 3.5 to now under 3.0 (Table 8.4).5–8

The reduction in the number of embryos transferred is 
most likely attributed to tighter management control and 

the shifting demographics of those patients who seek FR 
in an effort to improve outcomes.

As the risks have become better understood and the gen-
eral public has become more knowledgeable regarding the 
possibilities of intervention, there has been a marked shift 
toward skepticism, and in some cases disapproval, for mul-
tiple embryo transfers. In the 1930s, the Dionne Quintuplets 
were met with awe and amazement, and treated almost as a 
miracle, which continued with other cases for over 60 years. 
Similarly, “miracle” status was accorded to other high vis-
ibility instances such as the Frustasci family in the 1980s 
and McCoys in the 1990s. A pivotal moment in the United 
States was the public response to the 2009 “Octomom” in 
California, when the public “appreciative amazement” of the 
1980s shifted noticeably to elements of shock and disgust.9
As a result, transfer of three or more embryos significantly 
diminished, and many intended ovulation induction cases 
were converted to IVF mid-cycle, if ultrasound or hormone 
levels suggested a high risk of multiples.9

In high-order multiples, pregnancy loss is not the only 
deleterious outcome. For almost half a century, studies 

Table 8.1 Longitudinal trends in the number of multifetal pregnancies in the United States.

Year Twins Triplets Quads Quints+

2013 132,324 4,634 270 66
2011 131,269 5,137 239 41
2009 137,217 5,905 355 80
2006 137,085 6,118 355 67
2003 128,615 7,110 468 85
1996 100,750 5,298 560 81
1989 90,118 2,529 229 40
% Increase 1989–2013 46.8% 83.2% 17.9% 65.0%

Source:  Martin JA et al., Births: Final data for 2013, National Vital Statistics Reports, Vol. 64, No. 1, January 2015, Hyattsville, MD: National Center for 
Health Statistics, 2015.
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Figure 8.1 Change in ratio of multiples to singletons from 1989 to 2013: U.S. data from Centers for Disease Control (CDC). Using 
1989 data set as baseline (1), ratio incidence of cases for the years are listed on the x axis.
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have clearly demonstrated that the incidences of prematu-
rity and related sequelae are directly correlated with fetal 
number (Figure 8.2).5–8  It should be noted that approxi-
mately 20% of fetuses born less than 750 g develop cerebral 
palsy.10 In Western Australia, Petterson et al.11 found that 
the rate of cerebral palsy was 4.6 times higher for twins 
than singletons per live births but 8.3 times higher when 
calculated per pregnancy.  Pharoah and Cooke12 calculated 
cerebral palsy rates (per 1000) at 2.3 for singletons, 12.6 for 
twins, and 44.8 for triplets.13 In our experience, there is a 
greater sensitivity to these risks among older patients, thus 
leading to a corresponding increase in the utilization of 
prenatal diagnosis and FR.

The profound public health implications to prematurity 
cannot be overstated; year 2000 U.S. data showed that of 
$10.2 billion spent on initial newborn care with 57% of the 
total cost spent on the 9% of babies born at <37 weeks.14

In 2003, more than $10 billion was spent on the 12.3% 
who were born preterm.15 Data from 2005 show that there 
is significantly greater neurologic and developmental dis-
ability in 6-year-olds who survived birth at 26 weeks or 

less.16,17 Significant cerebral palsy was present in 12%. The 
rates of severe, moderate, and mild disability were 22%, 
24%, and 34%, respectively.17 Hack et al.18 also showed that 
in infants with birth weights less than 1000 g, the rate of 
cerebral palsy was 14% versus 0% for controls; asthma, 
poor vision, intelligence quotient (IQ) <85, and poor motor 
skills were also substantially higher in these very preterm 
infants. Advancements in neonatal intensive care have had 
a dramatic impact in reducing mortality, particularly at 
very early gestational ages, which, however, resulted in an 
increase in compromised, surviving infants.19,20 As the pre-
maturity costs rise, it is predictable that there will be cor-
responding changes in insurance coverage, the shaping of 
IVF practices, as well as a continued increase in sensitivity 
to these issues, especially among more at-risk patients.

History

FR was developed as a clinical procedure in the 1980s 
when a small group of clinicians in the United States 
and Europe attempted to reduce the high incidence of 
severe health outcomes typical of higher-order multifetal 

Table 8.2 IVF management: maternal age and transfer numbers.

SART 2013 <35 35–39 40+

Mean transfer 1.7 1.7 1.8
Elective single embryo transfer 22.57% 8.0% 4.5%

Source: Lawlor DA, and Nelson SM, Lancet, 379: 521–27, 2012.
Abbreviations: IVF, in vitro fertilization; SART, Society for Assisted Reproductive Technologies.

Table 8.3 Centers for Disease Control 2013 data.

Fresh cycles Frozen cycles

Nondonor 
egg

Maternal 
age

Fresh 
cycles 
(n)

Mean no. of 
embryos 
transferred 
per cycle

% of live 
births per 
transfer

% of 
multiple 
pregnancies

Frozen 
cycles (n)

Mean no. 
of embryos 
transferred 
per cycle

% of live 
births per 
transfer

<305 36,958 1.8 47.7 29.2 18,801 1.7 43.9
35–37 18,508 1.9 39.2 26.5 9,602 1.6 39.9
38–40 16,853 23 28.5 20.9 7,116 1.7 35.4
41–42 9,026 2.7 16.3 18.0 2,731 1.8 30.6
42+ 4,501 2.8 7.3 13.7 1,675 1.9 20.7

Donor egg 8,921 1.7 55.8 – 8,172 1.6 40.5

Source: Martin JA et al., Births: Final data for 2013, National Vital Statistics Reports, Vol. 64, No. 1, January 2015, Hyattsville, MD: National Center for 
Health Statistics, 2015.

Table 8.4 Number of embryos transferred according to maternal ages (nondonor eggs).

Year <35 35–37 38–40 41–42 43–44 45+

1998 3.4 3.6 3.7 3.9
2001 2.8 3.1 3.4 3.7
2004 2.5 2.7 3.0 3.3
2007 2.2 2.5 2.8 3.1 3.2
2010 2.0 2.2 2.6 3.0 3.2 2.7
2013 1.8 1.9 2.3 2.7 2.8

Source: Centers for Disease Control, Assisted Reproductive Technology Surveillance—United States, 2013, http://www.cdc.gov/art/reports/.
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pregnancies by selectively terminating or reducing the 
number of fetuses. The first European reports by Dumez 
and Oury,21 and the first American report by Evans et al.,1
followed by a further report by Berkowitz et al.,22 and later 
Wapner et al.,23 outlined the initial surgical approaches to 
improve the outcome in such instances.

The surgical approach, in the mid-80s, involved transab-
dominally inserted needles which guided into the fetal tho-
rax. Methods predominately involved injection of potassium 
chloride (KCl) but also included air embolization, electro-
cautery, or mechanical disruption of the fetus. Transcervical 
aspirations were also attempted but met with little success. 
Some centers also utilized transvaginal mechanical disrup-
tion or KCl; however, data suggested a significantly higher 
loss rate than with the transabdominal route, so this tech-
nique is less commonly utilized.24 However, some published 
and unpublished data have suggested that some centers, 
despite considerably higher loss rates, continue to use 6- to 
8-week transvaginal reduction methods. Today, the vast 
majority of experienced clinicians perform the procedure 
using ultrasound guidance with a transabdominal insertion 
of needles inserted into the fetal thorax.25

Over time, as with most surgical procedures, there has 
been an increased understanding of the risks, benefits, and 
the unique clinical nature of various approaches to FR, as 
well as an improvement regarding how these procedures 
should be best presented to patients and carried out by the 
clinicians. Collaboration across major centers conduct-
ing FR has resulted in significant milestones. In 1993, the 
first collaborative report of several centers with the great-
est amount of experience showed a 16% pregnancy loss 
rate through 24 completed weeks.26 Further collaborative 
efforts continued to highlight dramatic improvements in 
the overall outcomes of multifetal pregnancies (Table 8.5).

In the 1980s, the controversy surrounded the ques-
tion, “At how many fetuses was it reasonable to offer FR?” 
Consensus was generally divided between triplets and 

quadruplets, although there were substantial dissimi-
larities in perceptions of risks by specialty and religious 
group beliefs.27 In the 1990s, multiple publications showed 
that there was a clear improvement in reducing to twins 
from higher fetal numbers, including triplet pregnan-
cies. A sizeable number of publications explored whether 
triplets had better outcomes when “reduced.” Yaron et 
al.28 compared outcomes of triplet pregnancies reduced 
to twins with outcomes of nonreduced twin pregnancies 
and expectantly managed triplet pregnancies. The results 
show marked improvement of outcomes for reduced twins 
as compared with triplets.

Antsaklis et al.29 also showed that in triplet pregnan-
cies, embryo reduction to twins reduced preterm delivery 
at ≤32 weeks (11% versus 37%) and birth weight ≤1500 g 
(11% versus 28%); however, this benefit was at the expense 
of increase in total fetal loss (15% versus 5%) in the embryo 
reduction group. Luke et al.30 evaluated risk factors for 
adverse outcomes in spontaneous versus assisted con-
ception twin pregnancies and found that among all twin 
pregnancies FR increased the risks for birth at <30 weeks, 
very low birth weight, and slowed mid-gestational growth. 
However, this analysis did not compare outcomes between 
nonreduced multifetal pregnancies and those reduced to 
twins. Kozinsky et al.31 found that the perinatal outcomes 
following assisted reproductive technologies (ARTs) of 
singleton and twin pregnancies were similar to spontane-
ously conceived, matched pregnancies. McDonald et al.32

showed in a meta-analysis that twins from IVF, even when 
matched to spontaneously conceived twins, had a some-
what greater risk for preterm birth, but this did not result 
in significant differences in low birth weight, congenital 
malformations, or perinatal deaths. Multiple publications 
over the past 15 years have echoed results showing higher 
risks for “unreduced” triplets versus reduced cases.33–36 It 
is clear that when choosing comparison groups, extreme 
caution must be employed.
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The 2001 collaborative data using late first-trimester pro-
cedures similarly demonstrated that the outcomes of trip-
lets reduced to twins, and quadruplets reduced to twins, are 
very similar to those starting as twins.37 Both pregnancy 
loss and prematurity rates were significantly decreased 
and both were correlated with the starting and finishing 
fetal number. Blickstein has also reported that triplets did 
worse than reduced twins in every perinatal category in his 
large database.38 More recent data have shown continued 
improvements in management and overall outcomes in the 
hands of experienced centers (Table 8.5).

Improved clinician experience and knowledge, as well as 
advancements in infertility management, have also resulted 
in some novel clinical scenarios. As a result of increasing 
use of blastocyst transfers, and evolving IVF laboratory 
methods, the number and proportion of monozygotic (MZ) 
twins has increased significantly in the last 15 years.7,9,39

Approximately 7% of our higher-order multifetal pregnan-
cies involve a monochorionic–diamniotic twin pair.39 In 
our experience, the best outcomes generally result from 
reduction of the MZ twins, provided the “singleton” appears 
healthy after evaluation by chorionic villus sampling (CVS) 
and ultrasound. However, if there are apparent problems 
with the singleton, then keeping the twins is the next best 
option. Other centers have reported that FR in dichorionic 
triplet pregnancy reduces the rate of preterm birth at the 
expense of a nonsignificant rate of miscarriage.40

In the 2001 collaborative report, the subset of patients 
who reduced from twins to singleton had a pregnancy loss 
rate similar to that of reducing triplets to twins; however, 
in about one-third of the patients reduced from twins to 
singleton had additional complicating factors, such as 
maternal cardiac disease, or prior twin pregnancy with 
severe prematurity, or uterine abnormality, which may 
have increased the overall risks.37 Recently, however, the 
demographics have shifted, and a significant proportion of 
such cases are medically less complex but involve women 
in their forties, or even their fifties, some of whom are 
using donor eggs. Many of these women, for both medi-
cal and social reasons, desire a singleton pregnancy.41–43

Our data suggest that twins reduced to a singleton have 
better  outcomes as compared with nonreduced twins.41,43

Therefore, it is not unexpected that more women are 
requesting to reduce their twins to a singleton. In a series 
of triplets from the late 1990s, we observed that the average 
age of patients reducing to twins was 37 years, and to a sin-
gleton 41 years.28 While the reduction in risk for pregnancy 
loss, in the nineties, for reducing from triplets to singleton 
was not as great as the decrease in risk for reducing from 
triplets to twins (15%–7% and 15%–5%, respectively), the 
resulting singleton had a higher gestational age at delivery, 
and the incidence of births <1500 g was 10-fold higher for 
twins versus singletons. As a reduction to a singleton has 
become more common, the age difference between those 
women reducing to twins and those to a singleton has van-
ished.39 These data have made counseling of patients far 
more complicated than before. Not unexpectedly, there 
are frequently differences in opinion among couples as 
to the preferability of twins versus singleton, or even as 
to the total number desired, which sometimes is greater 
than twins for one member of the couple.43 Based on the 
above data, and the evolving demographics of the couples 
who experience infertility and elect to have reductions, we 
believe that reduction of twin pregnancies to a singleton is 
reasonable and that the practice will continue to expand.

Changing perspectives

Over the last quarter-century, we have witnessed dra-
matic changes in both pregnancy outcomes of multifetal 
pregnancies and issues surrounding FR. Outcomes have 
continually improved because of the following reasons: (1) 
improved understanding of the clinical issues involved; (2) 
decrease in the proportion of extremely higher-order mul-
tiples (i.e., quadruplets and above); (3) advancements in 
ultrasound, allowing for improved visualization, and use 
of CVS, thus decreasing the risk of missing, sonographi-
cally or chromosomally abnormal fetuses; and (4) cohort 
of highly experienced physicians currently performing 
the majority of cases as compared with a large number of 
unexperienced clinicians in the past (Table 8.5).41–45

There has also been a change in the context and scope 
of the clinical dialog between patients and physicians 
over the last 20–30 years. The most notable shift has been 
the movement from questions of mortality to questions 

Table 8.5 Risks of multifetal pregnancies and improvements with FR.

Starting number of fetuses Spontaneous loss rates
Finishing number of 
fetuses

Reduction of risk of 
pregnancy loss

6+ 90%–99% 2 90%–10%
5 75% 2 50%–7%
4 25% 2 25%–4%

1 25%–7%
3 15% 2 15%–3.5%

1 15%–4%
2 8% 1 8%–2.5%

Data are extrapolations from various sources. When there are monozygotic twins as part of the multiple, the overall risk is increased as if there were 
one more as the starting number.

Abbreviation: FR, fetal reduction.
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of morbidity. This appears to be linked to an increase in 
the age of patients undergoing fertility treatments and a 
decrease in the number of presenting fetuses.46,47 These 
transformations in turn appear to be changing due to 
advances in IVF technology and fundamental demo-
graphic changes in the age at which mothers are having 
their first child.4–6 A further consequence of these shifts 
has been the increased utilization of donor eggs and pre-
natal diagnosis.46,47 The aforementioned changes have 
resulted in the transformation from a salvage operation 
for higher-order multifetal pregnancies, to a common, and 
preplanned, pregnancy management strategy.

Overall, the pregnancy outcomes after FR have 
improved substantially over the past 25 years.39,46,47

In the early 1990s when half of FR cases consisted of 
quadruplets or greater, the pregnancy loss rates (up to 
24 weeks) were quite high at 13%. Preterm deliveries 
occurred in an additional 10% of the cases. Currently, 
with decreasing starting numbers, improved ultrasound 
visualization, enhanced understanding of zygosity, and 
a select cohort of experienced practitioners accounting 
for a high proportion of reductions performed, preterm 
deliveries are decreased to about 4%. However, counsel-
ing must be personalized to also take into consideration 
the specific starting and finishing fetal numbers (Figure 
8.3; Table 8.5). Most FR procedures are still performed 
in one session but when reducing from higher orders 
(5+) to a singleton, better results may be achieved when 
the FR is performed in two different sessions, 5–7 days 
apart.

Over the past decade, the pattern of patients seeking FR 
has continued to evolve in response to predictable demo-
graphic and cultural shifts.4,5 There has been a strong trend 
of increasing age at which women give birth to their first 
child (Figure 8.4) and this trend is common throughout 
the developed world. Actually, there are two parallel but 
independent trends: fewer lower- and middle-class teenage 
mothers delivering (and having terminations) and more 
women postponing childbearing for a wide variety of rea-
sons to their thirties and forties. The latter is, of course, the 

group that mostly applies to our discussion here.5 As the 
risks of delayed childbearing have become more widely 
known,16,46 there has been a corresponding increase in the 
demand for donor eggs as a means of moderating the risks 
for older women.46

With the rapid expansion of the availability of donor 
eggs, and the increasing sensitivity and specificity of diag-
nostic testing, the number of “older women” seeking FR 
has increased dramatically. In our experience, over 10% of 
all patients who seek FR are now over 40 years of age, and 
nearly half of them are using donor eggs.38 It would appear 
that as advances in care have developed of achieving preg-
nancies and ways of moderating, if not eliminating, the 
risk of older women who wish to have children, more of 
them are electing to do so.

As a consequence of the shift to older patients, many 
of whom already had previous relationships and children, 
there is an increased desire by these patients to have only 
one additional child. The number of experienced centers 
willing to perform FR from twins to singleton is still very 
limited, but we believe based upon improvement of out-
comes, that it can be justified in almost all circumstances. 
In our center, twins currently constitute about 25% of the 
patients we see for FR.39

For patients who are “older,” particularly those using 
their own eggs, the issue of genetic diagnosis has become 
progressively more salient. In 2009, about 60% of patients 
in the United States having ART cycles were over 35 years. 
If the criteria of comparable risk to that of a 35-year-old 
are used, then about 90% of IVF patients are at increased 
risk1 (Table 8.6).

For the past decades and currently, most FR practitioners 
made their decisions as to which fetuses to keep or reduce by 
ultrasound evaluation only. In the 1980s, most of our proce-
dures were performed between 9 and 10 weeks with decisions 
based principally on basic ultrasound and fetal position.1
For those patients for whom genetic assessment was appro-
priate, amniocentesis was performed several weeks later48; 
subsequently, we changed our approach and performed CVS 
a week after FR to twins and currently we prefer to perform 
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Figure 8.3 Reduction of pregnancy loss with fetal reduction (FR).
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CVS the day before with fluorescence in situ hybridization 
(FISH) analysis overnight. Waiting for a full karyotype has 
been problematic because of the long time interval to get the 
results, as well as the fact that there may be a 1% error rate 
in matching incorrectly the karyotype results with the cor-
responding fetus.49,50 Therefore, as FISH technology became 
reliable, we began routinely to do the FR procedures on 2 
consecutive days.45,46 Over the last 20 years, the proportion 
of patients having CVS before FR has steadily risen from 
about 20% in 2000 to about 85% currently.39

While there have been many studies regarding the risks of 
prenatal diagnosis with widely diverging statistics,51 in our 
view, the net effect is in the most experienced hands is zero 
sum since the risks of the diagnostic procedures are coun-
terbalanced by the reduction of risk of pregnancy loss by not 
allowing an abnormal fetus to continue with the pregnancy.39

Another distinct cohort of patients are those who con-
sider reduction procedures for a diagnosed abnormality 
in one fetus of a multiple pregnancy, as opposed to the 
risks inherent with multiples per se.44,45 There has been a 

consensus in the literature to perform FR in the first tri-
mester for cases done for reducing the fetal number per 
se, and to use ST—often in the second trimester—for a 
diagnosed fetal anomaly. Occasionally, fetal abnormali-
ties are found for the first time even in the third trimester, 
which poses medical, ethical, and legal issues.52 We and 
others have likewise published large series over the past 
decades that have delineated the similarities and differ-
ences when there is a confirmed abnormality.53,54 Much of 
this literature focuses on twins, many of which have twin 
to twin transfusion syndrome (TTTS) where laser therapy 
has become the mainstay of therapy, but ST is still some-
times necessary.55 A complete discussion of these issues is 
beyond the scope of this chapter.

Modern management

Prior to FR, there should be a rigorous evaluation of fetal 
status, which includes more than just a nuchal translu-
cency ultrasound measurement and position of the fetuses. 
Typically, we perform a 2-day procedure on most patients 
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Table 8.6 Fetal gender options and patient’s choices.

Type of FR
Gender option 
(N, %) Chose all M Chose all F Chose MF twins p

3→2 79 (51%) 1 (1%) 7 (9%) 71 (90%) <.001
3→1 20 (25%) 10 (50%) 10 (50%) NA NS
2→1 44 (27%) 20 (45%) 24 (55%) NA NS

Source: Evans MI et al., Prenat Diagn, 33, 935–39, 2013.
Abbreviations: NA, not applicable; NS, nonsignificant; M, male; F, female.
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at approximately 12 weeks: CVS on the first day with FISH 
analyses overnight for chromosomes 13, 18, 21, X, and Y39

(Figure 8.5). The results are obtained the following after-
noon, and the FR is performed that day. By definition, 
FISH for five chromosomes cannot detect everything, but 
our experience and modeling suggest only about a 1/400 
residual risk of a problem on karyotype.39 This risk is lower 
than the risk of waiting for 2 additional weeks for the full 
karyotype and the potential confusion resulting from a 
large volume of data.49,50

Over the past few years, about 85% of our patients have 
combined CVS and FR procedures. We expect that the 
utilization of CVS prior to reduction will likely increase 
even further because of the increased number of “older” 
patients, the increased risks of chromosomal and other 
anomalies in patients conceiving by IVF and especially 
with intracytoplasmic sperm injection (ICSI), and the 
known 3%–6% inaccuracy rate of preimplantation genetic 
diagnosis (PGD).39,45,46 We have also found that many cou-
ples in their forties, or even fifties, who are using donor 
eggs—whose genetic risk is the age of the egg donor—nev-
ertheless still want CVS prior to FR because their “toler-
ance” for having a child with special needs is more akin to 
their actual ages, not the egg donor’s age.

Our recent data show that our protocol of CVS followed 
by overnight FISH analysis with FR the second afternoon 
significantly improves the outcomes in such cases. We 
recently published that in pregnancies with ultrasono-
graphically normal fetuses, 3.1% of women with normal-
appearing fetuses prior to first-trimester FR had a fetus 
with an abnormal karyotype, of which FISH detected 
90%.39 Of the remaining 10%, virtually all were confined 
placental mosaicisms for other chromosomes or culture 
artifacts. Of the 350 patients with normal-appearing 
first-trimester fetuses, 6% had abnormal CVS on either 
karyotype or FISH. Those abnormal FISH and ultrasound 
results guided decisions at the time of the FR procedure. 
Ultimately, 90% of the abnormal FISH results were con-
firmed on final karyotype. With respect to false negatives, 
most were for chromosomes for which there were not 
FISH probes used, and most of them were actually con-
fined placental mosaicisms. Ultimately, only 1 of the 350 
cases (0.3%) had a clinically relevant false negative (sex 
chromosome mosaicism). On balance, we believe that the 
risk of a false negative is lower than the risks encountered 
while waiting between procedures, which increases loss 
rates because of the higher fetal number and the risk of 
making a mistake as to which fetus is which when return-
ing for the FR procedure.

While using FISH for rapid diagnoses has worked very 
well, other methods have been and will become feasible 
over the next few years. Inexpensive methods included 
direct preparation CVS, which was used commonly in 
the 1980s but was largely abandoned because of high rates 
of mosaicism and aneuploidies that were not reflective of 
fetal status.56 Quantitative fluorescent polymerase chain 
reaction (QfPCR) can also be used for rapid preparation 
evaluation of chromosome number.57,58 Microarrays can 
provide even more detail than whole chromosomes but 
currently are far more expensive.59 As the cost decreases 
and turn around speed increases, molecular subchromo-
somal techniques will clearly move into the mainstream 
of evaluation.59 With the development of single nucleotide 
polymorphism (SNP) array technologies that are detect-
ing copy number variants in about 1% of patients, the 
option of waiting for these results (nearly 3 weeks) can be 
considered. This may be more practical for patients reduc-
ing twins to a singleton who live locally but it may be less 

(a)

(b)

(c)

Figure 8.5 (a) Transcervical chorionic villus sampling (CVS) 
on triplet B; catheter with stylet in place seen as white line tra-
versing posterior placenta. (b) Needle inserted abdominally 
in placenta A; arrows show tip and path of needle. (c) Needle 
inserted abdominally in placenta C; arrows show tip and path 
of needle.
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practical for higher-order numbers and patients traveling 
from too far.39,60

With the increasing use of PGD as part of the IVF pro-
cess, many patients question if traditional CVS still has 
application in reduction decisions.59 Our experience has 
been that over the past 5 years, there has been about a 
2%–3% discordancy between PGD results and CVS results 
with chromosomal having higher discordant results as 
compared with Mendelian.39 However, with the introduc-
tion of new PGD microarray like methods, the discor-
dancy rate is likely to decline and in our view it may end 
up being approximately 1%.61,62 Likewise, with the advent 
of noninvasive prenatal screening (NIPS) techniques, 
the same questions arise.63 Our perspective is that both 
PGD and NIPS are excellent screening tests but they are 
not diagnostic. We have observed a number of instances 
in which errors have occurred resulting in babies born 
with conditions for which screening had been performed. 
Also in multiples, NIPS cannot distinguish which fetus 
is which, so that if an abnormality is detected, diagnostic 
techniques will still be required.

An increasingly common scenario in multifetal preg-
nancies is the combination of MZ twins with one or more 
singletons.64 Changes in IVF culture techniques, includ-
ing the increasing use of blastocyst transfers, have sig-
nificantly increased the incidence of MZ twinning. As a 
result, dichorionic, triamniotic triplets, for example, have 
far higher rates of pregnancy loss, TTTS, and complica-
tions of prematurity.65 We have observed that over 50% of 
the monochorionic (MC) twins developed TTTS, and the 
average gestational age at birth is about 30 weeks, which is 
2 weeks less compared with trichorionic triplets.

In the vast majority of cases, the major determining fac-
tor in deciding which fetus or fetuses to reduce is based 
on chromosomal risk. However, the same principles can 
be applied to Mendelian risks. Recently, we evaluated a 
couple with triplets who were both cystic fibrosis carri-
ers. Using appropriate probes, we were able to determine 
that two of the fetuses were carriers, and one was affected, 
which was subsequently reduced.

Fetal gender determination

As part of the FISH results, we also obtain gender. 
Historically, we perceived a significant bias among those 
patients who were interested and who mostly expressed 
a preference for males.44,45 These requests disproportion-
ately came from patients of cultures that classically value 
males over females. Because of such bias, we refused to let 
gender be a factor with the rare exception of genetic dis-
eases with gender discordancy. Of course, in X-linked dis-
orders, the males are at risk, thus making females the safer 
option. Over the past 15 years, however, we noticed a shift 
to requests coming from all ethnic groups and a perceived 
equalization of gender preferences. In the early 2000s, our 
ethics consultant, John Fletcher, PhD, encouraged us to 
consider, and we have adopted, the following approach.

First, a detailed ultrasound examination is performed 
in search for a fetus with a “potential problem.” In the 

absence of increased nuchal translucency (>2 mm), 
smaller fetal size (such as more than ½ week, smaller ges-
tational sac size), or placental concern, then and only then, 
gender preference is considered.

Patients are told that there will be a nongender disclos-
ing “poker faced” discussion when the results are obtained. 
Then, they choose which of four “concerning gender” cat-
egories they prefer. The categories are the following: (1) 
those patients who want to know “everything”; (2) those 
who want to know “nothing”; (3) those who have no prefer-
ence but want to know the identity of the gender(s) they’ve 
kept (but not the reduced); and (4) those who, all things 
considered, do have a preference but do not want to know 
the reduced fetus(es)’ or gender(s).66,67

Recently, we have published data that show that when 
patients do have a gender preference, there is an equal 
preference for females as males. For patients reducing to 
twins, the overwhelming preference is for one of each; for 
those reducing to a singleton, it is essentially a 50/50 split 
(Table 8.6).66

We have also recently been able to use our technology to 
extend services to a group of patients not previously well 
served. In the past few years, we have seen several gay male 
couples, using surrogate carriers with egg donation, when 
both partners fertilized the eggs. The couples generally 
desire FR for the usual clinical reasons, but they frequently 
may request if possible to be left with twins—one fathered 
by each of them.68 We chose to consider this request in the 
same vein as gender preference, i.e., only if there are no 
higher clinical priorities. In several cases, we have been 
able to assess the pregnancies with CVS and ultrasound, 
document normal genetic results, perform paternity test-
ing, and discover that one man fathered two and the other 
one. In such cases, we may reduce one of the twins fathered 
by the same man.68

Selective termination

A separate category includes patients with mostly natural 
twin pregnancies but sometimes higher orders, in whom 
an abnormality is detected in one or more of the fetuses. 
We distinguish between FRs, which are procedures mostly 
performed in the first trimester and done for fetal number, 
per se, and ST, which are mostly second-trimester proce-
dures and are performed for a diagnosed fetal abnormal-
ity. Several individual center and collaborative reports over 
the last 30 years have shown that the earlier the procedure 
is performed, the better the perinatal outcome, thus lead-
ing us to the conclusion that for all multiples, offering CVS 
for diagnosis is better than waiting for amniocentesis. 
Regardless of when the diagnosis is made, as long as it is 
legal in the jurisdiction, ST can be performed. In dichori-
onic twins, intracardiac KCl is the most effective method. 
Our older data suggested that after 16 weeks, the loss rate of 
the survivor was increased, but our experience now shows 
even after 20 weeks, the outcomes of the normal twin are 
generally improved by reduction of the abnormal twin.69

The situation is much more complex for the monocho-
rionic twin pair for whom the incidence of structural fetal 
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anomalies is actually considerably higher than for frater-
nal twins.70 Unfortunate experiences from the 1970s and 
1980s showed that if KCl terminations were performed 
because the monozygocity was unappreciated, then loss 
rates approached 50% with as much as 75% neurologic 
impairment in the survivor.71 Even with spontaneous death 
of one twin, in the late second and third trimester, there 
is a risk of impairment to the survivor of approximately 
12%, which is due to bleeding into the placenta, as oppos-
ing intravascular pressure from the other fetus ceases at 
death.72 There is considerable debate on the optimal man-
agement of the abnormal twin, varying from performing 
immediate cesarean section, at term, to intrauterine trans-
fusion of the surviving twin or expectant management. It 
is usually not possible to determine prospectively the risk 
of damage to the remaining twin.71

In the 1990s we developed the concept of umbilical cord 
ligation to perform ST and minimize the risk to the survi-
vor.73 Several approaches have been utilized, including lit-
eral cord ligation, cauterization, radio frequency ablation 
of the hepatic artery, and embolization. All have survival 
statistics of approximately 90%, but also have a 6%–10% 
risk of a damaged survivor.74 As a result, we believe that an 
elective reduction of monochorionic twins is ill advised as 
the residual risk to the remaining twin is too high. Only 
rarely does there appear to be a complete separation of the 
placentas and vasculature so that FR can be considered. 
Even so, there always is the possibility of some vascular 
connection between the two.

Ethical issues

Improved outcomes, coupled with increasing availability 
and utilization of ART, have led to a progression in the 
ethical debates being considered. Nearly 30 years ago, FR 
seemed acceptable only in life-or-death situations.69,70 As 
has been seen in numerous innovative technologies, once 
concepts are established, the concentration can move from 
“life or death” to “quality of life.” Such has been the case 
with FR, but because of the framework of the abortion 
debate, FR will always be contentious. Opinions on FR, in 
our experience, have never followed the classic “prochoice/
prolife” dichotomy.29,47,48 We have long studied the reac-
tions and strategies used by our patients and their families 
as to how to internalize and present to others their situa-
tion and choices that are made.71,72

It is practically impossible to isolate ethical debates 
from the context in which they take place particularly the 
number of embryos with which patients are presented for 
FR. In recent years, mothers presenting for FR with qua-
druplets and quintuplets have declined dramatically. The 
primary focus of research and care continues to be on the 
advancement of fertilization strategies and techniques 
that offer greater control in lowering the probabilities of 
such higher-order multifetal pregnancies.

Triplets are still plentiful. Even with the improved 
embryo-transfer control, the economics of IVF favor a 
modest risk of multiples, especially among women with 
fewer resources (for whom the cost of IVF cycles is a 

real consideration) and those who are over 35 (where the 
chances of larger transfer numbers reflect greater diffi-
culty in getting pregnant). The serious debate is long past 
whether it is appropriate to offer FR to triplets but now 
centers on the question about whether or not it is appro-
priate to offer FR routinely for twins.42,43

Our data show that the reduction of twins to a single-
ton improves the outcome of the remaining fetus.47–49

However, because of the sharp ethical divide over women’s 
reproductive rights, no consensus on appropriateness of 
routine reduction from twins to singleton is ever likely to 
emerge.75–77 Currently, the number of women with twins 
desiring FR to a singleton is small. However, in our view, 
the proportion of patients desiring reduction from twins 
to singleton will steadily increase over the next several 
years, and this option may be presented to all patients.

With a gradual decrease in starting fetal numbers, 
the emphasis has somewhat shifted to the prevention of 
serious morbidity, i.e., cerebral palsy from prematurity. 
Several studies have suggested that the rate of cerebral 
palsy for singletons is approximately 1/700, twins 1/100, 
and triplets 1/25–30.11–13 If one’s definition of success is a 
healthy mother and healthy family, for both morbidity and 
mortality, the data show conclusively with multiples, fewer 
is always better.

SUMMARY
Over the past 30 years, U.S. and international data have 
shown that by reducing the number of fetuses in mul-
tiples pregnancy outcomes are vastly improved. The 
efficacy of reduction for triplets or more has long been 
accepted by all but the most conservative of commenta-
tors. The medical data now also show that the reduction 
of twins to a singleton improves outcomes. The discus-
sion then shifts to an ethical one. We understand that FR 
will never be universally accepted but we argue that from 
an autonomy and public health perspective, FR must be 
seen as a necessary procedure that will hopefully become 
increasingly rare.
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DEFINITION AND CLINICAL PICTURE OF ABORTION
Abortion (miscarriage) is the termination of a preg-
nancy, induced or spontaneous, before the conceptus 
is sufficiently developed to survive after delivery. The 
precise gestational age at which the infant is able to sur-
vive is difficult to define. Spontaneous abortion is the 
most common complication of early pregnancy. Most 
authorities restrict the term “abortion” to the first 23 
weeks of pregnancy; or in retrospect, to the delivery of 
any infant weighing less than 350 or 500 g. In the fol-
lowing discussion, abortion is defined as expulsion of 
the products of conception before gestational week 23. 
Abortions taking place before week 13 are termed early 
(first-trimester) abortions; those occurring at weeks 
13–23 are called late (second-trimester, midtrimester) 
abortions. This subdivision into two different catego-
ries is important because of the different etiologies and 
types of treatment applied.

Threatened or threatening abortion

Threatened abortion (called in the past also abortus immi-
nens) is characterized by vaginal bleeding, ranging from 
bloody vaginal discharge, or spotting to profuse, bright 
red bleeding. Pain may be present, either intermittent or 
constant, due to uterine contractions, at the loin or groin 
area, resembling menstrual cramps. Pelvic examination 
reveals the cervix intact and the os closed; the corpus uteri 
is soft, its size corresponding to the gestational age. This 
definition makes threatened abortion a common compli-
cation in early pregnancy, occurring in about one of four 
or five pregnancies, about one-half ending in spontaneous 
abortion. The bleeding and pain may be intermittent, may 
vary in intensity, and may persist for many days and even 
weeks.

Inevitable abortion

Inevitable abortion (also called in the past abortus incipi-
ens) presents with bright red, often profuse, vaginal bleed-
ing, and uterine contractions. The cervix is shortened and 
dilated, and parts of the conceptus may be visible in the 
vagina or through the os. The uterus is hard and tender 
during contractions. With the dilating cervix, the mem-
branes rupture and expulsion of the conceptus, in part or 
in whole, will invariably follow.

Incomplete abortion

In incomplete abortion (also called in the past abor-
tus incompletus), only parts of the conceptus have been 
expelled. The history will be that of passage of fragments 
of tissue together with bright red vaginal bleeding and 
uterine contractions. After the passage of products of con-
ception, the bleeding will continue in varying intensity, 
ranging from bloody discharge, possibly accompanied 
by expulsion of bits of tissue, to profuse bleeding, occa-
sionally leading to hypovolemic shock. Pain resulting 
from uterine contractions may be present periodically. At 
clinical examination, the cervix is dilated and products of 
conception may be seen or felt through the os. The corpus 
uteri is enlarged, soft, subinvoluted, and possibly tender if 
infection has supervened.

Complete abortion

In complete abortion (also called in the past abor-
tus completus), the products of conception have been 
expelled completely. Its occurrence is more common in 
the first weeks of pregnancy due to the loose embedding 
of the ovum in the endometrium. After the passage of the 
products of conception, the hemorrhage and pain sub-
side, but some vaginal discharge, usually bloodstained, 
may proceed for some days. On examination, the cervix 
is closed, and the corpus possibly enlarged, but firm and 
well involuted.

Missed abortion

Missed abortion designates the retention of the concep-
tus in the uterus after the conception of an anembryonic 
pregnancy or the death of the embryo. Before this occurs, 
the patient may have presented with the history of threat-
ened abortion. The often scanty bleeding usually con-
tinues for several days or weeks, becoming a persistent 
brownish vaginal discharge. Pain is uncommon. With 
the death of the conceptus, the patient’s impression of 
being pregnant disappears. The breasts become smaller, 
and the uterus fails to grow. It may even shrink in size as 
a result of the absorption of amniotic fluid and macera-
tion of the fetus. With prolonged retention of the dead 
conceptus in the uterus, rarely disturbances in the blood 
coagulation mechanism may occur (e.g., hypofibrino-
genemia and prolonged or uncontrolled bleeding). Prior 
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to the widespread use of ultrasound, not infrequently the 
embryo or fetus was retained in utero for a prolonged 
period of time. In the present period of medical technol-
ogy, specific criteria have been established to diagnose 
fetal death in utero early, and to obviate this pathologic 
progression.

Septic abortion

Any type of abortion may be associated with infection 
(also called in the past abortus septicus), but retention of 
the products of conception or parts of them, such as missed 
and incomplete abortion, are particularly predisposing. 
Inadequately sterilized instruments used in criminally 
or self-induced abortions carry a high risk of infection. 
The infection usually takes the course of endometritis 
with chills and elevated body temperature; foul-smelling, 
purulent vaginal discharge; and lower abdominal and 
pelvic tenderness. Parametritis, tubo-ovarian abscess, 
peritonitis—localized or generalized—or life-endangering 
septic shock with cardiovascular collapse and renal failure 
may ensue. A variety of microorganisms may cause sep-
tic abortion, but Escherichia coli, Streptococcus pyogenes, 
and other hemolytic streptococci, Staphylococcus aureus
and Bacteroides, are the most frequently encountered. 
Occasionally, the potentially serious clostridial bacteria 
are the causative agents.

Habitual (recurrent) abortion

Habitual abortion (also called in the past abortus habitu-
alis) is the occurrence of three or more consecutive spon-
taneous abortions. Habitual abortions take the course of 
one of the abovementioned types of abortion.

INCIDENCE
One of the problems in establishing the exact incidence of 
abortion is the various definitions used, with the lack of a 
definite date in pregnancy until which the expulsion of the 
conceptus or the death of the fetus can be called an abortion. 
It is generally estimated that at least 10%–15% of all pregnan-
cies terminate in spontaneous abortion. These figures are 
based upon abortions recognized clinically and by means of 
laboratory tests and histologic examination. An unexpected 
delay in the menstrual period followed by excessively heavy 
bleeding may in many instances result from early pregnancy 
wastage, where the fertilized ovum never was implanted 
properly. The number of these early “occult” abortions can-
not be accurately determined, since the evidence of preg-
nancy usually is missing. Hertig1 has calculated a biologic 
rate of spontaneous abortion of approximately 28%, once 
the menstrual period was missed. Macklon et al.2 concluded 
in a classic study that human pregnancy wastage occurs on 
such a scale that only ~30% of conceived pregnancies will 
progress to live birth. From various data, it appears that 
the real incidence of spontaneous abortion is much higher 
than the 10%–15% usually mentioned. The frequency of 
spontaneous abortion decreases with increasing gestational 
age. The incidence in clinically recognized pregnancies 
up to 20 gestational weeks is 8%–20%. The overall risk of 

spontaneous abortion after 15 weeks is low (about 0.6%) for 
chromosomally and structurally normal fetuses, but varies 
according to maternal age and ethnicity. Loss of unrecog-
nized or subclinical pregnancies is even higher, occurring 
in 13%–26% of all pregnancies. If preimplantation losses are 
considered, approximately 50% of fertilized oocytes do not 
result in a live birth.2,3

ETIOLOGY
The exact causes of most spontaneous abortions are con-
sidered unknown. Spontaneous abortion is most com-
monly caused by chromosomal abnormalities in the 
embryo or exposure to teratogens. It is often difficult to 
determine the cause of a spontaneous abortion in an indi-
vidual case. In one-third of cases occurring at 8 weeks of 
gestation or earlier, no embryo or yolk sac is observed in 
the gestational sac. In the remaining two-thirds of cases 
in which an embryo is identified, approximately half are 
abnormal, dysmorphic, stunted, or too macerated for 
examination.

In the early weeks of pregnancy, the expulsion of the 
conceptus is usually preceded by the death of the embryo. 
Later, the fetus frequently is expelled alive. The causes of 
abortion can be fetal or genetic, maternal, paternal, and 
combined factors.

Fetal or genetic factors

In their study of 1000 cases of spontaneous abortion, 
Hertig and Sheldon4 found defects or abnormalities of the 
expelled conceptus in 62%. About one-half of the abor-
tuses examined represented pathologic ova, with absent 
or defective embryos.5 Embryos with localized anomalies 
were found in 3%, and placental abnormalities showed an 
incidence of 10%.

The exact causes of the anomalies are still unknown, 
but it has been presumed that the defective ovum resulted 
from “germplasm defects.” Chromosome abnormalities 
are responsible for many early spontaneous abortions,3,6

including cases which at histopathologic examination 
revealed blighted ova, placenta, and cord abnormalities 
(Figure 9.1).

Chromosome aberrations are present at conception in 
nearly 10% of zygotes. These are of reduced viability, and 
most of the affected embryos die and are expelled sponta-
neously. Chromosome aberrations are present in 60% of 
early abortions, 6% of midtrimester abortions, and 4%–5% 
of stillborn fetuses. The earlier the abortion occurs, the 
higher the incidence of cytogenetic defects. The preva-
lence of abnormal fetal karyotypes is 90% in empty sac 
pregnancies, 50% in abortions occurring at 8–11 weeks 
of gestation, and 30% in those occurring at 16–19 weeks. 
In cases considered normal at the cytogenetic level, single 
nucleotide polymorphism (SNP) chromosomal microar-
ray analysis revealed a clinically significant copy number 
change or whole-genome uniparental disomy in 1%–2%. 
This supports the use of SNP chromosomal microarray 
analysis for the cytogenomic evaluation of miscarriage 
specimens when clinically indicated.7
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Although there are exceptions, in general, additional 
chromosomal material is more compatible with life than 
a deficiency. In abortion material, mainly trisomies and 
triploidy can be found.8 The monosomic zygotes usually 
die and are eliminated without any clinical signs of abor-
tion. Among the monosomic zygotes, only those with 45, 
X monosomy are viable. About 2% of these survive the 
intrauterine period and are born with Ullrich–Turner syn-
drome. In samples from spontaneous abortions, trisomy 
for any of the chromosomes, except chromosomes 1 and 5, 
may be found. Trisomy 16 occurs most frequently and 
leads to abortion in every case. A small number of some of 
the other trisomies escape intrauterine selection, and their 
bearers may be born alive (1%–2% of trisomy 13, 5%–10% 
of trisomy 18, and 15%–25% of trisomy 21).9–11 Autosomal 
trisomies are associated with advanced maternal age 
(e.g., trisomy 21), whereas monosomy X and polyploidy 
are not. Other mechanisms, such as the age of the gametes, 
virus infections, chemicals, drugs, or radiation, may pos-
sibly interfere with the chromosomal composition.

Congenital anomalies may be caused by chromosomal or 
other genetic abnormalities, by extrinsic factors (e.g., amni-
otic bands), or by exposure to teratogens. Potential teratogens 
include maternal disorders (e.g., diabetes mellitus with poor 
glycemic control), drugs (e.g., isotretinoin), physical stresses 
(e.g., fever), and environmental chemicals (e.g., mercury).

Maternal nonmedical factors

The preliminary condition for implantation of the blas-
tocyst is a properly prepared endometrium developed 
under the influence of the ovarian hormones. In the cells 
of the endometrial glands, it is possible to detect alkaline 

phosphatase from early in the follicular phase. When gly-
cogen is released into the glandular lumina after ovula-
tion, the alkaline phosphatase breaks down glycogen into 
glucose and fructose, which are needed by the trophoblast 
during implantation. When this metabolism is adequate, 
the environment for nidation, and further development of 
the embryo is created. Factors that adversely influence the 
carbohydrate metabolism, and thus the nourishment of 
the endometrial bed, may hinder the proper development 
of early pregnancy.

The human blastocyst normally implants in the fundal 
part of the uterus. However, occasionally, the implantation 
takes place in abnormal locations inside the uterus (e.g., 
close to the internal os). With such a low implantation, 
spontaneous abortion frequently occurs. If the pregnancy 
continues, it may present as a case of placenta praevia.

Endocrine deficiencies

Endocrine deficiencies play a significant role in spontaneous 
abortions. The proper development of the endometrium 
and the maintenance of the decidua (the implantation, pla-
centation, and embryonic development) rely on a proper 
hormonal function of the corpus luteum and the tropho-
blast. Estrogen and progesterone from the ovary stimulate 
and maintain the endometrium. With implantation, the 
trophoblast begins the production of chorionic gonadotro-
pin, sustaining the corpus luteum of pregnancy, which in 
turn keeps the decidua alive and maintains the metabolic 
processes necessary for fetal growth. The corpus luteum 
and the trophoblast/early placenta are essential for further 
gestational development. If one of the two fails, a vicious 
cycle may ensue, ending in termination of the pregnancy. 
Inadequate progesterone production has been blamed 
for causing spontaneous, especially habitual, abortions. 
However, progestational hormone therapy seems to have 
a limited effect in preventing abortions. Whether deficient 
progesterone production is the cause or the effect of abor-
tion is difficult to determine. The corpus luteum of preg-
nancy is the main site of progesterone production until 
gestational weeks 8–10. After this, the production in the 
ovary diminishes, and the placenta becomes the main 
source of progesterone. Bilateral oophorectomy in gesta-
tional week 10 does not interfere with the successful out-
come of pregnancy.12 Thyroid hormones are essential for 
the maintenance of pregnancy, and a deficiency in maternal 
thyroid hormones has been associated with early pregnancy 
losses.13 It has been shown that thyroid hormone receptors 
THRα1, THRα2, THRβ1, and THRβ2 are downregulated 
in spontaneous and recurrent miscarriages. The majority 
of cells expressing the thyroid hormone receptors in the 
decidua are decidual stromal cells.13

Uterine abnormalities

These may be congenital, arising from anomalies of 
Müllerian fusion of various degree, and resulting in con-
ditions such as uterus didelphys, uterus bicornis unicollis, 
uterus unicornis, or uterus subseptus. Among the acquired
abnormalities, leiomyomas deforming the uterine cavity 
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Figure 9.1 Emil Witschi’s concept of the natural history of 
reproductive wastage. A large proportion of fertilized ova is 
lost soon after conception. These early losses are not apparent 
clinically. Many embryos and fetuses are lost because of early 
spontaneous abortion, others during the second trimester, 
and relatively few around term. Of all conceptions, only about 
30% result in healthy, live-born babies.
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are especially likely to cause abortion.14 Uterine synechiae 
(Asherman’s syndrome), resulting from previous infec-
tion, curettage, or the scarring of the uterine wall from 
previous surgery, may cause abortion. Malposition of 
the uterus is seldom an obstacle to the proper progress 
of pregnancy. These uterine abnormalities, congenital, or 
acquired, may interfere with the blood circulation in the 
decidua and the nutrition of the growing embryo/fetus. 
On the other hand, the pregnancy may be carried to term 
in spite of a malformed uterus. If uterine abnormalities are 
suspected in connection with repeated pregnancy wast-
age, proper investigational procedures, including hystero-
salpingography, hysterosalpingosonography, and possibly 
hysteroscopy, should be performed and any detected ana-
tomic defect corrected.15 Removal of the septum signifi-
cantly increased live birth rate and was associated with a 
high spontaneous conception rate in infertile women.

A special entity of uterine abnormalities is cervi-
cal insufficiency. This condition is discussed in another 
chapter.

Infections

Viral as well as bacterial infections have been suspected of 
causing abortions. Syphilis is the classic example of mater-
nal infection, spreading across the placenta and causing 
fetal death and abortion in the second trimester. Various 
other microorganisms, such as herpes simplex virus, 
Toxoplasma gondii, Listeria monocytogenes, parvovirus 
B19, rubella, cytomegalovirus, lymphocytic choriomen-
ingitis virus, and Mycoplasma spp., have been associated 
with spontaneous abortion.16–18

Maternal diseases

Hypothyroidism and diabetes mellitus are conducive to 
the loss of early pregnancy, whereas chronic renal and car-
diovascular diseases, such as nephritis and hypertension, 
are more likely to be associated with late fetal death or pre-
mature delivery.

Surgery during pregnancy and occupational exposure 
to inhalation anesthetics increases the risk of spontane-
ous abortion.19 Disturbances in hemostasis, intrauterine 
device failures, and physical and psychic trauma, as well 
as occupational and other socioeconomic factors (e.g., 
drinking alcohol or using illicit drugs during pregnancy, 
smoking, and nutritional and vitamin deficiency) are also 
of significance in the causation of abortion.20–22

Considerable interest has centered in recent years on the 
roles of antiphospholipid antibodies and the various types 
of thrombophilia syndromes in pregnancy losses during 
both early and advanced gestations.23–26 Since the man-
agement of these complications is a medical, rather than 
 surgical, problem, their detailed discussion is outside of 
the scope of this chapter.

Paternal factors

Semen quality is influenced by factors such as radiation, 
certain drugs, anesthetics, occupation, and infection. The 
greater the frequency of abnormal sperm heads, the higher 

the risk of spontaneous abortion. It has been reported 
that the sperm concentration was significantly higher in 
repeated and habitual abortion groups, with a tendency to 
polyzoospermia (i.e., more than 200 × 106/mL sperm).27

Combined (maternal and paternal) factors

The frequency of structural chromosomal anomalies 
among aborters is higher than in the general popula-
tions (0.8% vs. 0.3%). There are also some balanced carrier 
translocation karyotypes among habitual aborters.28–31

Unexplained

The cause of abortions of chromosomally and structur-
ally normal embryos/fetuses in apparently healthy women 
is unclear. As discussed above, genetic abnormalities not 
detected by a standard karyotype (small deletions, dupli-
cations, and point mutations) account for an undefined 
proportion of spontaneous abortions. In a study where 
embryoscopy, embryo biopsy, and karyotype were per-
formed in more than 200 patients with missed abortion, 
18% of embryos having a normal karyotype exhibited 
grossly abnormal developmental morphology.32

PATHOLOGY
Most pathologic changes are secondary to fetal death in 
early abortions. After this, “live abortions” become more 
frequent. Following fetal death, the placental function 
gradually deteriorates, leading to the disintegration of the 
decidua by hemorrhage and necrosis. The ovum acting as 
a foreign body stimulates the uterus, causing expulsion of 
the products of conception or parts of them.

In cases of spontaneous abortion after gestational weeks 
6–8, some chorionic tissue usually remains adherent to 
the uterine wall. During months 4 and 5 of pregnancy, 
the placenta is divided into cotyledons. Until this has been 
accomplished, any spontaneous abortion should be con-
sidered as incomplete.

At histologic examination, a frequent pathologic finding 
is hydropic swelling or degeneration of the chorionic villi. 
Hydropic degeneration may resemble hydatidiform mole.

Sometimes an ovum is surrounded by extravasated 
blood collecting between the decidua and the chorion, 
where it coagulates and forms layers. This is referred to as 
a blood or carneous mole. In some cases, the appearance 
is nodular due to localized hematomas of varying sizes, 
and it is called a tuberous mole. In some cases of missed 
abortion, the amniotic fluid may be absorbed to such an 
extent that the fetus becomes compressed, forming a fetus 
compressus. Occasionally, this happens to such a degree 
that the fetal remnants resemble parchment, the so-called 
fetus papyraceus. This is not infrequently found in cases of 
twin pregnancy where one fetus died early in pregnancy 
and the other continued developing.33

DIAGNOSIS
When the patient presents with vaginal bleeding in early 
pregnancy, the fetus may have been dead for some time. 
If parts of the chorionic tissue are still functioning, the 
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pregnancy test may be positive. If spontaneous termina-
tion of pregnancy is awaited, many days of unnecessary 
delay and anxiety will result. Only in cases where expelled 
products of conception can be examined or when parts of 
the conceptus are visible through the os can the diagnosis 
of irreversible abortion be made with certainty on clinical 
grounds alone.

A number of diagnostic tests have been applied to 
the evaluation of early threatened pregnancy. With the 
development of accurate radioimmunoassays, a variety 
of hormonal parameters have become diagnostic tools. 
Unfortunately, there are no exact hormone values, levels, 
or trends that permit differentiation between the doomed 
pregnancies and those proceeding to viability.

In the assessment of the anatomic integrity of an early 
pregnancy, ultrasound plays the dominant role. The gesta-
tional sac may be first demonstrated 5–6 weeks after the 
last menstrual period. From gestational week 7 onward, it 
is possible to demonstrate fetal heart movements and even 
fetal motion. From approximately week 12, details of the 
fetal body can be detected.

In a case of early pregnancy complicated by vaginal 
bleeding, an ultrasound examination should include the 
evaluation of the appearance and size of the gestational 
sac, the presence of embryonic echoes and life signs, the 
measurement of crown–rump length, and the location 
of the placenta.34,35 An echo-free area between the mem-
branes and the uterine wall represents blood indicative 
of threatened abortion. The size of such hematomas is 
predictive of the outcome of the pregnancy. The distri-
bution of etiologic factors in spontaneous abortion dif-
fers according to whether embryonic cardiac activity is 
recorded.36 In cases of anembryonic gestations, a gesta-
tional sac without echoes can be demonstrated. Absence 
of fetal life signs after 8 or 9 weeks’ gestation is sugges-
tive of an unsuccessful outcome for the pregnancy. The 
lack of growth of the embryo/gestational sac or degen-
erative change in the sac indicates missed abortion. 

A well-formed gestational sac, which on subsequent 
examination demonstrates fragmentation, also is evi-
dence of a missed abortion (Table 9.1).

Ultrasonic demonstration of fetal life signifies a suc-
cessful outcome for the pregnancy in 80%–90% of cases of 
threatened abortion.33 In cases of incomplete abortion, it 
is possible to demonstrate retained conceptional products 
in the uterus with ultrasonography through the absence of 
the thin, midline echo seen in complete abortions.

The diagnosis of spontaneous abortion should be made 
with the help of measurement of the serum human cho-
rionic gonadotropin (hCG). A single hCG concentration 
is not informative, but a baseline is useful if the ultra-
sound findings are nondiagnostic or if ectopic pregnancy 
is suspected. In the possibility of multiple gestation 
serum hCG must be considered because, in such cases, 
the serum hCG concentrations can be misleading; levels 
may increase or decrease, depending upon viability of 
the other fetuses.

TREATMENT
In cases of vaginal bleeding, thorough medical history 
should be taken, focusing on earlier pregnancies (abor-
tions and deliveries), and a general physical and pelvic 
examination performed. If present and retrievable, an 
intrauterine contraceptive device should be removed. In 
cases of pronounced bleeding, blood should be drawn 
for blood indices, typing, and crossmatching. If infection 
is suspected, cultures should be taken from the cervical 
canal and the blood in order to identify any pathogens and 
their antibiotic sensitivity. Unless the medical history and/
or pelvic examination indicates that abortion is inevitable 
or has taken place, adequate diagnostic procedures should 
be initiated to diagnose failing pregnancy. When volun-
tary termination of the pregnancy is a legally acceptable 
option, the patient is to be counseled about the prognosis 
of her pregnancy and the increased risk of fetal anomalies 
associated with threatening abortions.

Table 9.1 Ultrasonographic diagnostic and suggestive criteria of missed abortion by ACOG’s Clinical Guidelines.

Diagnostic findings Suggestive findings

CRL ≥7 mm and no heartbeat CRL <7 mm and no heartbeat
MSD ≥25 mm and no embryo MSD = 16–24 mm and no embryo
Absence of embryo with heartbeat 2 weeks or more after a scan 

that showed a gestational sac without a yolk sac
Absence of embryo with heartbeat 7–13 days after an ultrasound 

scan that showed a gestational sac without a yolk sac
Absence of embryo with heartbeat 11 days or more after a scan 

that showed a gestational sac with a yolk sac
Absence of embryo with heartbeat 7–10 days after an 

ultrasound scan that showed a gestational sac with a yolk sac
Absence of embryo for 6 weeks or longer after last menstrual 

period
Empty amnion (amnion seen adjacent to yolk sac, with no visible 

embryo)
Enlarged yolk sac (>7 mm)
Small gestational sac in relation to the size of the embryo 

(<5 mm difference between mean sac diameter and crown–
rump length)

Abbreviations:    ACOG, American College of Obstetricians and Gynecologists; CRL, crown–rump length; MSD, mean sac diameter.
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The majority of spontaneous abortions are caused by 
conceptional defects; thus, therapeutic efforts rarely will 
prove effective. Coitus should be avoided during bleeding 
and for 1 or 2 weeks after its cessation.

There were attempts with progestogen therapy where 
progesterone deficiency has been demonstrated but a 
meta-analysis in 2012 was investigated the effects of early 
progesterone cessation on pregnancy outcomes in women 
undergoing in vitro fertilization (IVF)/intracytoplasmic 
sperm injection (ICSI) and concluded that progesterone 
supplementation beyond the first positive hCG test after 
IVF/ICSI might generally be unnecessary.37

Progestogen therapy should be restricted to the very few 
instances where progesterone deficiency has been demon-
strated (e.g., special cases of habitual abortion).

There are no therapies available for treatment of threat-
ened abortion which are supported by level 1 evidence. 
For women with recurrent pregnancy loss, a uterine study 
(e.g., three-dimensional [3D] sonohysterography) should 
be offered; parental chromosomes done; and antiphospho-
lipid antibodies drawn. There are no other interventions 
supported by level 1 evidence for these women.

The frequency of miscarriage in cases of threatened 
abortion may approach 50%.35 An increased incidence of 
premature deliveries (e.g., small-for-date infants, placen-
tal abruption and infarction, perinatal asphyxia, perinatal 
mortality, and congenital abnormalities) is anticipated in 
women whose pregnancies were complicated by vaginal 
bleeding during the first two trimesters.

Inevitable, incomplete, complete, habitual, and missed 
abortions involve hemorrhage that may require transfu-
sion. The uncommon but serious disorders of coagula-
tion mechanism (e.g., hypofibrinogenemia, disseminated 
intravascular coagulation) should be kept in mind.38,39

Worldwide, abortion accounts for approximately 14% of 
pregnancy-related deaths, and septic abortion is a major 
cause of the deaths from abortion. Today, septic abortion 
is an uncommon event in the United States. The primary 
critical treatment is early curettage to remove infected 
and devitalized tissue even in the face of continued fetal 
heart tones. In cases of septic abortion, bacterial cultures 
should be taken from the cervix and blood. Gram staining 
of the specimen may reveal the causative bacterial agent. 
Broad-spectrum antibiotics in large doses should be insti-
tuted, with therapy being individualized when bacterial 
sensitivity patterns are available. The central venous pres-
sure and urinary output may need to be monitored, the 
fluid and electrolyte balance carefully studied, and blood-
gas analyses performed for the purpose of correcting any 
deficits. Antibiotic administration and fluid resuscitation 
provide necessary secondary levels of treatment. Most 
young physicians have never treated septic abortion. The 
pathophysiology of septic abortion involves infection of 
the placenta, especially the maternal villous space that 
leads to a high frequency of bacteremia. Symptoms and 
signs range from mild to severe. The microbes involved 
are usually common vaginal bacteria, including anaer-
obes, but occasionally potentially very serious and lethal 

infection is caused by bacteria that produce toxins. 
Important secondary treatments are the administration of 
fluids and antibiotics.40

Once an inevitable, incomplete, or missed abortion has 
been diagnosed, there are several options. The first is expect-
ant management. The second is medical abortion, using 
pharmacologic agents. Otherwise uterine evacuation can be 
elected. This is chosen also to manage pregnancy termina-
tion. Choice of technique for uterine evacuation depends on 
the uterine volume, the operator experience, and the cul-
tural habits of the land. The choices include manual or elec-
tric vacuum aspiration, or dilation and evacuation (D&E) or 
dilation and curettage (D&C). This chapter focuses on the 
surgical options through uterine evacuation.

SURGICAL MANAGEMENT IN THE FIRST TRIMESTER
Nowadays surgical management is chosen for women who 
do not want to wait for a pregnancy to pass spontaneously 
or with medication evacuation and who wish to avoid the 
experience of pain and bleeding that accompanies the pas-
sage of the products of conception.

Before uterine aspiration cervical preparation is necessary 
to allow insertion of instruments and removal of the products 
of conception. Adequate cervical preparation can help mini-
mize the occurrence of procedure-related complications. We 
strongly recommend the use of either hygroscopic dilators or 
prostaglandins to gradually dilate the cervix hours before a 
uterine evacuation, in order to avoid cervical trauma.

The selection of method for D&C should be based on 
the characteristics of each instrument.

Tenaculum

The employment of a single-toothed tenaculum will focus 
tension on a small area of the cervix, making laceration of 
that site more likely. The double-toothed tenaculum will 
lessen the effect. Some consider the bullet-type tenaculum 
efficient in preventing this complication. Several types of 
tenacula are presented in Figure 9.2. Multiple tenacula are 

Figure 9.2 Various types of tenacula. From left to right: 
single-toothed, bullet type, multiple toothed.
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of particular value when there is distortion of the cervix 
due to previous surgery or if a local lesion is present.

Dilator

A great variety of possibilities are available to dilate the 
cervix. The choice will vary with the condition of the cer-
vix, the available time, and the personal preference of the 
surgeon. Dilation of the cervix can be performed with 
rigid, osmotic, balloon, and medicated dilators. If there is 
no medical condition (e.g., bleeding) requiring interven-
tion, a medical rather than an instrumental approach may 
be considered. Injury to the cervix from dilation is posi-
tively related to the extent of dilation and inversely to the 
period of time over which the procedure is performed.

Hygroscopic dilators (laminaria, synthetic tents)

Removal of fluid from the cervix is primarily responsible 
for dilation of 0–12 mm. Hygroscopic dilators absorb 
water, sufficient to account for cervical dilation on the basis 
of volume reduction. The conventional dilator forces fluid 
from the cervix into the soft tissue of the lower uterine seg-
ment. Distention of tissues in this area can be detected. 
Dilators above 9 mm force fluid into the lower uterine 
segment in excess of available tissue space, resulting in 
displacement of the inner wall of this area of the uterus 
down into the path of the dilator. At higher levels of dila-
tion, the fluid is forced farther up the uterine wall. The 
balloon dilator exerts uniform pressure on the entire area, 
not allowing movement of fluid out of the cervix and is, 
therefore, less effective in causing dilation.

The laminaria is prepared from seaweed (Laminaria 
digitata) which is sterilized and rolled into a small, com-
pact, tubular structure approximately 6 cm in length. It 
is prepared in three diameters: small (3–5 mm), medium 
(6–8 mm), and large (8–10 mm). Upon exposure to a moist 
environment, it will increase three to four times in diam-
eter over a 6- to 8-hour period. Its use is not associated 
with injury to the cervix.

Synthetic dilators (e.g., Dilapan [polyacrylonitrile], 
Lamicel [magnesium sulfate sponge]), and alternatively, 
Laminaria japonica are often used. These osmotic dilators 
serve to dilate the endocervical canal by absorbing cervi-
cal moisture. This uptake of water and the resulting expan-
sion of the dilator produces both softening of the cervix 
and dilation of the endocervical canal in 4–6 hours.41,42

Artificial cervical dilator devices

A variety of balloon-type devices have been used to dilate 
the cervix.43 The device is inserted into the cervical canal 
and inflated with fluid. It may be left in place up to 24 hours. 
A significant, immediate expulsion rate, as well as consider-
able pain, is associated with the instillation of the fluid.

Medical dilator

Cervical ripening in first-trimester abortion can be 
achieved with prostaglandins; progesterone agonists; 
prostaglandin analogs, such as sulprostone, gemeprost, 
and misoprostol; and a folic acid analog.

Prostaglandins

Prostaglandins (PG) are believed to play a critical biologic 
role in the control of cervical function. Various commer-
cial PGE2 formulations are currently available for cervical 
ripening (intravenous solutions, intravaginal tablets, 
intracervical gel, intravaginal gel, intravaginal insert with 
retrieval system, and vaginal suppositories).44,45

Misoprostol is a synthetic 15-deoxy-16-hydroxy-16-
methyl analog of naturally occurring PGE1. It is a viscous 
oil susceptible to the same types of chemical degradation 
as natural PGE, stable at room temperature. This means 
that the drug is easily stored and transported. Misoprostol 
exhibits a wide range of biologic activities. It is protective 
of the gastric mucosa, and has vasodilator, immunosup-
pressive, and uterotonic effects. The uterotonic features of 
misoprostol are of value in pregnancy termination and in 
the medical management of miscarriage. Vaginal misopro-
stol provides safe and effective preoperative dilation.46–48 A 
dose of 400 µg per vaginam 2–3 hours prior to the pro-
cedure is recommended attempting to determine optimal 
dosing.48,49 In a study using oral misoprostol-alone abor-
tion regimens although most women experienced some 
side effects, regimens were tolerable and acceptable. Five of 
the seven regimens resulted in complete abortion rates of 
60% or less. Only repeated doses of misoprostol resulted in 
efficacy exceeding 60%. Misoprostol-alone abortion regi-
mens using oral misoprostol are too ineffective for clinical 
use or further investigation.47

The PGE1 analog gemeprost (1 mg per vaginam 3 hours 
before surgery) is commonly used, too.

Antiprogestins

Many processes in female reproductive physiology depend 
on progesterone. This hormone facilitates the action of 
estradiol in inducing the luteinizing hormone (LH) surge 
in the follicular cycle and supports the luteal phase. A com-
pound action of progesterone plays an important role in 
the interruption of pregnancy. With the identification of 
the progesterone receptor came the realization that its 
antagonist was a potential candidate for such a compound.

Mifepristone is similar in structure to progesterone and 
glucocorticoids, but lacks the C19 methyl group and the 
two-carbon side chain at C17 of these hormones and has 
a conjugated C9–C10 double bond. The chemical struc-
tures of other synthetic antiprogestins are similar to that of 
mifepristone.45

The antiprogestin action of mifepristone is mediated 
by the PR, a ligand-activated transcription factor with 
domains for DNA binding, hormone binding, and trans-
activation. Members of this nuclear receptor superfamily 
include androgen, estrogen, and mineralocorticoid recep-
tors, as well as receptors for thyroid hormones, retinoids, 
and vitamin D. Mifepristone binds to the progesterone 
and glucocorticoid receptors.

Progesterone and mifepristone produce a conforma-
tional change in the form of progesterone receptor that 
permits it to bind to DNA. Its activation by progesterone 
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or mifepristone is accompanied by a loss of associated heat-
shock proteins and dimerization. The activated receptor 
dimer binds to progesterone-response elements in the pro-
moter region of progesterone-responsive genes. In the case 
of progesterone, this binding will increase the transcrip-
tion rate of these genes, producing progestin effects. In con-
trast, a receptor–dimer complex that has been activated by 
mifepristone also binds to progesterone response elements, 
but an inhibitory function in the C-terminal region of 
the hormone-binding domain renders these DNA-bound 
receptors transcriptionally inactive. This is the basis for the 
progesterone-antagonistic action of mifepristone, underly-
ing its abortifacient and contraceptive actions.50,51

Methotrexate is a folic acid analog that competitively 
inhibits dihydrofolate reductase, an enzyme necessary for 
the DNA synthesis. Methotrexate is approved for use in 
treating certain cancers, psoriasis, and rheumatoid arthri-
tis. Treatment for ectopic pregnancy and early abortion 
represents off-label use of the drug.52

Instruments of surgical evacuation

Types of surgical instruments used to dilate the cervix

The conventional type of dilator is pressed against the 
external os, causing dilation of the opening. Examples of 
this type are the Hegar, Pratt, Hank, or Hawkin–Ambler 
dilators. The Hegar dilator increases in 0.5-mm increments 
and has a rounded tip, unlike the modified types that have 
tapered ends (Figure 9.3). The latter types permit more grad-
ual dilation of the cervix and require less force during use, 
and therefore the potential for injury to the cervix is less.

Curette

Curettes vary in size as well as in the structure of the curet-
ting surface. The surface may be smooth and sharp, with 
one continuous “cutting” surface, or serrated with teeth of 

varying sizes. Injury to the myometrium is more likely to 
occur with the latter (Figure 9.4). The zeal of the surgeon 
in performing the curettage can be a factor in the produc-
tion of injury to the myometrium and resultant scarring. 
Other instruments include uterine sounds, ovum forceps, 
weighted speculum, right-angle retractors, and malleable 
probe (Figure 9.5).

DILATION AND CURETTAGE FOR EVACUATION 
OF THE UTERUS
The procedure can be inpatient or ambulatory. Various 
anesthetic techniques can be used, including paracervical 
block or general anesthesia. Anesthetic agents that promote 
uterine relaxation (e.g., halothane) should be avoided. Prior 
to curettage, the patient should be examined under anes-
thesia to determine the size and position of the uterus.

After proper placement of the patient on the operating 
table in the lithotomy position and induction of anesthe-
sia, the vagina and perineum are cleansed in the usual 
manner. No shaving or clipping of vulva/perineal hair is 
necessary or desirable. The urinary bladder is emptied.

A weighted speculum is placed in the vagina and a small, 
right-angle retractor is inserted anteriorly to expose the 
cervix. The cervix is grasped with a tenaculum placed on 
the midportion of the anterior lip. Traction is gently made 
downward to straighten the cervicouterine angle. While 
this is being done, the urethral meatus should be protected 
from pressure of the instrument. Any tissue present in the 
cervical canal can be removed with forceps.

A sound that has been shaped to conform to the posi-
tion of the uterus may be passed through the cervical canal 
into the uterine cavity. This procedure will give confirma-
tory information on the uterus and the angle between the 
cervical canal and the uterine cavity.

The sound should pass easily due to the dilation of the 
cervical canal occurring with the abortion process. The 
fundus of the uterus will be detected by resistance to fur-
ther gentle passage of the sound. The degree of resistance 

Figure 9.3 Pratt dilator (right) and Hegar dilator (left).
Figure 9.4 Curettes. From left to right: serrated, smooth, 
sharp, with one continuous cutting surface.
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will vary and may be minimal in some instances. Oxytocic 
agents can be administered prior to this step, but are of 
questionable value at the early stages of gestation.

Dilation of the cervical canal is performed at this time. 
Frequently, this is not required and may be harmful, espe-
cially in the young, nulliparous woman. The dilator, prefer-
ably a tapered dilator (e.g., Hanks), is gently grasped with 
the thumb below the instrument and the index, middle, and 
ring fingers above it. The little finger of the operator’s hand 
should be supported against the perineum to minimize 
uncontrolled advancement of the dilator into the uterus. 
The tip of the dilator is inserted into the cervical canal and 
is advanced just beyond the internal os, using steady but 
minimal force. Resistance may be encountered at the level 
of the internal os. This can be overcome if constant, steady 
pressure is applied, rather than forceful thrusts. The latter 
maneuver can result in uncontrolled advance of the instru-
ment and uterine perforation. Each dilator should remain 
in the cervical canal for a time sufficient to allow adjust-
ment to that size before its removal. The dilator should be 
removed easily from the cervix before proceeding to inser-
tion of the next larger size. Dilation should proceed to a 

size sufficient for curettage or evaluation to be performed. 
Generally, a dilator size 1 mm greater than the number of 
weeks of gestation is necessary. (With the use of medical 
dilators (e.g., misoprostol) cervix is dilated up till 7 mm in 
the case of primigravidae and ≥7 mm in multigravidae.)

In second-trimester abortions, digital exploration and 
evacuation of the uterus may be performed. The uterus 
should be positioned anteriorly. The index finger and, if 
possible, also the middle finger are inserted through the 
cervix into the uterine cavity, while the other hand is 
placed on the patient’s abdomen to depress the fundus 
of the uterus. Any tissue that is felt is detached with the 
examining fingers and removed. The procedure is repeated 
until no additional tissue fragments are encountered.

A curved or straight ovum forceps (or similarly struc-
tured instrument) is introduced into the uterine cavity 
and the cavity systematically explored for tissue masses 
that can be removed. It is important that the operator 
introduce each instrument into the uterus with gentleness 
and caution.

The position of the uterus may change during the proce-
dure. A retroverted uterus that has been repositioned ante-
riorly may not remain in place. The direction of the cavity 
must be determined during passage of the ovum forceps 
and also before they are opened and closed.

A standard procedure for curettage should be utilized. 
All areas of the uterine cavity are explored. The instru-
ment is laid on the palmar surface of four fingers and held 
with the opposing thumb. The curette is introduced into 
the cervical canal and moved to the uterine fundus, whose 
resistance is gently appreciated. The curette should be 
pulled downward over the uterine wall while slight pres-
sure is exerted on the inner surface of the instrument.

The curette should be removed as each area is explored 
to collect the tissue that has been obtained. The operator 
should discontinue the procedure once the yield of tissue is 
significantly decreased. At that time, minimal or no bleed-
ing should be present. The uterine cavity should not be 
curetted too vigorously, since this can lead to removal not 
only of the functional layer of the endometrium, but also of 
the basalis. A grating sensation indicates that the curettage 
of the area should be discontinued. The decision of whether 
to proceed with currettage, if evacuation with finger explo-
ration and ovum forceps appears to have completed the pro-
cess, depends on the judgment of the surgeon.

All tissues obtained should be collected in a gauze bag 
placed around the weighted speculum. It should be rinsed 
free of blood and clots prior to submitting the tissue to 
pathology. The surgeon should note any intrauterine irreg-
ularities at the time of curettage.

VACUUM ASPIRATION (DILATION AND EVACUATION)
Vacuum aspiration of uterine contents seems to be pref-
erable to sharp curettage.53 When suction curettage was 
compared with conventional curettage for evacuation of 
the uterus, it was found that suction curettage was a faster 
procedure and also less painful. Can be used manual or 
electric vacuum aspirator.54 Manual vacuum aspirator 

(a)

(b)

Figure 9.5 (a and b) Preparation of instruments for the 
operation.
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used at less than 10 weeks of gestation has its advantages: 
it may result in less pain and blood loss, it is more portable 
than the electric one, it is inexpensive, it does not require 
electricity, and it can be performed under local anesthesia. 
As an alternative to electric vacuum aspirations, the man-
agement of therapeutic abortion (TAB) and spontaneous 
abortion (SAB) supports an increasing interest in using 
the manual vacuum aspiration.55

The manual vacuum aspirator is a hand-activated 
syringe attached to a vacuum source. In the 50 or 60 mL 
syringe the vacuum is produced by retracting the plunger 
at the other end. The syringe is connected to a rigid or a 
flexible cannula. The products of conception are aspirated 
by rapidly withdrawing and depressing the syringe plunger 
20–30 times. The cannula is moved in and out and simulta-
neously rotated in a 360° arc. The catheter is removed under 
continuous maximum negative pressure when aspiration 
of intrauterine contents appear to be complete. Suction will 
decrease when the syringe is 80% full (Figure 9.6).

Electric vacuum aspiration can be used for terminations 
at all gestational ages.55

In contrast to traditional curettage, it is the suction at the 
tip of the cannula, and not mechanical movement of the 
curette, that disrupts and separates the products of concep-
tion from their uterine attachment, facilitating removal. 
The relative vacuum created allows the pressure of the 
ambient atmosphere transmitted through the body of the 
mother to force the uterine contents into the collecting sys-
tem. The vacuum may be considered in relative or absolute 
terms, depending on whether normal pressure (at sea level) 
is viewed as 0 or 760 mm Hg. At higher elevations, there 
will be an associated decrease in atmospheric pressure, with 
resultant reduction in available theoretical maximum vac-
uum from the approximate 1.0 kg/cm2. A suction of 45 mm 
Hg (relative) is sufficient for completion of the procedure.

Although the details of specific systems may vary, the 
principle is the same. A suction curette with a distal open-
ing is placed in the uterus. The negative pressure is con-
trolled by occluding an aperture in the proximal part of 
the curette. In this system, this control is provided by a 
sliding ring, which can be moved over the opening. The 
curette is connected by plastic tubing to a collection bottle, 
which contains a gauze trap for the tissue. There is a sec-
ond collection bottle to increase the capacity of the system. 
The collection bottles are connected to the vacuum source.

The curettes are usually constructed of plastic and may 
be rigid or flexible. Generally, they have a rounded tip with 
one or more side openings. Selection of a cannula depends 
on the preference of the surgeon.

The preparation of the patient is similar to that 
described under conventional D&C. The patient is exam-
ined to confirm previous findings. A speculum is placed 
in the vagina to expose the cervix. The anterior lip of the 
cervix is grasped with a tenaculum, and gentle, downward 
traction is made. Since the suction curette is not placed 
into the fundus of the uterus, but just beyond the internal 
os of the cervix, sounding of the uterus may not be nec-
essary. The cervical canal must be dilated sufficiently to 
permit insertion of the cannula.

A metal curette may be used at the end of the procedure 
to verify that all products of conception have been removed.

In missed abortion, there is usually sufficient time to 
dilate the cervix prior to suction cannula. The vacuum 
should not be instituted until the aperture of the cannula 
is just beyond the internal os of the cervix. When the can-
nula is withdrawn, similar precautions should be taken. 
Injury to the area of the internal os can occur when the 
suction cannula passes this area with the vacuum system 
operative.

The transparent tubing should be observed to ascer-
tain the passage of the residual products of conception 
from the uterine cavity (Figure 9.7). The cannula should 
be slowly rotated to allow the aperture of the cannula to 
face all areas of the uterus. The cannula is not intended 
to “scrape” or curette the walls of the uterus. The vacuum 
dislodges fragments of tissue and delivers them to the suc-
tion curette. The procedure can be considered complete 
when the yield of tissue is greatly decreased and foamy 
serosanguinous fluid appears within the suction tubing.

MEDICAL TERMINATION OF PREGNANCY
Earlier the surgical evacuation was the most frequent method 
in the case of the evacuation of the uterus but medical meth-
ods for abortion have emerged over the past two decades 
as safe, effective, and feasible alternatives to surgery.56 The 
choice of method depends on the gestational age, the avail-
ability and the patient’s desire. Medication abortion is used 
to be performed up to 7–8 gestational weeks in incomplete 
spontaneous abort and missed abortion or socially (non-
medically) indicated termination. It is less successful in the 
late first-trimester gestational weeks. Before the procedure, 
the patient must be informed of the advantages and disad-
vantages of both methods. Medication and surgical (cervical 

Figure 9.6 Manual vacuum aspiration: a vacuum is pro-
duced by retracting a plunger and products are aspirated 
by rapidly withdrawing and depressing the syringe plunger 
20–30 times; simultaneously the cannula is moved in and out 
and rotated in a 360° arc.
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D&E) abortion are both safe and effective approaches for 
appropriately selected patients with low complication rates.

In the management of medical evacuation there are 
several used regimens in clinical protocols. A time-
tested method of application an oral mifepristone dose 
of 200 mg followed by misoprostol 400 µg vaginal after 
48  hours which can be repeated (misoprostol 400 µg 

vaginal) after 6 and 12 hours. This is a method of the 
self-administration of misoprostol at home. In the case 
of missed abortion mifepristone can be omitted. In pro-
tocols and recommendations can be difference in the 
administration (self-administration, administered by a 
clinician), can be difference the time when misoprostol 
recommended to follow the mifepristone, between the 

(a)

(b)

Figure 9.7 (a and b) Transparent tubing helps to visualize the products of conceptus.
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route of administration (vaginal, oral, buccal, sublin-
gual) and the dose of misoprostol.57

Before the procedure the ultrasound examination has 
an important role in the diagnosis of the gestational age 
and to exclude the ectopic pregnancy. After the termina-
tion, test for serum hCG can be the diagnostic procedure 
to exclude an ongoing pregnancy. These methods can be 
different following several protocols.

Many studies have compared the efficacy and complica-
tion rates of medical and surgical abortion. The efficacy of 
medical and surgical abortion at 9 weeks of gestation or 
less is extremely high and complications are infrequent. 
The most common complications with medical evacu-
ation are ongoing pregnancy, unanticipated aspiration, 
persistent pain, bleeding, or both. The rate of serious com-
plications was 0.1% in each groups, includes emergency 
department presentation, hospitalization, infection, per-
foration, and hemorrhage requiring transfusion.

MANAGEMENT OF MISSED ABORTION
Women with missed abortion can be managed with surgi-
cal (D&C [sharp or vacuum]) or medication (misoprostol), 
uterine evacuation or with expectant management.58

All three approaches have similar efficacy, and the choice 
of treatment method depends mainly on patient preference.

If medication is not available due to various reasons 
dilatation of the uterus cervix can be performed inter alia 
with laminaria.

During the first trimester and the early portion of the 
second one, missed abortion can be evacuated by suc-
tion curettage (Video 9.1). When the size of the uterus is 
considered too large for safe evacuation by D&C, medi-
cal induction should be used. Intravenous oxytocin is less 
effective in the second trimester than later in pregnancy in 
producing effective uterine contractions, but its effective-
ness is improved if the cervix has undergone effacement 
and dilation. The preferred method of treatment is surgery 
through the insertion of a hygroscopic dilator into the cer-
vical canal the evening before surgery.

The vagina and cervix should be surgically cleansed and 
the cervix stabilized with a tenaculum or sponge forceps. 
The laminaria is grasped with a sterile uterine dressing 
forceps and is inserted into the cervical canal until its dis-
tal tip passes the internal os. It should slide easily into the 
cervical canal. If the upper margin of the laminaria is not 
placed at the level of the internal os, it will expel itself during 
swelling. The proximal 5–10 mm should protrude from the 
external os. A folded sponge placed against the cervix will 
reduce the tendency for expulsion. The maximum swelling 
of the laminaria occurs over a 6- to 8-hour period. If further 
dilation is desired, it can be removed, and two small lami-
naria inserted in its place. It is preferable to use two small 
laminaria in parallel instead of a single large one.

The patient should remain recumbent after insertion 
to  avoid vagal tone reaction and syncope. Most patients 
will have low abdominal cramps for a few minutes. These 
may recur, but are generally mild and can be relieved by 
analgesics. Failure of the laminaria to dilate the cervix 

occurs in a small percentage of patients due to its expul-
sion from the cervical canal. Fever and infection are infre-
quent complications of this procedure. Frequently, no 
further dilation of the cervix is required.

Follow-up

Part of the follow-up procedures after missed abortion 
can be the histopathological examination of the product 
of conception. Examinations for women, who pass the 
products of conception spontaneously or with the help of 
medication evacuation the control of the uterine cavity 
with ultrasound or measurements of serum human cho-
rionic gonadotropin. Postabortion instructions, grief, and 
contraception counseling, information about interval to 
conception and future reproductive outcome may require.

Rh immunization and antibiotic prevention/treatment

Following the abortion, Rho (D) immunoglobulin 
(RhoGAM) should be administered to Rh-negative moth-
ers at risk. A dose of 50 µg appears adequate to prevent 
sensitization in abortions occurring prior to 13 weeks’ ges-
tation. For abortions occurring at 13 weeks’ gestation or 
later, a standard 300-µg dose is recommended.

Women with incomplete abortion may present with local 
and systemic evidence of infection. Generally, the infec-
tion is confined to the uterus. Antibiotic coverage should be 
directed to bacteria generally encountered in pelvic infec-
tion. Gram-negative aerobic and anaerobic organisms are 
usually present.22 Since it is not possible to await the results 
of culture, treatment should be instituted on admission to 
the hospital. The clinical response usually is rapid once the 
uterus has been evacuated. Antibiotic treatment is continued 
during the immediate period or beyond if there is evidence 
of spread of the infection beyond the uterus.59

Complications

Complications relative to D&C of the uterus can be related 
to specific instrumentation. The cervix of the young nul-
lipara, especially in early pregnancy, is resistant to dila-
tion. This may predispose to injury of the cervix and 
perforation of the uterus. Signs and symptoms of the latter 
may not develop for several hours. Hemorrhage may be 
immediate or delayed. Trauma to the basal endometrium 
and myometrium may manifest at a later date as men-
strual dysfunction or infertility (Asherman’s syndrome).

Cervical laceration

The most common injury occurring during D&C is lac-
eration of the cervix due to the tenaculum pulling free. 
It occurs more often with the single-toothed tenaculum. 
Lacerations that require repair occur in 1%–2% of proce-
dures. Surgical repair should be performed after the com-
pletion of the D&C. In most instances, the lacerations are 
small and stop bleeding by the end of surgery.

Lacerations from the dilator may be more extensive, par-
ticularly in the young nullipara whose cervix is small and 
difficult to dilate. The amount of force exerted at the internal 
cervical os to produce dilation varies with stage of gestation, 
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the type of dilator, and the extent of dilation. The cervix in 
the earlier stages of gestation requires greater force to pro-
duce dilation. As pregnancy progresses, less force is neces-
sary. Age, race, and gravidity do not affect this finding. The 
cervix is most resistant to further dilation at 9 mm.

Only modest force is required to dilate the cervix suf-
ficiently to accomplish evacuation. Gentle force is the least 
traumatic and most effective. When excessive effort is 
applied, the tenaculum may pull free from the cervix. If 
this happens, injury to the area of the internal cervical os 
may ensue.

False passage

When the sound or dilator is introduced without appro-
priate direction or control, a false cervical canal may be 
created. Persistence in dilation of this false passage may 
result in a significant laceration of the cervix, or in the for-
mation of a canal which communicates with the vagina as 
a cervical fistula. Whenever there is difficulty in identify-
ing the external cervical os (e.g., missed abortion), or if 
abnormal resistance is encountered during the passage of 
an instrument, the operator should reconfirm the position 
and direction of the cervical canal by gentle passage of a 
probe or sound.

Other cervical effects

An increased incidence of cervical pregnancy after D&C 
for induced abortion has been reported.60 In rare instances, 
cervical or paracervical implantation of fetal tissue with 
subsequent symptomatology has occurred.61

Late effects of cervical injury may be manifest as cervi-
cal stenosis due to synechiae or reproductive failure due to 
cervical incompetency62 (Figure 9.8).

Uterine hemorrhage

Bleeding during or after D&C for completion of an abor-
tion is a frequent complication. Incomplete evacuation of 
the uterine contents is primarily responsible. The operative 
procedure should not be terminated until bleeding from 
the uterus is minimal and the organ is firmly contracted. 
Other causes of bleeding must be excluded. Generally, 
uterine bleeding is not associated with perforation. The 
cervix should be inspected carefully to determine any 
bleeding sites.

Since the operative procedure to empty the uterus is a 
“blind” one, it may not be possible to ascertain that all tis-
sue has been removed. The symptoms caused by incom-
plete emptying of the uterus may be delayed, occurring 
after the patient has left the hospital. Bleeding and cramps, 
necessitate another D&C. Blood replacement should be 
provided as necessary. Sonography is capable of identify-
ing retained products of conception in utero and is useful, 
therefore, for the diagnosis of incomplete evacuation.

In women undergoing medical termination of preg-
nancy vaginal bleeding is common and typically heavier 
than a period, but not usually excessive. The mean dura-
tion of bleeding ranges from 8 to 17 days but may be pro-
longed. Usually there is not necessary therapy because of 
the blood loss. In the case of bleeding persists for more 
than 1 week, unanticipated aspiration is performed, if 
retained products of conception is suspected.

Perforation

The quoted incidence of uterine perforation at time of 
D&C is derived primarily from data relating to elective 
termination of pregnancy. In these reports the rate of 

(a) (b)

Figure 9.8 Schematic representation of cervical changes in nulliparous women following first-trimester pregnancy termi-
nation. The original research rested upon cervicohysterographic studies performed immediately before (a) and 8 weeks after 
(b) the  abortion procedures. Note the loss of the original structure of the isthmus uteri. Also note that these abortions were 
done prior to the introduction of the suction apparatus into gynecologic practice. (From Árvay A et al., Rev Franc Gynec Obstet, 
62, 81–86, 1967.)
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perforations varies from 0.75 to 15 per 1000 procedures. 
Some believe that the incidence of unrecognized perfora-
tions is many times higher. Perforation can result from 
any instrument, but it occurs most frequently during 
sounding of the uterus. For this reason many experts omit 
this step. Knowledge of the position of the uterus prior to 
instrumentation helps to avoid this complication. Not only 
anteroposterior uterine orientation should be determined, 
but lateral deviation as well. Inspection of the vaginal for-
nices may suggest lateral displacement when one fornix is 
much wider than the other. Confirmation can be obtained 
by observing the direction the sound or the smallest dila-
tor takes when it is passed into the uterus. Downward trac-
tion with a tenaculum on the cervix will tend to straighten 
the cervicouterine angle and avoid perforation.

All instruments should be advanced slowly into the 
uterus. Dilators should be introduced just beyond the 
internal os. Suction cannulas also should be introduced to 
this depth and the products of conception aspirated with 
the cannula in this position. The cervix of early pregnancy 
(8 weeks or less) or of the young, nulliparous woman is 
most resistant to dilation. Forceful efforts must be avoided.

Perforation can be diagnosed when there is a sudden 
decrease in resistance to an instrument, or passage occurs 
to a depth greater than the measured size of the uterine 
cavity. This latter finding may not be reliable in lateral per-
forations where the structures of the intraligamentar space 
may limit the passage of the perforating tool. Perforation 
is definitely established with the recovery of obvious extra-
uterine tissue.

When the surgery is performed under local anesthesia, 
perforation may be suspected if the patient develops pain. 
If the perforation occurs in the midline of the uterus, she 
will experience severe midline pain that subsides rapidly; 
while with a lateral perforation, the pain is severe, persis-
tent, and localized to the affected side.

Management will depend on circumstances, but discon-
tinuation of the operative procedure is essential whenever 
perforation is suspected. The site of perforation should be 
noted, particularly in reference to the lateral or midline 
area of the uterus. The patient’s vital signs must be closely 
monitored. A laparotomy is indicated if the perforation 
has resulted in removal of fat or other extrauterine tissue, 
if there is evidence of shock, if there has been extensive, 
previous abdominal surgery, if the patient is very obese, or 
if the urine is bloody.

If the perforation is midline and there is no urgent indi-
cation (e.g., bleeding) for completion of the evacuation, 
observation can be performed and the procedure com-
pleted somewhat later under laparoscopic guidance. The 
laparoscopist can guide the other operator away from the 
perforation site and observe contraction of the uterus as it 
is emptied. The perforation site is inspected for size, bleed-
ing, and extrusion of the products of conception. Large 
lacerations with active bleeding and/or extruded products 
of conception require laparotomy.

When the perforation is in the lateral portion of the 
uterus, the uterus is empty, and there is no indication for 

laparotomy, ultrasound and in some instances laparoscopy 
should be performed. The broad ligament areas should be 
thoroughly inspected. If an extraperitoneal hematoma is 
observed, it should be watched for a change in size. An 
increase in size is an indication for laparotomy for con-
trol of the bleeding. The serosal surface of the bladder and 
bowel is inspected as completely as possible through the 
laparoscopy. If more than superficial injury is noted, lapa-
rotomy should be performed.

If none of the abovementioned complications exist or 
develop and the patient is stable, she may be discharged after 
24–48 hours of observation. Sonography should be utilized 
to define the hematoma and to observe its resolution.

Synechiae

Curettage of the pregnant or recently pregnant uterus is 
the primary antecedent factor for the development of intra-
uterine synechiae.63 Elective termination of a pregnancy 
and D&C for incomplete abortion are the most commonly 
associated factors. The former group is at a higher risk 
than the latter. The technique of sharp curettage is partic-
ularly traumatic to the endometrium. Trauma to the basal 
layer of the endometrium predisposes to adherence of the 
anterior and posterior uterine walls. Local infection also 
may play a role.

PREVENTION OF SPONTANEOUS ABORTIONS
After one spontaneous abortion, the risk of another in the 
next pregnancy is not significantly higher than in the gen-
eral population. The prevention of spontaneous abortion 
is mainly directed toward correcting etiologic factors con-
ducive to recurrent abortion.39,64 A detailed history of pre-
vious abortions must be taken; careful physical and pelvic 
examinations performed; and andrologic, immunologic, 
radiologic, and other relevant laboratory tests done.65,66

Prior to conception, maternal disorders such as diabetes 
mellitus and hypothyroidism should be adequately treated. 
In the case of uterine abnormalities, where congenital or 
acquired have been demonstrated, proper operative proce-
dure (metroplasty) should be performed. (Anomalies con-
nected with duplication of the uterus can be documented 
by hysterosalpingography and/or ultrasonography.)

Overripeness of the ovum, preovulatory or postovula-
tory or other anomalies in the mechanism of ovulation 
have been associated with an increased frequency of early 
spontaneous abortion.67,68 In cases of recurrent abortions 
where ovopathies, abnormal ovulation, or luteal phase 
defects are suspected, induction of ovulation may be 
considered.

If the second or even the third pregnancy also ends in 
abortion, without obvious cause, it is justifiable to search 
for genetic reasons— chromosome rearrangement or 
X-linked dominant inheritance.11,69 Both parents should 
have peripheral blood cultures set up for chromosome 
analysis. There may be an opportunity to examine aborted 
products of conception. If a parent is found to carry a 
balanced rearrangement, and there is as yet no healthy 
child, the outlook is unfavorable. When a parent carries 
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a chromosome rearrangement, options include prenatal 
diagnosis (chromosome analysis), artificial insemina-
tion by donor (AID), in vitro fertilization, or adoption. 
The question of X-linked dominant inheritance can be 
answered by clinical and genealogical examination. Also 
recommended are investigations for evidence of antiphos-
pholipid and thrombophilia syndromes.23–26

Incarceration of the retroflexed uterus

This entity represents the only circumstance where an oth-
erwise inevitable abortion can be prevented. On very rare 
occasions, a uterus in fixed retroflexion becomes trapped in 
the true pelvis. The patient is usually asymptomatic during 
the first trimester and, thus the condition remains unrec-
ognized initially. However, around weeks 13–14 the gravida 
becomes symptomatic. Pelvic discomfort appears first. This 
is followed by urinary retention. If the condition remains 
unrecognized and, thus, untreated, the patient ends up in 
the emergency room on account of excruciating pelvic pain 
associated with inability to void. On account of the rarity of 
this complication, it may remain undiagnosed even at this 
point. If so, the bladder becomes immensely distended and 
its walls thickened due to edema. Portions of the mucous 
membrane may slough off and, in the same process, urinary 
tract infection develops and escalates into severe pyelone-
phritis. The distended bladder, particularly in connection 
with carelessly performed pelvic examination, may rupture. 
In the absence of timely surgical intervention, this compli-
cation can be fatal. The same is true of the alternative final 
outcome; development of ischemic necrosis in the uterine 
walls leading to pelvic and later generalized peritonitis.

For an examiner who is mindful of this clinical entity, the 
diagnosis is easy. The woman’s excruciating pain, her inabil-
ity to void, the extreme distension of the bladder, the ten-
derness of the lower abdomen to touch, and the associated 
guarding are almost diagnostic. A careful pelvic examina-
tion makes the diagnosis conclusive through the palpation 
of the uterus filling the posterior part of the pelvis. Not 
infrequently, the cervix is out of the examiner’s reach as it 
points upward towards the ramus of the pubic bone.70

Whereas probably most cases of incarceration could be 
prevented by the use of a Hodge pessary and by the mother 
spending the night in the prone position, because the retro-
flexed uterus only rarely becomes trapped, such measures 
are almost never taken prophylactically. Almost invari-
ably, the diagnosis is made when the gravida becomes 
symptomatic and even then, sometimes with considerable 
delay. By that time, the correction of the complication no 
longer is simple.

The removal of the uterus from its entrapped posi-
tion usually requires major anesthesia. Far too often, the 
patient’s discomfort is so extreme, that she cannot cooper-
ate with the somewhat time-consuming process of admin-
istering a spinal anesthesia. On this account, general 
anesthesia is probably the most suitable for this procedure.

With the patient in the lithotomy position, after cath-
eterization of the urinary bladder, the operator introduces 
two or, if possible more, fingers into the posterior fornix 

of the vagina. Some degree of force is needed to lift the 
uterus out of its entrapped position and push it into the 
false pelvis. The external hand takes over at this point and 
holds the uterus in its new position in front of the promon-
tory of the sacrum. Later this function is taken over by an 
assistant, while the operator packs the fornix with gauze 
in order to prevent the return of the organ into its previ-
ous position. When removed 24 hours later, the gauze pack 
may be replaced with a pessary. With or without such mea-
sures, once lifted out from the true pelvis, the uterus sel-
dom returns to its entrapped position. When rarely it does, 
the same procedure needs to be repeated. Fortunately, the 
growth of the uterus precludes its later entrapment as the 
pregnancy progresses.

This technique permits the correction of uterine entrap-
ment in the overwhelming majority of the instances. If it 
fails, it can be repeated with a finger introduced into the 
rectum. However, if this is still unsuccessful, the compli-
cation requires immediate laparotomy. Thus, manual cor-
rection is best performed under double setup. If attempts 
at emptying the bladder have been unsuccessful, its 
overdistension must be relieved by suprapubic puncture 
before the abdominal incision. Once the abdomen is open, 
manual elevation of the pregnant uterus from the poste-
rior pelvis seldom entails significant difficulty. If it does, 
allowing air to enter the space behind the organ may facili-
tate the procedure. If everything fails, removal of some of 
the amniotic fluid by uterine puncture may prove helpful. 
Alternatively, or in combination with the latter, the use of 
an obstetric vacuum extractor may be warranted.57

If everything fails, and particularly in those cases where 
necrosis of the myometrium is a threat, hysterotomy, and 
evacuation of the products of conception may be the ulti-
mate solution. It has been suggested that in this eventual-
ity antefixation of the uterus should be part of the surgical 
procedure.

PROCEDURES FOR MIDTRIMESTER-INDICATED 
TERMINATION
With the development of genetic counseling, new infor-
mation has become available to affected patients and fami-
lies. Prenatal diagnosis with the option of termination of 
pregnancy provides important reassurance for couples at 
risk of genetic disorders.

Conventional techniques

In patients up to 12 weeks’ gestation, conventional tech-
niques are used, including cervical dilation, either instru-
mental or medical, followed by vacuum aspiration or 
curettage. Intracervical laminaria and PG induce fetal 
ejection: the embryo is usually delivered whole, thus per-
mitting pathologic examination.11,71,72

After week 12, generally abortion is induced medically. 
However, D&E also is a common technique for second-
trimester pregnancy termination.73,74 During the induc-
tion, the fetus usually is expelled completely. Nonetheless, 
instrumental emptying of the uterus is often required, on 
account of incomplete expulsion of the placenta.
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Ideally, induction of abortion should not damage the 
fetus, and should allow full histopathologic examina-
tion, and further investigations where appropriate.61 It is 
often necessary to dilate the cervix and stimulate uterine 
contractions for the expulsion of the products of concep-
tion. These requirements are partly met by the use of (1) 
PG, PG analogs, and antiprogesterones75; (2) intra-, and 
extra-amniotic abortificiant (hypertonic saline, and other 
solutions)11,76; (3) pretreatment with laminaria or synthetic 
dilators; and (4) concurrent intravenous oxytocin. In rare 
cases, abdominal hysterotomy may be considered.

Cervical ripening and induction

The role of the cervix in pregnancy has been often over-
simplified. It was thought that it simply acts as a sphinc-
ter in pregnancy which relaxed during delivery. In fact, 
although in early pregnancy the cervix is long and tight, it 
begins to shorten, open, and relax by midgestation, a pro-
cess termed “ripening.”

In the cervical connective tissue, biochemical and 
biophysical changes are initiated by estrogens and PG. 
Cross-bridges between collagen molecules are broken, 
and the glycosaminoglycan and proteoglycan contents of 
the matrix increase. Cervical connective tissue fibroblasts 
synthesize PG in large amounts; these in turn stimulate 
collagen metabolism with diminished collagen synthesis 
and increased breakdown.77

Cervical ripening can be achieved with PG, proges-
teron agonits, and PG analogs. Various commercial PGE2 
formulations are currently available (intravenous solu-
tions, intravaginal tablets, intracervical gel, intravaginal 
gel, intravaginal insert with retrieval system, and vaginal 
suppositories).

PG and PG analogs

PG are naturally occurring fatty acid derivatives with a 
wide range of applications in obstetrics, especially relating 
to midtrimester pregnancy termination.78 Intravaginal or 
rectal misoprostol, usually 400 µg about every 4 hours, is 
very safe and effective for second-trimester medical uter-
ine evacuation, and should be the preferred technique for 
this clinical scenario.

Current protocols for second-trimester induction abor-
tion typically include a PG, usually misoprostol, and may 
utilize mifepristone or oxytocin.79 Oxytocin, the most 
commonly used induction agent at later gestational ages 
fails to induce labor as effectively as the other single agent 
therapy at midtrimester because the uterus has relatively 
fewer oxytocin receptors at less than 20 weeks of gesta-
tion. Oxytocin is associated with longer induction abor-
tion intervals than newer methods, as well as higher risks 
of side effects such as postpartum hemorrhage and even 
water intoxication. Patients desiring medical abortion 
in the second trimester now have safer, more effective 
options, utilizing PG agents either alone or in combina-
tion with progesterone antagonists. Several PG agents 
have been used to induce abortion:

• Carboprost, a PGF2alpha analog, results in more sys-
temic side effects than PG E analogs.80

• Sulprostone, a PGE2 analog, has fallen out of favor because 
it has been associated with myocardial infarction.81

• Gemeprost and misoprostol, both PGE1 analogs, are the 
most common medications currently used for induc-
tion abortion.82–84

Comparative studies have found that both misopro-
stol and gemeprost induce labor more effectively and 
with fewer side effects than other prostaglandins (e.g., 
carboprost, sulprostone) and than single agent oxytocin 
or oxytocin in combination with other types of pros-
taglandins.80 Both misoprostol and gemeprost induce 
labor at a variety of gestational ages. The dose decreases 
as pregnancy advances because the uterus becomes more 
sensitive to PG with decreasing dose requirements as 
pregnancy advances.

Recently, the most used technique is misoprostol as a 
single agent for medical termination of pregnancy in 13–22 
weeks. Route of administration in these cases, mostly is 
the vaginal one. Vaginal administration includes greater 
efficacy and fewer side effects, although there is evidence 
that women would prefer an oral route of administration 
to avoid painful vaginal examinations.

Termination of pregnancy can be successful within 
48 hours in 100% of those, who receive misoprostol vagi-
nally, that number is about 86% within 24 hours.85,86 
Protocols of dosing can be difference, a well-established 
possibility 400 µg per vaginam every three hours maximum 
five times daily.

Monitoring the patient during the procedure is neces-
sary. The goals of monitoring are to assess treatment effi-
cacy and assess for complications.

After expulsion of the placenta it should be examined to 
see whether it is complete (Figure 9.9). In the postabortion 
period women should be observed for at least four hours 
to monitor vital signs and observe for severe abdominal 
pain or excessive vaginal bleeding. Late complication can 
be fever, apart from the mentioned.

Intravenous administration of PGFa and PGE2 causes 
side effects—erythema, nausea, vomiting, and diar-
rhea—that are very troublesome. Intraamniotic injec-
tion of PG is an accepted method of termination. For this 
purpose, PGF2a is the most suitable. Results are some-
what better when PG are introduced extraamniotically. 
A blunt-tipped, flexible plastic or rubber cannula can be 
introduced between the uterine wall and the fetal mem-
branes, for injection or infusion. Giving PG by this route 
requires a lower dosage, since the injected drug rapidly 
reaches the myometrium. Dosage for PGF2a would be 
750 µg every 2 hours; for PGE2, 200 ng every 2 hours. 
Repeated injections must be given.75,87,88

Natural PG cannot be given intramuscularly, as they 
are highly irritating locally. However, PG analogs can. 
They have also been given in vaginal pessaries and jelly. 
PGF2a should not be used in active cardiac, pulmo-
nary, renal, or hepatic disease and is relatively contra-
indicated for patients suffering from bronchial asthma, 
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hypertension or sickle cell disease. PG do not damage the 
fetus; thus the histopathologic examination is not inter-
fered with. However, they have undesirable side effects, 
and even maternal death has occasionally been reported.89

Preference should be given to PGE2 as a local preparation 
for cervical ripening.

The mother’s vital functions must be checked at regular 
intervals. The application can be repeated up to three times 
daily. The gel is preferable to the sponge. It rarely causes uter-
ine hypertonus and is less likely to provoke premature rup-
ture of the membranes. The membranes should be broken 

only when the internal os and the cervix appear sufficiently 
ripe. Oxytocin infusion can then be started, if desired.

The membranes should never be ruptured with an 
unripe cervix. In cases of gross hydrocephalus, or abdom-
inal distension, with a nonviable fetus, cephalocentesis 
(ventriculocentesis), or abdominocentesis may be per-
formed during labor, to preserve the birth canal and facili-
tate vaginal delivery.90,91

Rh-negative patients should be given anti-D gamma 
globulin at the time of any invasive procedure, or termina-
tion (200–300 µg, irrespective of gestational age).

Hypertonic saline

Intra-amniotic injection of hypertonic saline (50 mL of 
20% sodium chloride) leads to abortion. Fetal death and 
expulsion result from dehydration. Although not without 
danger, this technique is still used sometimes for midtri-
mester termination.

Transabdominal amniocentesis is performed under 
local anesthesia (1% lidocaine) with a 1.2-mm diameter 
needle (thicker than that used in diagnostic amniocente-
sis). Amniotic fluid is withdrawn, approximately 10 mL for 
every week of gestation, and 50–100 mL of sterile 20% saline 
is injected. The injection must be given into the amniotic 
fluid. If given subcutaneously, intraperitoneally, or into the 
myometrium, it may cause pain and serious complications.11

Uterine contractions are felt immediately after injec-
tion. The uterus becomes tense and enlarges. As the 
injected Na and Cl ions reach the maternal circulation, the 
mother feels thirst.

Entry of saline into the maternal circulation provokes 
blushing, feeling of heat and nausea, falling blood pressure, 
bradycardia, and, occasionally, cardiac arrest. Saline induc-
tion must never be employed under general anesthesia or in 
the presence of hypertension, cardiac, or renal disease.

Late complications of hypertonic saline induction 
include various coagulopathies, especially drops in factor 
V and factor VIII levels. The platelet count may also fall, 
the prothrombin time increase, and fibrin degradation 
products appear. Such changes seldom emerge less than 
a few hours after injection. Most commonly, they present 
10–24 hours later. Thus, women should not leave the hos-
pital within 24 hours of the induction.

The fetal heart usually fails within 2 hours of the saline 
injection. Abortion occurs in about 24–36 hours. In 10% 
of the cases, the uterine contractions are poor and oxy-
tocin needs to be given (5–30 IU in 500 mL 5% glucose 
infusion). This method has the advantage that the aborted 
fetus rarely shows signs of life.

As an alternative to hypertonic saline, intra-amniotic 50% 
glucose solution has been used. This avoids hypernatremia, 
but the induction is slow. Glucose is a good culture medium; 
thus, prophylactic antibiotics may have to be given.

Intraamniotic hypertonic urea solution has also been 
used, but is an inefficient way of inducing abortion. All 
hypertonic injection techniques have the relative disad-
vantage that they damage the fetus; thus, histopatho-
logic examination is difficult or impossible, although the 

(a)

(b)

(c)

Figure 9.9 (a through c) Removal of the remnants of the 
conceptus after using misoprostol and mifepristone.
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placenta and membranes may still be suitable for cytoge-
netic and biochemical examination.

DECISION MAKING REGARDING THE FATE 
OF PREGNANCY
Termination of pregnancy, with the aim of preventing 
the birth of a fetus with an incurable disorder, is a trau-
matic and unhappy option. However, this procedure is 
frequently performed. When there is a hope of treatment 
for a prenatally diagnosed disorder, premature induction 
of labor may prevent in utero progression of the disease 
and/or permit prompt postnatal surgery (e.g., in case 
of omphalocele ruptured in utero). Between these two 
extremes there are a great number of disorders, very vari-
able in severity, which demand individual judgment. It 
seems justified to outline some general principles relat-
ing to the decision-making process in the pregnancy 
situation.11,92

• Condition 1: correct genetic diagnosis. The diagnosis, in 
affected child or adult, or in the fetus in utero, must be 
made with up-to-date methods and the results recorded 
in writing (ethics of the clinician/the investigator; ethics 
of the laboratory).

• Condition 2: adequately informed parents. No mat-
ter what their level of education, every couple must be 
informed and, as far as possible, made to understand 
the nature of the disease in question, its severity, its 
prognosis, and the possibilities of cure or treatment 
(ethics of the counselor; ethics of genetic counseling).

• Condition 3: free decision by the parents. The couple may 
choose to continue the pregnancy, or they may choose 
its termination (ethics of the couple/the parents; ethics 
of the family).

• Condition 4: actions taken are within the law. Society 
creates laws that regulate the termination of preg-
nancy. These and the professional codes and regula-
tions provide a framework within which each case 
must be evaluated individually (ethics of society; public 
health ethics).

Medical indications for termination

Risk to the mother’s life

Termination of pregnancy may be permitted at any time 
when serious illness threatens the mother’s life (e.g., heart 
failure, life-threatening obstetric complications). In such 
cases the doctor in charge documents the illness in the notes.

Risk of genetic disorder or teratogenic damage

When the risk of genetic disorder or teratogenic damage to 
the fetus is high, the disorder/damage is likely to be severe, 
and prenatal diagnosis is not available, termination up to 
week 12 of pregnancy in many countries is permitted.

Risk of genetic disease or malformation

When the risk of serious genetic disease or malformation 
in the fetus is 50%–100%, and there is no possibility of 

treatment, termination may be permitted until week 20 in 
some countries and up to week 24 in others.

1. The theoretical probability of fetal disease is 100%: a 
parent carries a homologous balanced translocation 
(e.g., 21/21; a female fetus from a father carrying an 
X-linked mutant gene of a dominant trait, etc.).

2. There is 100% probability of a chromosome disorder 
associated with severe developmental retardation and 
physical defects; enzymopathies, congenital malfor-
mations, and other pathologic conditions (prenatal 
diagnosis).

3. The theoretical probability of a severe autosomal domi-
nantly inherited disorder (e.g., Huntington’s disease) is 
50% or above.

4. A mother carrying an X-linked recessive gene is preg-
nant with a male fetus, and fetal hemizygosity cannot 
be excluded.

5. With prenatal exposure to rubella or cytomegalovirus 
infection, the fetal risk may reach the 50% level.

Occasionally, some serious fetal defect, likely to be fatal 
in the immediate postnatal period, is discovered. Such 
pregnancies, if continued, may be accompanied by obstet-
ric complications threatening the mother’s health (poly/
oligohydramnios, placental abruption, uterine rupture, or 
uterine atony) and/or psychological disturbances (occa-
sionally psychopathy).

Within the time limits permitted by the law, the mother 
must be given the option of pregnancy termination for 
a postnatally nonviable fetus, especially when her own 
health is endangered. Conditions considered incompatible 
with postnatal life include the following.11

1. Severe central nervous system malformations (e.g., 
anencephaly and/or rachischisis with or without hydro-
cephalus, hydranencephaly, alobar holoprosencephaly, 
iniencephaly).

2. Severe bilateral renal diseases (e.g., renal agenesis with 
Potter sequence, infantile-type polycystic kidney dis-
ease, multicystic kidney dysplasia).

3. Severe chromosome aberrations (e.g., triploidy, trisomy 13).
4. Neonatal lethal chondrodysplasia (e.g., thanatophoric 

dysplasia, achondrogenesis) and type II osteogenesis 
imperfecta.

5. Severe multiple forms of the amniotic deformity, adhe-
sions, mutilations (ADAM) complex (e.g., craniofacial 
disruption, thoracoabdominal eventeration).

SELECTIVE TERMINATION IN MULTIPLE PREGNANCY
Improved ultrasound technology and invasive prena-
tal diagnostic procedures have facilitated the detection 
of fetal abnormalities in multiple gestations. Advances 
in assisted reproductive technologies also have led to an 
increased incidence of multiple gestation, particularly as 
result of ovulation induction.

Fetal disease or disorder in a twin pregnancy may be 
concordant or discordant. In the former situation both 
fetuses are affected, and termination may be carried out 
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as for a single pregnancy. In a discordant twin pregnancy, 
when only one of the fetuses is affected, the following three 
outcomes are possible:

1. The couple may decide against any form of termina-
tion, and the pregnancy is continued. One should note 
that, in general, abnormal/affected fetuses have a much 
higher mortality in utero than normal ones (up to 
75%–85% for trisomy 21, and up to 90 to 95% for tri-
somy 18, between conception and term); continuation 
of a discordant twin pregnancy may often result in the 
“natural” death of the affected twin, and survival of the 
healthy one.

2. The parents may decide to lose both fetuses, the affected 
and the healthy one.

3. Selective termination of pregnancy, bringing about the 
death of the affected twin while preserving the normal 
one, may be attempted.

Over the past 15 years, multifetal pregnancy reduc-
tion has become a well-established and integral part of 
infertility therapy for the sequelae of aggressive infertil-
ity management. In the mid-1980s, the risks and benefits 
of the procedure could only be guessed. We now have 
clear and precise data on the risks and benefits of the 
procedure and an understanding that the risks increase 
substantially with the starting and finishing number of 
fetuses in multifetal pregnancies. The collaborative loss 
rate numbers (i.e., 4.5% for triplets, 8% for quadruplets, 
11% for quintuplets, and 15% for sextuplets or more) seem 
reasonable for the procedures performed by an experi-
enced operator.93–96 If selective termination is chosen, the 
affected fetus can be removed by hysterotomy; however, 
there is little experience with this technique and no real 
information on its safety for the second twin. Induced 
cardiac arrest is another mode of selective termination; 
air, formaldehyde, or potassium solution is injected into 
the circulation of the affected fetus, either into the umbil-
ical vein under fetoscopic control, or directly into the 
heart, guided by ultrasound. Alternatively, or in combi-
nation with the injection method, the affected fetus may 
be exsanguinated.93–96

The following procedure is probably the least danger-
ous for the normal twin. A volume of 10 mL 20% NaCl 
solution is injected into the heart of the affected fetus. 
The fetus is not exsanguinated, to avoid possible bleed-
ing from the unaffected fetus through any arteriovenous 
anastomoses. Presumably, the hypertonic saline acts 
directly on the myocardium. Within the circulation, the 
saline is diluted to such a degree that it will not dam-
age the other fetus even if placental anastomoses are 
present.

Soon after injection, the affected fetus becomes bra-
dycardic, and all cardiac activity ceases within a few 
hours. The mother is checked regularly in the clinic for 
several weeks, and further ultrasound examinations are 
made at 3- to 4-week intervals, to follow development 
of the surviving fetus and absorption of the other. At 
such times, maternal blood should also be examined for 

signs of diffuse intravascular coagulation. The dead fetus 
becomes a fetus papyraceus, but the other should develop 
normally.

Various technical procedures have been described, 
including transcervical minisuction to remove fetuses at 
8–11 weeks. Another method is the transvaginal aspira-
tion of the early embryo, usually at approximately 6–7 
weeks. This technique is analogous in many respects to 
oocyte aspiration for in vitro fertilization.97

Disorders for which selective termination may be 
offered or requested can be divided into two groups. In the 
first one, the affected fetus might live for months or years, 
although severely handicapped (e.g., mental retardation), 
or only later develop neurologic problems (e.g., some 
enzymopathies). In utero development of the healthy twin 
would not be endangered in this situation. Intervention 
(selective termination) seems justifiable on grounds of 
the severe disorder in the affected fetus. The second group 
consists of congenital malformations incompatible with 
postnatal life. These are often associated with a progressive 
polyhydramnios, which may considerably disturb growth 
and development of the healthy twin. In this situation, 
intervention may be additionally justified: to ensure the 
development of the healthy fetus and to prevent obstetric 
complications. With or without intervention, the affected 
fetuses would not survive delivery.11

EMBRYOPATHOLOGY AND FETAL PATHOLOGY
As a result of recent developments in prenatal diagno-
sis, many diseases and disorders previously accessible 
only after birth can be examined in the embryo or fetus. 
Morphologic investigation of induced or spontaneous 
abortions is termed “embryopathology and fetal pathol-
ogy.” With an induced abortion, the aims of investigation 
are (1) to check the accuracy of the prenatal diagnosis and 
(2) to identify any abnormalities that were not detected 
prenatally. The aims of investigation in spontaneously 
aborted material are (1) to note anything suggestive of 
a high risk of recurrent abortion and (2) to identify any 
genetically significant pathology. Research into the etiol-
ogy and pathology of acquired and genetic diseases and 
disorders is a further aim of embryo/fetopathology. To 
work in this field demands not only specialized embryo-
logic and pathologic knowledge, but also experience and 
training in obstetrics and genetics.11,72

Only fresh, unfixed material can be examined. If it is 
necessary to transport the abortus, it should be cooled 
(as in melting ice). For most purposes biopsies are useless 
or impossible to obtain once the fetus has been exposed 
to formalin. Fixative, if added, also upsets the external 
appearances, colors the skin, and, due to its slow rate of 
tissue penetration, may not preserve deep viscera anyway. 
Before fixation, the pathologist should be convinced of the 
presence or absence of contractures, limb or other defor-
mities, dermal changes, anatomic congenital malforma-
tions, and injuries.

To detect enzymopathies, samples are taken from 
those tissues (usually liver, kidney, heart, skeletal muscle, 
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brain, and placenta) in which the pathologic metabolite 
is likely to accumulate. The skin and the fascia lata are 
also useful for enzyme assay; fibroblasts can be cultured 
in vitro. Samples are taken with a sterile scalpel and slices 
are placed in sterile serum-free culture medium or nor-
mal saline. The samples are transported to the laboratory 
without freezing or warming, at room temperature.

Occasionally, the prenatal diagnosis (e.g., congenital 
nephrosis) can be confirmed by electron microscopy. For 
this purpose, the electron microscope laboratory protocol 
must be followed at the time of sampling.

For chromosome examination, blood can be obtained 
from the umbilical cord or by direct cardiac puncture. 
The sample is collected into a sterile tube containing 
heparin. The blood thus obtained is suitable for serum 
tests. Samples for culturing bacteria, viruses, fungi, and 
parasites must be taken under strictly aseptic condi-
tions. Chromosome analysis can also be performed on 
cultured lung, spleen, gonad, or other tissues. While 
dissecting dead fetuses and embryos, precautions are to 
be taken in handling acquired immunodeficiency syn-
drome (AIDS)-infected material.

After external inspection, attempts are made to sepa-
rate the decidual, chorionic, amniotic, and embryonal/
fetal elements. Special attention should be paid to the 
umbilical cord. The condition of the various tissues and 
membranes is noted, and any distortion, disintegration, 
or maceration that came about in utero is distinguished 
from any change or damage at the time of delivery or later. 
Histologic examination may help decide the exact nature 
and the timing of certain “injuries.” The crown–rump and 
the crown–heel measurements are recorded.

Embryos may be sectioned sagittally, in toto, and 
examined microscopically. Fetuses are necropsied in 
detail. The face, eyes, nostrils, mouth, palate, and ears 
are inspected. The shape of the cranium is described and 
small encephaloceles are searched for. Pterygium and 
hygroma are looked for in the neck. The chest, the back, 
and the umbilical cord with its vessels are scrutinized 
thoroughly. One should remember that before gesta-
tional week 18 the clitoris of the female fetus is as large 
as the penis of the male; the labia majora develop later. 
The limbs, including the palms, fingers, soles, and toes, 
are examined. Special attention is paid to the placenta 
and the fetal membranes.82

Any detected abnormalities are described and mea-
sured carefully. The degree of maceration/autolysis is 
recorded. The intact embryo is photographed from the 
front, from the side, and from behind. Abnormalities are 
photographed in detail. Photographic documentation 
allows a retrospective review of the original findings and 
is useful for teaching, research, and publication.

External inspection is followed by autopsy. The organs 
are inspected in situ. For this purpose, scissors, forceps, 
a probe, and a magnifying lens are needed. The brain is 
fixed in toto, and later sliced, for examination. The pla-
centa and the fetal membranes are thoroughly examined 

macroscopically and histologically. One should keep in 
mind the possibility of hydatidiform mole.

Histologic examination of lungs, liver, and kidney 
should be considered routine; that of other organs as 
appears appropriate. Buffered formalin is used as a fixa-
tive. Samples of material obtained from abortions termi-
nated for nonmedical reasons may be used as controls.

Total body radiography is done to record skeletal disorders 
and to study some soft tissue disorders. Tape may be used 
to keep the embryo in a correct position. Anteroposterior 
and lateral views are taken, using 18 × 24-cm film. Skeletal 
abnormalities can be demonstrated convincingly with the 
alizarin red technique.

To obtain reliable postmortem ventriculograms, 10 mL 
of cerebrospinal fluid is withdrawn, and then 5 mL of buff-
ered formalin is injected, followed by 5 mL of meglumine 
diatrizoate (Gastrografin). Postmortem angiography is 
valuable for study of vascular malformations.

POSTTERMINATION COUNSELING
It is important to follow-up women who have had ter-
mination for fetal abnormalities. They may become 
depressed immediately after the termination and may 
require support. They need to discuss what was wrong 
with the fetus, and the prospects for future pregnancies. 
It is the geneticist/obstetrician who should provide much 
of the support (trained nursing staff (health visitor, psy-
chiatric social worker) attached to the genetics/obstet-
rics department), such as arranging for “posttermination 
counseling.”11

Video 9.1 Vacuum aspiration of a missed abortion in week 
8, after failed (unsuccessful) medication (misoprostol) uter-
ine evacuation 3 days earlier (self-administration). Two hours 
before the procedure the patient was administered 2 tbl. vagi-
nal misoprostol: https://goo.gl/Ez6ir2.
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10Percutaneous intrauterine fetal shunting
SUNDEEP G. KESWANI, R. DOUGLAS WILSON, and MARK P. JOHNSON

In utero fetal surgery continues to develop with improved 
diagnostic techniques, patient selection, and the use of 
innovative fetal therapies. The broad categories of sur-
gical in utero fetal therapy can be separated into open 
uterine techniques and minimally invasive endoscopic/
ultrasound-guided techniques that require only punc-
ture of the uterus with single or multiple ports. Benefits of 
minimally invasive fetal intervention include diminished 
exposure of the mother and fetus to the traumatic nature 
of open fetal surgery. Minimally invasive, or “closed” tech-
niques may result in decreased uterine irritability and a 
decreased incidence of preterm delivery the “Achilles’ 
heel” of open fetal surgery. In addition, minimally inva-
sive surgery does not subject the mother to the sequelae 
of a hysterotomy or commit her to cesarean delivery for 
subsequent pregnancies.

Fetal abnormalities involving outflow obstruction 
of the bladder or fluid-filled space occupying lesions 
in the fetal chest can result in significant morbidity 
or  mortality. Select patients with these disorders may 
 benefit from chronic in utero drainage of these fluid-
filled lesions. This chapter aims to summarize the present 

status of closed in  utero fetal therapy using shunts to 
create  vesicoamniotic or  thoracoamniotic decompres-
sion of the fluid-filled space.

FETAL LOWER URINARY TRACT OBSTRUCTION (LUTO)
Introduction

Congenital malformations of the renal system are pres-
ent in 15% of all prenatally detected congenital anomalies 
and are associated with multiple system involvement in 
70% of cases. Renal tract anomalies are found in greater 
than 300 genetic syndromes and 35% of all chromosome 
anomalies.1–3 Congenital renal obstructive pathology is 
associated with abnormal renal development with direct 
effects on renal growth. Human fetuses with severe lower 
urinary tract obstruction during the first 30 gestational 
weeks may have abnormal metanephric blastema, cystic 
dysplasia, and apoptosis of mesenchymal and tubular cells 
and reduced numbers of nephrons.2,4

Fetal obstructive uropathies are heterogeneous and 
have multiple structural and pathological etiologies. 
Prenatally diagnosed cases with megacystis or an enlarged 
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fetal bladder can have both obstructive and nonobstruc-
tive etiologies. LUTO is a commonly used term that 
encompasses the spectrum of prenatally diagnosed lower 
urinary tract pathologies. The most common etiology for 
bladder outlet obstruction in a male fetus with associated 
oligohydramnios includes malformations in the prostatic/
urethral/bladder neck complex. In contrast, bladder out-
let obstruction in a female fetus is usually due to develop-
mental cloacal malformations. Nonobstructive megacystis 
cases usually have normal amniotic fluid volumes for both 
males and females and are due to the heterogeneous non-
obstructive etiologies. Nonobstructed bladder/megacystis 
cases are not candidates for fetal therapy.

PATHOPHYSIOLOGY FOR FETAL BLADDER OUTLET 
OBSTRUCTION
Therapy for bladder outlet obstruction became a possibil-
ity with the introduction of fetal ultrasound. The rapid 
development of ultrasound technology in the early 1990s 
allowed the visualization of the fetus and identification 
of fetal pathology. Fetal bladder outlet obstruction was 
one of the first conditions to be researched with sheep 
models prior to translation of therapeutic treatments to 
humans. The variation and prevalence of congenital fetal 
lower urinary tract pathologies, associated with LUTO 
are summarized in Table 10.1.5,6 The separation of the 
LUTO subtypes and associated anomalies is reported 
with the total number of associated LUTO cases having 
a prevalence of 3.34 (confidence interval [CI] 2.95–3.72) 
per 10,000 live births; however, these prevalence fig-
ures do not include pregnancy losses. This retrospective 
cohort of 284 is further categorized into complex (63) 
and isolated (221) groups. Only the isolated group (78%) 
would usually be candidates for fetal therapy. Posterior 
urethral valve (PUV) obstruction was the most com-
mon obstructive etiology identified with 179 cases (160 
isolated cases [89%]) and the PUV etiology was 63% of 
the total LUTO cohort. Urethral atresia, urethral steno-
sis, and Prune Belly syndrome were categorized at 9.9%, 
7.0%, and 2.5% of the total, respectively. The unspecified 

or specified as “other” subtype for LUTO was 17.6% of 
the total cohort. Regardless of the etiology of the blad-
der  outlet  obstruction, if obstruction is complete, the 
outcome would be a similar fetal “deformation” anomaly 
pattern/oligohydramnios sequence (Table 10.1).5,6

The obstructive etiology differences and outcomes 
are determined by urological assessment in survivors or 
the pathological analysis of the bladder neck or outlet 
obstruction and other urinary system structures in fetal/
neonatal deaths. The degree of obstruction (complete—
nonruptured PUV, urethral atresia; partial—ruptured 
PUV, urethral stenosis) will be reflected in the amniotic 
fluid volume ([AFI] or deepest vertical pocket; Table 
10.23,7–18). Complete obstruction creates a fetal megacystis 
with bladder smooth muscle hypertrophy and hyperpla-
sia and subsequent impaired contractility, compliance, 
and elasticity. The excessive intrabladder pressure is then 
transmitted via the ureterovesical valves to create enlarg-
ing hydroureters and hydronephrosis as urine volume 
continues to expand with renal function and with sec-
ondary ureteral reflux from bladder activity. The resulting 
dilated renal pelvis and calyces then compress the renal 
parenchyma creating the type IV cystic degeneration (as 
visualized by ultrasound). This progressive obstructive 
and pressure-related process produces renal insufficiency 
of the fetus and neonate.

Primary fetal bladder outlet obstruction (malforma-
tion) and secondary pressure-related deformations to 
the bladder and kidney result in additional effects on the 
lung, and muscular skeletal/facial systems. These second-
ary effects to the lung include severe pulmonary hypopla-
sia, with a lack of late developing alveolar sacs and can be 
lethal. Amniotic fluid volume is important for allowing 
the hydrostatic expansion (in and out) of the developing 
lung airway structures as well as creating space for fetal 
movement and muscular development. Insufficient fluid 
can result in multiple sequelae; oligohydramnios sequence 
(Potter’s syndrome) has been well described and includes 
the additional limb arthrogryposis and facial compression 
features.19

Table 10.1 Congenital lower urinary tract obstructive pathology (megacystis ± prenatal ultrasound visualization).

Final diagnosis Prevalence/10,000 LB Comment

Posterior urethral valves 2.10 (CI 1.79–2.41) Male
Urethral atresia 0.33 (CI 0.21–0.45) Male
Urethral stenosis 0.23 (CI 0.13–0.34) Male
Prune belly syndrome 0.08 (CI 0.02–0.14) Male/female (female no gonadal location issue)
Anterior urethral Male
Valves/diverticulum <50% bulbar; 33% penile; 33% penoscrotal 

junction
Congenital urethrocele Male/female
MMIHS (lethal) Three female/one male
Isolated megacystis Milder variant of MMIHS/visceral myopathy
Megacystis-megaureter Massive thin-walled bladder with UT dilatation
Associate Large-volume repetitive urinary reflux

Abbreviations: LB, live birth; MMIHS, megacystis microcolon intestinal hypoperistalsis syndrome; UT, urinary tract.
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SCREENING AND DIAGNOSTIC EVALUATIONS FOR 
FETAL BLADDER OUTLET OBSTRUCTION
Table 10.24,7–18 summarizes the diagnostic and renal func-
tion evaluations reported and currently used for clini-
cal decisions. The summary includes the imaging triage 
(ultrasound; magnetic resonance imaging [MRI]), the 
invasive laboratory analysis (genetic testing; renal func-
tion testing), and the diagnostic utility of fetal cystoscopy.

Noninvasive ultrasound imaging access has been evalu-
ated by systematic review. Thirteen articles met the study 
criteria and a meta-analysis compared clinically similar 
subgroups to minimize clinical heterogeneity. The best 
ultrasound parameter to predict postnatal renal func-
tion in survivors was renal cortical appearance (sensitiv-
ity 0.57 [CI 0.37–0.76]; specificity 0.84 [CI 0.71–0.94] with 
area under the curve of 0.78).20 Evaluation of the amniotic 
fluid volume (sensitivity 0.63 [CI 0.51–0.74]; specificity 0.76 

[CI 0.65–0.85] with area under the curve 0.74) was also 
found useful. MRI7,13 is also used for fetal imaging and the 
MRI technique is not dependent on amniotic fluid volume 
and is well-suited for fetal renal pathology evaluation, and 
can be used as early as 20 weeks gestation. MRI is comple-
mentary to ultrasound and should be used following ultra-
sound assessment (Figure 10.1).

The functional renal urinary-based values obtained by 
vesicocentesis (Table 10.2) have been used for many years for 
treatment triage decisions. Sodium, calcium, and B2 micro-
globulin values are considered as the better predictors of 
postdelivery renal function.3,15,21 A systematic review21 iden-
tified the predictive value of calcium at >95th percentile for 
gestation (likelihood ratio (LR) +6.65, 0.23–190.96; LR −0.19, 
0.05–0.74) and sodium at >95th percentile for gestation (LR 
+4.46, 1.71–11.6; LR −0.39, 0.17–0.88) to be the most highly 
correlated to renal injury. B2 microglobulin was found to 

Table 10.2 LUTO malformation: diagnosis and renal evaluation.

A. Primary ultrasound screening/diagnosis (95% sensitivity rule out false negative/80% specificity rule out false positive)
Gestational age 12–36 weeks
Megacystis (earliest 11 weeks; 1/1800 prevalence with frequent spontaneously resolution)

Definition: 10–14 weeks normal bladder <6 mm; >15–17 mm obstruction
>14 weeks large appearing bladder with no emptying after 45 minutes

Oligohydramnios: significant predictor of poor renal function postnatally
Definition: single vertical pocket <0.5–3.0 cm; amniotic fluid index (AFI) <3.0–8.0 cm

Renal appearance: hydronephrosis >4–7 mm; renal echogenicity, cystic parenchymal, abnormal renal cortical appearance best 
predictor for postnatal renal function

Urinary extravasation (15%): urinary ascites, perinephric urinoma, urinothorax
Associated malformations 33%
Cardiac; increased cardiothoracic ratio (21%); ventricular hypertrophy (29%); pericardial effusions (36%); bladder compresses iliac 

arteries, creating increased cardiac afterload
Renal volumes: for right and left kidney (5th to 95th percentile for gestational age 20–40 weeks) (Yoshizaki et al.10)
Three-dimensional power Doppler histogram and vascular indices (Bernades et al.11)
Four-dimensional ultrasonographic imaging (Ruano et al.12)

B. Other imaging/MRI
Provides additional detail prenatally and as alternative to autopsy

C. Invasive analysis
Karyotype (25% risk of aneuploidy T13/18) from amniotic fluid or fetal urine
Microarray; additional copy number variant pathology 11.8% with bladder anomaly
Urinary/renal function analysis (absolute cutoffs); serial assessment x 3 q 2 days
 Good prognosis screen
 Sodium < 100 mmol/L (better predictor)
 Chloride < 90 mmol/L
 Calcium < 8 mg/dL (better predictor)
 Osmolality < 200 mmol/L
 Total protein < 20 mg/dL
 B2-microglobulin < 6 mg/L
Amniotic fluid cell-free fetal DNA/metabolomics: limited data available

D. Diagnostic cystoscopy
Diagnostic capability for prognosis prediction is limited, but evidence-based publications using cystoscopy altered the ultrasound 

diagnosis in 25%–36% of cases

Abbreviations:   LUTO, lower urinary tract obstruction; MRI, magnetic resonance imaging.
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be less accurate (LR +2.92, 1.28–6.69; LR −0.53, 0.24–1.17). 
These urine-based predictors estimate the postnatal renal 
function, with sodium and calcium indicating tubular func-
tion at the time of serial evaluation. Fetal urine becomes 
more hypotonic with increasing gestational age, and tubu-
lar reabsorption of sodium and B2 microglobulin increases 
during 20–40 gestational weeks.22 Other urinary testing for 
renal function using other urinary products/analysis, such 
as cell-free DNA or proteomics or metabolomics, has not 
been evaluated.

A systematic review23 (66 manuscripts) for diagnostic 
cystoscopy with LUTO pathology identified 63 patients 
from four manuscripts. The quality of evidence, to date, for 
a diagnostic fetal cystoscopy with LUTO is poor. Fetal diag-
nostic cystoscopy in cases of LUTO should be considered, 
at present, to be an experimental intervention until more 
survival and long-term outcomes results are available.21

INTERVENTIONAL TECHNIQUES FOR LOWER URINARY 
TRACT OBSTRUCTION
The intervention techniques for LUTO must be evaluated 
with respect to the ethical considerations for fetal therapy 
and on both the fetal “benefit to risk ratio” and the mater-
nal “risk to benefit ratio.” The informed consent process 
may consider both the palliative survival techniques for 
respiratory preservation with postnatal renal evaluation 
and repair, or with fetal treatment techniques that try to 
improve the fetal renal function with decreased neonatal 
morbidity and possibly better childhood outcomes from 
pediatric medical and surgical care.24

Ultrasound-guided techniques, for preservation of the 
fetal respiratory and musculoskeletal systems, can be con-
sidered from 20 to 36 gestational weeks.19 Serial amnio-infu-
sions to maintain an adequate amniotic fluid volume can 
prevent the deformations associated with Oligohydramnios 
Sequence. Repeated amnio-infusion techniques introduce 
the risk of infection and premature rupture of membranes, 
with resulting preterm delivery and prematurity risks for 

the neonate. However, serial amnio-infusion treatments 
have been shown to have limited therapeutic use and value.

Vesicocentesis for fetal urinary/renal function evalua-
tion is an ultrasound-guided needle technique similar to 
amniocentesis but with the fluid target being the enlarged 
fetal bladder.3,21 A 22-gauge spinal needle is used for a mid-
line lower bladder location, and color flow Doppler is used to 
avoid puncturing the umbilical vessels that have a bilateral 
bladder location. The low midline bladder location allows for 
a more complete aspiration of the fetal bladder. Serial vesico-
centesis is recommended, with three procedures and speci-
men results (every 2 days) to allow optimal renal evaluation. 
The urine values that are consistent with a favorable progno-
sis for postnatal renal function are listed in Table 10.2 and 
can identify potential candidates for vesicoamniotic shunt-
ing (bypassing the bladder outlet obstruction).

If favorable fetal renal function is identified, with no 
other significant genetic/functional/organ system struc-
tural or functional anomalies are present (other than 
those associated with the LUTO), then counseling and 
informed consent can be considered or obtained for 
“closed” ultrasound-guided fetal vesicoamniotic shunt-
ing (VAS). Detailed descriptions of the VAS technique are 
published,25,26 and the fetal VAS experience25–30 is summa-
rized in Table 10.3. Briefly, under ultrasound guidance, the 
fetal abdominal and bladder are punctured using a needle 
trocar through which a double pigtail catheter is passed. 
The distal end is deployed in the fetal bladder and the 
proximal end is deployed in the amniotic space created by 
the amnio-infusion. Following the VAS placement, ultra-
sound is used to determine the correct VAS location and to 
demonstrate flow out of the bladder through the VAS with 
evidence of a decompressing fetal bladder (Figure 10.2).

Complications

Counseling the patient prior to any invasive needle or shunt 
procedure includes discussion of risks including premature 
rupture of membranes, direct trauma to the fetus, placental 
bleeding, and possible preterm labor. Transient vesicoperi-
toneal fistulas occasionally occur following vescicocentesis, 
resulting in urinary ascites. These fistulas close spontane-
ously in 10–14 days with redevelopment of the megacystis. 
Displacement of the shunt is a fairly common complication, 
occurring in approximately 30%–45% of reported cases.25 
Appropriate location of the shunt in the fetus’s lower abdom-
inal region decreases the risk of shunt displacement due to 
bladder decompression. Repeat shunt insertions may be nec-
essary depending on the clinical situation. There are not good 
estimates for the risk of loss of pregnancy as a result of the 
shunt procedure. In the percutaneous shunting in lower uri-
nary tract obstruction (PLUTO) trial,27 4 of 16 (25%) patients 
had an intrauterine death rate following successful shunt 
placement. Vesicocentesis pregnancy loss rates are consid-
ered to be similar to amniocentesis rates at 0.5%–1.0%.

Outcome

Table 10.3 summarizes the published outcomes of vesi-
coamniotic shunting for LUTO. A systematic review and 

PL

Ur

BLA

Figure 10.1 Magnetic resonance imaging (MRI) transverse 
image of fetal abdomen with lower urinary tract obstruction 
(A, ascites; BL, bladder; PL, placenta; Ur, hydroureters).
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meta-analysis of the effectiveness of VAS for the treatment 
of LUTO examined 20 studies for the fetal intervention 
for presumed LUTO (369 fetuses), 12 studies were used 
for a meta-analysis for the effect of fetal intervention on 

perinatal survival and seven studies were used for a meta-
analysis for the effect of fetal intervention on long-term 
renal function (although five studies had no fetal interven-
tion).25 In utero therapy (mainly VAS) was considered to 

(a) (b)

B

Figure 10.2 (a) A needle trocar (arrows) through the uterine wall to puncture the fetal abdominal and bladder wall; (b) shows the 
bladder end of the double pigtail catheter in the fetal bladder (arrow) that had been threaded through the inserted trocar. )

Table 10.3 Review of published VAS use/outcome survival and renal evaluations.

Author Study design Comment

Morris et al.25 Systematic review (1990–2009) Primary articles 23/statistical analysis 20
VAS improves survival (OR 3.86; 2.00–7.45) with high residual poor 

postnatal renal function (observational studies only)

Tonni et al.26 Systematic review (1987–2008) Primary articles included 12 with treatment
VAS has failed to improve the outcome and/or long-term prognosis 

with PUV
VAS related to efficacy on renal outcome is still under debate
VAS seems to ameliorate pulmonary function
VAS is associated with high fetal mortality rate and limited renal 

function improvement
Morris et al.27 Randomized controlled trial 31 fetuses (16 VAS; 15 no treatment)

(RCT was discontinued due to lack of enrollment)
VAS was associated with higher survival, but size and direction of 

effect remained uncertain
The chance of normal renal function is very low irrespective of VAS 

or conservative therapy
Ethun et al.28 Single center case review (2004–2012) 14 male LUTO/11 intervention

VAS increases survival with significant perinatal and long-term 
morbidity

Diwaker et al.29 Secondary RCT analysis VAS cost-effectiveness (PLUTO)
VAS is more expensive than conservative care
VAS is not likely to be cost-effective in the management of 

fetal LUTO
Ruano et al.30 Case review; two centers (1990–2013) 111 LUTO fetuses (VAS 16)

VAS was associated with an improved 6-month survival rate, but no 
effect on renal function

Abbreviations:  OR, odds ratio; PLUTO, percutaneous shunting in lower urinary tract obstruction; PUV, posterior urethral valve; RCT, randomized con-
trolled trial; VAS, vesicoamniotic shunt.
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improve perinatal outcomes compared to no treatment 
(odss ratio [OR] 3.86; CI 2.00–7.45). The second meta-
analysis outcome demonstrated no improved long-term 
improvement of renal function if VAS was used over no 
treatment (OR 0.67; CI 0.22–2.00).

The diagnostic and therapeutic use of a fetal cystoscopy 
(Figure 10.3) for LUTO has been summarized in Table 
10.4.16–18,26,30,31 Ruano et al.30 reported a case–control study 
and concluded from a cohort of 111 fetuses with 34 thera-
peutic cystoscopy procedures that fetal cystoscopy and 
VAS improve 6-month survival rates in cases of severe 
LUTO. However, only fetal cystoscopic intervention (i.e., 
valve ablation) may prevent impairment of renal function 
in fetuses with PUV. The treatment evidence provided in 
Tables 10.3 and 10.4 indicates that postnatal renal function 
is not significantly improved with placement of vesicoam-
niotic shunts, however, there may be a benefit to overall 
fetal survival by improving pulmonary function.

SUMMARY FOR LOWER URINARY TRACT OBSTRUCTION 
SHUNT THERAPIES
The ultrasound criteria used for the screening and identi-
fication of the fetus with fetal bladder outlet obstruction 

Table 10.4 Summarized published fetal cystoscopy experience for fetal LUTO.

Author Study design Comment

Ruano et al.18 Cohort 2006–2008 Feasibility
Seven cystoscopy with laser/PUV/four cystoscopy only (UA)
12 expectant management only

Morris et al.23 Systematic review (66 papers) Reviewed treatment for 63 patients
Cystoscopy to no treatment: improved survival OR 20.51 

(CI 3.87–108.69)
Cystoscopy to VAS: NS survival OR 1.49 (CI 0.13–16.97)

Ruano16 Cohort 2008–2010 16-week gestation cysto with severe megacystis
Seven cystoscopy (three PUV-laser; three UA; precysto demise)
PUV two survivors/one MMIHS postnatal death/eight expectant with no 

survivors
Ruano17 Review (1995–2010) PUV 20 cases with cystotherapy

Laser fulguration 10/20; survival 7/10/hydroablation 4/20; survival 3/4
Guide-wire 4/20; monopolar fulguration 1/20; urethral probe 1/20; 

survivors none
Tonni et al.26 Review (computer search) Limited review: limited cystoscopy/LUTO use
Ruano et al.30 Multicenter case–control 111 fetuses(cystoscopy 34/VAS 16/no intervention 61)

Probability of survival: cystoscopy vs. none ARR 1.86 (CI 1.01–3.42)
VAS vs. none ARR 1.73 (CI 1.01–3.08)

Normal renal function: cystoscopy vs. none ARR 1.73 (CI 0.97–3.08)
VAS vs. none ARR 1.16 (CI 0.86–1.55)

Six-month survival: cystoscopy vs. none ARR 4.10 (CI 1.75–9.62)
VAS vs. none ARR3.76 (CI 1.42–9.97)

Renal function: cystoscopy vs. none ARR 2.66 (CI 1.245–5.70)
VAS vs. none ARR 1.03 (CI 0.49–2.17)

Sananes et al.31 Multicenter case series 40 fetal therapeutic laser cystocopies for PUV

Abbreviations:  ARR, adjusted risk ratio; CI, confidence interval; UA, urethral atresia.

Figure 10.3 Operative image of the urethral orifice (arrow) 
during a diagnostic fetal cystoscopy in the management of 
lower urinary tract obstruction (LUTO). (Courtesy of Dr. Rodrigo 
Ruano.)
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are well defined. These include characteristic enlarge-
ment of the bladder, pressure changes in the ureters, 
and alterations in the renal parenchyma associated with 
a decrease in amniotic fluid levels. Establishing the 
exact prenatal anatomic obstructive etiology requires 
significant skill and expertise. While still experimen-
tal, diagnostic cystoscopy may be useful in elucidating 
a specific etiology, if an appropriate risk–benefit ratio is 
established. Prenatal genetic and urinary evaluation and 
estimation of postnatal renal function requires amnio-
centesis/vescicocentesis for fetal chromosomal microar-
ray and serial vesicocentesis. Urinary calcium, sodium, 
and B2 microglobulin are the most reliable predictors of 
postnatal renal function. In the male fetus with isolated 
LUTO secondary to PUVs or urethral hypoplasia, fetal/
neonatal survival is improved via improvement in pul-
monary development and decreased oligohydramnios 
can be achieved by amnio-infusion followed by VAS. The 
best treatment for renal preservation with isolated LUTO 
has not been established; however, it is generally accepted 
that interventional therapy for LUTO should be reserved 
for cases with associated oligohydramnios. Conservative 
management may be appropriate for a limited number 
of isolated LUTO presentations with incomplete bladder 
neck obstruction.

INTRODUCTION TO IN UTERO SHUNTING FOR 
THORACIC PATHOLOGIES
The fetal thoracic cavity, much like the postnatal tho-
racic cavity, represents a closed space which has minimal 
capacity to expand in response to rapid growth of masses 
or accumulation of fluid. Masses such as large cystic con-
genital pulmonary airway malformations (CPAMs) or 
fluid accumulation such as pleural effusions (PEs) pose a 
threat to the developing fetus by acting as a space-occupy-
ing lesion and result in intrathoracic compression of the 
developing lungs and disturbance of intrathoracic blood 
flow secondary to increased intrathoracic pressure and 
mediastinal shift of the heart and great vessels, which may 
lead to fetal hydrops (Figure 10.1). The risk for pulmo-
nary hypoplasia or cardiovascular impairment is directly 
related to the degree of the space-occupying volume. 
Drainage of these lesions via in utero shunt placement or 
thoracentesis may lead to a decrease in volume of these 
space-occupying lesions with beneficial effects on fetal 
hemodynamics, normal lung growth, and outcome.

Pleural effusions

Fetal PE can present as part of a more generalized 
picture of nonimmune fetal hydrops or as an isolated 
sonographic finding.32–34 They are generally divided 
into primary and secondary causes. Primary PE is a 
lymphatic malformation while secondary PE is usually 
due to associated anomalies such as aneuploidy, cardiac 
defects, anemia, or infections. Primary PE occurs in 
approximately 1 in 12,000 pregnancies with a 2:1 male 

to female ratio.32 Gestational age at presentation is gen-
erally less than 32 weeks and the presence of hydrops is 
associated with high perinatal mortality ranging from 
36% to 40%33–35 (Figure 10.4). Isolated PE in the absence 
of fetal hydrops still poses a threat to the developing 
fetus by acting as a space-occupying lesion. The risk for 
pulmonary hypoplasia or cardiovascular impairment is 
directly related to the size of the space-occupying effu-
sion volume. The laterality of the PE does not appear 
to inf luence outcome, but bilateral effusions may have 
more effect on pulmonary development as well as car-
diac compression.35

Selection criteria for the treatment of fetuses with 
pleural effusion

Selection criteria for PE treatment by thoracoamni-
otic shunting (TAS) requires primary PE etiology that is 
not part of a more complex genetic syndrome; selection 

E

L

H

Figure 10.4 MRI image of congenital pleural effusion. 
Note the displacement and compression of the heart and 
lungs, and the presence of hydrops characterized by ascites 
and skin edema (E, effusion; H, heart; L, lung.)
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criteria include normal karyotype, negative viral studies, 
normal echocardiogram, and absence of significant con-
genital anomalies that would affect morbidity or mortal-
ity, rapid recurrence of the effusion after thoracocentesis, 
and gestational age of less than 32 weeks.32,33,36 However, 
a recent study advocates for shunting up to 37 weeks to 
improve postnatal resuscitation efforts.37 Minimal evalu-
ation should include confirmation of a primary lympho-
cytic effusion by cell count (>95% mononuclear cells) and 
PCR-based infectious studies for parvovirus, cytomega-
lovirus, herpes virus, and toxoplasmosis from the effu-
sion fluid obtained at initial diagnostic thoracocentesis or 
amniocentesis.

Thoracentesis and thoracoamniotic 
shunting technique

Thoracocentesis utilizes a 20- to 22-gauge spinal needle 
under continuous ultrasound guidance with insertion 
into the lower lateral aspect of the fetal hemithorax 
in the midaxillary line. The entrance point is impor-
tant as it should be the most dependent portion of the 
thorax into which the effusion will collect, allowing 
the maximum amount of fluid to be removed by aspi-
ration. Reevaluation is performed in 24–72 hours and 
effusions rapidly accumulating after drainage will most 
likely benefit from chronic drainage by TAS (Figure 
10.5). The technique for TAS is similar to that used for 
bladder insertion but optimal positioning of the shunt 
is side dependent. For right effusions, the optimal posi-
tion for shunt placement is the lower third of the chest 
between the midclavicular and midaxillary lines. For 
left effusions, optimal placement is the upper third of 
the chest in the midaxillary line. This allows for optimal 

drainage as the heart returns to its normal position and 
the lungs expand to fill the chest. The appropriate tra-
jectory for passage of the shunt trocar is determined by 
ultrasound such that the tip of the trocar ends up imme-
diately adjacent to target location in the chest. Maternal 
skin is then anesthetized with 1% plain lidocaine and a 
small 3-mm incision is made. The trocar sheath is then 
passed through the maternal abdomen into the amniotic 
fluid space adjacent the chest. The trocar is advanced 
until the space between the ribs at the entrance site is 
located, and, using a gentle twisting action, the tro-
car is advanced through the chest wall until the tip 
lies 5–10 mm within the effusion. The sharp stylet is 
removed and 5–10 cc of effusion fluid aspirated. If there 
is suggestion of particulate matter it is beneficial to per-
form a lavage by alternating aspiration of 10 cc of effu-
sion followed by infusion of 10 cc warm (37°C) normal 
saline until the fluid appears clear. The double-pigtail 
shunt is then quickly loaded into the trocar sheath so 
that the effusion does not drain, making catheter place-
ment more difficult and limiting its ability to resume its 
original coiled shape. If necessary, it may be helpful to 
temporarily expand the effusion to facilitate shunt place-
ment by infusing 10–30 cc of warm saline. Push rods 
(one or two push rods, depending on the manufacturer) 
are introduced and slowly advanced, displacing the 
proximal segment of the catheter into the intended cav-
ity. The metal tip and high-density composition of the 
Rocket catheter optimizes visualization of its entrance 
into the fluid cavity. The push rod is advanced 8–9 cm 
to deploy the proximal pigtail into the fluid space. The 
sheath is then withdrawn to approximately 1 cm from 
the chest wall. The push rod is then held in place while 

(a) (b)

Figure 10.5 Congenital pulmonary airway malformation (CPAM) with macrocyst (a) before and (b) after shunt placement. Prior 
fine needle drainage of the macrocyst helped to determine the optimal position to enter the fetal chest for subsequent shunt place-
ment (arrows point at shunt within the CPAM).
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the outer sheath is pulled approximately 2–3 cm back-
ward over the push rod through the chest wall into 
the amniotic cavity, which deploys the central straight 
portion of the shunt. The shunt should then be within 
the amniotic cavity and while holding the pushrod in 
place the sheath is backed an additional 1–2 cm away 
from the chest wall. At this point, it is important to stop 
and rotate the tip of the sheath away from the insertion 
site without otherwise moving it and then deploy the 
remainder of the shunt from the sheath at an angle away 
from the insertion site. This is an important maneuver 
as it prevents the proximal pigtail from being partially 
deployed into the chest cavity which increases the risk of 
shunt migration into the chest cavity. Effusion drainage 
begins rapidly because of the initial increased intratho-
racic pressure, but may take 12–48 hours to complete. 
Prophylactic single-dose intravenous (IV) antibiotic 
therapy is recommended. If polyhydramnios is pres-
ent, amnioreduction utilizing the trocar sheath can be 
performed.

Complications

The most common complications of thoracic shunt 
 procedures are related to displacement of the catheter into 
the amniotic cavity or less commonly into the thoracic cav-
ity.38 Occlusion from proteinaceous materials or throm-
bus may present additional complications. Pregnancy loss 
is estimated at approximately 5%. Thoracentesis risk for 
pregnancy loss is estimated at 0.5%–1.0%.

Outcome

Outcomes following TAS are dependent on correct selec-
tion of fetuses for whom treatment will provide a benefit 
for fetuses with hydrops or significant risk of pulmonary 
hypoplasia. Studies have shown that effective drainage 
leads to improved antenatal lung growth, hydrops resolu-
tion, and long-term survival (Table 10.5). Aubard et al.33

identified hydrops as the only prognostic factor for out-
come following multivariant analysis with survivals, 
with and without hydrops, of 67% and 100%, respectively, 
while without treatment, survival was 21%–23% in both 
groups. Thompson et al.41 reviewed 17 neonatal TAS sur-
vivors with a mean gestational age of 29 weeks (range of 

21–35). Twelve fetuses were hydropic at TAS. Recurrent 
respiratory symptoms were identified in six infants, but 
was not significantly different from a matched control 
group. Yinon et al.37 reported on 88 fetuses with large PE, 
59 (67.0%) were hydropic, 67 (76.1%) had bilateral effu-
sions, and 36 (40.9%) had polyhydramnios. Mean age of 
shunt placement was 27.6 weeks (range 18–37), and deliv-
ery was 34.2 weeks (range 19–42). Seventy-four babies 
(84.1%) were live-born and 52 (70.3%) survived the neo-
natal period. In 59 hydropic fetuses, 10 (16.9%) died in 
utero and 18 (30.5%) died after birth for a perinatal sur-
vival of 52.5%. However, in 29 nonhydropic fetuses, neo-
natal survival was 72.4%. Hydrops resolved in 28 fetuses 
(47.5%) following shunting with 71% survival compared 
with 35% in 31 fetuses where hydrops persisted. In their 
22 neonatal deaths, seven were due to pulmonary hypo-
plasia, five were due to genetic syndromes, two were 
due to aneuploidy, and one was due to congenital heart 
disease.

CONGENITAL PULMONARY AIRWAY MALFORMATION
CPAM is a benign, space-occupying tumor due to over-
growth of terminal respiratory bronchioles. CPAMs 
are most often unilobular (80%–95%) and can affect 
any lobe. They are classified prenatally by ultrasound 
and MRI into microcystic (50%) or macrocystic (50%) 
types depending on the size of the cysts.42,43 Macrocystic 
CPAMs can contain a single or several large dominant 
macrocysts, which fill with fluid, until they formed 
large, space-occupying regions within the fetal lung. 
Large lesions can cause rapid mediastinal shift and 
compromise hemodynamic status with the develop-
ment of hydrops. Early enlargement of lesions can result 
in the compression of the normal fetal lung tissue that 
may result in lethal pulmonary hypoplasia if it occurs 
at 18–24 weeks gestation during critical lung transition 
from canalicular to the alveolar stage. Mediastinal shift 
and left lung masses can also lead to compression of the 
fetal esophagus, decreased fetal swallowing with the 
development of polyhydramnios with risk of preterm 
delivery. CPAMs communicate with the tracheobron-
chial tree such that there is a risk of air trapping after 
birth within the macrocysts, causing rapid enlargement 

Table 10.5 Pleural effusion outcomes following thoracoamniotic shunt placement.

Author No. LB SB NND Hydrops Survival

Nicolaides and Azar39 51 33 (12 HR) 2 12 18 65%
Aubard et al.33 80 57 (48 HR) 21 15 63 74% (O), 67% (H), 

100% (NH)
Yinon et al.37 88 74 — 22 59 59%
Peranteau et al.40 37 21 3 13 21 60% (O), 50% (H), 

100% (NH)
Total 256 185 26 62 161 48.4% (O)

Abbreviations: H, hydropic fetuses; HR, hydrops resolution following shunt placement; NH, nonhydropic fetuses; O, overall survival. 
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and compression of the newborn’s lungs resulting in 
respiratory distress and/or pneumothorax. The greatest 
rate of growth of microcystic CPAM usually occurs at 
20–25 weeks with a plateau in growth beginning at 26–28 
weeks.44 The natural history of CPAM with dominant 
macrocysts or macrocystic cluster is more unpredictable 
because rate of growth of the cystic and solid compo-
nents can be quite different. The goal of shunt therapy is 
chronic drainage of the macrocysts to decrease overall 
volume and therefore mass effect within the fetal chest. 
Early therapy is directed at preventing pulmonary hypo-
plasia, while later interventions are done for evolving 
hydrops or progressive polyhydramnios.

SELECTION CRITERIA FOR SHUNT THERAPY 
IN FETUSES WITH CONGENITAL PULMONARY 
AIRWAY MALFORMATION
TAS should be considered for fetuses with secondary 
complications that worsen their prognosis (early-onset 
hydrops or progressive polyhydramnios) and have failed 
a course of steroid therapy, which has been shown to alter 
growth in primarily microcystic lesions.45 The goal of 
shunting is chronic drainage of the large macrocysts that 
decreases mass volume and corrects the underlying phys-
iologic disturbances (Figure 10.2). Candidates should 
have a macrocystic CPAM confirmed by ultrasound and/
or fetal MRI; fetuses with other lesions are not likely to 
benefit from TAS. Initially, thoracentesis should be per-
formed to drain the dominant macrocyst or macrocystic 
complex (as often there is communication between the 
cysts) and then reevaluate to determine how rapidly the 
fluid reaccumulates. Also, it is important to document 
“where” the macrocyst(s) drains (upward or downward 
in the chest cavity), which will help guide optimal shunt 
placement into the macrocyst(s) and decrease the risk 
for shunt displacement after the macrocyst(s) collapse. 
Polyhydramnios may require amnioreduction to decrease 
the risk of preterm delivery. The fetus must have a nor-
mal karyotype and negative workup for fetal hydrops, 
including hematologic, infectious, and cardiovascular 
etiologies.

THORACENTESIS AND THORACOAMNIOTIC 
SHUNT TECHNIQUE
The technique for thoracentesis and shunt insertion is sim-
ilar to that described for PE, although there may be some 
minor variation related to the involved lobe of the lung on 
the right or left side. The point of entrance into the fetal 
chest for TAS must be chosen with consideration given to 
how the cysts shrink during the initial drainage process, 
so that the cyst can be completely drained, based on the 
original position of the shunt. Maternal single-dose IV 
broad-spectrum antibiotic prophylaxis is recommended.

Complications

Overall procedure complications are similar to those 
related to shunting for PE, although the risk of shunt mal-
function due to occlusion may be increased.45–47 Risk of 
rupturing a major blood vessel while traversing the pul-
monary parenchyma before entering the macrocyst(s) can 
be minimized using color flow Doppler to visualize blood 
vessels that need to be avoided. Although not directly con-
traindicated, all efforts should be made to avoid trocar 
passage through the placenta. If transplacental approach 
is necessary, color Doppler to avoid large placental sur-
face vessels should be employed. As in all fetal interven-
tions, the potential of uterine irritability exist and patients 
should be monitored for at least 4–6 hours after these pro-
cedures, and utilize aggressive tocolytic therapy as needed.

Outcomes

A summary of published outcomes for TAS for macro-
cystic outcomes is presented in Table 10.6. The natural 
history of CPAM shows that fetal hydrops is a significant 
prognostic factor of fetal outcome. Review of published 
reports35,41,45–47 shows that hydrops was present in only 
7% (8/117) of live-born survivors but was present in 52% 
(22/42) that experienced perinatal loss. Laberge et al.34

reviewed 48 cases and found that only hydrops was a sig-
nificant prognostic factor for survival. We had previously 
reviewed our experience with TAS in large macrocystic 
lesions with fetal hydrops or severe polyhydramnios.47 Ten 
shunts were placed at a mean gestational age of 23 weeks. 
Shunting resulted in a mean reduction of 50% in overall 

Table 10.6 Macrocystic CPAM outcomes following thoracoamniotic shunt placement.

Author No. Shunts LB SB NND Survival

Bernaschek et al.45 4 4 3 (1 H) — 1 75% (O,S)
Dommergues 

et al.46

33 (4 BPS) 9 (H, P) 4 BPS, 23 CCAM 
(5 H)

— 3 (1 H) 79% (O), 67% (S)

Baxter et al.47 10 10 (6 H) 7 (4 H) 1 (1 H) 2 (2 H) 70%
Wilson et al.38 10 13 (10 patients) 9 1 2 70%
Schrey et al.48 11 11 10 1 0 91% (83% H)
Peranteau et al.40 37 42 (37 patients, 

28 H)
35 (28 H) 2 (2 H) 8 (8 H) 73% (O), 74% (H), 

80% (non-H)
Total 105 84 (43 H) 91 (38 H) 5 (3 H) 24 (10 H) 68.4% (O), 67.4% 

(S), 56% (H)

Abbreviations: CPAM, congenital pulmonary airway malformation; BPS, bronchopulmonary sequestration; H, hydropic; non-H, non-hydropic; P, 
polyhydramnios; O,overall survival; S, stillbirth.
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mass volume and the CPAM mass volume/head circum-
ference ratio (CVR). The mean duration of the shunt was 
10 weeks and mean age at delivery was 33 weeks with a 
subsequent perinatal survival of 70%, suggesting an 
improved outcome in this population.

Schrey et al.48 described 11 fetuses with macrocystic 
CPAM that underwent TAS. Procedures were offered if 
fetal hydrops or signs of evolving hydrops were present 
or for very large lesions or rapidly enlarging lesions. If 
multiple cysts were present, a single shunt was used with 
intent to traverse several cysts. All fetuses had normal 
karyotype and no other anomalies. Shunts were placed 
at a mean gestational age of 24.6 weeks (range 17–32). Six 
fetuses were hydropic and of the remaining five, one had 
severe polyhydramnios, three had lesions rapidly increas-
ing in size (CVR > 1.6), and one had a very large lesion 
at initial presentation. In total, four cases presented with 
severe polyhydramnios. Shunting the largest cyst always 
decompressed the entire lesion and hydrops and/or poly-
hydramnios resolved in all surviving fetuses. One severely 
hydropic fetus, shunted at 17 weeks, died the following 
day. In one case the shunt fell out and the lesion did not 
reaccumulate. No patient had rupture of membranes or 
preterm labor before 35.6 weeks. Mean gestational age at 
delivery was 38.2 weeks and underwent uneventful post-
natal lobectomies with CPAM confirmed in all cases. 
Mean interval from shunting to delivery was 13.1 weeks 
(range 4.1–19.4). Overall survival was 10/11 (91%) and 5/6 
(83%) for hydropic fetuses. All but two fetuses required 
respiratory support at some period after birth but prior to 
surgery.

In 2015, Peranteau et al.40 reviewed their single insti-
tutional experience managing large macrocystic CPAM 
and PE with TAS. Ninety-seven shunts were placed in 75 
fetuses who presented with macrocystic CPAM (n = 38) or 
large PE (n = 37) in the setting of hydrops or severe mass 
effect. Mean age at shunt placement was less in CPAMs 
(24 ± 3 weeks) than PE (26 ± 3 weeks). The CPAM volume 
and CVR changed by 55 ± 21% and 57 ± 21%, respectively, 
representing a significant decrease in mass effect of over 
50% following shunting. Complete PE drainage occurred 
in 27% and significant, but incomplete drainage in 73%. 
Hydrops was present in 69% of fetuses which resolved in 
83% after TAS.

Overall long-term survival was 68%, 75% for CPAM, 
and 60% for PE. Postnatal median NICU stay for survi-
vors was 21 days (range 4–215). Endotracheal intubation 
and respiratory support beyond expected occurred in 71%. 
Two CPAM patients required extracorporeal membrane 
oxygenation (ECMO) support on day 1 for cardiorespira-
tory failure with only one survivor. At discharge, 27% (PE 
50%, CPAM 17%) required a diuretic and/or supplemental 
oxygen for respiratory support. Authors concluded that 
survival was strongly associated with decrease in mass 
volume and hydrops resolution following shunt place-
ment. No fetus survived in either group in which hydrops 
did not resolve. Alternatively, all fetuses that survived 
showed hydrops resolution, however, there were five cases 

each of CPAM and PE that did not survive despite hydrops 
resolution.

SUMMARY
TAS in appropriate selected fetuses with macrocystic 
CPAM or large PE has been shown to improve survival 
and decrease postnatal morbidity and mortality. Presence 
and severity of hydrops at time of TAS and resolution of 
hydrops following shunt placement are important prog-
nostic factors with better outcomes in fetuses without 
hydrops at time of TAS and those that have resolution of 
hydrops following successful shunting. As such, patients 
with severe hydrops and/or who show limited resolution 
of hydrops following TAS should be counseled cautiously 
about the long-term prognosis.

CONCLUSIONS
Prenatal identification of renal and thoracic abnormalities 
is increasingly more common, and counseling regarding 
the in utero medical and surgical options for these lesions 
continues to be developed. The key to success for the in 
utero therapy of bladder and thoracic abnormalities is 
appropriate evaluation to ensure the correct diagnosis and 
prediction of the morbidity or mortality. The selection crite-
ria for fetuses undergoing in utero therapy must be limited 
to those fetuses for whom benefit can be anticipated from 
the therapy. The reported data would suggest that the use 
of both vesicoamniotic and thoracoamniotic shunts can 
benefit this select group of fetuses with fluid-filled lesions 
of either the bladder or the chest, respectively. As the use 
of this therapeutic modality increases, prospective random-
ized trials will define the utility, efficacy, risks, and benefits 
of intrauterine fetal shunting for the mother and the fetus.
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INTRODUCTION
Fetal blood sampling was initially performed at hyster-
otomy.1 The subsequent development of fetoscopy in the 
1960s allowed fetal vessel puncture under direct visual-
ization. However, fetoscopy was cumbersome and risky 
since the procedure-related loss rates exceeded 5%. The 
development of high-resolution ultrasound made it pos-
sible to clearly image the umbilical cord. Spurred by a 
desire to accurately diagnose fetal toxoplasmosis, Daffos 
performed the first intentional percutaneous umbilical 
blood sampling under ultrasound guidance (cordocen-
tesis) in the early 1980s.2 The procedure rapidly gained 
favor with demonstration of its safety3–5 and directly 
spurred the development of fetal medicine. If necessary 
for technical reasons, fetal blood can also be obtained 
under sonographic guidance from either the fetal heart 
(cardiocentesis) or the intrahepatic umbilical vein (hepa-
tocentesis).6 A wide range of gestational appropriate fetal 
norms (hematological, endocrinological, immunological, 
biochemical, and biophysical)7 were developed, a crucial 
step in the evolution of fetal medicine. While many early 
indications for cordocentesis have been supplanted by less 
invasive techniques, there remain several indications for 
fetal blood sampling. The most common are the assess-
ment and treatment of red cell and platelet alloimmuniza-
tion, the rapid antenatal diagnosis of inherited blood or 
metabolic diseases, rapid karyotyping of malformed or 
severely growth-restricted fetuses in some countries, and 
rarely the determination of fetal acid base status.8

METHODS
Cordocentesis is performed in the outpatient setting by a 
single operator with or without an assistant. There is no 

benefit of maternal fasting, sedation, prophylactic anti-
biotics, or tocolysis. Cordocentesis can be performed as 
early as 12 weeks gestation, though it is technically more 
difficult prior to 20 weeks, and the loss rate is much higher 
prior to 16 weeks gestation. We encourage the patient’s 
partner to attend both the counseling session preceding 
the procedure and the procedure itself. The limitations 
and potential complications must be stated unambigu-
ously before written informed consent is obtained, and a 
targeted ultrasound examination is performed.

Centers vary in their approach. There are two methods 
for cordocentesis: freehand and the use of a fixed needle 
guide. Also, there are three potential locations selected 
for sampling: placental cord origin, free loop of umbili-
cal cord, or intrahepatic vein. The first few centimeters of 
the fetal origin of the umbilical cord are innervated and 
puncture in that region causes pain and bradycardia. 
The umbilical vein is the preferred target rather than the 
umbilical artery because of its lower association with com-
plications. Like all percutaneous procedures, a “no touch” 
philosophy is essential. If you do not touch the shaft of the 
needle, you cannot contaminate it.

The selection of the site for sampling will depend on 
operator experience and accessibility. In general, the pla-
cental cord origin is often targeted because the location 
is fixed. However, the intrahepatic umbilical vein appears 
to be equally safe compared with cordocentesis.9,10 In one 
center, the intrahepatic umbilical vein as the site for sam-
pling was more successful and there was less streaming 
from the sampling site.10

The freehand technique typically employs a 20- to 
22-gauge spinal needle 8–12 cm long.2 The needle course is 
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tracked by imaging the tip and shaft with the ultrasound 
transducer held either in the opposite hand of the opera-
tor or by the assistant. Since the needle is not fixed, the tip 
can move several centimeters in all axes should either the 
site of insertion be suboptimal or the fetus move during the 
procedure. Once punctured, the operator secures the nee-
dle while the assistant aspirates a series of 1-mL syringes. 
Larger syringes can create enough negative pressure to col-
lapse the umbilical vein leading to the erroneous conclusion 
that the position has been lost. Preheparinization of the 
syringe is unnecessary unless a fetal blood gas is needed. 
The sample is immediately placed into a specimen container 
prepared with the appropriate preservative. The freehand 
technique remains the most popular method for cordocen-
tesis because of the flexibility it allows the operator.

Cordocentesis is also performed using a fixed needle 
guide (Figure 11.1)3 that is attached to the base of the ultra-
sound transducer. Typically, the transducer is held by the 
operator’s assistant. The predicted course of the needle, 
which can travel only in the vertical plane, is displayed on 
the ultrasound screen. This allows the operator to select in 
advance a precise target for puncture. Deviation from the 
predicted path occurs only when there is an abrupt change 
in the relationship between the puncture site in the mater-
nal abdominal wall and the uterus as the needle traverses 
between the two. The most common causes are abrupt 
patient movement and failure of the assistant to hold the 
transducer surface flat against the maternal abdomen. 
Fetal movement is rarely an issue because of the speed of 

the procedure. Since lateral movement of the needle is not 
possible, a smaller gauge needle such as a 22 or 25 is used. 
It is important to line up the umbilical cord longitudinally 
rather than in cross section. It is preferable to target the 
“easiest” location for a direct approach. In more than 50% 
of the cases, a free loop is targeted, and placental puncture 
is avoided if possible when the indication is alloimmuniza-
tion (red blood cell [RBC] or platelet), just as the informed 
practitioner would do with amniocentesis. In contrast to 
the freehand technique where there is a larger needle gauge 
and movement outside the vertical axis, local anesthesia 
is unnecessary for diagnostic procedures when using a 
22-gauge needle. A local anesthetic is placed subcutane-
ously, independent of the technique, when the procedure 
is lengthy (e.g., intravascular transfusion). Prophylactic 
antibiotics are not indicated for either cordocentesis or 
intravascular transfusion. In our experience, amnionitis 
complicates less than 1 in 800 diagnostic procedures when 
the “no touch” philosophy is rigorously adhered to and a 
needle guide is used (1 in 1200 procedures).

Fetal movement may either prevent a successful punc-
ture or shorten the access time available regardless of 
the technique used. Fetal movement while the needle is 
intraluminal increases the risk of umbilical cord trauma. 
Many operators administer a neuromuscular antagonist to 
 eliminate the fetal movement (especially when perform-
ing a mid-loop puncture) and select either pancuronium 
(0.3 mg/kg estimated fetal weight), vecuronium (0.1 mg/kg 
EFW), or atracurium (0.4 mg/kg EFW). The agent is given 
either intramuscularly into the fetal buttock, or preferably, 
intravenously as soon as the vein is punctured. The effect 
is evident within seconds. Vercuronium instead of pan-
curonium is preferred for simple diagnostic procedures 
because its shorter half-life allows a more rapid return of 
fetal movement and heart rate variability.11 In contrast, 
pancuronium is preferred for fetal transfusion because its 
side effect of increased fetal heart rate (FHR) helps main-
tain fetal cardiac output despite the volume load.12

The volume of blood removed depends on the gestation 
and indication for sampling. Five milliliters is typical and 
adequate for a karyotype, umbilical venous blood gas, and 
complete blood profile with Kleihauer–Betke testing, with 
2 mL remaining for other additional tests.

MAJOR COMPLICATIONS AND RISK FACTORS FOR 
CORDOCENTESIS
The major complications of cordocentesis are listed in 
Table 11.1. They include all complications associated with 
amniocentesis plus fetal bradycardia, umbilical cord lac-
eration, and thrombosis. Risk factors for cordocentesis are 
noted in Table 11.2.

Umbilical cord laceration and thrombosis are associ-
ated with freehand procedures. While such complications 
have not been formally recorded when a needle guide was 
used, these complications have been reported anecdot-
ally.13,14 Though bleeding from the umbilical puncture site 
is common, prolonged bleeding with sequelae is uncom-
mon. Application of a “no touch” technique and the use 

Slot for
needle
insertion

C1-5

C1-5

Figure 11.1 Typical example of a fixed needle guide. The 
one shown is made for the Voluson E10 by Civco Medical 
Solutions, Coralville, IA. The guideline follows the on-screen 
software.
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of disposable needles for a single puncture minimizes the 
risk of amnionitis.

Bradycardia is the major complication of cordocente-
sis. Virtually all emergency cesarean deliveries and most 
perinatal losses are associated with a fetal bradycardia. 
Umbilical artery puncture and hypoxia are the major risk 
factors for bradycardia (Figure 11.2). In the absence of pro-
found anemia or fetal heart failure, fetal hypoxia is associ-
ated with an elevated umbilical artery resistance index and 
it can be used as a risk marker. The incidence of bradycar-
dia with absent and/or reversed diastolic flow approaches 
25%. Umbilical artery puncture increases the risk of fetal 
bradycardia 5- to 10-fold.15 The presence of either oligohy-
dramnios or a two-vessel cord increases the risk of arterial 
puncture. The observation that bradycardia may be asso-
ciated with an elevated resistance index in one but not in 
both umbilical arteries suggests that the cause is localized 
vasospasm. Pancuronium use is associated with a lower 
prevalence of bradycardia in appropriately grown but not 
growth-restricted fetuses.15 It is likely some episodes of bra-
dycardia occur when fetal movement tugs on the umbilical 
cord, causing needle trauma and irritation to the underlying 
vascular smooth muscle. Bradycardia after umbilical vein 
puncture may reflect the disruption of the adjacent umbili-
cal artery smooth muscle as the tip traverses the cord. In 
the event of a bradycardia, direct observation suggests that 
vigorous fetal stimulation by palpation is beneficial since 
the heart will speed up and then slow again if the manual 
stimulation is stopped too early. A variety of chronotropes 
(e.g., atropine) and bicarbonate have been given as part of a 
fetal resuscitation without predictable effect.

Even when performed at a mid-loop, the fetus does 
“react” to the cordocentesis. Umbilical artery resistance 
typically declines after either a diagnostic procedure or 
a fetal intravascular transfusion.16 The higher the “nor-
mal” baseline resistance index, the greater the decline. 
The decrease is associated with prostacyclin release from 

the vascular endothelium.17,18 Endothelial adaptation to 
hypoxia also explains why hypoxemia is a risk factor for 
bradycardia.15 Rizzo et al.19 demonstrated that endothe-
lin is released upon umbilical vein puncture of growth-
restricted but not appropriately grown fetuses. Fetuses 
who develop bradycardia release more endothelin, sug-
gesting that the excess endothelin causes focal vasocon-
striction at or near the puncture site.

Both techniques for cordocentesis have a learning curve. 
However, the learning curve may be shorter when a needle 
guide is used. Until recently, it was generally accepted that 
the technique selected was a matter of operator preference 
and had no impact on the outcome. However, there are a 
series of findings to challenge this concept.

The first line of evidence is indirect. The often stated 
“advantage” of the freehand technique, its flexibility, may 
also increase the risk. Analogous to a lever, a small move-
ment at the hub of the needle amplifies the distance the tip 
moves. In association with this inescapable fact, freehand 
cordocentesis is produced in a significantly greater incre-
mental increase in the maternal serum alpha- fetoprotein 
(MSAFP) than amniocentesis after controlling for placental 
puncture.20 In contrast, the incremental change in MSAFP 
when a needle guide is used is similar to amniocentesis.21 
Further, the association between fetal thrombocytope-
nia and bleeding from the umbilical puncture site after a 
freehand cordocentesis is high enough to have prompted 
a recommendation that all fetuses at risk for alloimmune 
thrombocytopenia receive a prophylactic platelet transfu-
sion at cordocentesis.22 Yet, there is no relationship between 
the fetal platelet count and the bleeding time from the punc-
ture site when a needle guide is used.23 The latter may reflect 
either less lateral movement of the needle after puncture or 
the thinner gauge needle, or both. The loss rates reported 
after second-trimester amniocentesis are lower when thin-
ner needles are used.24 Not surprising, there are also reports 
which suggest that an amniocentesis performed with a nee-
dle guide is safer than one performed freehand.25

There is also a line of direct evidence favoring the use of 
a needle guide, though not a single center had an adequate 
volume for a randomized trial, and comparisons of loss 
rates sustained by groups using the freehand and needle 
guide techniques are problematic since it is hard to sepa-
rate procedure-related losses from those secondary to the 

Table 11.1 Complications of cordocentesis.

1. Bradycardia or asystole
2. Premature rupture of membranes
3. Premature labor
4. Umbilical hemorrhage
5. Placental hemorrhage
6. Chorioamnionitis
7. Umbilical thrombosis
8. Fetal to maternal hemorrhage

Table 11.2 Risk factors for cordocentesis.

1.  Umbilical artery puncture (associated with bradycardia)
2.  Fetal hypoxemia (associated with bradycardia)
3.  Technique (freehand versus needle guide)
4.  Gestational age before 20 weeks (both techniques)
5.  Number of punctures (freehand technique only)
6.  Duration of procedure (freehand technique only)
7.  Inexperience
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Figure 11.2 Fetal bradycardias and intra-amniotic bleed-
ing occur more often and last longer when an umbilical cord 
artery rather than a vein is sampled.
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natural progression of disease. We sought to address the 
role of the technique by combining our experience with 
another fetal medicine unit which shared in common the 
use of a fixed needle guide for all procedures.13 Over 25 
operators with varying levels of experience performed 1260 
diagnostic cordocenteses at a mean gestational age of 29 
weeks. The umbilical vein (confirmed by the blood pressure 
reading) was punctured in 90% of the cases, demonstrating 
that the desired vessel can be targeted. A  procedure-related 
loss was defined as any loss within 2 weeks of the proce-
dure except those resulting from elective pregnancy termi-
nation. Overall, there were 12 losses (0.9%) (Table 11.3). To 
exclude the contribution of the underlying pathology to the 
loss rate, procedures should be divided into high and low 
risk, with the latter excluding chromosomal abnormali-
ties, nonimmune hydrops, intrauterine growth restriction, 
and fetal infection. Such exclusions virtually eliminate all 
abnormal fetuses that might be at risk of a loss unrelated to 
the procedure. After revision, the study’s procedure-related 
loss rate with the needle guide 0.2 (2/1021). A decade later, 
Liao et al.14 reported their experience using the fixed needle 
guide in 1475 pregnancies. Their reported procedure loss 
rate was 0.8% (12/1475). Combined together, these two 
studies show a 0.5% (14/2496) complication rate.

The most recent studies for the freehand technique 
which include large sample sizes suggest that the 
 procedure-related perinatal loss rate approaches ~1%. 
Donner et al.26 reported 759 diagnostic cordocenteses 
with a known outcome using the freehand technique. 
After excluding 94 terminations, their loss rate is calcu-
lated at 1.1% (7/665). Tongsong et al.27,28 reported a 1% 
procedure loss rate on 1320 pregnancies for cordocente-
sis performed between 16 and 24 weeks. This same group 
reported in 2011 a total perinatal loss rate of 2.2%–2.9% 
from 2214 cordocenteses.29

These findings, both indirect and direct, suggest that 
many of the procedure-related losses associated with cor-
docentesis are possibly technique dependent. Ultimately 
the critical issue may be the experience of the operator. 
While skilled operators with frequent volume may have 
results that approach those obtained with a needle guide, 
the majority of practitioners who perform only a few cor-
docenteses per year would benefit from using the needle 
guide.

INDICATIONS AND APPLICATIONS FOR 
CORDOCENTESIS
Antenatal diagnosis of blood disorders

The earliest indications for fetal blood sampling in the 
1970s and early 1980s were the diagnosis of hemoglo-
binopathies and genetic defects affecting hemostasis.1,30

The 1990s saw the application of recombinant DNA 
techniques to the analysis of placental biopsy material or 
amniocytes for the diagnosis of many of these conditions 
in the first trimester of pregnancy.30,31 However, cordo-
centesis may still be needed for a phenotype diagnosis, in 
those patients requiring confirmation of normality based 
on a linked probe, those who lack key affected relatives, 
those who are not informative by any of the available 
probes, and those in whom DNA analysis is not feasible 
because of late referral.

Antenatal diagnosis of metabolic disorders

There are more than 200 inherited, metabolic conditions 
for which the specific enzyme deficiencies are defined, 
and for which accurate diagnostic biochemical assays are 
available. Many of these conditions have no effective ther-
apy and result in either early childhood death or serious 
disability. Prenatal diagnosis of over 100 of these disorders 
is now possible by the analysis of amniotic fluid, placental 
tissue, or fetal blood. Cordocentesis may be particularly 
useful when a rapid diagnosis is needed. This occurs when 
the gestational age is close to the local limit for abortion, 
as with late prenatal care, or after failed chorionic villus or 
amniotic fluid techniques.

Red blood cell alloimmunization

Cordocentesis is not indicated in most instances of mater-
nal RBC alloimmunization solely for fetal blood typing. 
The most current technology allows for detection of fetal 
Rhesus (Rh) antigen by polymerase chain reaction (PCR) 
of cell-free fetal DNA in maternal serum.32,33 Alternatively, 
clinicians can obtain accurate fetal typing by applying 
PCR to either trophoblast or amniocytes obtained in the 
early second trimester when the risk of exacerbating sen-
sitization is lower.34,35

During the last 50 years, several therapeutic approaches 
were undertaken with the aim of ameliorating the severity 

Table 11.3 Frequency of major complications of cordocentesis when a needle guide is used.

Final diagnosis
GA (weeks) at 
cordocentesis

Percent of 
emergency deliverya

Percent of death 
within 2 weeksb

RBC alloimmunization 28 ± 4 0.2 0.2
Uteroplacental dysfunction 32 ± 4 5.0 0.9
Chromosome abnormality 29 ± 6 7.7 9.9
All others 28 ± 6 0.3 0.2

Source:    Weiner CP and Okamura K, Fetal Diagn Ther, 11, 169–175, 1996.
Abbreviations:   GA, gestational age; RBC, red blood cell.
a Weiner, unpublished data.
b From Weiner and Okamura. Thirteen fetuses with a chromosome abnormality delivered by cesarean section were delivered before the karyotype 

was completed.
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of the condition and preventing intrauterine fetal death. 
Fetal blood sampling has made it possible to better under-
stand the pathophysiology of the disease and provided an 
improved method for assessment and treatment of fetal 
anemia.36–41 The net result of improved understanding is 
an improved perinatal outcome.

Previously, the severity of fetal hemolysis was estimated 
from (1) the history of previously affected pregnancies, 
(2) the level of maternal hemolytic antibodies in a first 
sensitized pregnancy, (3) the amniotic fluid bilirubin 
concentration, (4) the altered morphometry of fetus and 
placenta, and (5) the presence of pathological FHR pat-
terns. However, there was a wide scatter of values around 
the regression lines describing the associations between 
the degree of fetal anemia and the data obtained from 
these indirect methods of assessment.42

Perhaps the most important advancement in the non-
invasive management of RBC alloimmune disease was 
the recognition that most anemic fetuses have elevated 
peak flow velocities in the middle cerebral artery (MCA). 
The vast majority of fetuses with moderate or severe ane-
mia have an elevated peak systolic velocity (PSV) in the 
MCA.43,44 However, a sizable percentage of anemic fetuses 
have normal velocities,45 and the relationship between 
velocity and the magnitude of the hemoglobin deficit var-
ies greatly among fetuses.

The only accurate method for determining severity is 
blood sampling by cordocentesis with the measurement 
of fetal hemoglobin concentration, reticulocyte count, 
blood type, strength of the direct Coombs test, and total 
bilirubin concentration. In principle, invasive procedures 
should be minimized not only because of the fetal risk, 
but also because transplacental puncture enhances the 
risk of fetomaternal hemorrhage,20,21 increases maternal 
antibody titer and worsens disease. The recommended 
approach is to avoid cordocentesis until the MCA-PSV is 
abnormal (>1.5 multiple of median [MoM]). Since there is 
a known 10%–12% false-positive rate,44,45 some providers 
may choose to wait for an increasing trend in those preg-
nancies under 20-week gestation when cordocentesis is 
most difficult. In addition, since as many as half the fetuses 
with mild to moderate anemia have normal velocities, it is 
reasonable, depending on referral patterns and distances, 
to consider sampling all women with a history of severe 
disease, those with high antibody titers, and fetuses with 
pathological FHR patterns.

A fetal blood sample is obtained, the hemoglobin con-
centration measured, and an intravascular blood trans-
fusion given as necessary (Figure 11.3).46 The goal of 
the first transfusion is to correct the hemoglobin deficit 
completely unless there is evidence of hydrops. Immune 
hydrops is almost always secondary to high-output heart 
failure characterized by an elevated umbilical venous 
pressure.47 These fetuses tolerate poorly the first intra-
vascular transfusion and should be corrected initially 
to a hemoglobin level of no more than 8–9 g/dL. We 
routinely monitor the fetal umbilical venous pressure 
to avoid too much transfusion. The second transfusion 

is performed a few days later at which time the target 
hemoglobin for this and all subsequent transfusions 
is 18 g/dL. Subsequent transfusions are given at 3- to 
4-week intervals until 34–36 weeks’ gestation, their tim-
ing based on the findings in the MCA and the knowledge 
that following a fetal blood transfusion the mean rate of 
decrease in fetal hemoglobin is approximately 0.3 g/dL/
day (Figure 11.4).46 When hydrops is not a factor for the 
first transfusion, investigators have found that the tim-
ing the second cordocentesis can be accurately predicted 
when the MoM >1.69.48 Currently, the survival rate of red 
cell isoimmunized pregnancies treated with cordocente-
sis exceeds 90% in experienced hands, and virtually all 
losses are associated with immune hydrops fetalis.47,49

Studies show that children can expect to have normal 
long-term neurodevelopment despite the profound ane-
mia prior to treatment.49,50

Rarely, the clinician in a sensitized pregnancy will find 
a fetus whose PSV MCA is greater than 1.5 MoM but is not 
anemic (hematocrit [HCT] > 30 g/dL). In this instance, the 
timing of the repeat cordocentesis can be determined by 
the change in the peak flow velocity in the MCA and by 
the “hemolysis pattern” determined at the first sampling 
(Table 11.4).51 This prospectively validated grading scheme 
is based on the reticulocyte count and the strength of the 
positive direct Coombs test. Most fetuses do not require 
a second sampling. Sensitized fetuses with no severe ane-
mia still remain at risk for postnatal hyperbilirubinemia, 
which is directly correlated with their antenatal bilirubin 
levels (Figure 11.5).52,53
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Figure 11.3 Fetal hemoglobin concentration from red cell 
isoimmunized pregnancies at the time of the first fetal blood 
sampling are plotted on the reference range (mean, 5th, and 
95th centiles; shaded area) for gestation. Hydrops fetalis (O) is 
associated with severe anemia.
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Maternal idiopathic thrombocytopenic purpura (ITP)

Immune thrombocytopenia (ITP) is currently not an indica-
tion for cordocentesis.54 Severe neonatal thrombocytopenia 
can occur in pregnancies complicated by maternal ITP.55,56 
These newborns can require platelet transfusions, predni-
sone, intravenous immunoglobulin (IVIG), or combinations 
of these treatments. Rarely, in less than 1% of the cases, the 
newborns will show neonatal intracranial hemorrhage.56,57

Regrettably, there is no way to predict or identify the 
fetus at risk for severe thrombocytopenia. There is no 

correlation between the maternal platelet count and the 
infant’s platelet count. There is also no study which has 
documented that platelet-associated immunoglobulin G 
(IgG) can reliably distinguish or exclude those infants who 
will be thrombocytopenic.

The procordocentesis argument used to be based on 
the assumed risk of fetal intracranial hemorrhage dur-
ing labor. Modern data clearly show that this risk is 
lower than 1% and the stillbirth risk is even rarer.58,59 In 
comparison, the risk of fetal loss due to cordocentesis 
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Figure 11.4 Rate of hematocrit (HCT) decline after the first and subsequent transfusions. (a) Effect of gestational age on decline 
in HCT after transfusion. Open triangles, decline in HCT between first and second transfusions; closed triangles, decline for all sub-
sequent transfusions. Regression line is based on all subsequent transfusions.  (b) Prospective confirmation of relationship shown 
(a) with new data. Open triangles, decline in HCT between first and second transfusions; closed triangles, decline for all subse-
quent transfusions. Regression line is from (a). (Reproduced from American Journal of Obstetrics & Gynecology, 165, Weiner CP et al., 
Management of fetal hemolytic disease by cordocentesis. II. Outcome of treatment, 1302–1307, 1991, with permission from Elsevier.)

Table 11.4 Patterns of fetal hemolysis predictive of subsequent anemia.

Pattern Hematocrit Reticulocytes

± Direct 
Coombs 

test 
results

Interval for 
cordocentesis 

(weeks)

Interval 
for scan 
(weeks) Comments

1 Normal Normal –/trace — 4 Repeat if initial maternal indirect 
Coombs test result <128 and 
twofold increase documented

2 Normal Normal or 
<2.5th 

percentile

1+/2+ 5–6 2 Do not repeat after 32 weeks if 
unchanged; delivery at term

3 Normal >97.5th 
percentile

3+/4+ 2 1 Continue through 34 weeks if 
hematocrit value stable; deliver at 
37–38 weeks if not transfused

4 <2.5th 
percentile 
but >30%

Any Any 1–2 1 Repeat, as long as hematocrit 
criteria fulfilled; deliver with 
pulmonary maturity if not 
transfused

Source: From Weiner CP et al., Am J Obstet Gynecol, 165, 546–553, 1991. With permission.
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(0.2%–3%) may equal or exceed the risk for intracra-
nial hemorrhage. Further, there is no direct or indirect 
evidence that cesarean section for maternal auto-ITP 
improves neonatal outcome.

Neonatal alloimmune thrombocytopenia-platelet 
alloimmunization

Significant progress in the management of the fetus with 
severe alloimmune thrombocytopenia has led to clear 
recommendations for treatment.60–62 It is now clear that 
medical therapy consisting of primarily high doses of 
IVIG (1–2 g/kg/week) with a prednisone rescue for sub-
optimal responders is an effective treatment for the major-
ity of affected pregnancies.63,64 Treatment is stratified by 
whether there was a prior affected fetus with intracranial 
hemorrhage, the gestational age of the hemorrhage, or 
severe thrombocytopenia at delivery. At-risk pregnancies 
begin their infusions between 10 and 20 weeks depending 
upon the past history. In the past decade, there is increas-
ing consensus that fetal blood sampling should be avoided 
and staged acceleration of therapy should be implemented 
instead.61,62 The single exception is to perform a cordo-
centesis at >32 weeks gestation in order to determine if a 
vaginal delivery can be allowed. Fetal platelet transfusion 
is associated with a high loss rate when used for primary 
therapy (up to 17%),65 and now plays a secondary role, usu-
ally indicated for those fetuses with extremely low platelet 
counts or those with a count <50,000 prior to a planned 
vaginal delivery. There is no relationship between the fetal 
platelet count and bleeding from the puncture site when a 
needle guide is used (Figure 11.6).23

The characteristics of the previous sibling do not auto-
matically predict the severity of the subsequent fetus.66 If 
the father and mother are homozygous for their platelet 
genotype, incompatible, and the antibody is directed at 
the incompatible locus, then the subsequent fetus is usu-
ally more severely affected. However, if there is pater-
nal heterozygosity, uncertainty, or unavailability, then 

amniocentesis and even fetal blood sampling would be 
required to determine fetal platelet type.

Rapid karyotype

The fetal lymphocytes can be stimulated to yield a rapid 
karyotype of high quality in less than 24 hours when 
the laboratory will cooperate. This is especially useful 
for patients referred with severe early-onset fetal growth 
restriction at a potentially viable gestation or those with 
malformations detected just prior to the legal limit for 
pregnancy termination (Table 11.5).

Evaluation of nonimmune hydrops fetalis

The performance of cordocentesis is essential for a com-
plete evaluation of nonimmune hydrops since it allows 
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Figure 11.5 Relationship in pregnancies affected by red blood cell (RBC) alloimmunization between fetal bilirubin and 
 postnatal hyperbilirubinemia. (Reproduced from American Journal of Obstetrics & Gynecology, 166, Weiner CP, Human fetal bili-
rubin levels and fetal hemolytic disease, 1449–4, 1992, with permission from Elsevier.)
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Figure 11.6 Scattergram illustrating the lack of a relation-
ship between platelet count and the duration of bleeding from 
the umbilical cord puncture site in fetuses with alloimmune 
thrombocytopenia. (Reproduced from Fetal Diagnosis and 
Therapy, 10, Weiner CP, Fetal blood sampling and fetal throm-
bocytopenia, 173–177, 1995, with permission from Karger.)
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the separation of cardiac from noncardiac etiologies.67

The umbilical venous pressure (UVP) is a surrogate for 
the central venous pressure. Recent studies of human 
fetuses68 indicate that it is very similar to right-sided 
heart pressure. An elevated UVP is consistent with myo-
cardial dysfunction whether caused by anemia (e.g., 
parvovirus infection, hemolytic disease), or myocardi-
tis, or obstructed cardiac return (thoracic mass effect) 
(Figure 11.7a and b). Successful treatment of cardiogenic 
hydrops is associated with normalization of the UVP 
before the hydrops resolve. The UVP also predicts which 
fetus with a hydrothorax and hydrops whose hydrops 
will be cured by placement of a thoracoamniotic shunt. 
Hydrops that is responsive to shunting is caused by a 
shift of the mediastinum which then obstructs cardiac 
return. If the UVP is neither elevated nor normalized 
after draining the chest, a shunt will not help. The under-
lying problem lies elsewhere.

Severe early-onset growth restriction

Cordocentesis is no longer indicated solely for the mea-
surement of the fetal acid base status, especially if the 
umbilical artery Doppler determined resistance is normal 
and labor is absent. Assuming the mother is well venti-
lated and the vessel punctured is correctly identified, the 
blood gases are less likely to be abnormal than the risk of 
fetal loss. In over 1200 procedures, we have yet to identify 

a fetus with abnormal blood gases and a normal Doppler 
resistance index in the absence of either hydrops or fetal 
sepsis. Refinements in multivessel Doppler studies allow 
the safe exclusion of fetal hypoxemia, and the prediction 
of fetal hypoxemia and acidemia with reasonable clinical 
accuracy.69–71

Miscellaneous

Not yet widely accepted but a likely valid indication 
for  cordocentesis is the presence of maternal thyroid-
stimulating antibody (TSiG) or active maternal Graves’ 
disease.72,73 Emerging evidence suggests even mild 
degrees of thyroid dysfunction may be associated with 
impaired long-term neurodevelopment.74–76 While there 
is a relationship between the degree of maternal and 
fetal thyroid suppression with such agents as propyl-
thiouracil, it is not uncommon for the fetus to be signifi-
cantly over- or undertreated despite the mother being 
euthyroid. In the instance of fetal hyperthyroidism, 
the maternal antithyroid medication dose should be 
increased and the woman given thyroxine replacement. 
In the instance of fetal hypothyroidism, the fetus can be 
given thyroxine intra-amniotically on a weekly basis.77

Women with a history of Graves’ disease who have 
undergone thyroid ablation should be screened for the 
presence of TSiG. The fetus is at a minimal risk if the 
TSiG study is negative.

Table 11.5 Malformations and associated chromosomal abnormalities of fetuses who had antenatal karyotyping.

Defect n

Incidence aneuploidy (%) Common chromosomal
defectIsolated Multiple

Brain
 Ventriculomegaly 185 3 27 Triploidy
 Holoprosencephaly 52 <1 29 Trisomy 13
 Posterior fossa cyst 45 <1 48 Trisomy 13, 18
 Choroid plexus cyst 121 2 46 Trisomy 18
Face
 Cleft 64 <1 55 Trisomy 13, 18
 Micrognathia 56 <1 66 Trisomy 18
 Neck
 Nuchal edema 145 <1 40 Trisomy 21
 Cystic hygromas 52 <1 71 Turner’s syndrome
Chest
 Diaphragmatic hernia 79 <1 40 Trisomy 18
 Heart defect 156 <1 65 Trisomy 13, 18, 21; Turner’s syndrome
Kidneys
 Hydronephrosis
  Mild 319 2 26 Trisomy 13, 18, 21
  Severe 294 3 25 Trisomy 18, 21
Gut
 Esophageal atresia 24 <1 78 Trisomy 18
 Duodenal atresia 23 17 53 Trisomy 21
Abdominal wall
 Exomphalos 116 <4 47 Trisomy 13, 18
 Hydrops 209 7 17 Trisomy 21
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12Minimally invasive fetal surgery—
The Colorado approach
NICHOLAS BEHRENDT and TIMOTHY M. CROMBLEHOLME

INTRODUCTION
As prenatal diagnosis has become increasingly sophisti-
cated, invasive therapies have been developed to treat an 
expanding number of conditions. The motivation for the 
development of in utero therapies springs from the real-
ization that, with certain congenital anomalies, irrevers-
ible changes have already taken place by the time of birth, 
or, alternatively, may result in intrauterine fetal demise 
(IUFD). Several congenital anomalies have been success-
fully treated with open fetal surgery, but the indications for 
minimally invasive approaches are increasing. This chapter 
will review the current indications for minimally invasive 
fetal surgery, which have expanded significantly since the 
last edition of this book.

FETOSCOPIC TREATMENT FOR STRUCTURAL 
ANOMALIES
Lower urinary tract obstruction

The most common etiology of chronic lower urinary tract 
obstruction in the male fetus is posterior urethral valves 
(PUVs), which occur in approximately 1 in 4000 live 
births. In female fetuses, the most common cause of blad-
der outlet obstruction is urethral atresia.1 Complications 
associated with fetal lower urinary tract obstruction 
include progressive oligohydramnios, pulmonary hypo-
plasia, cystic renal dysplasia, and deformations of the face 
and extremities. Death ensues in up to 72% of fetuses with 
bladder outlet obstruction if left untreated.2 Uncorrected 
oligohydramnios observed in the second trimester is 

particularly ominous with a perinatal mortality rate of 
80%–100%.

The initial approach to the fetus with suspected bladder 
outlet obstruction should include a detailed ultrasound 
examination to rule out other associated anomalies and 
echocardiography. Lower urinary tract obstruction must be 
distinguished from other pathologic causes of fetal hydro-
nephrosis including urethral atresia, persistent cloaca, 
megacystis/microcolon, anterior urethral valves, bilateral 
ureterovesical junction obstruction, and bilateral ureteral 
pelvic junction obstruction. The presence of megacys-
tis, thickened bladder wall, posterior urethral dilatation, 
bilateral hydronephrosis, and ureterectasis characterizes 
the changes associated with PUV. However, these findings 
are not specific to PUV alone. In addition to mechani-
cal causes of bladder outlet obstruction, megacystis may 
be the presentation of “prune belly” syndrome or mega-
cystis/microcolon hypoperistalsis syndrome (MMHS), 
which are both forms of functional obstruction.3 Prune 
belly syndrome is characterized by diffuse dilation of the 
genitourinary tract. There is an intrinsic muscular defi-
ciency which prevents the generation of increased intra-
vesical pressures making dysplastic changes in the kidneys 
unusual as well as making these cases poorly responsive to 
vesicoamniotic shunting. In MMHS, there is an associated 
abnormality in the bowel which manifests as small bowel 
dilatation which rarely develops before 28 weeks gesta-
tion. MMHS has an extremely poor prognosis and does 
not respond to vesicoamniotic shunting.4 Survivors have 
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both severe genitourinary and gastrointestinal dysfunc-
tion with death commonly within the first year or years 
of life. Ureteropelvic junction obstruction, ureterovesical 
obstruction, and vesicoureteral reflux are more common 
causes of a dilated fetal urinary tract and are more com-
monly unilateral and do not have megacystis as a feature. 
A duplicated collecting system can have an ectopic ure-
terocele within the bladder which can enlarge and in rare 
cases will block the bladder outlet replicating findings of 
PUV or urethral atresia. Persistent cloaca in a female fetus 
can have functional bladder outlet obstruction related to 
a long common channel for drainage of the bladder, rec-
tum, and vagina. This may present with hydrocolpos or 
hydrometrocolpos with debris, which may be observed to 
swirl in the bladder due to the rectal communication. In 
the setting of oligohydramnios shunting should be consid-
ered for persistent cloaca. We have experience with seven 
such cases which tend to have better preserved renal func-
tion postnatally compared with PUV. Since chromosomal 
abnormalities are found in up to 12% of fetuses with blad-
der outlet obstruction, fetal karyotyping is indicated.2

A major problem in the management of fetuses diag-
nosed with lower urinary tract obstruction is selecting 
those fetuses who are most likely to benefit from in utero 
intervention. Among cases of fetal urinary tract obstruc-
tion, a fetus with preserved renal function produces more 
hypotonic urine, whereas one with advanced renal dys-
function is a “salt waster,” producing more hypertonic 
urine. The usefulness of assessing urine chemistry in fetal 
obstructive uropathy lies in the separation of fetuses into 
“good” or “poor” prognostic categories based on the preser-
vation of renal function reflected by the tonicity of the fetal 
urine. In one study, urine samples taken from fetuses who 
subsequently had a good outcome revealed levels of Na less 
than 100 mEq/L, Cl less than 90 mEq/L, and osmolarity 
less than 210 mOsm/L.5 These values were chosen because 
they were two standard deviations from the mean values of 
fetuses with a good prognosis. Fetuses with urine chemis-
tries greater than these values had irreversible renal dam-
age and suffered from severe oligohydramnios resulting in 
pulmonary hypoplasia. The efficacy of these proposed cri-
teria was subsequently confirmed to reflect postnatal out-
come and appropriately selected fetuses for intervention.

However, fetal urine electrolyte criteria were devel-
oped for use in fetuses presenting with bladder outlet 
obstruction after 20 weeks gestation. Today, bladder outlet 
obstruction is commonly diagnosed before 16 weeks ges-
tation prior to the development of oligohydramnios. At 
this gestational age the amniotic fluid is primarily derived 
from transudation across the fetal skin. Once the barrier 
function of the skin develops and the fetus is reliant upon 
urine production for amniotic fluid, the fetus will have 
oligohydramnios. At gestations <20 weeks it may be devel-
opmentally appropriate to have elevated Na, Cl, osmolal-
ity, and Ca in the absence of dysplasia. If these values are 
below the cutoff for preserved renal function they may be 
informative but elevated values at this gestational age can-
not be interpreted to reflect compromised renal function. 

This limits the utility of fetal urine electrolytes prior to 20 
weeks gestation.

Johnson et al.6 modified this approach to include three 
sequential vesicocenteses at 24-hour intervals. This regi-
men permits a comparative analysis of stagnant urine 
(first sample) with fresh urine (third sample). Fresh urine 
samples are thought to reflect fetal renal function more 
accurately, and this approach increases the predictive 
value of fetal urinary electrolytes. However, we have found 
that sequential taps, which may require up to three vesi-
cocenteses, may compromise subsequent vesicoamniotic 
shunting due to a higher rate of premature preterm rup-
ture of membranes (PPROM).

There are no randomized trials regarding the use of 
amniotic shunts for prenatal bladder drainage for obstruc-
tive uropathies. In one meta-analysis, which included nine 
case series (147 fetuses) and seven controlled series (195 
fetuses), bladder drainage improved perinatal survival rel-
ative to no drainage in the controlled studies (odds ratio 
2.5; 95% confidence interval (CI) 1.1–5.9, p = .03).7

While prenatal intervention may help the fetus survive 
by correcting oligohydraminos and pulmonary hypopla-
sia, there is a growing appreciation that the long-term 
outcome of children after vesicoamniotic shunting may 
be complicated by renal insufficiency, bladder dysfunc-
tion, and growth problems. Freedman et al.8 reported 
outcomes in 14 patients who survived beyond 2 years of 
age after having had in utero vesicoamniotic shunt place-
ment. Renal function was normal in only six of these 
patients (43%). Of the remaining eight patients, five had 
renal failure requiring kidney transplantation and three 
had chronic renal insufficiency. Three of the four whose 
obstructive uropathy was due to PUV required  bladder 
augmentation. In addition, growth of these toddlers was 
a problem with 86% below the 25th percentile and 50% 
below the 5th percentile. In another study, of patients who 
underwent various procedures with the majority being 
vesicoamniotic shunts, five of eight (63%) babies born alive 
developed chronic renal disease.9 Two underwent renal 
transplant and another was awaiting transplant at the time 
of report. Five of eight babies underwent urinary diversion 
after birth.

It has been postulated that by the time bladder outlet 
obstruction is diagnosed the fetal kidneys are irrevers-
ibly damaged. The Percutaneous Lower Urinary Tract 
Obstruction (PLUTO) trial was a randomized trial evalu-
ating the benefits of vesicoamniotic shunting.10 However, 
the trial had to be stopped early due to difficulties in 
enrollment. Of the patients analyzed, survival to 28 days 
postnatally was higher with vesicoamniotic shunting 
compared with observation alone, but these differences 
were not statistically significant.

There are two shunts commercially available and U.S. 
Food and Drug Administration (FDA) approved for vesi-
coamniotic shunting including the Harrison shunt (Cook 
Medical, Inc., Bloomington, IN) and the Rocket KCH or 
Rodeck catheter (Rocket Medical, Washington Tyne& 
Wear, United Kingdom). Both are double pigtail on the 
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intravesical end and single pigtail on the external end. The 
Harrison catheter is softer and more easily placed while 
the Rodeck catheter is stiffer and more challenging to 
place. The Harrison shunt comes with its own introducer 
set, but alternatively, a Storz fetoscope can be used to place 
the catheter. In contrast, the Rodeck catheter is stiffer and 
requires a separate introducer set, which is larger than the 
trocar in the Harrison set. The advantage of the Rodeck 
catheter may be its less predisposition to dislodgement. 
Although the placement of a vesicoamniotic shunt seems 
simple, the procedure is technically challenging and car-
ries an appreciable complication rate. Long-term shunt suc-
cess is variable due in large part to shunt obstruction and 
displacement. Functional shunt failure has been reported 
to occur in 40%–50% of cases after successful placement, 
mostly due to displacement of the shunt into the fetal abdo-
men or amniotic cavity. Other reported complications of 
vesicoamniotic shunts include PPROM, amnionitis, and 
iatrogenic gastroschisis. Another report described a case in 
which the shunt traversed the femoral triangle and ingui-
nal ligament in the subcutaneous tissue before entering the 
bladder, raising the potential of extremity injury.11

The postnatal problems after vesicoamniotic shunting 
have been a catalyst for the development of alternative feto-
scopic techniques to treat obstructive uropathy in utero. 
An endoscopic approach is appealing because shunts can 
be placed under direct visualization, more accurate diag-
nosis can be made, and direct treatment of the urinary 
tract anomaly can be attempted. One approach involves 
cystoscopic identification of the underlying etiology and, in 
cases of PUVs, destruction of the membranous obstruction. 
Engineering and manufacturing advances have produced 
successive generations of smaller fiber optic endoscopes 
that have made fetal cystoscopy a reality. Initially, using 
a variety of 1.7- to 2.2-mm endoscopes, Quintero et al.12

were able to show that in utero diagnostic fetal cystoscopy 
is possible and later were able to identify proximal urethral 
obstructions. Several attempts at laser ablation of PUVs 
were technical successes, but postoperative obstetric com-
plications resulted in no long-term survivors from this 
early experience.13 More recently, a 1-mm, semirigid, fiber-
optic endoscopic system that allows a minimally invasive 
approach to diagnostic cystourethroscopy has been used. 
With a 1.2 × 2.4-mm, double-lumen trocar sheath, it is pos-
sible to pass guide wire probes or laser fibers to assist in 
diagnostic evaluation and offer the possibility of laser abla-
tion of PUVs. Design modifications and refinements to this 
system have recently allowed us to visualize more reliably 
the source of proximal urethral obstruction and differenti-
ate between urethral atresia and PUVs. Clifton et al.14 have 
reported the use of transurethral catheters after successful 
laser ablation of PUV.

The hope is that, by treating the source of the obstruc-
tion in midgestation, renal function will be preserved, and 
the need for postnatal urologic surgery to correct second-
ary anatomic bladder abnormalities may be reduced or 
eliminated. However, despite a compelling rationale for 
fetal cystoscopic treatments of PUVs and advances in feto-
scopic techniques, this approach has yet to be shown to be 
more effective treatment of lower urinary tract obstruc-
tion. It is clear that the angulation between the bladder and 
the posterior urethra becomes more acute after 20 weeks 
gestation. For this reason, visualization of the PUV may 
be exceedingly difficult after 20 weeks gestation and there-
fore, we limit this approach to cases less than 20 weeks.

Congenital diaphragmatic hernia

Congenital diaphragmatic hernia (CDH) is a defect in 
the diaphragm resulting from incomplete fusion of the 
primitive diaphragm. CDH occurs in approximately 1 in 

Figure 12.1 Ultrasound image demonstrating two of the techniques used to measure right lung area. The lung-to-head ratio is 
derived from this evaluation by dividing the lung area by the head circumference. The image on the left uses the trace method to 
measure the area of the right lung posterior to the displaced heart. The image on the right uses the anterior–posterior method. Both 
images are taken on axial images at the level of the four-chamber view of the heart.
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2500–5000 live births and as frequently as 1 in 2200 on 
prenatal ultrasound studies. Most commonly, the CDH is 
on the left (85%–90%). The defect is on the right in approxi-
mately 10% of cases and may be bilateral in less than 5% 
of cases. Associated anomalies are seen in 25%–57% of 
all cases of CDH and 95% of stillborns with CDH.15,16 
Chromosomal anomalies, including trisomy 21, 18, and 
13, occur in association with CDH in 10%–20% of cases 
that are diagnosed prenatally. The clinical spectrum of this 
anomaly ranges from fetuses that do very well with postna-
tal management to severely affected infants with profound 
pulmonary hypoplasia that precludes postnatal survival.

The degree of pulmonary hypoplasia is a critical determi-
nant of survival in CDH. Herniation of viscera associated 
with CDH usually occurs during the pseudoglandular stage 
of lung development (5–17 weeks’ gestation). Although the 
major bronchial buds are present, the number of bronchial 
branches is greatly reduced. If the herniation persists into 
later stages of lung development, the absolute number of 
alveoli is also reduced.17 The pulmonary vascular bed is 
similarly abnormal, with both a reduction in the number of 
generations of vessels and an extension of muscularization 
to the preacinar capillary bed. These pulmonary vascular 
changes in preacinar capillaries are a histologic correlate 
of pulmonary hypertension. Although the diaphragmatic 
defect is easily corrected after birth, the pulmonary hypo-
plasia and pulmonary hypertension may not be.

General indication of severity for left-sided diaphrag-
matic hernia is revealed by determining whether the 
liver is above or below the diaphragm and also by the 
sonographic measurement of lung-to-head ratios (LHRs) 
(Figure 12.1).18–20 Detection of liver position is enhanced 
by magnetic resonance imaging (MRI). One study of 38 
cases of CDH reported that MRI correctly diagnosed liver 
position in 37 (97%), whereas ultrasound correctly diag-
nosed liver position in 32 (84%).21

The extent of pulmonary hypoplasia is the most impor-
tant determinant of survival in CDH. Metkus et al.21

reported the use of the right LHR as a sonographic pre-
dictor of survival in fetal diaphragmatic hernia. The LHR 
is the two-dimensional area of the right lung taken at the 
level of the four-chamber view of the heart. This is divided 
by the head circumference. In a retrospective review of 
55 fetuses diagnosed with left-sided congenital diaphrag-
matic hernia, the LHR was found to be predictive at its 
extremes. At low values (i.e., small right lung), fetuses 
with LHRs <0.6 did not survive with postnatal therapy. 
However, in fetuses with LHRs >1.35, survival was 100% 
with conventional postnatal therapies, including extracor-
poreal membrane oxygenation (ECMO).22,23

Jani et al.24 developed the observed-to-expected (O/E) LHR 
using data in 354 normal fetuses between 12 and 24 weeks to 
normalize the LHR throughout gestation. The O/E LHR was 
found to reflect postnatal survival throughout gestation but 
to be more accurate at 32–33 weeks than at 22–23 weeks.

Between 12 and 32 weeks’ gestation, normal lung area 
increases four times more than head circumference.25

For this reason, Jani et al.25 proposed referencing LHR to 

gestational age by expressing the observed LHR as a ratio 
to the expected mean LHR for that gestational age. In a 
study from the CDH antenatal registry, 354 fetuses with 
isolated left and right CDH between 18 and 38 weeks, Jani 
et al. found that O/E LHR predicted postnatal survival. 
The O/E LHR tended to be more accurate at 32–33 weeks’ 
than at 22–23 weeks’ gestation. The O/E LHR was also 
found to correlate with short-term morbidity.

It was recognized long ago that occlusion of the fetal tra-
chea results in markedly enlarged and hyperplastic lungs. 
This observation was applied to the problem of diaphrag-
matic hernia. Throughout gestation the fetal lung produces 
a fluid that exits the trachea during normal breathing 
movements. External drainage of this fluid, bypassing the 
glottic mechanism, results in retarded lung growth and 
pulmonary hypoplasia. Conversely, tracheal occlusion 
results in accelerated lung growth and pulmonary hyper-
plasia. In the fetal lamb model of diaphragmatic hernia, 
tracheal obstruction accelerates lung growth, pushing the 
viscera back into the abdomen resulting in larger lungs 
with significant functional improvement at birth as com-
pared with controls. The results of experimental work were 
so impressive that this strategy was employed by Harrison 
in fetuses with herniation of the left lobe of the liver.26

Despite an excellent biologic response with complete 
tracheal occlusion, there was only one survivor in the 
initial series of patients treated by tracheal occlusion. 
The group at The Children’s Hospital of Philadelphia had 
similar problems when the procedure was performed at 28 
weeks of gestation. Survival increased to 40% in fetuses 
with a predicted mortality rate in excess of 90% when fetal 
tracheal clip application was performed at 26 weeks of 
gestation.27

Due to difficulties with open fetal surgery for tracheal 
clip application as well as fetoscopic tracheal clip applica-
tion, the University of California at San Francisco (UCSF) 
group began performing tracheal occlusion by detachable 
endoluminal balloon placement. Figure 12.2 shows an ultra-
sound image of the endoluminal balloon in place within the 

Figure 12.2 Ultrasound image of a fetal endotracheal 
occlusion balloon in place. The arrow points to the balloon and 
fluid that accumulates behind the balloon after placement.
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fetal trachea. The results with fetoscopic balloon tracheal 
occlusion were evaluated in a National Institutes of Health 
(NIH)-sponsored randomized trial that compared feto-
scopic tracheal occlusion (FETO) to conventional postnatal 
therapy in fetuses with isolated left-sided CDH with liver 
herniation and LHR <1.4.28 The investigators’ preliminary 
data suggested an anticipated survival with conventional 
therapy of 50% and with FETO of 75%. A crucial aspect 
of the trial was that patients from both arms of the trial 
were born and treated postnatally at UCSF. The trial was 
stopped after randomization of only 24 patients because of 
an unexpectedly high survival rate with standard postnatal 
care. Eight of the 11 fetuses (73%) randomized to tracheal 
occlusion survived and 10 of 13 fetuses (77%) randomized 
to standard care survived to 90 days of age. There was a sig-
nificant difference in gestational age at delivery for fetal tra-
cheal occlusion (30.8 weeks) compared with conventional 
therapy (37 weeks). This trial demonstrated a significant 
improvement in survival compared with historical controls 
in the same center. However, the inclusion of fetuses with 
LHR > 1 but < 1.4 biased the study toward the less severe 
end of the spectrum with insufficient power to analyze the 
effects in the subset of patients with LHR <1.0.

The tracheal occlusion procedure currently in use is 
done using maternal percutaneous access under local 
or regional anesthesia with a single 3.3-mm port and a 
detachable balloon to occlude the trachea.29 The balloon is 
inserted at 27 0/7–29 6/7 weeks and removed at 34 weeks. 
If patients deliver prior to 34 weeks they require emer-
gency peripartum balloon removal, which requires the 
availability of trained clinicians at all times. The Eurofetus 
group reports in their experience of over 150 cases a sur-
vival rate with tracheal occlusion of 50%–57%.29 However, 
these studies have been criticized due to lack of contem-
porary controls. Nonetheless, no maternal complications 
have been reported, but iatrogenic preterm rupture of 
the membranes has occurred in 20% of cases. Long-term 
follow-up of study infants is in progress. DePrest and his 
Eurofetus colleagues have achieved survival of 83% with 
tracheal occlusion at 26–28 weeks’ gestation followed by 
reversal of tracheal occlusion performed either by popping 
the balloon by an ultrasound-guided needle or by a second 
fetoscopic procedure.

The tracheal occlusion to accelerate lung growth trial 
(TOTAL trial) is a prospective randomized clinical trial 
that has been underway in European centers in which left-
sided CDH with O/E LHR <25% is randomized to either 
tracheal occlusion or conventional postnatal treatment. 
Due to slow recruitment to the trial, North American 
centers were invited to join and seven formed a coalition 
(Colorado, Cincinnati, Children’s Hospital of Philadelphia, 
Maryland, Toronto, UCSF, Texas Children’s and Memorial 
Hermann Hospital) that have collaborated on getting FDA 
approval for an Investigational Device Exemption for the 
BALT balloon and the Storz fetoscope designed to insert 
the balloon. At the time of this writing only Colorado and 
CHOP had obtained both FDA and institutional review 
board (IRB) approvals and only Toronto and Colorado 

had placed balloons under this new IDE. The goal of the 
IDE was to qualify centers to begin randomizing subjects 
in the TOTAL trial once five FETO procedures had been 
performed at a given center.

The only other fetal surgery offered for high-risk CDH 
is ex utero intrapartum treatment (EXIT)-to-ECMO. In 
preliminary results reported by Kunisaki et al.,30 fetuses 
with liver herniation and PPLV or <20% are offered EXIT-
to-ECMO, with a 65% survival. We have observed simi-
lar results in a small cohort of patients with 50% survival. 
This therapeutic innovation remains unproven but may 
hold promise in these high-risk CDH cases given survival 
with conventional treatment is significantly lower.

Myelomeningocele (MMC)

Fetal MMC treatment has come to the forefront in the treat-
ment of fetal conditions marked more by morbidity rather 
than mortality. The Management of Myelomeningocele 
Study (MOMS) in which fetuses with a diagnosis of MMC 
were randomized to either open fetal in utero treatment 
versus standard postnatal repair showed a decrease in 
the need for ventriculoperitoneal shunt by 1 year of life 
in patients who underwent in utero repair versus postna-
tal repair.31 This has significantly increased the amount 
of open fetal procedures performed. Unfortunately, open 
fetal surgery continues to have a significant amount of 
morbidity for both the mother and fetus and therefore 
more minimally invasive approaches are being pursued.

Endoscopic MMC repair has been undertaken in animal 
models with promising results including improvement 
in Chiari malformation and improvement in neurologic 
function.32,33 These results have led to the attempted devel-
opment of a similar approach in humans. Bruner et al.34

first published on this endoscopic approach to MMC with 
disappointing results. This seemed to lead to the further 
development of open fetal surgery for this approach. More 
recently, attempts have again taken place to take a feto-
scopic approach to MMC repair. Pedreira et al.35 recently 
reported a series of 10 fetuses with attempted endoscopic 
approach that showed this approach can be technically 
performed with promising outcomes; however, there was 
still a significant rate of complications especially preterm 
premature rupture of membranes. This may be due to the 
use of multiple endoscopic ports therefore decreasing some 
of the potential benefit of minimally invasive surgery.

Kohl36 has reported a series of cases repaired using 
multiple large port sites but with an 84% PPROM rate, 
which is notably higher than observed in the MOMS 
trial. In contrast, Peiro et al.37 developed both a one- and 
two-port technique in a sheep model and has cautiously 
started offering this to patients. Similarly, Belfort et al.38

has started offering a fetoscopic approach using CO2 insuf-
flation and closure of the skin alone over the placode.

The safety of intra-amniotic CO2 insufflation in humans 
has not been established with the concern being that the 
fetus lacks carbonic anhydrase, which can lead to fetal aci-
dosis during the procedure. Clearly these approaches offer 
the advantage of eliminating the large hysterotomy used 
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in open fetal surgery and eliminate the need for surgical 
delivery of the current and all future pregnancies. It is not 
clear, however, that these minimally invasive approaches 
can achieve the same reduction in the need for ventricu-
loperitoneal shunting demonstrated by open fetal surgery 
used in the MOMS trial. In addition, it is too early to know 
if these fetoscopic approaches will result in other compli-
cations such as PPROM, prematurity, or tethered cord. 
The current techniques for fetoscopically repairing MMC 
must, for now, be considered experimental and should be 
prospectively studied to evaluate their efficacy and com-
plication rates compared with standard open fetal surgery.

Amniotic band syndrome (ABS)

ABS is another example of a usually nonlethal anomaly 
potentially treatable by fetoscopic surgery. This syndrome 
results from a rupture of the amnion during fetal devel-
opment, which may subsequently attach to or encircle 
parts of the developing fetus (Figure 12.3). Constrictive 
bands most commonly affect the extremities but can 
also involve the craniofacial region, trunk, or umbilical 
cord. Involvement of the latter may result in fetal demise. 
The prenatal natural history of isolated extremity ABS is 
characterized by progression from distal edema owing to 
venous obstruction leading to in utero limb amputation 
secondary to vascular insufficiency. If diagnosed early 
enough in their course, these patients may benefit from 
in utero lysis of these fibrous bands.

Based on the experimental work by Crombleholme 
et  al.39 demonstrating the potential for functional recov-
ery of banded extremities once released, Quintero et al.40

performed the first fetoscopic lysis of amniotic bands in 
two human fetuses, using endoscissors in one fetus and 
yttrium aluminium garnet (YAG) laser in the other. Limb 
salvage was achieved, but one fetus suffered from seri-
ous facial deformities caused by ABS and the other had an 
incomplete release for fear of injury to the ankle. Keswani 

et al.41 performed fetoscopic laser release of three extremity 
amniotic bands in two fetuses, both with impending limb 
amputation. Secondary lymphedema persisted postnatally 
in one fetus, while atrophy of the hand occurred in the other 
fetus. One lower extremity in which the band was released 
before irreversible damage occurred was completely normal 
at the time of delivery. The results of these few cases estab-
lish at least the feasibility of performing fetoscopic release 
of amniotic bands involving the extremities. We also have 
experience in cases with umbilical cord involvement; this 
approach has the potential of being lifesaving as acute 
IUFD can occur unexpectedly. Umbilical cord involvement 
should be suspected when a cluster of umbilical cord loops 
is sonographically observed to move together usually with 
limb movement. Predicting when a cord accident will occur 
is not possible so the release of amniotic bands should be 
considered in all cases with umbilical cord involvement.

Giant chorioangiomas

Placental chorioangiomas are thought to be abnormal 
proliferation of vessels arising from chorionic tissue. 
Chorioangiomas have an incidence of 1% and are the most 
common placental tumor.42 Giant chorioangiomas defined 
as being >4 or 5 cm are more rare occurring in only 1 in 
9,000 to 50,000 placentas.42 Diagnosis of chorioangio-
mas is important because the associated complications 
that result in perinatal mortality as high as 18%–40%.43,44

The high blood flow shunting through chorioangiomas 
may lead to polyhydramnios, preterm labor, fetal anemia, 
intrauterine growth restriction, high-output cardiac fail-
ure, hydrops, and death.44,45

Spontaneous thrombosis of giant chorioangiomas can 
occur so that not every case must be treated. Fetal anemia 
can complicate giant chorioangiomas either from hemor-
rhage into the tumor, or microangiopathic hemolytic ane-
mia, as indicated by elevated middle cerebral artery peak 
systolic velocity (MCA PSV) indices (>1.5 multiple of median 
[MoM]).46,47 Polyhydramnios may result from hyperfiltra-
tion of the shunted volume through the kidneys, or tran-
sudation from the surface of the tumor.48 Polyhydramnios 
in the setting of a high cardiac output state may be tempo-
rized by amnioreduction; however, this may acutely worsen 
the hemodynamic state as reduced intra-amniotic pressure 
may allow increased blood flow through the tumor and 
precipitate hydrops or fetal death. The indication for feto-
scopic devascularization is the presence of high-output car-
diac failure or hydrops in one series.49 In this series 5 out of 
10 patients showed evidence of high-output cardiac failure 
necessitating intervention. Numerous techniques have been 
reported to treat giant chorioangiomas including emboliza-
tion, ethanol, microcoils, laser photocoagulation, and bipo-
lar coagulation. They have all been used either individually 
or in combination with reports showing the latter tech-
niques having better success than embolization techniques. 
A common finding is that the entire flow from an umbili-
cal artery feeds directly into the chorioangioma accounting 
for the high-output state observed. Control of this inflow 
has been achieved with bipolar electro cautery, vascular clip 

Figure 12.3 Ultrasound image of a fetus with amniotic 
band syndrome. The arrow points to an area of the fetal arm in 
which the band is constricting and an indentation can be seen.
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application, or suture ligation. In some cases, however, in 
the process of occlusion, the vessel ruptures which has inev-
itably led to immediate exsanguination. In treated cases, the 
collateral vessels on the surface of the chorioangioma can 
then be photocoagulated to prevent recurrence of the high-
output state. There have been some reports of placental 
insufficiency following devascularization of the giant cho-
rioangioma but in most cases the area of placenta occupied 
by the chorioangioma is not functional and devasculariza-
tion will not worsen placental insufficiency already present.

FETOSCOPIC TREATMENT FOR COMPLICATIONS IN 
MONOCHORIONIC TWINS
Monochorionic twins discordant for anomaly

Fetoscopic intervention for the management of complica-
tions in monochorionic twins continues to be the area of 
greatest impact of minimally invasive fetal surgery. These 
complications include, but are not limited to anomalous 
cotwin with threatened fetal demise, twin-reversed arte-
rial perfusion (TRAP) sequence, twin anemia polycy-
themia sequence (TAPS), and twin-to-twin transfusion 
syndrome (TTTS). There is also a wide range of congeni-
tal malformations that appear more commonly in twin 
gestations, including congenital heart defects, which are 
twice as prevalent in monozygotic twins when compared 
with dizygotic or singleton pregnancies.50 More specific 
concern for the management of twins lies in the poten-
tial for harm to the nonanomalous fetus. Depending on 
the anomaly of one twin, there is up to a 30% risk of fetal 
demise in the anomalous twin.51 The intrauterine death 
of one twin in a monochorionic pregnancy significantly 
increases the risk of cotwin demise and neurodevelop-
mental morbidity in the other fetus.52 In addition, twins 
discordant for anomaly deliver earlier than the average 
twin delivery with an average age of 34 weeks.53

In a dichorionic pregnancy, it is possible to observe spon-
taneous IUFD or perform selective feticide by means of a 
potassium chloride injection without significant risk to the 
healthy cotwin. This is not the case with monochorionic 
pregnancies in light of the vascular connections between 
the twins. It is believed that these connections make for the 
increased morbidity and mortality in the cotwin in the case 
of single IUFD. Therefore, interventions have been pro-
posed in order to attempt to decrease these complications.

The initial treatment was centered on fetoscopic 
cord ligation or coagulation in the abnormal fetus. 
Crombleholme et al.54 reported the first use of fetoscopic 
cord ligation to prevent neurologic injury in a surviving 
twin when the death of a cotwin was imminent. This pro-
cedure is usually performed with a two-port technique in 
which a fetoscope and bipolar instrument can be intro-
duced into the amniotic cavity and the cord can be coagu-
lated and cut. In one of the larger studies performed Lanna 
et al.55 showed a 71% survival overall with a low risk of 
neurodevelopmental morbidity in surviving twins.

More recently radiofrequency ablation (RFA) is being 
used on an increasing basis for the purpose of selective 

feticide in discordant monochorionic twin pregnancies. 
This technique involves the ultrasound-guided introduc-
tion of a 19-gauge RFA instrument into the anomalous 
twin at the level of the abdominal cord insertion. Electrical 
current at alternating high frequencies is then used to pro-
duce increased tissue temperatures which then cause tis-
sue coagulation and cessation of blood flow. Varying levels 
of survival after RFA have been shown with most esti-
mates in the range of 70%–88%.56,57 The potential benefit 
to RFA is that it is considered less invasive and may avoid 
some of the complications of bipolar coagulation, the most 
important being preterm delivery.

However, a meta-analysis reviewing these two forms of 
treatment did not show a significant difference in survival 
or median gestational age at delivery.58 Therefore, both of 
these treatments appear to be acceptable alternatives in 
the management of these complicated pregnancies.

Twin-reversed arterial perfusion sequence

TRAP sequence occurs only in the setting of monochori-
onic pregnancy. The incidence of this condition is about 
1 in 35,000 births or 1% of monochorionic twin gesta-
tions. In the TRAP sequence, the acardiac/acephalic twin 
receives all of its blood supply from the normal or “pump” 
twin (Figure 12.4). The term “reversed perfusion” is used 

(a)

(b)

Figure 12.4 (a) Schematic illustration of pathophysiology 
of twin-reversed arterial perfusion (TRAP) sequence. The circu-
lation of the acardiac twin (left) is grossly anomalous, whereby 
this parasitic twin is sustained by the normal “pump” twin 
(right). (b) Acardiac/acephalic twin delivered after cord ligation.
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to describe this scenario because blood enters the acar-
diac/acephalic twin through its umbilical artery and exits 
through the umbilical vein. The grossly anomalous circu-
lation whereby the parasitic acardiac twin is sustained by 
the normal pump twin places increased demand on the 
normal baby’s heart, resulting in cardiac failure. If left 
untreated, the pump twin dies in up to 50%–75% of cases. 
In addition, there is the risk of preterm delivery, intrauter-
ine growth restriction, and heart failure in the pump twin 
when significant TRAP is present. This is especially true 
when the acardiac/acephalic twin is greater than 50% of 
the size of the pump twin by estimated weight.59 Figure 
12.5 shows an example in which the TRAP fetus is signifi-
cantly larger than the pump twin.

There have been multiple treatments attempted for 
TRAP sequence (cord embolization, cord ligation, laser, 
bipolar diathermy, intrafetal alcohol injection, etc.) but 
therapy currently focuses on either the use of cord coagu-
lation/ligation or RFA. This treatment is aimed at inter-
rupting the blood supply between the pump twin and the 
acardiac fetus. Quintero et al.60 reported the first successful 
umbilical cord ligation for TRAP sequence causing ces-
sation of blood flow communication between the fetuses. 
Bipolar coagulation has been shown to have a relatively 
high survival of the pump twin when used to interrupt 
the blood supply to the acardiac fetus.61,62 Unfortunately, 
complication of this includes preterm premature rupture of 
membranes, preterm delivery, and incomplete treatment. 
Therefore, similar focus has been placed on using a more 
minimally invasive technique to interrupt the vascular 
communication between the fetuses.

RFA is a more minimally invasive technique that has 
been used with success in this population. Similar to 
RFA use in discordant twin anomalies, the RFA needle 

is sonographically guided into the area of umbilical cord 
vessels of the acardiac twin and the electrical current is 
used to interrupt the blood supply. The advantage of this 
approach is that it is not limited by oligohydramnios in 
the acardiac sac or difficulty in gaining access to the short 
umbilical cord of the acardius. The North American Fetal 
Therapy Network (NAFTNet) reported that RFA is a viable 
option in the case of TRAP sequence with an 80% survival 
of the pump twin at 30 days postdelivery.63 Mean gesta-
tional age at delivery was 33.4 weeks overall and 36 weeks 
for survivors. This series shows that RFA is a reasonable 
treatment for cases of complicated TRAP sequence and 
has the potential benefits of being a less invasive technique.

We currently monitor TRAP sequence pregnancies with 
weekly ultrasounds evaluating the acardius/pump twin 
weight ratio, amniotic fluid level, hydrops, and cardiac 
function. If there is evidence of a large acardius (>70% of 
the weight of the pump twin) or heart failure in the pump 
twin we then offer fetal treatment. We most commonly use 
RFA for treatment because of its more minimally invasive 
approach, however, we will use bipolar coagulation in 
cases of monoamniotic TRAP pregnancy in which cord 
entanglement is potentially an issue.

TWIN-TO-TWIN TRANSFUSION SYNDROME
Treatment options in twin-to-twin transfusion 
syndrome

The natural history of severe TTTS is well established, with 
mortality approaching 100% if left untreated, especially 
when it presents at less than 20 weeks’ gestation.64,65 As a 
result, numerous treatments have been proposed, includ-
ing selective feticide, cord coagulation, section parva, pla-
cental bloodletting, maternal digitalis, maternal indocin 

Figure 12.5 Ultrasound image of a twin pregnancy with TRAP sequence. The acardiac fetus (left) is significantly larger than the 
“pump” fetus (right). This increases the risks for complications for this pathologic process.
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administration, serial amnioreduction, microseptostomy 
of the intertwine membrane, and nonselective and selec-
tive fetoscopic laser.

Traditionally, amnioreduction and intertwin membrane 
septostomy were the most commonly used treatments for 
TTTS. Initial evaluation of serial amnioreduction revealed 
an overall fetal survival rate of 49%.66 Unfortunately, this 
survival number appeared to fluctuate based on the sever-
ity of TTTS. Mari et al.67 found that patients presenting 
with advanced TTTS prior to 22 weeks’ gestation and 
absent end diastolic flow in the recipient umbilical artery 
had a survival rate with aggressive amnioreduction of only 
13%; with absent end diastolic flow in the donor umbilical 
artery, survival was 33%. The paradoxical resolution of oli-
gohydramnios after a single amnioreduction was first sug-
gested by Saade et al.68 to be due to inadvertent puncture 
of the intertwin membrane. Although initial small studies 
suggested survival as high as 81% with microseptostomy a 
multicenter trial comparing amnioreduction and micro-
septostomy showed a comparable 65% survival for each 
modality.69,70 The overall low survival numbers for each 
of these treatments are likely due to the treatments focus 
on relieving side effects of TTTS and not the underlying 
pathologic process. In cases of severe TTTS these treat-
ments likely have little to no effect, as both fetuses still 
suffer the consequences of the shared placental circula-
tion and the morbidity/mortality that comes along with it. 
Because of this, the goal became finding a treatment that 
treats the disease and interrupts the pathologic process.

Fetoscopic laser photocoagulation

The first treatment for TTTS that attempted to treat the 
anatomic basis of the syndrome was reported by De 
Lia et al.71,72 Fetoscopic laser was used to photocoagu-
late vessels crossing the intertwine membrane referred 

to as “nonselective laser photocoagulation.” The theory 
behind this treatment is that photocoagulating the ves-
sels that are shared between the twins in TTTS will arrest 
the disease and potentially cause resolution of the effects 
(Figure 12.6). In the first small series, De Lia reported an 
overall survival of 53% in 26 patients.72 While survival was 
not significantly better than previous reports with serial 
amnioreduction, the neurologic outcome in 96% of survi-
vors was “normal” as assessed by head ultrasound.

Initially, nonselective laser ablation was instituted for 
the treatment of TTTS. A nonselective fetoscopic laser 
technique photocoagulates all vessels crossing the inter-
twin membrane regardless of where the anastomoses 
occur. This approach is problematic as the intertwine 
membrane often bears no relation to the vascular equator 
of the placenta. This nonselective laser photocoagulation 
of all vessels crossing the intertwine membrane likely sac-
rifices vessels not responsible for the TTTS resulting in a 
higher death rate of the donor twin from acute placental 
insufficiency.73

Because of this lack of significant survival advantage in 
nonselective laser treatment, a selective laser photocoagu-
lation was developed.73 In this technique the fetoscope is 
used to “map” the fetal placental blood vessels. Vessels that 
communicate between the fetuses are the only ones treated 
with photocoagulation. In addition, vessels that appear 
close (close proximity cotyledons) and unpaired arteries 
and veins are also treated. In theory, this approach does 
not necessarily favor the treatment of donor twin vessels, 
and therefore decreases the risk of acute placental insuf-
ficiency. Initial trials of this technique were positive and 
when compared with serial amnioreduction there was a 
79% survival of at least one twin in the laser photocoagu-
lation arm compared with only 60% in the amnioreduc-
tion arm.74

(a) (b)

Figure 12.6 (a) Fetoscopic view of the placental surface shows an example of arteriovenous connections on the placental sur-
face. (b) The appearance of the same arteriovenous connections postlaser photocoagulation. The laser fiber can be seen at the 12 
o’clock position of the picture.
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The Eurofetus trial by Senat et al.75 and the NIH-
sponsored trial by Crombleholme et al. remain the two 
largest trials comparing laser treatment to amnioreduc-
tion.76 The Eurofetus trial showed significant improvement 
in the survival of at least one twin in laser compared with 
amnioreduction (76% versus 56%) as well as less neurologic 
abnormalities on neuroimaging studies (31% versus 52%). 
This study showed the superiority of laser over traditional 
amnioreduction. The trial by Crombleholme et al. failed 
to show the definitive survival benefit of the Eurofetus 
trial but it did introduce an important adjunct diagnosis 
tool for TTTS. This trial showed that the Cardiovascular 
Profile Score was the most significant predictor of recipi-
ent mortality.

Survival in TTTS cases treated by laser photocoagula-
tion appears to continue to improve. Habli et al.77 reported 
an overall fetal survival of 77.5% with the survival of one 
or both twins at 88%. A recent manuscript by Mullers 
et al.78 showed an overall fetal survival of 61% with the 
survival of one or both twins at 75%. Results in our center 
currently are 95% survival of one or both twins with 80% 
of pregnancies with dual survivorship. As the diagnosis is 
better understood and the treatment optimized, outcomes 
will hopefully continue to improve.

Additional modifications to the laser technique include 
the sequential laser photocoagulation and the Solomon 
technique.79,80 The sequential technique describes the 
order of treatment of the abnormally communicating fetal 
vessels with the goal of minimizing feto-fetal transfusion 
that can occur during the laser procedure. The first vessels 
treated are arteriovenous communications from donor 
to recipient, followed by arteriovenous communications 
from recipient to donor, and then venous–venous and arte-
rial–arterial connections. Initial reports suggested poten-
tial benefit to the donor twin survival using this technique 
compared with the center’s historical control samples.

The Solomon randomized trial was recently published 
with promising results.80 This was developed because of 
the relatively high incidence of recurrent/persistent TTTS 
and postlaser TAPS reported to occur in up to 14% and 13% 
of cases, respectively. This technique involves performing 
an initial selective laser photocoagulation and then pro-
ceeding with laser photocoagulation of the surface of the 
placenta from one edge to the other in a line. The authors 
of this trial found a significant decrease in the incidence of 
both recurrent/persistent TTTS and TAPS sequence com-
pared with nonsolomonized placentas (5% versus 1% for 
TTTS and 22% versus 4% for TAPS). Although there was 
potentially improvement in the rate of recurrent TTTS and 
TAPS, there were also an increased rate of complications. 
Complications reported include higher rates of iatrogenic 
monoamnionicity, bleeding, and PPROM although none 
of these reached statistical significance. These complica-
tions using this technique must be weighed against the 
potential benefit. Despite the suggestion at improved out-
comes these modifications may simply reflect improved 
surgical technique. Perhaps complete “mapping” of the 
abnormal vessel connections between fetuses prior to 

laser treatment can produce similar outcomes by allowing 
speedier treatment (to decrease volume fluctuations) and 
complete blood vessel treatment (to decrease recurrent/
persistent TTTS and TAPS) and therefore a true selective 
laser photocoagulation technique may be just as beneficial.

Other improvements in the diagnosis and treatment of 
TTTS do not necessarily involve the use of the fetoscope but 
should still be mentioned. Initial description of the sever-
ity of TTTS is usually made using the staging system by 
Quintero.82 This method solely relies on ultrasound evalu-
ation of the twin pregnancy. More recent staging systems 
have “modified” the Quintero system by involving cardiac 
evaluations of the fetuses with recipient twin cardiac func-
tion being a major part of the system. There have been several 
systems proposed.83–85 We use the Cincinnati modification 
to the Quintero staging system to describe the presence and 
severity of fetal cardiomyopathy.86 This system describes the 
criteria for diagnosis of cardiomyopathy and then ranks as 
mild, moderate, or severe. There are a significant number 
of Quintero stage I TTTS cases that already show evidence 
of cardiomyopathy. A system such as ours shows the most 
severely affected cases of TTTS and therefore the ones that 
necessitate treatment. Another potential advancement in 
the treatment of TTTS is the use of nifedipine when com-
plicated by cardiomyopathy. Crombleholme et al.86 showed 
overall improved survival with its use compared with tra-
ditional surgical treatment alone (83% vs. 75%) and spe-
cifically improved overall recipient survival (90% vs. 82%) 
and in stage IIIC and IV (93% vs. 86%) with no effect on 
donor survival. This likely represents another treatment 
that focuses on stabilizing/reversing the underlying cardiac 
pathology specifically affecting the recipient twin.

COMPLICATIONS OF ENDOSCOPIC FETAL SURGERY
Preterm labor remains the “Achilles heel” of fetal interven-
tion.87 It is, to some degree, a complication of all fetal sur-
gery. Using a fetoscopic approach should decrease this risk 
but does not solve the problem. The etiology of preterm 
labor may be related to the disease process for which the 
surgery is indicated (i.e., associated with polyhydramnios 
or specific anomalies). Preterm labor may also be related 
to a fetal systemic inflammatory response that is a reac-
tion to intervention.88 A maternal inflammatory response 
to uterine trauma probably also plays a role in initiating 
preterm contractions. Improvement in avoiding or arrest-
ing preterm labor in fetal surgery cases will allow the field 
to make even greater strides forward.

Preterm labor is not the only complication that occurs. 
Chorioamniotic separation is the most frequent compli-
cation of endoscopic fetal surgery occurring in at least 
36% or cases.89 In addition, other major complications 
occur at variable rates. Habli et al.77 showed a 17.8% risk 
of PPROM, 3.3% risk of pregnancy loss before 24 weeks, 
and placental abruption rate of 8%. Each of these compli-
cations leads to increased morbidity and mortality for the 
pregnancies and influences the average gestational age at 
delivery. Decreasing these complications will also contrib-
ute to the advancement of the field.
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Bleeding is not usually a major problem in endoscopic 
fetal surgery. It is well worth the time preoperatively to 
plan carefully with an ultrasound approach which allows 
room for manipulation of the endoscope while avoiding 
the placenta as well as the broad-ligament blood vessels. 
In the case of anterior placenta, the patient may need to 
lie completely on one side. In all cases it is best to tilt the 
patient at least slightly to avoid obstruction of the vena 
cava.

SUMMARY
Endoscopic fetal surgery has made great strides over the 
years and even since the last edition of this textbook. As 
the understanding of the underlying pathophysiology 
advances and the surgical techniques improve, better out-
comes can be expected. Despite these advancements, fetal 
surgery should still be reserved for cases at risk for signifi-
cant morbidity or mortality if left untreated.
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BRIEF HISTORY OF FETAL SURGERY
The availability of ultrasound imaging and screening pro-
grams has made the unborn child a true patient. Fetal 
surgery has evolved over the past three decades from an 
ambitious concept, to a familiar, regulated, and innovative 
field of medicine. New intraoperative techniques for open 
surgeries and minimally invasive image-guided percuta-
neous approaches for fetoscopic repairs have had a positive 
impact on outcomes. In addition, overall improvements in 
postoperative care have decreased morbidity. Advances 
in fetal imaging, diagnosis, anesthesia, and postoperative 
tocolysis have accelerated progress such that fetal inter-
ventions have now become vital for subsets of fetal patients 
who would otherwise endure significant lifelong morbid-
ity and increased mortality.

The first successful direct fetal intervention was per-
formed by Sir William Liley in 1963 when he completed 
a transuterine fetal intraperitoneal red blood cell transfu-
sion for erythroblastosis fetalis. This was accomplished 
using fluoroscopy in a time that preceded the ultrasound 
era.1 Over the subsequent decades the field rapidly devel-
oped, to a large extent fueled by the work of Dr. Michael 

Harrison, a pediatric surgeon and an early pioneer in 
fetal surgery. In 1982, one of the first organized confer-
ences on  fetal intervention occurred in the Santa Ynez 
Valley. Dr. Harrison summarized the conclusions of the 
first meeting of this group, which would later become the 
International Fetal Medicine and Surgery Society (IFMSS) 
in a seminal paper.2 One of the key statements made in 
that paper established an important scientific principle to 
guide those involved in the nascent field, namely, “All case 
material, regardless of outcome, should be reported to a 
fetal treatment registry, so that the benefits and liabilities 
of fetal therapy can be established as soon as possible.” This 
ethos is as important today as it was three decades ago. A 
consensus, endorsed by the IFMSS, has been reached on 
the criteria and indications for fetal surgery (Table 13.1).3

A fetal anomaly raises unique and complex issues for the 
pregnant woman and her family. The importance of having 
a multidisciplinary team involved in the prenatal evaluation, 
the surgical therapy, and the postnatal care cannot be over 
emphasized. The current ideal multidisciplinary fetal inter-
vention team includes specialists in  maternal–fetal medicine, 
pediatric surgery, maternal and fetal anesthesia, pediatric 
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neurosurgery, pediatric urology, pediatric nephrology, pedi-
atric cardiology and interventional cardiology, neonatology 
and access to a bioethicist, and a social worker familiar with 
the issues involved.4

OPEN FETAL SURGERY TECHNIQUE AND 
COMPLICATIONS
“Open” fetal surgery refers to the creation of a hysterotomy 
for access to the fetus, with the intent of closing the uter-
ine incision at the completion of the procedure, and con-
tinuing the pregnancy. Commensurate with Harrison’s 
initial principles,2 human experimentation in open fetal 
surgery was preceded by animal work which included 
testing the concept in a primate model.5 This model was 
chosen because other gravid, large animal models, such as 
the sheep, have a uterus and a preterm labor profile that 
are much more forgiving than those seen in the human 
or primate. In addition, the sheep uterus is thin walled 
and has a multicotyledonary, epitheliochorial placenta, 
which is very different to the discoid, hemochorial, human 
placenta.

The technique used in performing open hysterotomy 
fetal surgery in most fetal programs in the United States 
is generally as follows. Preoperatively, indomethacin (as a 
prophylactic tocolytic) and antibiotics are given. An epi-
dural catheter is placed preoperatively but only activated 
after the case for postoperative pain control. General anes-
thesia is initiated with propofol and moderate to high lev-
els (1–3 Monitored Anesthesia Care) of inhalational agent 
(generally sevoflurane) are employed to maximize uterine 
relaxation. After prepping and draping, ultrasound trans-
ducers with sterile covers are used to identify fetal lie and 
placental location. A transverse skin incision is generally 
made a third of the way between the pubic symphysis and 
the umbilicus (lower with an anterior placenta so that the 
uterus can more easily be exteriorized). Occasionally, the 
rectus muscles need to be at least partially transected to 

allow appropriate exposure. Once the peritoneal cavity is 
entered, the ultrasound transducer is placed directly on 
the myometrium, and the edge of the placenta is identi-
fied and marked by cautery. The general strategy is to place 
the hysterotomy as far from the placenta as possible, with 
the direction of the incision parallel to its edge. This will 
minimize the risk of extension toward the placenta. The 
reason for this level of caution is that placental bed bleed-
ing cannot be controlled. If necessary, the fetus is exter-
nally verted to an appropriate presentation and position 
for the intended procedure prior to opening the uterus. 
This is an important point, since once the uterus is opened 
there should an absolute minimum of fetal manipulation 
given the propensity to cardiac decompensation with such 
perturbation.

The hysterotomy is facilitated by the ultrasound-guided 
placement of two absorbable monofilament sutures paral-
lel to the intended incision site and through the full thick-
ness of the uterine wall. In this way, the membranes are 
plicated to the uterine wall to limit chorioamniotic sep-
aration. The uterus is opened between the sutures and a 
uterine stapler is then introduced into the cavity and fired. 
This device places two parallel lines of dissolving staples 
approximately 8 cm long and opens the uterus between 
them. This produces a hemostatic myometrial incision 
with the membranes tacked to the myometrium, mini-
mizing the risk of separation. In some institutions hemo-
static sutures are placed around the hysterotomy instead 
of using a stapler. Occasionally, bleeding from the myo-
metrial edge requires placement of atraumatic clamps or 
a figure-of-8 stitch. When placing a staple line ultrasound 
should be used to confirm that no fetal part or loop of cord 
is pinched in the device. Bleeding between the membranes 
and uterine wall, leading to a subchorionic hematoma, is 
a potentially serious complication that can occur during 
hysterotomy creation, and this could potentially dissect 
the membranes away from the uterine wall and cause sig-
nificant maternal blood loss. Recognizing this problem 
early allows sutures to be placed to control the bleeding.

The fetus is then partially exposed or exteriorized and 
monitored using ultrasound, and in some cases with 
pulse oximetry and direct fetal echocardiography. Prior 
to beginning the fetal surgery, an intramuscular dose of 
analgesics (fentanyl), atropine, and vecuronium is given to 
provide pain control to immobilize the fetus and to sup-
press the fetal stress response (bradycardia). A catheter 
for the infusion of warm saline is placed into the uterus 
to maintain amniotic fluid volume and prevent umbilical 
cord compression and fetal cooling during the procedure. 
After completion of the fetal portion of surgery, any exte-
riorized part of the fetus is gently placed inside the uterus. 
Warmed normal saline containing antibiotics is instilled 
into the amniotic cavity, and the uterus is closed in two 
layers with absorbable sutures. Interrupted stay sutures 
are placed first, but not tied, and then a continuous suture 
is placed to close the hysterotomy. Prior to tying the con-
tinuous suture, a catheter is used to refill the amniotic 

Table 13.1 Criteria for fetal surgery.

1.  Accurate diagnosis and staging is possible, with exclusion 
of associated anomalies.

2.  Natural history of the disease is documented, and 
prognosis is established.

3. There’s currently no effective postnatal therapy.
4.  In utero surgery has proved feasible in animal models, 

reversing deleterious effects of the condition.
5.  Interventions are performed in specialized 

multidisciplinary fetal treatment centers within strict 
protocols with approval of the local Ethics Committee and 
informed consent of the mother or parents.

6.  Fetus should be a singleton with no concomitant 
anomalies.

7.  Family should be fully counseled about risk and benefits 
and should be agree to treatment.

Source: Harrison MR and Adzick NS, Ann Surg, 213, 279–291, 1991.
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cavity under ultrasound guidance. The fluid is replenished 
to a level of high normal fluid. Then, the stay sutures are 
tied. When it is certain that the suture line is hemostatic 
and watertight, the abdominal wall is closed in layers in 
the usual fashion. Occasionally, the hysterotomy is cov-
ered with an omental flap (Figure 13.1).

Tocolysis with intravenous magnesium sulfate is 
administered as the mother emerges from anesthesia. 
Postoperatively, the patient is treated on labor and delivery 
and given aggressive tocolysis with magnesium sulfate and 
continued indomethacin, for a total of 48 hours.

Complications of open fetal surgery include preterm 
contractions, maternal morbidity from tocolysis, cho-
rioamniotic membrane separation, oligohydramnios, 
rupture of membranes, uterine dehiscence, and fetal 

decompensation. Postoperative uterine contractions are 
the Achilles’ heel of open fetal surgery. Amniotic fluid 
leakage can occur through the hysterotomy site or, more 
commonly, vaginally because of chorioamniotic mem-
brane separation or frank membrane rupture6,7 (Table 
13.2). Delivery by cesarean section is mandatory to avoid 
uterine rupture. All mothers who have had open fetal sur-
gery with an upper segment incision subsequently require 
cesarean delivery and a 2-year interval between pregnan-
cies is recommended. A potential risk in subsequent preg-
nancies is placenta accreta. The reason for this is that the 
site of a hysterotomy performed in the second trimester is 
highly unlikely to be in the same area as a third-trimester 
cesarean section entry. There is an increased risk of pla-
centa accreta in any case where implantation is in an area 
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Figure 13.1 Operating room set up, and techniques for open fetal surgery.
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of uterine scarring. We currently reserve maternal lapa-
rotomy/hysterotomy procedures for repair of neural tube 
defects (NTDs), resection of sacrococcygeal teratoma 
(SCT) and other tumors (pericardial), and for resection 
of congenital pulmonary airway malformations (CPAMs).

CONDITIONS TREATED WITH OPEN FETAL SURGERY
Open spina bifida

NTDs, including anencephaly, encephalocele, and myelo-
meningocele (MMC), are the most common human con-
genital structural defects. MMCs result from incomplete 
closure of the neural tube (which occurs on days 22–28 
from conception) and are characterized by protrusion 
of the spinal cord and meninges through open vertebral 
arches. Patients with MMC are impacted by bowel and 
bladder dysfunction, orthopedic disabilities and lifelong 
paralysis, and possible learning disability.8 The adverse 
effects of MMC occur both at the level of the lesion and in 
the brain. Before folic acid supplementation, NTDs affected 
1–2 per 1000 pregnancies. The fortification of cereal and 
grain products in the United States has been associated 
with a 22.9% decrease in the incidence of NTDs.9

The neural damage in MMC has been explained by a 
“two-hit hypothesis.” The first hit refers to the primary 
failure in the closure of the spinal canal early in embryonic 
life. The second hit involves the sequelae from exposure 
of the spinal cord and extruded nerves to direct trauma 
and neurotoxic agents in the amniotic fluid, which pro-
gressively damages the developing nervous system.8 It 
is this secondary damage which may be ameliorated by 
early fetal surgical repair. This theory is supported by the 
observation that only half of affected fetuses have ven-
triculomegaly before 24 weeks of gestation, but more than 
90% develop ventriculomegaly by term.10 This theory also 
provides the rationale for trying to close the defect dur-
ing mid- gestation. Because additional neurologic damage 
can occur after birth, as the result of additional surgeries 
required to replace a malfunctioning or infected ventricu-
loperitoneal shunt, any treatment that reduces the need 
for ventriculoperitoneal shunting would also improve 
outcomes.

The Management of Myelomeningocele Study (MOMS) 
trial was an ambitious study of prenatal compared with 
postnatal MMC repair, funded by the Eunice Kennedy 
Shriver National Institute of Child Health and Human 
Development and the National Institutes of Health. The 
study was performed in three fetal surgery units (the 
Children’s Hospital of Philadelphia, Vanderbilt University 
Medical Center, and the University of California San 
Francisco), and the data management and analysis were 
carried out by the Data Study and Coordinating Center at 
George Washington University in Washington, DC. The 
entry criteria for the prospective MOMS trial are summa-
rized in Table 13.3. Prior to the beginning of the trial, all 
other centers in the United States voluntarily agreed not to 
offer fetal surgery for MMC outside of the trial, essentially 
closing a “back door” to the intervention until the trial 
was completed. It required that all three centers develop 
a multispecialty team of clinicians who could evaluate all 
clinical and psychosocial aspects of potential patients and 
provide standardized prenatal, surgical, and perioperative 
care.6 This was the first multicenter, prospective, random-
ized controlled trial (RCT) of  maternal–fetal surgery for 
MMC, and the surgeons at all three centers had to develop 
and adhere to a strict protocol covering every aspect of the 
surgery, perioperative treatment, and maternal and fetal 
follow-up. Significant drawbacks were that it was not open 
to non-US citizens, and that the trial slowed the devel-
opment of minimally invasive techniques. In 2010, the 
MOMS trial was stopped for efficacy by the Data Safety 
and Monitoring Board at a planned interim analysis of 
183 out of the 200 anticipated patients.6 Actual rates of 
shunt placement were 40% in the prenatal surgery group 
and 82% in the postnatal surgery group (relative risk [RR] 
0.48, 97.7% confidence interval [CI] 0.36–0.64, p < .001). 
Prenatal surgery also resulted in an improvement in the 
composite score for mental development and motor func-
tion at 30 months (p = .007) and in improvement in several 
secondary outcomes, including hindbrain herniation by 
12 months and ambulation by 30 months of age. However, 

Table 13.2 Complications of open fetal surgery in repair 
of myelomeningocele.

Children’s 
Hospital of 
Philadelphia 
study (post-
MOMS) trial MOMS trial

No. of fetuses 100 78
Anesthesia General General
Access Laparotomy Laparotomy
Access diameter (mm) Hysterectomy Hysterotomy
Ge stational age at 

intervention (weeks) 
(median and range)

23.2 (20.4–25.8) 23.6 ± 1.4

Operation time 78.5 (54–106) n.s.
Success rate n.s. n.s.
Int raoperative 

hemorrhagic 
complications

n.s. n.s.

Perioperative death rate n.s. 2/78 (2.6%)
Chorioamnionitis 4/96 (4.1%) 2/78 (3%)
Oligohydramnios 6/96 (6.3%) 16/78 (21%)
PPROM 31/96 (32.3%) 36/78 (46%)
Delivery before 30 weeks 9/96 (9.4%) 10/78 (13%)
Delivery before 34 weeks 44/96 (45.8%) 36/78 (46%)
Ge stational age at birth 

(weeks) (median and 
range)

34.3 (22.1–34.6) 34.1 ± 3.1 
(n.s.)

Abbreviations: MOMS, Management of Myelomeningocele Study; 
PPROM, premature preterm rupture of the membranes; n.s., 
not significant.
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prenatal surgery was associated with an increased risk of 
preterm delivery and uterine dehiscence at delivery. At 12 
months of age, a significantly lower proportion of infants in 
the prenatal surgery group had any evidence of hindbrain 
herniation (64%) or moderate/severe hindbrain herniation 
(25%) when compared with the postnatal surgery group 
who had rates of 96% and 67%, respectively. In addition, 
the prenatal surgery group showed lower rates of brain-
stem kinking, abnormal fourth-ventricle location, and 
syringomyelia. Conversely, more children in the prenatal 
surgery group required surgery for tethered cord than in 
the postnatal surgery group (8% compared with 1%).6

Congenital cystic adenomatoid malformation 
(CCAM)

A CCAM, also known as CPAM, is a bronchopulmo-
nary malformation usually identified on ultrasound as 
an intrapulmonary mass commonly localized to one lung 
lobe. They are classified based on the size of the cyst(s) as 
determined by ultrasound. Macrocystic (Stocker Type I) 
lesions contain at least one cyst >5 mm, whereas micro-
cystic (Stocker Type III) lesions appear echogenic and are 
without visible cysts. Type II lesions are mixed.

If a fetus with a microcystic CCAM develops hydrops 
thought to be due to the mass effect, it is not amenable to 
decompression by shunting or drainage. In these cases, the 

use of prenatal steroids with the dosing typically given for 
fetal lung maturation has been associated with the resolu-
tion of the hydrops fetalis in the majority of cases (78%).11

The mechanism is currently unknown, but it is postulated 
that steroids accelerate maturation or involution of the 
lesion. In view of this evidence, steroids seem a reasonable 
first-line therapy or medical adjunct in high-risk cases. To 
explore this issue more definitively, the same group has 
now embarked on a RCT (www. clinicaltrials.gov, study 
NCT00670956).

Rarely, some fetuses with a lung mass may benefit from 
open fetal surgery. We have found that fetuses with a large 
lung mass who develop progressive nonimmune hydrops 
associated with cardiac failure (as opposed to a chylotho-
rax alone or hydrops without specific signs of cardiac fail-
ure)12 may benefit from in utero decompression or resection 
of a cystic mediastinal lesion.13 The fetuses with CCAM 
which have mediastinal shift with compression of devel-
oping lung tissue may benefit from the same procedure. 
Thoracoamniotic shunting may be performed in cases of 
CCAM with a large predominant cyst, while open fetal 
surgery is reserved for those fetuses <32 weeks gestational 
age (GA) with a massive multicystic, predominantly solid 
CCAM or bronchopulmonary sequestration. For hydropic 
fetuses greater than 32 weeks gestation, early delivery 
should be considered with resection of the lesion using an 
ex utero intrapartum treatment (EXIT) strategy. The rea-
son for this is that very large CCAM lesions have airway 
connections to the bronchial tree and when neonatal res-
piration begins the lesion starts to fill with air but cannot 
decompress—the result is an expanding intrathoracic mass 
that compresses the heart and behaves like a tension pneu-
mothorax. The optimum therapeutic option is to deliver the 
baby on placental support, open the fetal chest, and decom-
press the lung, establish an airway and begin neonatal ven-
tilation, and then complete the delivery and transport the 
baby to another operating room to complete the resection. 
While numbers are small, results suggest benefit with this 
approach. Follow-up developmental testing has been nor-
mal in the majority of the survivors.14 In an EXIT proce-
dure, maternal laparotomy and stapled hysterotomy are 
performed under general endotracheal anesthesia with good 
uterine relaxation, and the fetal chest is exposed through the 
hysterotomy as described above for spina bifida repair. Our 
routine is to establish fetal intravenous access and to place a 
pulse oximeter on a fetal finger. The fetus is pretreated with 
intravenous atropine and volume (usually in the form of a 
transfusion) since sudden decompression of the fetal chest 
can lead to fetal bradycardia, poor ventricular filling, and a 
precipitous fall in cardiac output. We recommend continu-
ous echocardiographic monitoring for all open fetal sur-
gery cases regardless of lesion type in order to monitor fetal 
myocardial performance and volume status. Maternal–fetal 
general anesthesia is a potential fetal myocardial depressant, 
and we have found that having a pediatric cardiologist at the 
table actively managing fetal resuscitation is crucial.

For prenatal management of CCAM, minimally inva-
sive techniques which include destruction of the lesion 

Table 13.3 Exclusion and entry criteria for the prospective 
MOMS trial.

Inclusion criteria
Pregnant women of age 18 or older
Gestational age at randomization from 19 weeks 0 days to 

25 weeks 6 days
No karyotype abnormality
Lesion level no lower than S1
Established Arnold-Chiari II diagnosis on prenatal 

ultrasonography and MRI
Exclusion criteria
Further fetal anomaly
Pregestational insulin-dependent diabetes
Obesity (BMI ≥ 35 kg/m2)
Fetal kyphosis of 30° or more
Twin, triplet, and higher-order multifetal pregnancies
Placenta previa
Short or incompetent cervix
Maternal medical condition
Previous history of spontaneous preterm labor
Maternal–fetal Rh incompatibility
Positive maternal viral serology (such as HIV, hepatitis B, or 

hepatitis C)
Lack of family support at the center
Uterine anomaly
Psychosocial limitations
Incompliant with travel and follow-up protocols

Abbreviations: BMI, body mass index; HIV, human immunodeficiency 
virus; MRI, magnetic resonance imaging.
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using thermocoagulation with laser, electrocautery and 
radiofrequency ablation (RFA), and the use of sclerosing 
agents have all been reported.15,16

Sacrococcygeal teratoma

Fetal SCT occurs in 1–2 per 20,000 pregnancies. The long-
term outcome is excellent for SCTs diagnosed postna-
tally,17 and most pregnancies with a prenatally diagnosed 
SCT proceed without incident. In rare cases, preterm 
labor develops, usually associated with polyhydramnios. 
Occasionally there is fetal demise from high-output car-
diac failure associated with a large arteriovenous (AV) 
fistula.18 Because the presence of an abnormal karyo-
type is rare with an isolated SCT, amniocentesis is usu-
ally not required as part of the workup.19 Monitoring of 
tumor size, growth rate, and fetal cardiac function allows 
early identification of those fetuses at particular risk for 
decompensation.20

Large vascular fetal SCTs have uniformly dismal out-
comes when associated with high-output failure and fetal 
hydrops before viability.21 For this reason we believe that 
fetal therapy is justified in the presence of SCT with asso-
ciated hydrops, and both minimally invasive and open 
fetal surgical approaches have been used. Minimally inva-
sive therapies include laser ablation, RFA, interstitial laser, 
and vascular coil placement.22 Open interventions have 
also been attempted.23 Both types of intervention aim to 
decrease the impact of the mass on the fetal cardiovascular 
system, allowing the fetus to recover in utero. Outcomes 
have been mixed.

FETOSCOPIC PROCEDURES: THE TEXAS APPROACH 
TECHNIQUE AND COMPLICATIONS
“Closed” fetal surgeries are procedures performed by 
inserting a needle or a fetoscope through the uterine wall 
avoiding the need for a hysterotomy. In some cases the 
procedures are percutaneous, and in some a small incision 
in the maternal abdominal wall is required. Fetoscopic 
procedures are minimally invasive interventions.

Access to the amniotic cavity is facilitated by either 
thin-walled, semiflexible, disposable plastic ports, or by 
reusable, rigid metal cannulas; both allow a portal through 
which different instruments may be inserted.

Prophylactic doses of tocolytic (nifedipine 10–20 mg 
orally [PO] or indomethacin 50 mg PO) and antibiotics 
(cefazolin 2 g intravenously [IV]) are given preoperatively.

The most commonly performed fetoscopic intervention 
in most fetal centers today is that of laser ablation of pla-
cental anastomoses in twin-to-twin transfusion syndrome 
(TTTS). The technique of fetoscope insertion is described 
below:

The procedure is usually performed under local anes-
thesia, which is injected along the anticipated track of the 
access port. A 22-gauge needle is used to anesthetize the 
soft tissue down to the myometrium using ultrasound 
guidance. Supplemental intravenous sedation with remi-
fentanil may also be given to sedate the mother during the 
procedure. After preparing and draping the abdomen, an 

ultrasound transducer with a sterile cover is used to iden-
tify the best place for port insertion, taking into consider-
ation fetal lie and placental location. An 18-gauge needle 
is then inserted into the uterine cavity under ultrasound 
guidance and a guide-wire is introduced through the 
needle into the amniotic fluid. The needle is then removed 
leaving the wire in place. A Teflon cannula (Cook® Medical 
Inc., Bloomington, IN) loaded on a dilator is advanced 
over the guide wire using the Seldinger technique. The 
sheaths range in size from 8 to 12 Fr. Most fetoscopic surgi-
cal procedures usually involve only one uterine puncture. 
Current fetoscope diameters are between 1.0 and 4.0 mm 
with a 0–70° field of view. Occasionally, vision is obscured 
by blood or debris; in these cases, amnio-exchange with 
warmed saline (heated by a blood warmer or special 
amnio-irrigator) can improve visibility.

In patients with TTTS who have anterior placentation, 
we consider a laparoscopic-assisted fetoscopic technique. 
Briefly, the patient is placed in a lateral tilt opposite to the 
planned site of fetoscope entry. The peritoneum is exposed 
through an incision 2–3 cm above the fundus of the 
uterus. A 10-mm blunt tipped trocar is then introduced 
into the peritoneal cavity, and the cuff is inflated to create 
an airtight seal. A pneumoperitoneum is then established. 
A laparoscope is introduced, and under direct vision, 
a second trocar with a 5-mm blunt probe is inserted in 
the midclavicular line. Using the blunt probe, the uterus 
is displaced to the contralateral side exposing the uterine 
wall behind the broad ligament. The blunt probe is used 
to displace bowel or omentum that blocks access. An 
18-gauge needle is then inserted into the abdominal cav-
ity in the midaxillary line between the upper iliac crest 
and lower rib under laparoscopic visualization, and the 
needle is advanced into the uterus. A guide wire is then 
introduced through the needle into the amniotic fluid. The 
needle is then removed leaving the wire in place. Some of 
the intra-abdominal CO2 is released to diminish the space 
between the abdominal wall and the uterus and a 12-Fr 
Teflon cannula loaded on a dilator is advanced over the 
guide-wire and into the uterus under direct laparoscopic 
visualization. Once the tip of the cannula is noted to be 
in the amniotic cavity (using ultrasound), the pneumo-
peritoneum is allowed to slowly escape under vision and 
the cannula is advanced fully into the amniotic fluid. The 
laparoscope is then removed leaving its access trocar in 
place. The fetoscope is then inserted into the amniotic cav-
ity through the cannula and the laser ablation performed 
in the usual fashion.

In general, a policy should be adopted for administer-
ing fetal analgesics for any invasive procedures during 
which the fetus might experience pain, and certainly 
from 18 to 20 weeks onward. It can be given intramus-
cularly or IV using a 22-gauge needle under ultrasound 
guidance or direct vision with a fetoscope. We usually 
give vecuronium (0.2 mg/kg), atropine (20 µg/kg), and 
fentanyl (15 µg/kg) to provide analgesia, to immobi-
lize the fetus, and to suppress the fetal stress response 
(bradycardia).
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Despite the minimally invasive nature of fetoscopy, 
complications can and do occur and include preterm 
contractions, maternal morbidity from tocolysis, preterm 
premature rupture of membranes, abruption, chorioam-
nionitis, and fetal distress. However, unlike open fetal 
surgery, the risk of uterine dehiscence is not an issue, 
and delivery by cesarean section is not mandatory. We 
currently reserve fetoscopic procedures for laser photo-
coagulation for TTTS; percutaneous fetal endoscopic 
tracheal occlusion for congenital diaphragmatic hernia 
(CDH); and for the management of other rare cases such 
as chorioangioma, vasa previa, and amniotic band syn-
drome (ABS).

CONDITIONS TREATED WITH A FETOSCOPIC 
PROCEDURE
Placental laser photocoagulation for twin-to-twin 
transfusion syndrome

TTTS occurs in 9%–15% of monochorionic twin pregnan-
cies and represents the most important cause of mortality 
in such pregnancies; it typically becomes clinically evident 
between 16 and 26 weeks gestation.24,25 The pathology is 
usually explained by unbalanced circulatory sharing 
between twins. There are four types of placental vascular 
anastomoses: arteriovenous, venoarterial, arterio-arterial 
(AA), and veno-venous. AV and venoarterial anastomo-
ses are unidirectional and result when a placental surface 
vessel from each twin connects to a common cotyledon. 
AA and veno-venous anastomoses are connections on the 
surface of the placenta that have the potential for either 
unidirectional or bidirectional blood flow. AV anastomoses 
allow flow in one direction only and therefore may create 
imbalance in interfetal circulatory shifts, potentially lead-
ing to TTTS. Bidirectional AA anastomoses are believed 
to protect against the development of TTTS. Although 
these vascular anastomoses are an anatomic prerequisite 
for the development of TTTS, the pathogenesis of TTTS is 
probably more complex than a simple transfer of red cells.

The imbalance in circulating blood volume that results 
from these anastomoses leads to cardiovascular responses 
that eventually become maladaptive. Although the donor 
twin usually maintains normal cardiac function, hyper-
volemia in the recipient twin results in increased preload, 
leading to right ventricular hypertrophy, and eventually 
hypertension and cardiomyopathy. The increased systemic 
pressure may also result in increased right ventricular after-
load and diminished right heart output, contributing to 
acquired pulmonic stenosis26 and eventually fetal death. 
The development of right ventricular outflow obstruction 
is observed in close to 10% of all recipient twins. Recipient 
twins who demonstrate cardiac compromise generally have 
poorer survival than their donor twin, while recipients with 
normal cardiac function may show improved survival.

In an attempt to standardize nomenclature for this con-
dition, Quintero et al. (1999) proposed classifying TTTS 
into five stages based on the degree of fetal compromise 
(Table 13.4). The diagnosis of TTTS is based on stringent 

sonographic criteria of amniotic fluid and bladder filling 
discordance. In the donor twin, there is oliguric oligohy-
dramnios with a deepest vertical pocket (DVP) of 2 cm 
or less. In contrast, the recipient twin presents with poly-
uric polyhydramnios and a DVP cutoff of 8 cm or greater 
before 20 weeks and 10 cm or greater after 20 weeks. In the 
United States, an 8-cm DVP cutoff throughout gestation is 
used. The differential diagnosis includes monoamnionic-
ity, discordant growth, isolated polyhydramnios or oligo-
hydramnios, and severe intertwin hemoglobin differences 
at the time of birth. Although the Quintero staging system 
predicts outcome to a certain extent, it is better to use it to 
reflect the more severe manifestations of disease than as 
an indicator of the time sequence of progressive disease.

It remains difficult to identify those monochorionic twin 
pregnancies that will develop TTTS. Conflicting results 
have been reported regarding nuchal translucency and 
crown–rump length discordance for predicting adverse 
obstetric outcomes such as TTTS.25,27 A recent multicenter 
study of monochorionic diamniotic (MCDA) twin preg-
nancies showed that intertwin discordance in the first 
trimester (nuchal translucency and crown–rump length) 
was not predictive of adverse obstetric and neonatal out-
comes.24 However, there is some evidence to suggest that 
early second-trimester ultrasound examination showing 
abdominal circumference and estimated fetal weight dis-
cordance may be associated with an increased risk of sub-
sequent adverse obstetric outcome.28 Nevertheless, given 
that vascular anastomotic patterns and flows may change 
unpredictably with placental expansion, it may be impos-
sible to predict the development of TTTS accurately. We 

Table 13.4 The Quintero classification system for 
twin-to-twin transfusion syndrome.

Stage Classification

I T here is a discrepancy in amniotic fluid volume with 
oligohydramnios of a maximum vertical pocket 
(MVP) ≤2 cm in one sac and polyhydramnios in 
other sac (MVP ≥ 8 cm).a The bladder of the donor 
twin is visible, and Doppler studies are normal.

II T he bladder of the donor twin is not visible (during 
length of examination, usually around 1 hour), but 
Doppler studies are not critically abnormal.

III D oppler studies are critically abnormal in either 
twin and are characterized as abnormal or 
reversed end-diastolic velocities in the umbilical 
artery, reverse flow in the ductus venosus, or 
pulsatile umbilical venous flow.

IV A scites, pericardial or pleural effusion, scalp edema, 
or overt hydrops present.

V One or both babies are dead.

Source: Adapted from Quintero RA et al. J Perinatol, 19(8 Pt 1):550, 
1999.

a Most European centers use a cutoff of 10 cm for gestation over 20 
weeks. For presentations earlier than 18 weeks, cutoffs have not 
been agreed upon.
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recommend that all monochorionic twin pregnancies be 
monitored by ultrasound evaluation every 2 weeks from 
16 weeks onward. At these examinations, relative amniotic 
fluid volume, bladder filling, growth, and visualization of 
a free-floating intertwin membrane, should be evaluated. 
The role of Doppler studies in early twin pregnancy evalu-
ation, and in those unaffected by TTTS, is still debated. 
Patients should be informed of the symptoms of TTTS 
and advised to seek immediate medical advice if they 
notice rapidly increasing abdominal girth or premature 
contractions.

Fetal echocardiography is recommended in all mono-
chorionic twins because the risk of cardiac anomalies is 
increased ninefold in MCDA twins. The prevalence of 
congenital cardiac anomalies has been reported to be 2% 
in otherwise uncomplicated MCDA gestations and 5% in 
cases of TTTS, with a higher incidence of lesions seen in 
recipient fetuses.29 Functional fetal echocardiography 
will form an important adjunct in the management of 
TTTS cases, but just how it will prove to be useful is not 
established.

The mortality rate for untreated progressive midtrimes-
ter TTTS is approximately 90%.30 The goal of intervention 
is to restore more equitable blood flow between the twins 
and to halt or reverse cardiac decompensation in either 
fetus. Even with the latest treatment modalities, the risk of 
adverse outcome remains significant. Following treatment 
the pregnancy must be monitored carefully until deliv-
ery since complications of ongoing TTTS and/or the laser 
therapy occur. Therefore, the option of pregnancy termi-
nation should be part of patient counseling. The treatment 
options for TTTS include expectant management and early 
delivery, selective fetal reduction, amnioreduction, amni-
otic septostomy, and laser photocoagulation of the surface 
placental anastomoses; all except selective reduction have 
been evaluated in randomized trials.31–33 The Eurofetus 
RCT, which involved 142 enrolled patients with stages I–
IV disease diagnosed between 16 and 26 weeks gestation 
is currently the best available data on optimal treatment 
for TTTS. This study showed a significantly higher likeli-
hood of survival for at least one twin to 28 days of life (76% 
vs. 56%)34 in the laser group when compared with amnio-
reduction. Another RCT in the United States, comparing 
laser coagulation with amnioreduction, was discontinued 
because of poor recruitment. In this small trial, the 30-day 
survival rate of at least one twin was 65% with laser treat-
ment and 75% with amnioreduction.35 Several factors may 
explain the lower survival rate in this RCT, including low 
patient numbers and relatively limited operator experi-
ence with the laser coagulation technique.

The laser photocoagulation is carried out using a diode 
or YAG laser and a 400 or 600-µm fiber inside a fetoscope 
that is introduced into the uterus via a 9-12F ported vas-
cular catheter that is placed under ultrasound guidance. 
Under fetoscopic vision, the surface placental vessel anas-
tomoses are identified and ablated.

Although a few programs offer intervention for stage 
I TTTS (currently being studied in an international 

RCT—NCT01220011), most programs consider only 
patients with Quintero stage II–IV TTTS or stage I with 
extenuating circumstances (rapidly worsening polyhy-
dramnios, cardiac signs suggestive of impending compro-
mise) for laser photocoagulation. The GA beyond which 
laser photocoagulation is typically not offered differs 
between programs, with some centers not offering this 
therapy after 24 weeks of gestation and others not offering 
it after 25 or 26 weeks of gestation. There has recently been 
a call to consider offering laser therapy before 17 weeks 
and after 26 weeks of gestation based on data suggesting 
equivalent outcomes.36 This has, however, not been uni-
versally adopted and further research is needed.

Different surgical techniques have been proposed for 
performing fetoscopic laser ablation.37,38 Initially, non-
selective laser coagulation of placental vessels was per-
formed, whereby any vessels that crossed the intertwin 
membranes (membranous equator) were coagulated.37

Selective laser coagulation of placental vessels (SLCPV) 
was subsequently reported, in which anastomoses crossing 
between the twins’ vascular equator were identified and 
coagulated.38 Chalouhi et al.39 proposed a SLCPV proce-
dure with subsequent surface coagulation of the placenta 
between the ablated anastomotic sites in order to create a 
physical separation of the donor and the recipient vascu-
lar territories on the surface of the placenta. This surgical 
procedure is known as “Solomonization” or the “Solomon 
technique.” In a controlled trial, 274 pregnant women 
with TTTS were randomized to standard laser coagula-
tion or coagulation of the entire vascular equator. Laser 
coagulation of the entire vascular equator was associated 
with a significant reduction in twin anemia polycythemia 
sequence (odds ratio [OR] 0.16, 95% CI 0.05–0.49) and 
reduced recurrence of TTTS (OR 0.21, 95% CI 0.04–0.98), 
but no difference in perinatal mortality or severe neonatal 
morbidity.40 The superiority of the Solomon technique has 
also been reported in other studies.41

A complete anterior placenta presents a technical chal-
lenge by limiting where the fetoscope can be inserted. A 
number of different techniques have been evaluated in 
an attempt to optimize outcomes. These include midline 
laparotomy and exteriorization of the uterus,42 and the use 
of intracannula laser deployment.43 Failure to adequately 
visualize the vascular equator (the clear area between 
the surface vessels fanning out from each of the two cord 
insertions) on the placental surface significantly impedes 
the ability to satisfactorily ablate all of the anastomoses 
that may exist. The more acute the angle of incidence of 
the fetoscope to the placental surface, the less effective the 
laser energy will be, and the more difficult the visualization 
becomes, because of the semirigid nature of the fiber optic 
fetoscopes used. In cases where there is no viable access 
point, our team uses a laparoscopic assisted approach, as 
described above. This allows the operator to view the anas-
tomoses in a more direct fashion enabling a better oppor-
tunity for successful ablation of the anastomoses.44

Feto-fetal transfusion syndrome (FFTS) has been 
described in both dichorionic and monochorionic triplet 
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gestations. FFTS may occur in 5% of dichorionic trip-
lets, and in approximately 8% of monochorionic trip-
lets.45 Given the high risk for perinatal demise in cases of 
 early-onset FFTS in monochorionic–triamniotic or dicho-
rionic–triamniotic triplet pregnancies, it appears that 
laser photocoagulation of communicating anastomoses 
can lead to improved neonatal survival but is technically 
more challenging and potentially associated with lower 
success rates.45

Congenital diaphragmatic hernia

The incidence of CDH varies between 1 and 5 per 10,000 
live-born infants, making it a rare disease.46 The exact eti-
ology of the condition remains unknown. Most cases are 
left sided, and 13% are right sided; bilateral lesions, com-
plete agenesis, and other rarities comprise fewer than 2%. 
CDH can occur in association with other anomalies or as 
an isolated condition.

Prenatal diagnosis of CDH is based on several classic 
ultrasound findings, including abdominal organs (stom-
ach, intestines, liver) seen within the thoracic cavity, dis-
placement of the heart to the hemithorax contralateral 
to the defect, cardiac axis shift, and polyhydramnios. 
Magnetic resonance imaging (MRI) is useful to confirm 
the diagnosis of CDH in cases of equivocal sonographic 
findings.

Between 26% and 58% of fetuses with CDH have addi-
tional unrelated anomalies that may or may not be associ-
ated with a genetic syndrome. Associated anomalies include 
cardiac, renal, central nervous system and gastrointestinal 
malformations.47 Such cases are usually not considered 
candidates for fetal therapy because the poor survival rate. 
Genetic counseling and amniocentesis are offered.

Over the past 30 years, the overall survival of neonates 
with isolated CDH has increased from 50% to 80%48 and 
this is primarily attributable to significant advances in 
postnatal care with multiple modalities including the use 
of extracorporeal membrane oxygenation, nitric oxide, 
and sophisticated ventilator technology and strategies.49

After the diagnosis of CDH, the first goal is to exclude 
additional abnormalities. Karyotyping is an essential 
step, but the finding of normal chromosomes does not 
exclude other genetic conditions and syndromes. The 
most widely used prediction methods of CDH outcomes 
are based on assessment of lung size and determination 
of liver herniation into the thorax by ultrasound, with 
the so-called lung-to-head ratio (LHR). At the level of the 
four-chamber view, the area of the lung contralateral to 
the lesion is measured. The impact of pulmonary hypo-
plasia is estimated by calculating the lung area divided by 
the head circumference, measured in the standard bipa-
rietal view.

Today, the fetal therapy for severe CDH is percutaneous 
fetoscopic endoluminal tracheal occlusion (FETO). The 
procedure is believed to work because it prevents egress 
of lung fluid, thereby increasing airway pressure, which 
promotes pulmonary tissue proliferation, increases alve-
olar airspace, and encourages maturation of pulmonary 

vasculature. The balloon is inserted at 26–28 weeks ges-
tation and then the occlusion is reversed by removal at 
34 weeks. The latter intervention was included mainly 
because of experimental observations indicating that 
this would improve lung maturation.50,51 Once the bal-
loon has been removed delivery can occur according to 
obstetric principles. In the event that the patient labors 
before the balloon has been removed, an EXIT procedure 
is required to safely relieve the tracheal obstruction while 
on placental circulation. In rare cases, balloon removal 
or deflation has been achieved under emergency condi-
tions postnatally by direct laryngoscopy or percutaneous 
puncture.

The European FETO (percutaneous fetal endoscopic 
tracheal occlusion) Task Force reported that fetal endo-
scopic tracheal occlusion in 201 patients52 was compli-
cated by premature preterm rupture of the membranes 
(PPROM) within 3 weeks in only 16.7%. On the basis 
of stratified data from the prenatal CDH registry, FETO 
therefore increased survival in severe cases with left-sided 
CDH from 24.1% to 49.1%, and in right-sided from 0 to 
35.3% (p < .001).50,52 In a more recent trial, patients with 
severe fetal CDH were randomized to fetoscopic endotra-
cheal occlusion (n = 20) or standard postnatal manage-
ment (n = 21). Fifty percent of fetuses in the fetoscopic 
endotracheal occlusion group survived to 6 months of 
age, compared with only 4.8% in the postnatal treatment 
group.53 It should be noted that in this trial ECMO was 
unavailable for either group.

The efficacy of the FETO in utero intervention remains 
inconclusive, and thus it is still considered experimental 
and should only be performed under a monitored research 
protocol.

Other conditions treated with fetoscopic 
procedures

Amniotic band syndrome

ABS is a rare prenatal complication that occurs in 1/3000 
to 1/15,000 pregnancies resulting in live birth. This syn-
drome can lead to fetal death from umbilical cord strangu-
lation and/or congenital limb deformity or loss, presumed 
to result from ischemia caused by constriction bands that 
interfere with vascular perfusion.54 The underlying caus-
ative factors and the pathophysiology of amniotic bands 
remain unclear. Membrane rupture, either spontaneous 
or iatrogenic, appears to account for the majority of cases 
but congenital anomalies of the amniotic membranes have 
also been implicated.55

Fetoscopic release of amniotic bands with minimally 
invasive surgery has been performed, and may allow 
preservation of life and/or limb function in cases of ABS. 
When possible the fetoscopic release of amniotic bands 
can be performed via a fetoscope using a laser or scissors 
in the amniotic fluid. The acceptable functional outcome 
in 50% of cases is reassuring, although more experience 
and further studies are needed to determine the selection 
criteria that will justify the risk of this invasive in utero 
therapy for ABS.56
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Vasa previa

Vasa previa is a very rare complication in pregnancy and 
may be classified as either type 1 (velamentous umbili-
cal cord with fetal blood vessels traversing the internal 
cervical os) or type 2 (fetal vessels crossing membranes 
between the two lobes of a bilobed placenta such that the 
vessels traverse the internal cervical os).57 Vasa previa have 
been associated with a high perinatal mortality rate due 
to fetal exsanguination after vessel damage at the time 
of membrane rupture. Accurate prenatal diagnosis and 
appropriate timing of cesarean delivery can improve neo-
natal outcome.58 Quintero et al. reported a few successful 
cases of intrauterine laser photocoagulation of type 2 vasa 
previa.58,59

Our team performed in utero laser photocoagulation 
of vasa previa vessels at 29 4/7 weeks of gestation in a 
pregnancy also complicated by a fetus with a large neck 
mass compromising the airway. The patient underwent a 
controlled EXIT procedure at 34 4/7 weeks of gestation 
following membrane rupture with good neonatal out-
come.43 We do recognize that this form of intervention 
has a limited scope and that the prenatal diagnosis and 
characterization of the type of vasa previa and proportion 
of placenta affected, has to be carefully assessed to ensure 
that an individualized plan of care is developed for each 
case considered.

Chorioangioma

A chorioangioma is a placental tumor that is composed of 
an abnormal proliferation of blood vessels. The majority of 
placental chorioangiomas are asymptomatic, and usually 
escape clinical and sonographic detection, especially those 
measuring less than 4 cm in diameter. In contrast, those 
larger than 4 cm, although rare, may be associated with 
adverse perinatal complications. A large chorioangioma 
may act as a peripheral AV shunt, leading to high-output 
cardiac failure, fetal disseminated intravascular coagulop-
athy, fetal anemia and thrombocytopenia, cardiomegaly, 
and ultimately nonimmune hydrops. Other complications 
include polyhydramnios, premature delivery, and fetal 
growth restriction. The overall associated perinatal mor-
tality is 30%–40%.60

Several fetal therapeutic approaches have been 
employed to interfere with the vascular supply to the 
tumor and reverse fetal heart failure. Endoscopic laser 
ablation appears to be the most commonly used thera-
peutic modality, and has been associated with a favorable 
outcome.61,62

FETAL INTERVENTIONS GUIDED BY SONOGRAPHY 
(FIGS): TECHNIQUE AND COMPLICATIONS
The procedural approach for these procedures is identical 
to the fetoscopy approach described above, including fetal 
analgesia.

For vesicoamniotic shunt, the fetal abdominal wall and 
bladder are punctured using a trocar, through which the 
double pigtail catheter is passed (Harrison shunt or Rocket 
catheter). The distal end is positioned in the fetal bladder 

and the proximal end is deployed in the amniotic space. 
For thoracoamniotic shunt, we use the same double pigtail 
catheter. To optimize shunt placement, careful consider-
ation needs to be given to the previously observed pattern 
of cyst involution during drainage. For shunt placement 
in the left thorax, it is important to ensure that the shunt 
enters the fetal chest at the superior and lateral left aspect 
of the macrocyst to encourage upward and lateral involu-
tion of the cyst. Placement of the shunt in the midclavicu-
lar line is not recommended because of the increased risk 
of displacement and potential for interfering with normal 
restoration of mediastinal structures.

Complications of FIGS include catheter displacement, 
occlusion from thrombus material, procedure-related 
placental abruption, premature rupture of membranes, 
preterm labor, preterm birth, although less common than 
open fetal surgery and fetoscopic procedures. We currently 
reserve FIGS procedures for vesicoamniotic shunt in lower 
urinary tract obstruction (LUTO); thoracoamniotic shunt 
in fetuses with pleural effusion (PE) or fluid-filled spaces 
occupying chest lesions; balloon valvuloplasty in critical 
aortic or pulmonary stenosis; and RFA or bipolar coagu-
lation for management of anomalous multiple gestations.

CONDITIONS TREATED WITH FETAL INTERVENTIONS 
GUIDED BY SONOGRAPHY
Lower urinary tract obstruction

LUTO is a descriptive term for a number of heterogeneous 
conditions, related to the anatomical anomalies of the blad-
der neck The most common are posterior urethral valves 
(PUV) due to an obstructing membrane in the proximal 
male urethra, and urethral atresia in either male or female 
fetuses63 Complete obstruction is associated with major 
consequences, including bladder dilation, hydroureterone-
phrosis, renal dysplasia, and, as a result of anhydramnios, 
pulmonary hypoplasia and skeletal deformities; Almost 
45% of cases of severe obstruction end in neonatal death.64

LUTO is commonly diagnosed during the fetal anat-
omy ultrasound examination at 18–20 weeks of gestation. 
Sonographic findings include a dilated posterior urethra 
(the “keyhole sign”), an enlarged bladder (megacystis), and 
either unilateral or bilateral hydronephrosis with or with-
out renal parenchymal cystic appearances (cystic kidney 
disease).

Because untreated LUTO can result in lethal pulmonary 
hypoplasia and renal failure in the neonate, careful selec-
tion of candidates for antenatal intervention is paramount 
to ensure that procedures to relieve LUTO are offered 
only to fetuses with sufficient renal function. A detailed 
ultrasound examination should be performed to exclude 
coexisting anomalies. Amnioinfusion may be helpful in 
some cases to improve visualization of the fetal anatomy. 
The fetal gender should be confirmed, as the presence of 
a female fetus significantly increases the likelihood of 
complex malformations, including urethral atresia, per-
sistent cloaca, or megacystis microcolon intestinal hypo-
peristalsis syndrome. Assessment of the fetal karyotype 
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should be offered to exclude aneuploidy and in our cen-
ter we perform placental biopsy or fetal blood sampling 
rather than vesicocentesis (anhydramnios) or amniocen-
tesis (severe oligohydramnios) in order to ensure adequate 
tissue for karyotype. Usually fetal renal function cannot 
be determined with a single urine sample. The best predic-
tion is obtained by two or more sequential vesicocenteses 
several days apart. The commonly recognized prognostic 
thresholds are shown in Table 13.5.65 Examination of fetal 
urine samples obtained by vesicocentesis may provide 
some information about the degree of renal impairment, 
although the potential for predicting postnatal renal func-
tion using these indices was questioned in a 2007 system-
atic review of 23 studies.66

In our center, our procedure is to obtain urine for bio-
chemical testing as part of the initial evaluation (along with 
karyotype, echocardiogram, and full anatomic scan). If the 
initial biochemistry is favorable vesicoamniotic shunting 
may be considered without a second specimen. If the results 
are unfavorable, a second specimen is obtained 48 hours 
later and tested. If unfavorable, shunting is not currently 
offered. In the future proteomic and metabolomic evalua-
tion of fetal urine and/or blood may offer better prognostic 
information67 but this is not currently the standard of care.

Ruano et al. reported on the ablation of PUVs using 
fetal cystoscopy combined with either mechanical or laser 
disruption of the valves. It is possible that this approach 
may prevent renal deterioration and improve postnatal 
outcome.68 Because of the limitations of the currently 
available equipment, and the potential for fistula forma-
tion following laser fulguration, it is still too early for fetal 
cystoscopy to be translated into clinical practice outside of 
a research trial.69

The Percutaneous Vesicoamniotic Shunting versus 
Conservative Management for Lower Urinary Tract 
Obstruction (PLUTO) trial was performed to assess the 
effectiveness of vesicoamniotic shunting. Unfortunately 
this trial was stopped after only 31 patients because of poor 
recruitment and the required sample size of 150 was never 
reached. Despite the small sample size, the as-treated 
analysis showed that shunted fetuses had better survival 
than nonshunted fetuses (RR 3.30, 95% CI 1.02–9.62, p = 
.03). No conclusions could be made regarding the benefit 

(or lack thereof) of vesicoamnionic shunting on long-term 
renal function.70

Selective feticide for monochorionic, diamniotic 
twin pregnancies

MCDA twin pregnancies can be complicated by significant 
clinical problems, such as severe discordant malforma-
tions, twin-reversed arterial perfusion (TRAP) sequence, 
TTTS, or severe selective intrauterine growth restriction 
(IUGR). In many situations, selective termination of one 
fetus may be necessary in order to optimize the chances of 
survival of the normal co-twin. The presence of vascular 
connections leads to unacceptable risks if intrafetal injec-
tion is used as a method of selective termination.

A variety of occlusive techniques have been used to 
achieve selective termination in monochorionic twin 
pregnancies. Needle-based coagulation techniques using 
laser, monopolar, and radiofrequency energy involve the 
insertion of a 14- to 17-gauge needle into the fetal abdo-
men under ultrasound guidance, aiming for the intra-
abdominal rather than umbilical vessels. This technique 
is attractive for its simplicity, the smaller membrane defect 
produced, and the intuitive expectation that the risk for 
PPROM would be less. RFA has been become more popu-
lar. It is potentially a less invasive option that utilizes an RF 
electrode with a 17-gauge (1.4-mm-diameter) probe and is 
performed solely under ultrasound guidance. Ultrasound-
guided bipolar cord coagulation (BCC) has been also 
introduced for later GAs. There are 2.4- or 3.0- mm reus-
able or disposable forceps available, depending on the 
target cord diameter. Under ultrasound guidance, a por-
tion of the umbilical cord is grasped, and coagulated. 
Bebbington et al. published a retrospective review of 58 
cases of RFA compared with 88 cases of BCC. Despite the 
smaller-caliber instrument for RFA, there appeared to be 
no advantages in terms of obstetric outcomes.71

Thoracoamniotic shunting

Fetuses with PE or fluid-filled spaces occupying chest 
lesions may be candidates for shunt placement. The most 
commonly diagnosed lung lesions include CCAMs, bron-
chopulmonary sequestrations (BPS), and hybrid lesions.72

A small number of fetuses will present with a lung lesion 
or PE large enough to cause mediastinal shift and com-
pression of the heart and lungs bilaterally. These fetuses 
are at an increased risk of developing pulmonary hypo-
plasia and/or hydrops fetalis. Hydrops, in itself, may be a 
predictor of impending fetal demise.73 Additionally, even 
in the absence of hydrops, pulmonary hypoplasia is associ-
ated with significant morbidity and mortality in the peri-
natal period.74 Thus, fetuses with congenital lung lesions or 
primary PEs resulting in a significant intrathoracic mass 
effect and risk for pulmonary hypoplasia and/or hydrops 
without other anatomical or chromosomal abnormali-
ties may be candidates for fetal intervention. The mode of 
intervention is dependent on the type of lesion (microcys-
tic vs. macrocystic vs. PE) as well as the GA of the fetus. 
For hydropic fetuses after 32 week’s gestation, delivery is 

Table 13.5 Prognostic urine values for selection of fetuses 
for prenatal intervention.a

Good prognosis Poor prognosis

Sodium <90 mmol/L >100 mmol/L
Chloride <80 mmol/L >90 mmol/L
Osmolality <180 mOsm/L >200 mOsm/L
Calcium <7 mg/dL >8 mg/dL
Total protein <20 mg/dL >40 mg/dL
β2-Microglobulin <6 mg/L >10 mg/L

Source: Muller FI et al., Clin Chem, 42(11), 1996.
a Based on the last urine specimen obtained by serial bladder drain-

age at 24- to 48-hour intervals between 18 and 22 weeks’ gestation.
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typically recommended. However, it has been proposed 
that intervention be considered up to 37 weeks, with a 
rationale of potentially improving hydrops while the fetus 
remains on placental support, allowing further lung mat-
uration75,76 and recovery without the stress of the hemody-
namic changes associated with the neonatal period.

Severe PEs and space-occupying fluid-filled chest 
lesions may increase hydrostatic pressure within the 
fetal thorax causing pulmonary hypoplasia or compres-
sion of the fetal heart, leading to cardiac decompensation 
and nonimmune hydrops. A detailed evaluation of the 
fetal anatomy and a fetal echocardiogram are essential. 
Karyotyping of the fetus is recommended because of the 
association of aneuploidy with PE.77 Maternal blood type, 
antibody status, Kleihauer–Betke testing, virology testing, 
including toxoplasmosis, rubella, cytomegalovirus, herpes 
simplex virus, and parvovirus B19 are also recommended 
in the evaluation.

The National Institute for Health and Clinical Excellence 
Guidelines state that invasive fetal therapy for fetal hydro-
thorax should be restricted to fetuses with primary or iso-
lated effusions resulting in hydrops.78 Some experienced 
clinicians have suggested that criteria for intervention 
should include the following: fetal hydrops with the PE as 
the likely etiology, isolated PE without hydrops occupying 
more than 50% of the thoracic cavity, a shift in medias-
tinum, rapid increase in lesion size, polyhydramnios, or 
isolated effusion without associated anomalies.79

Thoracocentesis under ultrasound guidance is generally 
the first approach with removal of as much pleural fluid 
as possible. The fluid should be assessed for lymphocyte 
count to determine if it is a chylothorax (accumulation of 
lymph). A high lymphocyte count (usually greater than 
80%) will confirm a chylothorax. After fluid drainage the 
fetus can be assessed for the degree of lung re-expansion, 
and the lungs can be evaluated to rule out underlying 
abnormalities. Fetuses in whom the effusion rapidly reac-
cumulates may benefit from placement of a thoracoamni-
otic shunt.

Another congenital abnormality that may benefit from 
thoracoamniotic shunting is CCAMs.80 The CCAM vol-
ume ratio (CVR) has been proposed as a prognostic mea-
sure for the development of hydrops. The CCAM volume 
(in milliliters) is sonographically measured by using the 
formula for an ellipse: CCAM volume = length × height 
× width × 0.52, CVR = CCAM volume/head circumfer-
ence. When the CVR is greater than 1.6, an 80% risk for 
fetal hydrops is predicted.81 Our protocol for sonographic 
 follow-up, based on the CVR, is weekly for CVR <1.2, 
twice weekly for CVR 1.2–1.6, and even more often for 
a CVR >1.6. For fetuses with macrocystic CCAMs who 
develop hydrops, fetal intervention to protect residual 
lung tissue should be considered because of the poor 
prognosis of expectant management. In a review by Knox 
et al.82 in utero therapy was associated with significantly 
improved survival in hydropic fetuses.

Fetal pulmonary lesions should be evaluated using color 
Doppler to differentiate CCAMs from bronchopulmonary 

sequestration (a lesion that is associated with systemic 
blood supply from an anomalous aortic vessel). MRI is a 
useful tool for imaging fetal chest masses, and can aid in 
distinguishing CCAMs from other intrathoracic lesions, 
localizing the lesion to a specific lobe, and for visualizing 
the compressed normal lung. An echocardiogram is sug-
gested to rule out cardiac anomalies and to evaluate car-
diac function in cases of evolving or fulminant hydrops. 
A karyotype is not indicated for CCAMs unless associ-
ated anomalies are present. At present, the benefit and 
safety of thoracoamniotic shunting in fetuses with mac-
rocystic lesions and no hydrops has yet to be determined. 
Our group has noted that even once a fetus with a chest 
mass has developed hydrops, unless the hydrops is asso-
ciated with cardiac decompensation, intervention may be 
unnecessary.83

Congenital heart defects

Severe aortic stenosis usually presents in midgestation with 
severe left ventricular (LV) dysfunction and an enlarged 
left ventricle. There is subsequent progressive LV dysfunc-
tion evolving to hypoplastic left heart syndrome (HLHS). 
Despite improvement in neonatal care this cardiac anom-
aly is still associated with poor outcomes. This cardiac 
malformation has become the chief indication for antena-
tal intervention. Despite initially disappointing attempts 
with prenatal balloon valvuloplasty for aortic stenosis, 
researchers in Linz, Austria, and in Boston, MA, pursued 
the idea of prenatal intervention for severe cases. There is 
a window of time during which fetal aortic valvuloplasty 
may be successful in preserving LV function and prevent-
ing single ventricle physiology and this has been shown 
to reduce short-term and long-term morbidity and mor-
tality.84 The group at Boston Children’s Hospital reported 
promising results with 43% of all live-born patients (n = 
100) achieving a biventricular circulation.85

Fetal cardiac interventions may be performed under 
general or regional anesthesia. For HLHS, once the fetus 
is motionless a needle (17–19 gauge depending on the pro-
cedure and fetal size) is inserted into the fetal left ventricle 
at the level of the apex and in alignment with the left ven-
tricular outflow tract. A guide wire and a catheter with a 
coronary dilation balloon are advanced through the aortic 
valve, which is dilated to 120% of the annulus. There are 
no specifically designed, commercially available intracar-
diac devices for fetal interventions,. Needles chosen for 
the procedure should be as small as possible and must 
allow convenient insertion of the balloon system of choice. 
Similar percutaneous cardiac balloon procedures have 
been proposed for HLHS with a highly restrictive foramen 
ovale (atrial septostomy) and for pulmonary atresia with 
an intact ventricular septum.86

After a successful procedure, the needle and balloon 
catheter are withdrawn from the fetal heart and maternal 
abdomen. In most cases a fetal pericardial effusion will 
occur and if this causes bradycardia, or appears to be rapidly 
expanding, it needs to be drained using a 22- or 20-gauge 
needle. Fetal bradycardia is quite common following these 
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procedures, and resuscitation drugs  including epineph-
rine, atropine, calcium, and bicarbonate should be avail-
able for intracardiac administration.

EX UTERO INTRAPARTUM TREATMENT
The principles of the EXIT procedure were first developed 
for reversing tracheal occlusion performed in fetuses with 
severe CDH. The EXIT procedure offers the advantage of 
ensuring uteroplacental gas exchange while on placental 
support, and delaying the need for a patent airway or ven-
tilation. To permit optimal uteroplacental perfusion and 
hence ample time to perform a potentially complex fetal 
airway procedure, EXIT is done under maximal uterine 
relaxation, typically provided by deep inhalational gen-
eral anesthesia. The maternal anesthetic protocol typi-
cally involves rapid sequence induction with propofol, 
rocuronium bromide, and remifentanil, followed by 
intubation and maintenance of anesthesia by propofol, 
remifentanil, and minimum alveolar concentration of 
sevoflurane in oxygen. Sevoflurane is preferred to isoflu-
rane because of its faster onset of action and faster elimi-
nation to reverse uterine relaxation after cord clamping. 
In this procedure, a hysterotomy is created with a stapling 
device using absorbable staples (identical to the one used 
for hysterotomies for fetal surgeries, described above), 
and the fetal head and shoulders are delivered through 
the incision. While the placenta is still providing gas 
exchange, fetal intubation by laryngoscopy or rigid bron-
choscopy, tracheostomy, or even tumor resection can be 
performed to establish an airway. Bleeding from the uterus 
is controlled by the staples on the edge of the hysterotomy 
incision. Coordination between the surgeon and anesthe-
siologist regarding the timing of decreasing the inhaled 
anesthetic and the administration of oxytocin will adjust 
the balance of uterine relaxation and increased tone. To 
avoid the collapse of the uterine cavity and possible trig-
gering of placental separation as well as umbilical cord 
compression, warm saline can be infused into the uterus. 
In addition umbilical arterial and venous catheters allow 
for adequate vascular access for perinatal resuscitation.

The range of indications for the EXIT procedure has 
expanded and currently includes giant fetal neck masses, 
lung or mediastinal tumors, EXIT to extracorporeal 
membrane oxygenation (ECMO) and fetuses with con-
genital high airway obstruction syndrome (the absence or 
blockage of the larynx or trachea).87,88 In one review of 52 
cases, the average operating time available while remain-
ing on the placental circulation was 45 ± 25 minutes and 
the average blood loss was 970 ± 510 mL.89 However, 
this review also noted that successful completion of the 
EXIT procedure without fetal or maternal complications 
has been reported for as long as 150 minutes on placental 
circulation.

Placental histopathology has identified coagulopathy 
changes in cases undergoing EXIT. Thrombotic com-
plications are not usually considered among the risks 
for EXIT procedures, however this has now been docu-
mented, leading to the potential for adverse short-term 

and long-term outcomes. Thus, the possibility of resid-
ual neonatal coagulopathy should be considered in 
the management of fetuses and neonates delivered by 
EXIT.90

THE FUTURE OF FETAL SURGERY
It is quite possible that some recent advances in feto-
scopic surgery may revolutionize the field. The authors 
and others90–96 believe that with appropriate maternal 
anesthetic management and careful surgical technique 
to protect the fetal membranes, CO2 gas may be intro-
duced into the human uterus at or beyond 22 weeks 
to allow the development of a new surgical space in 
which fetal surgical procedures can be performed. 
These include fetal neural tube repair, amniotic band 
dissection and extirpation, and removal of shunts.91–98

Our current method involves a maternal laparotomy 
to expose the uterus, allowing positioning of the fetus 
and the affected area of the body under the access point. 
Two or three vascular access ports (7F–16F in size) can 
then be placed through the uterine wall, and a variety 
of endoscopic instruments and cameras can be used. 
While there is a theoretical risk of CO2 causing fetal 
acidosis, fetal sheep experiments have suggested that 
maternal hyperventilation can reduce the risk of this95

and we have yet to see evidence of severe acidosis dur-
ing a fetoscopic case that is attributable to CO2 toxicity. 
Others have attempted percutaneous fetoscopy in gas to 
repair fetal NTDs, but currently that approach has been 
hampered by excessive rates of preterm premature rup-
ture of the membranes and preterm delivery.93,96 This 
may be due to technical issues related to less protec-
tion of the membranes using a percutaneous technique 
than can be directed using an open abdomen tech-
nique. Clearly, the percutaneous technique is less inva-
sive.96 Going forward the risk of maternal laparotomy 
to enable a delivery after 35 weeks of gestation without 
PPROM versus a percutaneous approach without lapa-
rotomy but which results in a delivery closer to 34 weeks 
with an increased risk of PPROM must be settled.

Fetoscopy in CO2 gas is clearly an experimental 
area and should only be attempted under appropriate 
institutional review board (IRB) and Food and Drug 
Administration (FDA) oversight by experienced teams 
at high-volume fetal centers. We believe that going for-
ward, as more and more purpose-built instruments are 
developed, and more and more sophisticated technology 
is introduced, that fetoscopic surgery may replace open 
fetal surgery. The use of an upper segment hysterotomy 
has such a long-lasting and deleterious effect on the 
mother’s reproductive health that striving for a less inva-
sive option is a worthy cause.
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RUPSA BOELIG and VINCENZO BERGHELLA

DEFINITION OF CERVICAL INSUFFICIENCY (CI)
The concept of the cervix being “so slack that it cannot 
rightly … keep in the seed” was first hypothesized in the 
1658 text Practice of Physick by Rivière et al.1 In the 1940s 
and 1950s, the term “cervical incompetence” came into 
vogue, and surgical interventions were described to treat 
the “weak” cervix. Only recently have properly controlled 
scientific studies on the subject been performed.

CI, formerly known as cervical incompetence, represents 
a subgroup of preterm birth (PTB). Its definition has been 
controversial but the most accepted one is painless dilation 
leading to recurrent second-trimester losses.2 The gesta-
tional age when these second-trimester losses (preceded by 
painless dilation) occur is usually 16–28 weeks. This defini-
tion implies that the PTB is caused by a cervical problem: 
the cervix is too weak to retain the pregnancy. Historically, 
cervical “sufficiency” was viewed as a dichotomous variable: 
the cervix either is sufficient to retain the pregnancy to term, 
or it is not, leading to painless dilation and second-trimester 
loss. Recently, Iams et al.3 have convincingly shown that 
cervical sufficiency (or competence) is a continuous vari-
able. Cervical shortening, in the absence of labor or other 
symptoms, can also be considered CI in certain conditions. 

Specifically, in women with a prior spontaneous PTB (sPTB), 
a cervical length (CL) <25 mm between 16 and 24 weeks is 
on the spectrum of CI and may be treated as such. This new 
concept has opened the way for new therapeutic approaches, 
in particular ultrasound-indicated cerclage, to attempt to 
alter cervical shortening in progress before it leads to PTB. 
In theory, this approach would obviate the clinical limita-
tion of having to wait for two or more losses or PTB before 
therapeutic approaches are offered.

INCIDENCE
Given the difficulties with diagnosis, the incidence of CI 
is difficult to ascertain. CI represents only a portion of all 
PTB under 32 weeks, which is 2% in the United States and 
1% in other developed (e.g., European) nations. The best 
estimation of the incidence of CI is obtained by review-
ing the incidence of cervical cerclage, the most commonly 
employed surgical intervention for CI. The best estimates 
report a range of 0.3%–0.4%4 for the incidence of cerclage 
in the United States. It should be noted that women with 
a prior second-trimester loss have a 70%–90% chance of 
delivering at term in the subsequent pregnancy, even with-
out undergoing a cerclage.5
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ANATOMY AND PHYSIOLOGY OF THE HUMAN CERVIX
The uterine cervix is derived from the fusion of the distal 
Müllerian ducts and subsequent central atrophy. The cer-
vix consists primarily (>70%) of fibrous connective tissue, 
mostly collagen types I and III, with most of the remainder 
consisting of smooth muscle. The percentage of smooth 
muscle is more prominent in the upper (29%) than in the 
lower (6%) parts of the cervix.6 Only about 1% of cervi-
cal tissue is made of elastin. The upper limit of the cervix 
is difficult to distinguish from the uterine corpus in the 
nonpregnant woman. In pregnancy, the muscular lower 
segment of the corpus, or isthmus, distends and elongates, 
making its inferior border with the mostly fibrous cervix 
the functional internal cervical os. This sphincter-like 
region, not easy to discern to the millimeter histologically, 
helps keep the pregnancy in utero.

The strength of the cervix derives mostly from the con-
nective tissue. The amount of connective tissue in the 
cervix is directly proportional to its strength, while the 
amount of smooth muscle tissue is inversely proportional 
to its strength.6

During pregnancy, the collagen bundles of the cer-
vix become more dissociated, with fewer cross-links, 
and more soluble collagen fragments, with less hydroxy-
proline. Elastin is decreased in women with CI. Relaxin 
causes connective tissue remodeling and may play a role 
in CI. Elevated second-trimester serum relaxin has been 
related to decreased CL.

ASSOCIATIONS AND POSSIBLE CAUSES
A higher incidence of CI has been postulated in women 
exposed to diethylstilbestrol (DES) in utero7 and those 
with Ehlers–Danlos syndrome or other connective tissue 
disorders. It is very rare for a woman to have a congenital 
cause of CI, and such associations have never been proven. 
Several historical factors have been associated with CI, 
as described in Table 14.1. The overwhelming majority of 
CI cases are associated with acquired factors. Most of the 
acquired factors involve surgery or trauma to the cervix and 
can be considered iatrogenic. Ablation of cervical intraep-
ithelial neoplasia by cold-knife or laser cone biopsy or 
loop electrosurgical excision procedure (LEEP) could lead 
to CI based upon the amount of cervical tissue removed. 
Dilation and curettage (D&C) or diethylstilbestroldilation 
and evacuation (D&E) procedures, especially when more 

than one, for voluntary terminations, and even for spon-
taneous abortions, have been associated with CI. Gentle 
dilation of the cervix with laminaria before the D&C or 
D&E is recommended,8 but seldom used in clinical prac-
tice except in the second trimester. Data definitively link-
ing obstetric cervical lacerations with CI are not available.

More than just anatomic cervical defects, functional 
cervical deficiencies may play an important role. CI may 
represent a final common pathway of many causes of 
midtrimester pregnancy loss at the severe end of the spec-
trum of PTB. The main pathways leading to PTB include 
infectious, inflammatory, immunologic, uterine disten-
tion, or structural factors (Müllerian, DES, fibroids, etc.) 
and fetal abnormalities (genetic or structural/syndromic).

DIAGNOSTIC APPROACHES
Obstetrical history

A history of painless dilation leading to recurrent 
second-trimester losses is the most accepted definition of 
CI. Unfortunately, the requirement for recurrent second-
trimester losses implies that a woman must lose at least 
two fetuses before a diagnosis is made and preventive mea-
sures need to be implemented. Clinical characteristics of 
the second-trimester loss (whether the patient was symp-
tomatic of painful contractions and/or bleeding, or not) 
do not seem to predict which women will have a recurrent 
second-trimester loss.8

CI should be diagnosed with caution when second- 
trimester loss occurs in a multiple-gestation pregnancy. 
We have shown that the incidence of recurrent PTB at <24 
weeks after the early loss (mean 23 weeks) of a twin gesta-
tion when subsequently carrying a singleton gestation is 
12%, with 88% delivering at ≥35 weeks.9

These limitations of diagnostic approaches based on 
obstetric history alone have prompted exploration of pre-
pregnancy tests and diagnostic approaches during preg-
nancy in an attempt to diagnose CI before multiple losses 
occur.

Nonpregnant testing

Evaluation of the cervix in the nonpregnant state has been 
employed extensively in the past for the evaluation of CI. 
Several screening tests have been proposed, including the 
ease of passage of a no. 8 Hegar dilator, catheter traction tests 
using Foley catheters, ease of leakage of fluid during hysteros-
copy or hysterosalpingogram, measurement of the width of 
the upper cervical canal (by radiography or hysterography), 
and others. While most of these reports associate abnor-
malities of testing with prior pregnancy outcome, almost 
none of the studies report prediction of future pregnancy 
outcome. Based on a combination of these tests, cervical 
compliance scores have been proposed,10 but do not appear 
to be very predictive or clinically useful. The prediction of 
CI in a future pregnancy based on pre- or interpregnancy 
tests is therefore very poor according to current evidence. 
This might be because the functionality of cervical tissues 
may be different in the nonpregnant from the pregnant state 

Table 14.1 Conditions associated with insufficiency.

Congenital
Ehlers–Danlos syndrome Müllerian anomaly
DES exposure
Acquired (usually traumatic and iatrogenic) cone biopsy
Cold-knife laser LEEP
Multiple D&Ea

Obstetric cervical laceration

Abbreviations:  DES, diethylstilbestrol; D&E, dilation and evacuation; 
LEEP, loop electrosurgical excision procedure.

a For either spontaneous or voluntary terminations.

  



Diagnostic approaches 183

in the same woman. More research is needed in the area of 
nonpregnant testing before it can be of practical clinical use.

Testing during pregnancy

Transvaginal ultrasound CL

CI or early PTB is usually preceded by cervical opening, 
which begins to occur first at the internal os. This progres-
sive opening of the cervix “from the inside out” results in 
shorter functional length of the cervix and is not detectable 
by manual/digital evaluation of the cervix. Measurements 
of CL by transvaginal ultrasound (TVU) have been shown 
to be safe, well accepted by women, reproducible, and 
predictive of PTB. A recent review summarizes a large 
literature on this subject.11 TVU is the reference standard 
for assessment of the cervix in pregnancy for prediction 
of PTB. No clinical decisions should be based on trans-
abdominal (TA) ultrasound of the cervix alone, given its 
shortcomings.11 TVU of the cervix has better predictive 
accuracy than manual/digital evaluation of the cervix.12

Shortening and opening of the cervix starts at the internal 
os, and about three-fourths of women with asymptomatic 
short cervix on ultrasound have no appreciable changes 
by manual examination.13 Screening of cervical changes in 
pregnancy to predict PTB or CI should be done with TVU 
and not with manual examination or a different ultrasound 
technique. The technique of TVU has been well described 
(Figures 14.1–14.3).11,14 While different parameters can be 
measured, CL is the most reproducible, with low (<10%) 
inter- and intraobserver variability. Other variables, such 
as funneling, do not add significantly to the prediction 
of PTB based on CL alone (Figures 14.2 and 14.3).15 The 
shortest best multiple CL measurements after spontane-
ous or transfundal-pressure changes should be used for 
PTB prediction. A CL of 25–50 mm is normal at 14–24 

weeks in all pregnant women. In low-risk women, CL is a 
continuous variable, with a mean of 35–40 mm at 14–30 
weeks, with the lower 10th percentile being 25 mm and the 
upper 10th (90th percentile) 50 mm.16 Rarely do women 
have a short cervix under 25 mm before 14 weeks, and only 
those with a prior cone biopsy or second-trimester loss.17

Early detection of short CL before 20 weeks can predict 
second-trimester losses and CI. Many women who will 
have PTB have a short cervix first around 18–22 weeks.11,14

The earlier the short CL is detected by TVU, and the 
shorter the CL, the higher the risk of PTB. A cervix under 
25 mm has a positive predictive value (PPV) of 70% for 
PTB under 35 weeks when detected at 14–18 weeks and of 
40% when detected at 18–22 weeks in high-risk women.12

Therefore, it may be that patients at the highest risk of PTB 
(e.g., patients with possible CI, early PTB, or cone biop-
sies) may benefit from early (i.e., 14–18 weeks) ultrasound 
examination to determine their need for intervention.

Figure 14.1 The endovaginal ultrasound probe is placed 
into the anterior fornix of the vagina to obtain the correspond-
ing ultrasound image of the cervix.

(a)

(b)

Figure 14.2 Transvaginal ultrasonography (TVU) of (a) 
closed normal cervix and (b) a short cervix with significant 
funneling.
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TVU CL screening is recommended for women with a 
singleton pregnancy and a history of a prior sPTB. A large 
randomized trial and meta-analysis have demonstrated the 
efficacy of cerclage in reducing the risk of PTB <35 weeks and 
in perinatal morbidity for women with a prior sPTB and CL 
<25 mm detected prior to 24 weeks.18,19 The current recom-
mendation is for women with a prior sPTB to have biweekly 
TVU CL screening from 16 0/7 to 23 6/7 weeks, increased to 
weekly for a CL 25–30 mm, with the recommendation of an 
ultrasound-indicated cerclage for a CL <25 mm.

For low-risk women (i.e., singletons without a prior 
sPTB), universal TVU-CL screening can be considered 
(American College of Obstetricians and Gynecologists 
[ACOG], Society for Maternal-Fetal Medicine [SMFM] 
refs). These women may be screened once between 18 0/7 
and 23 6/7 weeks, with vaginal progesterone started for a 
CL ≤20 mm, as this has been demonstrated to reduce the 
risk of sPTB by ~40%.11,20,21 Even though the incidence of 
short cervix (≤20 mm) in this population is low, ~1% stud-
ies have demonstrated that CL screening is a cost-effective 
measure and is something we practice in our unit for the 
prevention of PTB.22,23 A meta-analysis has demonstrated 
that this intervention may even be beneficial to women 
with CL 21–25 mm.24

Many different populations have been screened, includ-
ing asymptomatic women with singleton, twin, and triplet 
pregnancies and symptomatic women with preterm labor 
or premature preterm rupture of the membranes (PPROM). 
Studies have been done on low-risk women, high-risk pop-
ulations, and women with a cerclage in place. The actual 
population screened has a tremendous effect on the signifi-
cance of the TVU CL results. In low-risk women carrying 
singleton gestations without prior sPTB, the sensitivity for 

PTB under 35 weeks of TVU CL under 25 mm at 22–24 
weeks was only 37%, with a PPV of only 18%.16 This means 
that 82% of these low-risk women who were found to have a 
short CL under 25 mm at 24 weeks delivered at ≥35 weeks. 
In women carrying singleton gestations but with a prior 
sPTB under 32 weeks, the sensitivity of TVU CL under 25 
mm at 16–24 weeks increased to 69%, with a PPV of 55%.15

In twin gestations, TVU CL under 25 mm in the second 
trimester has a sensitivity of 30% and a PPV of 60%.25 The 
low sensitivity may be due to the fact that multiple gesta-
tions have PTB not because of CI, but because of uterine 
overdistention. Furthermore, although some studies may 
demonstrate a benefit with vaginal progesterone, results are 
mixed, and there is insufficient evidence to recommend any 
intervention (progesterone, pessary, or cerclage) for twins 
with an asymptomatic short, but not dilated CL.24,26–30

The cervix may shorten in the second trimester, too 
early in pregnancy, for a variety of reasons. A short CL is a 
common final pathway, eventually leading to PTB. While 
some rare women can develop an early short CL because of 
an intrinsic weakness of the cervix due to a congenital dis-
order or a connective tissue disease, CI is more commonly 
due to prior traumatic or surgical damage. Other mecha-
nisms leading to a short cervix include inflammatory, 
infectious, or immunologic processes, as well as simply 
contractions. Women with normal CL have mechanical 
and immunologic protection against the ascent of lower 
vaginal microorganisms. Once shortened by these pro-
cesses, the CL can provide easier access of potentially 
pathologic vaginal microorganisms to the intrauterine 
environment, leading to prolonged subclinical chorioam-
nionitis and subsequent CI or PTB. There is a strong asso-
ciation between a short CL on TVU and infection. High 
amniotic fluid interleukin (IL)-6, later development of 
chorioamnionitis, and acute inflammatory lesions of the 
placenta have all been associated with a short CL on TVU. 
A short CL leading to CI or PTB is often associated with 
PPROM instead of preterm labor(PTL), providing addi-
tional evidence for the role of infection in these women.

Usually, the cause and effect are unclear: did the short 
CL develop first and allow ascending infection, or did 
infection and inflammation develop first and cause short-
ening of the cervix?31 Recent studies have shown that the 
majority of asymptomatic women with CL under 25 mm 
before 24 weeks have some contractions, more than con-
trols with a normal cervix.32,33 Again, it is unclear whether 
contractions cause the short CL or are a result of the short 
cervix, or whether these two factors work synergistically. 
A short CL probably develops due to a combination of sev-
eral of the above factors.

Some authors have considered a short CL in pregnancy 
by itself as the pathognomonic sign of CI. We do not believe 
this to be accurate, since the short CL is just a common 
final pathway leading to PTB. For example, twin gesta-
tions that contract from overdistention develop a short CL, 
which in this case is a secondary and not a primary pro-
cess. We postulate that a short CL might be confirmatory of 
CI only in women with prior second- trimester losses who 
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Figure 14.3 Schematic illustration of TVU cervical 
measurements.
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asymptomatically develop a short CL early in the second 
trimester (<24 weeks) in the following pregnancy.

MANAGEMENT
Avoidance of intervention (primum non nocere)

The negative predictive value of a CL of ≥25 mm in pre-
dicting PTB is relatively high if this length is obtained at 
14–24 weeks in different populations. It is about 88%–96% 
even in women at high risk of PTB such as those with a 
prior PTB or carrying twins. This information has been 
used by clinicians to avoid cerclage and other interven-
tions in women in whom the obstetric history is poor but 
not clearly consistent with CI.

In fact, about 60% of these high-risk women maintain a 
normal CL until after 24 weeks and deliver at term and can 
be spared any intervention. Only about 40% develop a short 
CL, are at true risk of PTB, and should be offered inter-
vention. A meta-analysis of four randomized controlled 
trials34–37 including 466 women demonstrated that CL 
screening with ultrasound-indicated cerclage as appropri-
ate had similar incidences of PTB prior to 37 weeks and 34 
weeks, as well as similar perinatal mortality compared with 
history-indicated or prophylactic cerclage (Table 14.2).38

Nonsurgical interventions

Bed rest or modified activity

Bed rest is commonly recommended for women with clear, 
possible, or even signs of CI. Unfortunately, no trials have 
been done to demonstrate its efficacy or detriment. Up to 
1.5% incidence of thromboembolism has been reported in 
association with prolonged bed rest.39 A recent review found 
little benefit of activity restriction in PTB prevention.40

Furthermore, bed rest may actually increase the risk of PTB. 
A recent study found an increased rate of PTB among nul-
liparous women with a short CL placed on activity restric-
tions compared with those without any restrictions.41

Medical

Administering 17-hydroxy progesterone 250 mg once a 
week intramuscularly (IM) from 16 to 20 weeks until 36 
weeks has been shown to decrease PTB by about 33% in 
women with a prior PTB that occurred at 20–36 weeks.42

The benefit is slightly higher for women with a prior PTB 

under 28 weeks and possible CI. In view of results from a 
prior meta-analysis43 and another recent trial,44 obstetri-
cians should consider offering progesterone prophylaxis to 
all women with a prior PTB, including those with CI.45 For 
women without a prior sPTB but with a current asymp-
tomatic CL ≤20 mm, vaginal progesterone may be offered 
to reduce the risk of sPTB by ~40%.20,21,45

Indomethacin, antibiotics, omega-3 fatty acids, and 
other medical interventions have been postulated to be 
helpful in the management of women with CI or early 
PTB, but no evidence is available to demonstrate clear 
benefit. More research is needed.45

Pessary

Minimal research has been done on the efficacy of a pessary 
to prevent CI or PTB. One retrospective study on women 
with cervical dilation and exposed membranes between 15 
and 24 weeks compared pessary with cerclage and expect-
ant management found that examination- indicated cerclage 
significantly improved perinatal outcomes and prolonged 
pregnancy while pessary did not provide any additional 
benefit compared with expectant management.46 One small 
study found that pessary as an adjunct to examination-
indicated cerclage in the second trimester may improve out-
comes as well.47 Trials on the benefit of pessary in low-risk 
singletons with a short CL have had mixed results.48,49 One 
large randomized controlled trial on pessary use in twins 
found no benefit while another did find a benefit only for 
the subgroup of women with a CL less than the 25th percen-
tile.26,50 At this point there is insufficient evidence to recom-
mend pessary for the treatment of CI.

Surgical intervention: cerclage

Cervical cerclage has been the traditional treatment for the 
diagnosis of CI. This intervention was originally devised 
by Lash and Lash,51 and then refined by Shirodkar52 and 
McDonald.53 In their studies, cerclage was used for women 
with both a history of PTB or CI and recurrent manual 
cervical dilation. Over 35 different procedures for the 
treatment of CI have been reported in the world’s litera-
ture.54 Table 14.3 summarizes guidelines for perioperative 
management of a cerclage,55 which are discussed in fur-
ther detail below under “Medical and technical consider-
ations for cerclage.”

Table 14.2 Randomized trials of ultrasound-indicated versus prophylactic cerclage in high-risk populations.

PTB (weeks)

PTB, n(%)

Risk ration HC TVU

Althuisius et al.34 67 <34 3/23 (13) 6/44 (14) NS
Kassanos et al.35 55 <37 11/27 (41) 11/28 (39) NS
Beigi et al.36 97 <37s 9/45 (20) 13/52 (25) NS
Simcox et al.37 247 <37 44/125 (35) 39/122 (32) NS
Total 466 <37 or 34 67/220 (30) 69/246 (28) 1.08 (0.82, 1.44)
Total 399 <37 64/197 (32) 63/202 (31) 0.97 (0.73, 1.29)

Source: Berghella V and Mackeen AD, Obstet Gynecol, 118(1), 148–155, 2011.
Abbreviations: NS, nonsignificant; PTB, preterm birth; HC, history indicated cerclage; TVU, ultrasound indicated cerclage.
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Indications for cerclage

History indicated

Definition. A cerclage placed solely on the basis of prior 
obstetric or gynecologic history is often called a prophy-
lactic or elective cerclage. The term “elective” we believe 
to be misleading, since there is nothing elective about the 
procedure, which should be performed for specific indica-
tions only.

Indications. The only indication that has been con-
firmed by evidenced-based data is a singleton pregnancy 
with a history of three or more second-trimester losses 
or PTBs.56 The other clinical indication might include CI 
(again defined as prior painless cervical dilation leading to 
recurrent second-trimester losses). Other indications such 
as prior cone biopsy, Müllerian anomaly, DES exposure, 
prior PTB not associated with CI, and Ehlers–Danlos syn-
drome have occasionally been used clinically, but have not 
been confirmed as indications that benefit from history-
indicated cerclage.

Performed. History-indicated cerclage is usually per-
formed at 12–15 weeks’ gestation. This allows time to per-
form an early ultrasound to confirm viability and normal 
early anatomy (e.g., nuchal translucency) after the first-
trimester spontaneous loss period has passed.

Efficacy. Prevention of PTB has been proven only for 
three or more prior second-trimester losses or PTBs56

(Table 14.4). Trials on women at a lower risk of PTB based 
on prior obstetric history have not shown benefit from his-
tory-indicated cerclage.56,58,59 There are limited randomized 
data showing that history-indicated cerclage is not benefi-
cial in other populations at high risk of PTB such as twins.57

Unfortunately, there are very limited nonrandomized data 
showing that history-indicated cerclage is not beneficial in 

other populations at high risk of PTB such as patients with 
prior cone biopsy, Müllerian anomaly, DES exposure, prior 
PTB not associated with CI, and Ehlers–Danlos syndrome. 
Given the paucity of data showing benefit from history-
indicated cerclage, alternative management has recently 
moved to screening of high-risk pregnancies with TVU of 
the cervix to determine during pregnancy the risk of PTB, 
since the majority of women at high risk of PTB deliver at 
term even without intervention.11

Ultrasound indicated

Definition. Ultrasound-indicated cerclage is defined as cer-
clage performed because a short cervix has been detected 
on TVU during pregnancy, usually in the second trimes-
ter, without cervical dilation. This cerclage has also been 
called therapeutic, salvage, or rescue cerclage. These terms 
cause confusion with emergency cerclage (defined below), 
and so the term “ultrasound-indicated cerclage” seems the 
most appropriate.

Indications. As discussed previously, a short CL on 
TVU in the second trimester significantly increases the 
risk of PTB in all populations studied. Women with three 
or more second-trimester losses or PTBs should receive 
a history-indicated cerclage. Singleton gestations with a 
prior sPTB are candidates for ultrasound-indicated cer-
clage if the cervix shortens <25 mm on TVU between 16 
0/7 and 23 6/7 weeks.2,45,60

Performed. As a short CL is usually not detected on TVU 
before 14 weeks, ultrasound-indicated cerclage is usually 
performed when the short CL is detected, usually at 14–24 
weeks. Ultrasound-indicated cerclage is usually not offered 
at or after 24 weeks. This is because viability usually is pos-
sible at this gestational age, and the uterus is more sensitive 

Table 14.3 Perioperative management strategies for cerclage.

Variable History indicated Ultrasound indicated Examination indicated

Preoperative
 Fetal ultrasound Yes Yes Yes
 Amniocentesis No No Consider
 Perioperative antibiotics No No Consider
 Perioperative indocin No Consider Consider
Intraoperative
 Anesthesia Spinal Spinal Spinal
 Cerclage type McDonald McDonald McDonald
 Suture Operator preference Operator preference Operator preference
 Needle Operator preference Operator preference Operator preference
 Cerclage height As high as possible As high as possible As high as possible
 Number of stitches One One One
  Management of membrane 

prolapse
Operator preference Operator preference Operator preference

Postoperative
 Hospitalization vs. outpatient Outpatient Outpatient Outpatient
 Activity restriction No No No
 Repeat cerclage if failure No No No

Source: Berghella V et al., Am J Obstet Gynecol, 209(3), 181–192, 2013.
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to a foreign body, such as cerclage, at this gestational age. 
SomeAUthors, especially in Europe, continue to offer 
ultrasound-indicated cerclage up to 27–28 weeks.60,61

Efficacy. Five randomized trials18,60–63 (Table 14.5) 
have been done examining the efficacy of an ultrasound- 
indicated cerclage in women with singleton gestations and 
a history of prior sPTB. A meta-analysis of these trials 
has demonstrated that there is a significant 30% reduc-
tion in the rate of PTB <35 weeks as well as an improve-
ment in perinatal mortality and morbidity with the use of 
 ultrasound-indicated cerclage versus expectant manage-
ment.38 Notably, in twins, an ultrasound-indicated cer-
clage was associated with an increase in PTB, and a recent 
meta-analysis found that cerclage was associated with 
greater neonatal morbidity and thus should not be offered 
for this indication for multiple gestations.28,64

Physical Examination Indicated

Definition. Examination-indicated cerclage (i.e., emer-
gency or urgent) is a cerclage placed because of cervical 
dilation detected by physical examination.

Indications. Examination-indicated cerclage is per-
formed for singleton or twin pregnancies with cervical 
dilation prior to 24 weeks’ gestation.

Performed. Like ultrasound-indicated cerclage, exam-
ination-indicated cerclage is usually performed at 14–23 
6/7 weeks. Bulging membranes, at or beyond the external 
os, are often encountered and Trendelenburg position, ret-
rograde bladder filling, Foley catheter, sponge-on-a-stick, 
and/or amniocentesis may be necessary to reduce the 
membrane prolapse before adequate suture placement is 
possible.

Efficacy. Over 50% of women with cervical dilation of 
≥2 cm have microbial invasion of the amniotic cavity.65

Therefore, amniocentesis should be considered before 
offering examination-indicated cerclage. Given the high 
incidence of infection and inflammation, the prognosis is 
usually guarded, with or without intervention.

Only one trial has evaluated the efficacy of examina-
tion-indicated cerclage.66 Twenty-three women (seven 
with twins) with membranes at or beyond the external os 
at around 20–24 weeks were randomized to cerclage and 
indomethacin or usual care. All women received bed rest, 
thrombosis prophylaxis, and antibiotics. The 13 women 
in the cerclage group gained more days (54 vs. 20 days 
[p  <  .05]) and delivered 4 weeks later than the control 
women (30 vs. 26 weeks). The major limitations of this 
study are the small sample size and the inclusion of twins. 

Table 14.4 Randomized trials of prophylactic cerclage.

n

PTB <37 weeks

pCerclage (%) No cerclage (%)

Dor et al.57 50 45 48 NS
Lazar et al.58 506 7 6 NS
Rush et al.59 194 34 32 NS
MRC/RCOG56 1292 26 31 NS
2:3STL/PTB56 45 32 53 a

Abbreviations:  CI, confidence interval; MRC, Medical Research Council; RCOG, Royal College of Obstetricians and Gynaecologists; RR, risk ratio; STL, 
second trimester losses.

a RR = 0.6, 95%CI = 0.37–0.95.

Table 14.5 Randomized trials for ultrasound indicated cerclage in women with prior PTB.

Author Group n
GA studied 

(weeks)
CL cutoff 

(mm)
PTB <35 

weeks, n (%) Risk ratio

Althuisius et al.60 Cerclage 14 16–27 <25 0 (0)
Control 12 16–27 <25 6 (50)

Rust et al.62 Cerclage 53 16–24 <25 13 (25)
Control 49 16–24 <25 16 (32)

To et al.61 Cerclage 21 22–24 <15 5 (24)
Control 23 22–24 <15 8 (35)

Berghella et al.63 Cerclage 14 14–24 <25 5 (36)
Control 17 14–24 <25 11 (65)

Owen et al.18 Cerclage
Control

148
153

16–21 <25 48 (32)
64 (42)

Total Cerclage
Control

250
254

71 (28)
105 (41)

0.70 (0.55, 0.89)

Source: Berghella V et al., Obstet Gynecol, 117(3), 663–671, 2011.
Abbreviations: CL, cervical length; GA, gestational age.
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A recent meta-analysis on the efficacy of examination-
indicated cerclage, which included the randomized trial as 
well as nine other cohort studies, found that examination-
indicated cerclage is associated with improved neonatal 
survival, increased pregnancy latency, decreased inci-
dence of PTB, and specifically, early PTB.67

Transabdominal

Definition. As the word implies, transabdominal (TA) 
cerclage is a cerclage placed around the cervix from an 
abdominal incision, and therefore “from above,” in con-
trast with transvaginal cerclage, which is placed from a 
vaginal approach, and therefore “from below.”

Indications. TA cerclage has been performed for two 
main indications; that is, a prior failed history-indicated 
TV cerclage, or a cervix with no intravaginal portion (i.e., 
due to prior cervical surgery/excision). By “prior failed 
cerclage,” authors have usually meant that the woman had 
a history suggestive of CI, for which she received a his-
tory-indicated cerclage that failed to prevent another early 
PTB. The indication of “prior failed transvaginal cerclage” 
is supported by controlled data for TA cerclage.68 Women 
with no or minimal intravaginal cervix usually have a his-
tory of large cone biopsies, surgical trauma, or cerclage 
complications, and also a history suggestive of CI.

Performed. TA cerclage is usually performed prophylac-
tically at around 10–12 weeks. As with history- indicated 
cerclages, an early TVU at 10–12 weeks should be per-
formed to exclude gross fetal anomalies. Given the diffi-
culty of operating around the pregnant uterus, TA cerclage 
should be performed by 12 weeks. If the woman presents 
after 12 weeks, TA cerclage can still be performed up to 
18–20 weeks, but is increasingly technically difficult with 
each gestational week. About half of the case series have 
reported TA cerclage performed before pregnancy. The 
benefits of this approach are that technical difficulties with 
the pregnant uterus are avoided. The shortcomings of pre-
conceptional TA cerclage placement are that spontaneous 
miscarriages and anomalous fetuses may necessitate more 
involved operating room procedures for management.

Efficacy. Over 22 observational case series have been 
published on the outcome of TA cerclage pregnancies. 
Almost all report excellent term delivery rates, usually over 
80%, whether it was placed pre- or postconceptionally.69

Unfortunately, almost all of these studies did not have con-
trols for adequate comparison of less invasive management. 
The only adequately controlled study of TA cerclage com-
pared women with a similar history of a failed (PTB under 
33 weeks) transvaginal cerclage who received either a TA cer-
clage or another transvaginal cerclage (both at 10–15 weeks). 
The women who received TA cerclage had a better outcome 
than controls with transvaginal cerclage (PTB under 35 
weeks, 18% vs. 42%; p = .04; gestational age at delivery 36.3 
vs. 32.8 weeks, p = .03, respectively).68 It should be noted that 
in this trial antibiotics and progesterone were uniformly 
given to the TA women. There is limited data on the effec-
tiveness of laparoscopic and robotic cerclage, as almost all 
series on these procedures have no controls. All data in the 

literature so far have been on TA cerclage performed on 
women with a singleton pregnancy for historical risk factors 
for PTB. There are no specific data on TA cerclage performed 
for cervical (examination or TVU) changes.

Surgical techniques for cerclage

Transvaginal cerclage

After adequate analgesia (typically with spinal anesthesia), 
the patient is placed in the dorsal lithotomy position, and 
surgical prep of the perineum and vagina is performed 
(gently in the vagina if the membranes are protruding 
from the cervix). We utilize a weighted speculum and 
right-angle retractors, as well as two or three sponge for-
ceps (or DeLee cervical tenacula) on the cervix to optimize 
visualization of the surgical field (Figure 14.4). The vast 
majority of cerclages performed today are modifications 
of the techniques described by Shirodkar and McDonald.

Shirodkar cerclage. First presented at a film festival in 
Paris in 1950, Shirodkar’s procedure for the treatment of CI 
used human fascia lata as the suture material. After trans-
verse incision of the cervicovaginal epithelium on both 
the anterior (at the reflection of the bladder) and posterior 
aspects of the cervix, the vesicovaginal and rectovaginal 
fascia is reflected cephalad to the level of the internal os, 
as when beginning a vaginal hysterectomy (Figure 14.5). 
Long Allis clamps are placed laterally with the jaws in the 
anterior and posterior incisions as high on the cervix as 
possible to maximize the cephalad dissection. The Allis 

Figure 14.4 Transvaginal cerclage. A weighted speculum, 
right-angle retractors, and two or three sponge forceps on the 
cervix are used to optimize visualization of the surgical field.
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clamps are used to place lateral traction on the submu-
cosal tissue so that the cerclage can be effectively placed 
close to the medially located cervix while avoiding the lat-
erally displaced uterine vessels (Figure 14.6). The suture is 
driven by two successive passes with an atraumatic needle 
on each side (from posterior to anterior or vice versa) just 
distal to the Allis clamp above the insertion of the cardi-
nal ligaments (Figure 14.7). After ensuring that the suture 
tape lies flat posteriorly, the suture is tied anteriorly, tight 
enough as to admit a fingertip at the external os, but closed 
at the internal os (Figure 14.8). Successive knots are placed 
to facilitate identification and later removal. The mucosal 
incisions are closed over (with the cerclage suture passing 
through) only if active bleeding is noted (Figure 14.9).

McDonald cerclage. In 1957, McDonald described a cer-
clage technique that requires no submucosal dissection. 
Just distal to the vesicocervical reflection (at the junction 
of the ectocervix and the anterior rugated vagina), a purse-
string suture is placed in four to six passes circumferentially 
around the cervix (Figure 14.10). Each pass should be deep 
enough to contain sufficient cervic stroma to avoid “pulling-
through” but not so deep as to enter the endocervical canal 

(and risk rupture of the membrane). The uterine vessels 
should be avoided laterally (Figure 14.11). The suture should 
be placed high on the posterior aspect of the cervix, as this 
is the most likely site of suture displacement. The suture is 
tied anteriorly, successive knots are placed, and the ends are 
left long enough (2–3 cm) to facilitate later removal (Figure 
14.12). As with the Shirodkar technique, the suture is tight 
enough to ensure the internal os is closed.

Transabdominal cerclage

Several techniques have been described to place the cer-
clage higher, closer to the internal os, including the TA cer-
vicoisthmic cerclage. In our center, where over 100 of these 
procedures have been performed, a simple atraumatic 
technique under spinal anesthesia with a Pfannesteil inci-
sion is employed. After digital displacement of the uter-
ine vessels bilaterally, a 5-mm Mersilene band is guided 
through the broad ligament at the level of the internal 
os by blunt perforation with a right-angle clamp (Figure 
14.13).68 The suture is tied anteriorly and left in place at 
the time of the necessary cesarean delivery at 38–39 weeks.

Laparoscopic/robotic-assisted laparoscopic cerclage. 
A laparoscopic approach has been described70,71 as an 

Figure 14.5 Modified Shirodkar cerclage. The initial trans-
verse incision is made in the anterior cervicovaginal epithelium 
at the reflection of the bladder, and the vesicovaginal fascia is 
reflected cephalad to the level of the internal os, similarly to 
when beginning a vaginal hysterectomy.

Figure 14.6 Modified Shirodkar cerclage. An Allis clamp is 
placed laterally with the jaws in the anterior and posterior inci-
sions as high on the cervix as possible to maximize the cepha-
lad dissection. Lateral traction is placed on the submucosal 
tissue to avoid the uterine vasculature.
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Figure 14.8 Modified Shirodkar cerclage. After ensuring 
that the suture tape lies flat posteriorly, the suture is tied ante-
riorly, tight enough as to admit a fingertip at the external os, 
but closed at the internal os.

Figure 14.7 Modified Shirodkar cerclage. The suture is 
driven by successive passes with an atraumatic needle on each 
side just distal to the Allis clamp above the insertion of the car-
dinal ligaments.

Figure 14.9 Modified Shirodkar cerclage. Successive knots 
are placed to facilitate identification and later removal. The 
mucosal incisions are closed over only if active bleeding is noted.

Figure 14.10 McDonald cerclage. Just distal to the vesico-
cervical reflection a purse-string suture is placed in four to six 
passes circumferentially around the cervix. The suture should 
be placed high on the posterior aspect of the cervix, as this is 
the most likely site of suture displacement.
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interval procedure, but should not be attempted without 
appropriate laparoscopic suturing experience. Recent 
reviews found that outcomes of a laparoscopic cerclage 
were comparable to a laparotomy with no increase in com-
plications, although this has not been studied in a ran-
domized controlled fashion; a recent prospective cohort 
study confirmed this finding.69,72,73 More recently, centers 
have published their experience with robotic-assisted 

Figure 14.11 McDonald cerclage coronal section. Each 
pass should be deep enough to contain sufficient cervic 
stroma to avoid “pulling-through,” but not so deep as to enter 
the endocervical canal. The uterine vessels should be avoided 
laterally.

Figure 14.12 McDonald cerclage. The suture is tied ante-
riorly, tight enough to admit a fingertip at the external os, but 
closed at the internal os. Successive knots are placed, and the 
ends are left long enough to facilitate later removal.

(a)

(b)

Figure 14.13 (a and b) Transabdominal cerclage. After the 
digital displacement of the uterine vessels bilaterally, a 5-mm 
Mersilene band is guided through the broad ligament at the 
level of the internal os by blunt perforation with a right-angle 
clamp. The suture is tied anteriorly.
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laparoscopic cerclage; this approach also appears to be 
safe, again, at a center with appropriate experience.74

Medical and technical considerations for cerclage

Ultrasound

Before placing the cerclage, it is imperative to ensure fetal 
viability, and, as much as possible by gestational age, nor-
mal fetal anatomy. This is particularly important before 
TA cerclage.

Screening for infection

Before placing the cerclage, it is important to screen for 
infections when appropriate. Although bacterial vagi-
nosis may be associated with recurrent PTB,75 routine 
preoperative vaginal cultures have not been shown to be 
beneficial.55

The incidence of intraamniotic microbial infection is 
under 2% in women undergoing ultrasound-indicated 
cerclage,62 and over 50% in those undergoing exami-
nation-indicated cerclage.65 Given the low incidence of 
intraamniotic infection, routine amniocentesis in the 
setting of a history or ultrasound-indicated cerclage is 
not recommended. However, cohort studies have dem-
onstrated that an amniocentesis evaluating for intraam-
niotic infection selects for candidates that would benefit 
from a cerclage. Therefore, although there has not been a 
randomized study, strong consideration should be given 
to performing an amniocentesis before any examination-
indicated cerclage because of the high rate of subclinical 
intraamniotic infection in this population.55,76–78 Overall 
these patients are at a high risk for PPROM or PTL, and 
one study demonstrated that diagnostic amniocentesis 
in this setting was not associated with a higher incidence 
of PTB or PPROM.79 Subclinical intraamniotic infection 
would be a contraindication to a cerclage.55

Prophylactic antibiotics and tocolytics

“Prophylactic” antibiotics and tocolytics are commonly 
used at the time of cerclage, without any evidence of their 
benefit. Given the high success rate and early timing of 
history-indicated cerclage, when infection, inflamma-
tion, and contractions are rare, it is very doubtful that 
these adjunctive therapies would be shown to add ben-
efit. For ultrasound-indicated cerclage, indomethacin 
might contribute to the benefit of cerclage in the one pos-
itive trial, but another retrospective cohort study found 
no benefit of tocolytics.60,80,81 Since subclinical infection, 
inflammation, and uterine activity are more common at 
the time of examination-indicated cerclage, antibiotics 
and indomethacin therapy may be beneficial in this set-
ting. One randomized trial demonstrated increased rate 
of latency >28 days in women who received both periop-
erative indocin and antibiotics (cefazolin × three doses) 
compared with women who received no perioperative 
medications.82

Sutures

Several different suture materials have been employed 
for cerclage. The only controlled data on this subject do 
not show a difference between the efficacies of Mersilene, 
Tevdek, and Prolene. Tevdek was associated with a nonsig-
nificant higher incidence of PPROM.83

Cerclage technique

There are no randomized controlled trials comparing cer-
clage techniques. The main difference between Shirodkar 
and McDonald techniques is that the Shirodkar technique 
requires dissection of the bladder and rectum off the cer-
vix to facilitate higher suture placement. Although it has 
not been studied in a randomized trial, case series have 
demonstrated similar efficacy of the two techniques.55

The McDonald technique avoids the time and potential 
intraoperative complications of this dissection, and given 
the similar efficacy, most providers prefer the McDonald 
technique.

Management once cerclage is placed

TVU of the cervix has been evaluated for the follow-up 
of women with history-indicated, ultrasound-indicated, 
or physical examination-indicated cerclage in place. 
Most studies have shown that transvaginal cerclage is 
placed in the middle part of the cervix in the majority 
of cases, except for TA cerclage, always placed higher 
near the internal os (Figure 14.14).84–86 Evaluation of 
pre- and postcerclage TVU CL has shown that CL usu-
ally increases postcerclage, and that an increase in CL is 
associated with a higher rate of term delivery.87 Several 
studies have evaluated the accuracy of TVU for predict-
ing PTB in patients with cerclage.84–86 These studies all 
show that TVU cervical parameters are predictive of 
PTB. CL under 25 mm and upper cervix (the closed por-
tion above the cerclage) under 10 mm are probably the 
two best predictive parameters. It is unclear what (if any) 
intervention would prevent PTB once the screening TVU 
of the cerclaged cervix is found to be abnormal. Limited 
data show that performing another reinforcing cerclage 
is not beneficial.88

Three-dimensional (3D) ultrasound (3DUS) makes it 
possible to obtain an axial plane through the cervix at 
the level of the cerclage, demonstrating the entire stitch 
(Figure 14.14). This view is not obtainable with conven-
tional two-dimensional (2D) ultrasound (2DUS). Whether 
3D imaging will improve clinical management in patients 
with or without a cerclage in place is unknown.

Transvaginal cerclage should be removed for persis-
tent contractions to avoid cervical lacerations and evul-
sions. In cases of PPROM with a transvaginal cerclage 
in place, the cerclage should usually be removed imme-
diately to avoid the high rates of ensuing infection for 
both the mother and fetus/neonate. Before 28 weeks, it 
might be discussed to consider removing the cerclage 
after steroids for fetal maturity have been administered.89
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Transvaginal cerclage should always be removed around 
36 weeks to avoid complications from term contrac-
tions. A meta-analysis of six retrospective studies found 
a 30% (11.4% vs. 6.4%) nonsignificant reduction in the 
incidence of cervical lacerations of cerclages that were a 
planned removal versus a removal in labor. Although not 
significant, given the risk of Type 2 error, we still recom-
mend planned removal at 36 weeks.90

Removal of McDonald cerclage is usually straightfor-
ward as long as enough length has been left on the cut 
knot to be identified. Removal can almost always (94% of 
cases) be done in the office without anesthesia with just 
a speculum, a pair of ring forceps, and long suture scis-
sors. Occasionally (less than 10% of cases), a knot which is 
buried in tissue or a woman with low discomfort tolerance 
might necessitate removal in the operating room under 
regional anesthesia. Once it is removed, many women 
and their doctors anticipate cervical dilation, labor, and 
delivery to follow very soon. In fact, the mean interval 
between cerclage removal and spontaneous delivery is 16 
days, with only 3% of women delivering within 48 hours 
of cerclage removal.91 For women who have had a cerclage 
in their prior pregnancy for unclear indications, perform-
ing a cerclage in their next pregnancy has not been shown 
to be beneficial compared with close observation only.92,93

Therefore, the saying, “once a cerclage, always a cerclage,” 
is misleading. This reinforces the importance of perform-
ing the initial cerclage only when appropriate.

Contraindications

Contraindications to cerclage placement include the pres-
ence of a lethal fetal abnormality, evidence of intrauter-
ine infection (chorioamnionitis), active bleeding, preterm 
labor, and ruptured membranes. If resolved, prior bleed-
ing and preterm labor can become relative contraindi-
cations. The minimum gestational age of fetal viability 
should serve as the maximum upper gestational age of 
cerclage placement. In developed countries this is 23–24 
weeks’ gestation, while it may be as high as 26–28 weeks in 
areas of the world with limited neonatal care capabilities. 
The increased sensitivity of the uterus and cervix to this 
surgical manipulation later in gestation should also limit 
later cerclage placement.

Complications

The most common major morbidities associated with 
cerclage placement are rupture of membranes, chorio-
amnionitis, and suture displacement.2 The  presence 
of the cerclage can lead to preterm contractions or 
labor and cervical lacerations. Intrapartum fever and 
 endometritis occur more frequently in women with 
cerclage.94 Cervical bleeding and contractions during 
and immediately after cerclage placement are common 
but not well studied. Some clinicians use indomethacin 
either prophylactically or therapeutically for the cramps 
and contractions that often occur after cerclage place-
ment. Ultrasound-indicated and examination-indicated 

Figure 14.14 Ultrasound images of a transabdominal cerclage in two and three dimensions. Three-dimensional multiplanar dis-
play of a cervix with a cerclage in place. In two-dimensional ultrasound (2DUS), we normally see just two bright dots representing the 
suture. In three-dimensional ultrasound (3DUS) in the axial plane, we can see the suture in its entirety. This view enables a complete 
assessment of the cerclage and its relationship with the cervical canal, which is “fishmouth”-shaped in the axial plane.
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cerclages are associated with a higher incidence of 
morbidity than history-indicated cerclage, probably due 
to the already ongoing inflammation/infectious labor 
process.

Bladder or urethra injuries at the time of cerclage place-
ment have been reported95,96; they are extremely rare but 
increasing theoretical risks with attempts at “higher” 
suture placement. Whether intraoperative ultrasound can 
minimize this theoretical risk has not been determined.

TA cerclage is associated not only with the increased 
risks of a laparotomy or laparoscopy at the time of cer-
clage placement, but also with the increased risk of 
hemorrhage from inadvertent uterine vessel laceration. 
Furthermore, an additional laparotomy is necessitated 
for delivery of the fetus, whether this be (ideally) at term 
or in the second trimester soon after cerclage placement 
if membrane rupture or labor ensues. Laparoscopically 
placed TA cerclage holds the promise of decreasing this 
laparotomy-associated morbidity. Uterine rupture and 
maternal septicemia are extremely rare but life-threaten-
ing complications that have been reported in association 
with all types of cerclage.

CONCLUSIONS
CI, that is, painless dilation leading to recurrent second-
trimester losses, occurs in <0.5% of pregnancies and prob-
ably represents the most extreme cases of the continuum of 
PTB. Diagnostic criteria are based not only on this history 
but also currently on a asymptomatic TVU CL ≤25 mm 
before 24 weeks in a woman with a prior sPTB or ≤20 mm 
in a singleton gestation without prior sPTB. Prepregnancy 
tests are unreliable, while TVU of the cervix during preg-
nancy may unmask a risk of recurrent PTB in women with 
a prior unclear CI or early PTB history by revealing a short 
CL in the second trimester.

Medical management is limited but progesterone use 
starting at 16–20 weeks is beneficial in preventing recur-
rent PTB in women with a prior PTB. Operative man-
agement involves cerclage, with modifications of the 
technique described by McDonald most commonly used 
today. Since no trials compare the efficacy of different 
techniques, and since almost all RCTs on cerclage used 
the McDonald technique, McDonald cerclage remains 
more popular, also given its simplicity in placement and 
removal. Randomized trials show evidence of benefit for 
history-indicated cerclage in women with three or more 
second-trimester losses or PTB. Women with unclear 
CI, such as those with just one or two PTBs or just one 
second-trimester loss, can be followed with TVU of the 
cervix. In about 40% of these women who develop a 
TVU CL ≤25 mm, ultrasound-indicated cerclage should 
be performed. A small trial showed the benefit of physi-
cal examination-indicated cerclage. In women who had 
a prior PTB under 33 weeks even with an early history-
indicated transvaginal cerclage, TA cerclage decreases 
recurrent PTB compared with repeating a transvaginal 
cerclage.
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15Advanced extrauterine pregnancy
DAVID KULAK, GERSON WEISS, and SARA S. MORELLI

An advanced extrauterine pregnancy (AEP) is defined 
as one that has implanted outside the endometrial cav-
ity on any of the surrounding reproductive organs, intra-
abdominal organs, and/or peritoneum, and has survived 
to 20 weeks of gestation or more. Advanced extrauterine 
pregnancies are a rare complication and are highly asso-
ciated with maternal and fetal morbidity and mortality. 
Ectopic pregnancies at any gestational age account for 9% 
of pregnancy related deaths,1 and the risk of maternal death 
increases with gestational age. Typically, AEP is classified by 
two factors: (1) the location of the gestation, and (2) whether 
the site of implantation is primary or secondary. The lat-
ter most commonly occurs in the case of a tubal pregnancy 
that ruptures or extrudes through the fimbriated end and 
implants on the surrounding tissue, leaving evidence of a 
damaged tube and a concurrent pregnancy in a different 
location.2,3 The common sites for AEP are abdominal, ovar-
ian, intraligamentary and rudimentary uterine horn.

The first description of an extrauterine gestation was 
given by Albucasis (ad 936–1013), an Arab physician, in 
his treatise At-Tasrif liman ‘Ajiza ‘an at-Ta’lif (The Method 

of Medicine),4 and since then, reports have abounded on 
the subject. The first operative delivery of an abdominal 
pregnancy was done by Jacob Nufer in the 1500s, wherein 
both the mother and the fetus survived.5 A lithopedion, 
or “petrified embryo,” in the city of Sens (France) was 
reported by Cordaeus in the sixteenth century. In the eigh-
teenth century, John Bard, surgeon to George Washington, 
reported the first successful operation of an ectopic preg-
nancy in the United States. Then, in 1903, Sir Edwin Craig 
championed the cause for early surgical intervention as a 
means of decreasing maternal mortality.6

During those early times, the only means of estimat-
ing gestational age was by the duration of amenorrhea. 
Clinical signs such as Chadwick’s sign (blue-purple hue 
of the cervix and congestion of the vaginal mucosa) and 
Hegar’s sign (softening of the isthmus)7 in the first trimes-
ter and the eventual onset of fetal movements in the sec-
ond trimester were presumptive evidence of pregnancy.

Today, refinements in sensitive human chorionic gonado-
tropin (b-hCG) assays and the increased resolution of ultra-
sonography and magnetic resonance imaging (MRI) allow a 
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more accurate estimation of the gestational age of the preg-
nancy and its location, making timely diagnosis possible. 
Further, these advances facilitate a better understanding of 
the natural evolution of AEP. For example, we now know 
that the progression of AEP past 20 weeks is dependent on 
specific characteristics inherent to the site of implantation, 
such as vascularity and distensibility to accommodate the 
growing gestation. While in the past the chance of survival 
for the fetus was essentially null, with increased access to 
advanced imaging and surgical techniques in conjunction 
with modern methods of neonatal resuscitation, there have 
now been a number of reports of viable deliveries.

ABDOMINAL PREGNANCY
Abdominal pregnancy is a rare form of ectopic pregnancy, 
with a worldwide incidence ranging from 1:10,000 to 
1:30,000 deliveries8 and accounts for 1%–4% of all ectopic 
gestations.9 Maternal and perinatal mortality rates of 0.5%–
18% and 40%–95%,9,10 respectively, have been reported in the 
literature. Rarely do these progress to advanced gestation; 
moreover, expectant management until viability is seldom 
an option. Several recently published case reports describe 
advanced abdominal pregnancies culminating in the deliv-
ery of a liveborn infant at term.11,12 Even in those cases in 
which the fetus survives, advanced abdominal pregnancies 
are often complicated by massive hemorrhage at delivery 
and an approximate 20% risk of fetal anomalies.11,13

Although the most commonly reported sites of abdomi-
nal pregnancy are the Pouch of Douglas and the posterior 
uterine wall, other sites include the uterine fundus, as well 
as extrapelvic sites such as the liver, spleen, lesser sac, and 
diaphragm.14 In 1942, Studdiford2 suggested four diag-
nostic criteria to distinguish a primary from a second-
ary peritoneal pregnancy: (1) normal tubes and ovaries 

without evidence of injury; (2) no evidence of uteroperito-
neal fistula; (3) pregnancy related exclusively to the perito-
neal surface; and (4) pregnancy at an early enough stage of 
gestation to exclude the possibility of a secondary implan-
tation, eliminating primary tubal nidation. Secondary 
implantation occurs more commonly, however, since both 
primary and secondary AEP is managed in the same man-
ner, the origin has little clinical impact.

Prior to the use of MRI or ultrasound technology, diagno-
sis was often difficult and the clinician had to rely on certain 
signs and symptoms, such as abdominal pain, gastrointesti-
nal symptoms, painful fetal movements, abnormal presenta-
tions, an uneffaced and displaced cervix, vaginal bleeding, 
and palpation of a pelvic mass distinct from the uterus. 
Failure to induce uterine contractions during oxytocin infu-
sion was also a well-established diagnostic technique.15 Today 
imaging techniques can corroborate any clinical suspicion 
and precisely locate the site of implantation and vascular 
sources galvanizing timely therapeutic planning. However, 
despite advances in imaging techniques, as many as 40% of 
cases worldwide may go undiagnosed until delivery.13

Treatment usually requires surgical management with 
evacuation of all products of conception by laparotomy. 
However, in instances in which a patient refuses surgi-
cal treatment due to religious, moral, or personal beliefs, 
a more conservative approach may be possible. These 
cases mandate hospitalization and continuous supervi-
sion of both fetal and maternal well-being. Patients must 
be informed of the 20%–40% risk of malformation in liv-
ing infants attributed to oligohydramnios and compres-
sion, such as facial asymmetry, torticollis, pulmonary 
hypoplasia, and joint deformities (Figure 15.1).4 Decisions 
regarding timing, method, and management of delivery 
are discussed later in this chapter.

Figure 15.1 Advanced abdominal pregnancy. Fetal demise at 28 weeks’ gestation with placental attachment to the right cornual 
region and to the broad ligament. Abdominal hysterectomy was performed without significant blood loss, and no postoperative 
complications were reported. (Courtesy of Dr. JJ Apuzzio.)
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TUBAL PREGNANCY
The ampullary region of the fallopian tube is by far the 
most common of all extrauterine sites for ectopic gesta-
tions. Early tubal pregnancies may end as tubal abortions, 
with extrusion of the pregnancy from the fimbriated end. 
Tubal pregnancies usually do not progress past 12–14 
weeks. After this point in time, tubal rupture occurs, 
sometimes with catastrophic effects, and these pregnan-
cies therefore do not become AEP. Further discussion of 
this topic is beyond the scope of this chapter and is usually 
reserved for general gynecology texts.

CERVICAL PREGNANCY
Cervical pregnancy occurs when the implantation of pla-
cental tissue is established below the internal cervical os. 
Prior to the use of transvaginal sonography (TVUS), the 
diagnosis was made in only 18% of cases preoperatively, 
and usually not until the time of dilation and curettage for 
a presumed incomplete abortion, with subsequently severe 
hemorrhagic complications. Today, a correct diagnosis is 
made 87.5%16 of the time when b-hCG, ultrasound, and 
MRI are used together.

While estimates differ as to the true incidence of cer-
vical ectopic pregnancies in the United States, it is clear 
that it is an extremely rare occurrence. The incidence in 
the United States ranges in the literature from 1:2,500 to 
1:12,422 deliveries.16–18 The typical presenting symptom 
is painless, first-trimester, vaginal (uterine) bleeding. On 
speculum examination, the cervix is hyperemic and con-
siderably enlarged, creating the “hourglass” (softened and 
significantly enlarged cervix equal to or larger than the 
uterine corpus) appearance on an abdominal ultrasound.

Cervical ectopic pregnancies with fetal cardiac activity 
at 10 or more weeks’ gestation may be successfully man-
aged with ultrasound-guided intrafetal injection of feticidal 
agents, but this form of ectopic pregnancy never reaches an 
advanced gestational age before the onset of symptoms, and 
thus further discussion is beyond the scope of this chapter.

OVARIAN PREGNANCY
First reported in 1682 by Saint Maurice de Périgod, ovar-
ian ectopic pregnancy constitutes only 0.5%–3% of all ecto-
pic pregnancies, and the incidence is only 1 out of every 
7,000–40,000 deliveries.19,20 The existing literature regard-
ing ovarian AEP is limited to case reports, most of which 
are from outside the United States. Approximately 75% of 
ovarian pregnancies are terminated in the first trimester, 
12% in the second trimester, and 12% in the third trimes-
ter.21 Fertilization of the ovum inside the ovary and reverse 
migration of the embryo from the fallopian tube and 
implantation on the ovary are the accepted theories for its 
pathogenesis. Factors such as pelvic inflammatory disease 
or intrauterine disease (IUD) use have not been associated 
with ovarian pregnancy. Several investigators have indi-
cated that patients with ovarian pregnancies are younger, 
have higher parity, and have fewer fertility problems than 
the typical tubal pregnancy patients. Lehfeldt et al.22 dem-
onstrated that the IUD is effective in preventing intrauterine 

pregnancy in 99.5% of subjects and tubal pregnancy in 
95% of subjects, but it has little effect on preventing ovar-
ian pregnancy. Shibahara et al.23 postulate that blastocyst-
stage embryo transfers may also be associated with ectopic 
implantation of embryos on the ovaries, but the mechanism 
underlying this needs further elucidation.

The diagnosis of ovarian ectopic pregnancy is often 
made intraoperatively since the preoperative findings are 
similar to those of a tubal pregnancy. Imaging such as 
transvaginal ultrasound may arouse suspicion; however, a 
definitive diagnosis is reached only by laparoscopy or lap-
arotomy. Ultrasonographic signs specific for unruptured 
intrafollicular ovarian pregnancy are a thickened, uni-
formly echogenic wall of the sac, surrounded by ovarian 
stroma, and in a primary ovarian ectopic the absence of a 
preexisting corpora lutea on either ovary, since the fetus 
grows within its confines.

In 1873, Spiegelberg24 established the following four 
criteria for a primary ovarian pregnancy: (1) the oviduct 
on the affected side must be intact; (2) the amniotic sac 
must occupy the position of the ovary; (3) the amniotic 
sac must be connected to the uterus by the ovarian liga-
ment; (4) ovarian tissue must be present in the wall of the 
amniotic sac, with concomitant histologic confirmation 
postoperatively. Histology alone confirms the diagnosis. It 
can distinguish four distinct forms: intrafollicular, juxta-
follicular, juxtacortical, and interstitial.

Conservative surgeries such as ovarian cystectomy or 
wedge resection may be done in order to remove the prod-
ucts of conception when the diagnosis is made early or for 
those who may desire future childbearing. Definitive man-
agement is unilateral salpingo- oophorectomy. Hemorrhage 
may occur in advanced cases, as in abdominal pregnancy. 
Use of the folic acid antagonist methotrexate (MTX) is 
indicated as an adjunct only for organ-preserving opera-
tions with an incomplete resection or persistence of tro-
phoblastic tissue.

Although rare, an ovarian ectopic pregnancy can 
advance well into the second trimester if an adequate 
blood supply is maintained. In a recent case report, a live 
ovarian ectopic pregnancy was diagnosed at 16 weeks’ ges-
tation by ultrasound after the patient complained of vague 
abdominal pain.25 A subsequent pelvic MRI revealed 
robust parasitized vasculature from the internal iliac and 
periuterine vessels. After transfer to a higher acuity level 
facility, the patient underwent an exploratory laparotomy. 
Ureterolysis and a right salpingo-oophorectomy were per-
formed and the fetus and placenta were able to be com-
pletely removed without complication.

INTRALIGAMENTARY PREGNANCY
While some prefer to group this type of pregnancy within 
the broader category of abdominal pregnancies, an intra-
ligamentary pregnancy is a retroperitoneal pregnancy that 
occurs due to rupture of the fallopian tube with a subsequent 
implantation between the two leaves of the broad ligament. 
The similarities to an abdominal pregnancy include risk fac-
tors and clinical presentation. The reported incidence ranges 
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between 1:75 and 1:613 of all extrauterine pregnancies.26 It is 
often not diagnosed before surgery because of the proxim-
ity to the uterine cavity and the rarity with which it occurs. 
MRI has proven to be very effective in confirming whether 
the pregnancy is retroperitoneal or intrauterine and is used 
when ultrasound findings suggest a gestational sac separate 
from the uterus. Although rupture of the gestational sac can 
entail some bleeding, massive hemorrhage is not likely to 
occur due to the tamponade-like effect provided by the adja-
cent leaves of the broad ligament.27 In fact, the broad liga-
ment can expand to accommodate a pregnancy to viability. If 
diagnosed early, it can be treated laparoscopically, although 
laparotomy is usually warranted. There are no reports of the 
use of MTX in pregnancies confined to the broad ligament.

RUDIMENTARY HORN PREGNANCY
The rudimentary horn of a uterus is the incompletely 
developed remnant of the contralateral Müllerian duct of a 
unicornuate uterus. Pregnancy in this location is very rare 
with an incidence of 1/76,000–150,000 births.28 However, 
since the rudimentary horn does have greater distensabil-
ity and vasculature than other ectopic locations, only 
about half of rudimentary horn pregnancies will present 
with rupture.29

Pregnancy can occur in the rudimentary horn even if 
there is no gross evidence of communication with the cer-
vix. Two theories of how such a paradoxical pregnancy 
occurs are transperitoneal sperm migration30 or micro-
scopic communication with the cervix, which is sometimes 
found on pathological examination after surgical removal.31

As mentioned earlier, approximately half of rudimentary 
horn pregnancies are discovered after rupture. These cases 
generally present with severe abdominal pain and often in 
the setting of what was thought to be a normal intrauter-
ine pregnancy. In these cases the actual location may be 
determined by imaging studies such as an MRI during the 
work-up for the etiology of the pain.32 Occasionally, the 
pregnancy location is only discovered at the time of sur-
gery. A 2002 case report from Japan described a viable fetus 
delivered at 26 weeks’ gestation from a rudimentary horn 
during an exploratory laparotomy for what was thought to 
be an intrauterine pregnancy with intra-abdominal hemor-
rhage due to a ruptured ovarian cyst.31

A pregnancy that is initially established in a rudimen-
tary horn can subsequently rupture and then reimplant in a 
secondary location, similar to a tubal ectopic. A recent case 
report described a ruptured rudimentary horn pregnancy 
that secondarily implanted in the abdomen. Delivery of a 
live infant and excision of the rudimentary uterine horn 
via laparotomy was performed at 30 weeks, prompted only 
by the sonographic finding of anhydramnios.33

Although a rudimentary uterine horn may contain 
normal endometrial tissue, pregnancies within a rudi-
mentary horn are associated with an increased risk of pla-
cental anomalies including placenta accreta, percreta, or 
increta.32 Therefore, when pregnancy does occur in this 
location, complete surgical removal of the horn and ipsilat-
eral fallopian tube should be performed prior to viability.34

In cases where a viable fetus is delivered, the rudimentary 
uterine horn should be removed after the delivery. When a 
unicornuate uterus with a rudimentary horn is discovered 
in a nonpregnant patient, the prophylactic removal of the 
rudimentary horn should be performed to avoid the risk 
of ectopic pregnancy and/or endometriosis from retro-
grade menstruation arising from the noncommunicating 
horn.35,36

DIAGNOSTIC EVALUATION
Once an ectopic pregnancy has reached a viable gestational 
age, rarely are serum hormones or markers necessary to 
evaluate AEP. Nevertheless, a thorough understanding 
of their use within this clinical context is of the utmost 
importance so that an appropriate plan of care can be 
undertaken at an earlier gestational age when maternal 
morbidity is significantly reduced.

Hormonal assessment

Human chorionic gonadotropin

Quantitative b-hCG measurements continue to be an 
important tool in the evaluation of extrauterine pregnan-
cies. Measurements of b-hCG are used to make a diagnosis 
of an ectopic pregnancy in the setting of an empty uterine 
cavity or abnormal doubling of the hCG and to assess the 
efficacy of either medical or surgical therapy with serial 
measurements.16

Under normal conditions, serum concentrations of 
hCG double approximately every 48–84 hours, in a cur-
vilinear fashion, until reaching its maximum level, usu-
ally 100,000 mIU/mL, where it begins to plateau at around 
weeks 8–12 of gestation. Because the increase in hCG is 
essentially linear in early pregnancy, the rate of increase 
can be used to assess the viability of the pregnancy.37,38

Using a cutoff of less than 53% rise in serum b-hCG levels 
over 48 hours will yield a 91% sensitivity, but only a 66% 
specificity, in establishing the diagnosis of ectopic preg-
nancy.39 There is no agreement as to what level of b-hCG 
is diagnostic of ectopic pregnancy.40,41 In the past, using 
hCG cutoff values of 1500 mIU/mL or 2000 mIU/mL were 
recommended as the “discriminatory zone” for visualiza-
tion of an intrauterine pregnancy. More recently, however, 
Connolly et al.42 demonstrated that using these discrimi-
natory levels would not predict seeing a gestational sac in 
a viable pregnancy in 20% and 10% of cases, respectively. 
As progression of the extrauterine pregnancy continues, 
b-hCG titers will peak at approximately 100,000 mIU/mL 
after 20 weeks, similar to the plateau seen in an intrauter-
ine pregnancy gestation and then subsequently declines.

Serum progesterone

Several investigators have attempted to study the use of 
progesterone levels as a way to distinguish a viable from 
a nonviable pregnancy. However, a meta-analysis showed 
that the use of serum progesterone levels alone is insuf-
ficient to diagnose ectopic pregnancy.43 Although levels 
of at least 25 ng/mL are generally indicative of normal 
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gestation, serum progesterone levels less than 5 ng/mL 
are rarely associated with viability. The concomitant 
finding of low serum progesterone together with a rising 
hCG level raises the level of suspicion for the presence of 
extrauterine pregnancy. Values of 5–25 ng/mL fall within 
the diagnostic “gray zone” and cannot be used to reliably 
distinguish an intrauterine from an extrauterine gesta-
tion. Unfortunately, the routine use of progesterone alone 
in this clinical setting has not proven to be the panacea 
investigators had hoped for.

Serum markers

Vascular endothelial growth factor (VEGF)

A well-known angiogenic factor, VEGF, has been impli-
cated in the mechanisms involved in implantation and 
early pregnancy. It is also believed that this permeability 
factor is a critical regulator of amniotic fluid transport in 
the fetal membranes. Several investigators have reported 
that VEGF expression in the endometrium and corpus 
luteum is regulated by ovarian steroids and hCG. A posi-
tive correlation has been made between elevated levels of 
VEGF during the first trimester of normal intrauterine 
pregnancy and gestational age, b-hCG, estradiol, and pro-
gesterone levels. Abnormal implantation further enhances 
the production of VEGF locally. Daniel et al. postulate 
that because VEGF production is dependent on hypoxia 
and because implantation outside the endometrial cavity 
presents a hostile environment for the trophoblast, VEGF 
production must be elevated. To test their hypothesis, they 
compared serum levels in three groups: group I (normal 
intrauterine pregnancy), group II (abnormal intrauter-
ine pregnancy), and group III (ectopic pregnancy). Each 
group was matched for gestational age as assessed by last 
menstrual period and ultrasound measurements.

The serum level of VEGF was significantly higher in 
women with ectopic pregnancy (median, 226.8 pg/mL; 
range, 19.4–561.7 pg/mL) than in women with normal 
intrauterine pregnancy (median, 24.4 pg/mL; range, 2.7–
196.8 pg/mL). Serum levels of VEGF in women with ectopic 
pregnancy were significantly higher than in women with 
abnormal intrauterine pregnancy (median, 59.4 pg/mL; 
range, 12.1–334.1 pg/mL), though this was not statistically 
significant. Serum VEGF level of over 200 ng/mL can dis-
tinguish an intrauterine from an extrauterine pregnancy 
with a specificity of 90% and a positive predictive value 
(PPV) of 86%, and abnormal intrauterine from extrauter-
ine pregnancy with a specificity of 80% and a PPV of 86%. 
In addition, combining progesterone levels with VEGF 
produces better results than using either marker alone—a 
reflection of their different sources. A serum VEGF level 
of over 200 pg/mL associated with a serum progesterone 
level of under 18 ng/mL can distinguish intrauterine from 
extrauterine pregnancy with a specificity of 95% and a 
PPV of 92%. It is even more significant that it can distin-
guish ectopic from abnormal intrauterine pregnancy with 
a specificity of 95% and a PPV of 92%, which is better than 
either marker alone.44,45

Serum creatine kinase (CK)

Because CK is an enzyme present in muscle cells, it has 
been hypothesized that injury to these cells would cause 
an increase in its levels. Several prospective studies have 
found that it is not specific for tubal muscle cells and 
therefore is not useful as a serum marker in this setting.46

Radiologic assessment

Radiography

With the advances made in ultrasonography in the last 20 
years, the routine use of radiographic films in the evalu-
ation of AEP has been relegated to medical anecdotes. In 
the past, it was used predominantly for both suspected 
abdominal and saccular (within a uterine horn, such as in 
uterus didelphys) pregnancies,15 with the pathognomonic 
finding on lateral films of an overlapping of the maternal 
spine by fetal parts.46 Similarly associated findings are (1) 
a persistent and unusual position of the fetus; (2) a trans-
verse lie with the back up and high in the abdomen; (3) the 
position of the fetal head oddly placed in relation to the 
trunk; (4) the maternal gas pattern overlying the fetus; (5) 
an unusually clearly appearing fetus, due to the absence of 
an intervening uterine wall or “uterine shadow”; and (6) in 
2% of cases, after fetal death, the presence of calcifications, 
resulting in the formation of a lithopedion. In most cases, 
lithopedion is an incidental finding at autopsy, surgery, or 
imaging studies of the abdomen or pelvis, but it can also 
present with an acute abdomen secondary to a cecal vol-
vulus or intestinal obstruction, a fistula, or even a pelvic 
abscess.

Ultrasonography

Since its inception, ultrasonography has revolutionized 
the management of ectopic pregnancy, and the combina-
tion of ultrasound and hCG levels is the diagnostic factor 
mainly responsible for the significant decrease in mater-
nal morbidity and mortality rates in the last 25 years.44 
Current protocols utilize a serum hCG concentration of 
3000 mIU/mL as the minimum level necessary to visualize 
intrauterine gestation on TVUS. This level in the absence 
of intrauterine pregnancy predicts ectopic pregnancy with 
a sensitivity and specificity of 100% and 99%, respec-
tively.44 Since ectopic pregnancies are generally associated 
with lower b-hCG levels than intrauterine pregnancies at 
similar lengths of gestation, they can often be visualized 
with TVUS at far lower levels of hCG. By transabdomi-
nal ultrasound, the threshold of detection of extrauterine 
pregnancy is set higher at 6000–6500 mIU/mL. Kadar et 
al.47 reported that, regardless of singleton or multiple ges-
tation, a sac can be seen sonographically beyond 38 days 
from the last menstrual period.

Undoubtedly, ultrasound has become extremely impor-
tant in the diagnosis and management of AEP. Rarely is 
this more apparent than in the setting of abdominal preg-
nancy. Signs of abdominal pregnancy are a fetus separate 
from the uterus and extrauterine placenta (Figure 15.2). 
Interestingly, many of the same radiologic signs found on 
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plain film (anteroposterior/lateral views) are those that 
are seen on abdominal ultrasound, albeit with far superior 
resolution and clarity. For example, the close approxima-
tion of the fetal parts to the abdominal wall, malpresen-
tation of the fetus found high in the abdomen, and fetal 
parts overlying the maternal spine on a lateral scan, as well 
as the absence of the uterine wall between the maternal 
bladder and fetus, are all signs of abdominal pregnancy.48

Improvements have also been made in the diagnostic 
capabilities of ultrasonography in the evaluation of cervi-
cal pregnancy. The most important one has been in dif-
ferentiating cervical pregnancy from various forms of 
abortion.16 For the diagnosis of ovarian or intraligamen-
tary pregnancy, ultrasonographic assessment is not as reli-
able. Ultrasound echoes do not delineate clearly the site 
of implantation; therefore, MRI or direct visualization is 
necessary in these situations. Color and pulsed Doppler, 
which can be used to assess blood flow, have been a useful 
adjunct to standard ultrasonography for the initial evalua-
tion of all forms of extrauterine pregnancy. Color Doppler 
is used primarily to assess the enhanced blood flow sur-
rounding a pregnancy sac, sometimes called the chori-
onic ring or “ring of fire” in light of its red appearance on 
color Doppler ultrasound. Studies utilizing color Doppler 
to quantify the difference in blood flow between the two 
sides of the adnexae have found a 20% increase in blood 
flow in the presence of ectopic pregnancy when compared 
with only an 8% increase in intrauterine pregnancies.49

When color Doppler is added to standard ultrasonogra-
phy, the sensitivity for diagnosing an ectopic pregnancy 
increases from 71% to 95%.49

Magnetic resonance imaging

MRI is not a first-line method of radiologic evaluation of 
pregnancy location, growth, or evaluation of abdominal 
pain. It is expensive and impractical for use in an emer-
gency situation. However, it can aid in difficult cases 
when the resolution by TVUS is insufficient. For instance, 
hemorrhagic ascites is often hypointense to water on 
T2-weighted images, and a gestational sac with hematoma 
shows heterogeneous signal intensity displaying areas 
of low signal.50 In the late second and third trimester it 
becomes progressively more difficult to assess the relation-
ship of a fetus to adjacent myometrium or to distinguish 
myometrium from other intra-abdominal tissue using 
ultrasound alone. By producing images in multiple planes, 
MRI clearly demarcates the area of implantation. Thus, 
using MRI, a pregnancy in the broad ligament can easily 
be distinguished from intrauterine pregnancy.

MRI angiography and computer reconstruction may 
be utilized for preoperative planning to assess the loca-
tion of placental tissue and to establish a complete map 
of the placental vasculature and its sources. MRI is useful 
in accurate localization of the placenta and its level and 
depth of adherence to surrounding tissue and detection 
of arterial and feeding vessels.51 Blood vessels supporting 
the placenta may arise from various sources, including the 
infundibulopelvic ligaments, uterine arteries, mesenteric 
vessels, or other large vessels.52 Therefore, a preoperative 
determination of the relationship between the placenta 
and surrounding organs can aid in the decision of whether 
or not to remove the placenta, and which other surgical 
teams (i.e., urology, vascular, or general surgery) should be 

Figure 15.2 Ultrasound at 14 weeks of abdominal pregnancy. Note that uterus is adjacent to but not surrounding the fetus. 
(From Dahab AA et al., J Med Case Rep, 5, 531, 2011, published under open access.)
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present at the time of surgery. MRI can also be employed 
to monitor the precise location, as well as the involution of 
remaining placental tissue during postoperative treatment 
with MTX. MRI is safe for both the mother and the fetus 
because it does not use ionizing radiation. This holds true 
even in the first trimester of gestation.7

Fluoroscopic visualization for vascular mapping is also 
possible. Smrtka et al. utilized fluoroscopy to fully map 
the vascular supply of a bilobed placenta in a third trimes-
ter live abdominal pregnancy. As was done in that case, 
the catheters are generally left in situ after the angiography 
for use during surgery if embolization of the placental bed 
is necessary due to intraoperative hemorrhage.53

MANAGEMENT
Management, whether medical or surgical, is depen-
dent on the gestational age and the site of implantation. 
Continuation of the pregnancy carries the possibility of 
fetal demise from inadequate perfusion at the placental 
site.54 Occasionally, a patient desires conservative man-
agement despite the serious risks to both mother and fetus 
of continuing the pregnancy, and this situation requires 
immediate hospitalization and close monitoring of mater-
nal and fetal well-being. Weekly ultrasound monitoring 
of fetal growth and, after the fetus reaches viability, non-
stress tests twice per week are indicated in these situations. 
Shiu and Langer5 reported the delivery of two surviving 
infants at, respectively, 28.5 and 33 weeks’ gestation. Fetal 
assessment should begin in the second trimester after fetal 
viability if the mother refuses surgical intervention.

Medical management

The use of MTX has changed our approach to the treat-
ment of early extrauterine pregnancies, and in selected 
cases of very early extrauterine pregnancy, is as effec-
tive as laparoscopy. MTX has a limited role, however, in 
the management of AEP. In the early 1980s, Tanaka and 
Miyazaki pioneered its use in the treatment of ectopic 
pregnancy, based on Li’s work some 30 years before, when 
using the same antimetabolite in the treatment of chorio-
carcinoma.55–57 While this is primarily indicated for cases 
of early unruptured tubal pregnancy in a hemodynami-
cally stable patient, MTX can serve as an adjunct to surgi-
cal management or embolization in the treatment of AEP, 
since it can be used to facilitate the involution of placental 
tissue left in situ at the time of laparotomy. MTX interacts 
with actively proliferating trophoblasts, as well as other 
cells with a high mitotic index,58,59 by functioning as a folic 
acid analog that disrupts the synthesis and repair of DNA, 
and the multiplication of cells by inhibiting dihydrofolate 
reductase.60 Initially, most cases were treated with MTX 
protocols similar to those used in gestational trophoblastic 
disease with intramuscular (IM) MTX 1 mg/kg on days 1, 
3, 5, and 7 and folinic acid (leucovorin rescue) 0.1 mg/kg 
on days 2, 4, 6, and 8.61

Today, the conversion to a single (50 mg/m2 body sur-
face area or approximately 1 mg/kg body weight) IM dose 
is most commonly used due to the efficacy and rare side 

effects compared with multidose regimens. The most 
common side effects associated with the administration of 
MTX are stomatitis, bone marrow depression, anorexia, 
and gastrointestinal disturbances, which, thanks to the 
modification in dosing regimens and addition of leucovo-
rin to most extended protocols, are rarely reported today.62

There are no reports of the successful resolution of any 
gestation greater than 13 weeks treated with MTX alone. 
Lipscomb et al.37 found that a high serum hCG (6500 mIU/
mL) level is the most important factor associated with 
treatment failure and because advanced gestations are 
usually associated with levels well above this threshold for 
eligibility, MTX is usually reserved only for the treatment 
of trophoblastic tissue left in situ.

Surgical management

AEP carries a maternal mortality rate eight times higher 
than that of early extrauterine pregnancy.63 Surgical man-
agement is generally similar for AEP cases, independent of 
the exact extrauterine location in the second and third tri-
mester. However, there are some important considerations 
that must not be forgotten for optimal management.

In ovarian pregnancies, laparoscopy allows for diagno-
sis at an early gestational age and removal of the pregnancy 
tissue while attempting to conserve as much ovarian tissue 
as possible by wedge resection. In cases of advanced gesta-
tion, there is no alternative to the removal of the ovary and 
other adjacent structures.64

When a pregnancy is in the abdominal cavity or con-
fined to the broad ligament, the ureter is an important 
consideration. Preoperative placement of a ureteral stent 
on the ipsilateral side, or bilaterally if necessary, may 
be useful for optimal visualization as the ureter courses 
under the uterine artery or more proximally along the pel-
vic brim. Proper localization of the ureter is effective at 
reducing and recognizing injury.65

Once delivery of the fetus is complete, the placenta may 
either be removed or left in situ and allowed to resorb after 
ligation of the umbilical cord. The residual placental tis-
sue may be treated with MTX to accelerate absorption. If 
the placenta is left in situ, whether MTX is used or not, 
sepsis, intra-abdominal or pelvic abscess, delayed hemor-
rhage, adhesions, fistula formation, and urinary or gastro-
intestinal obstruction are all complications that should be 
anticipated and prevented, if possible.

In rudimentary horn pregnancies, the entire horn and 
ipsilateral fallopian tube should be removed. In these cases, 
the placental tissue can invade beyond the uterine decidua 
but generally not into the surrounding pelvic tissue, and 
can thus be removed intact at the primary surgery.34

Before proceeding with an operative intervention, it 
is essential to localize the placenta and identify its blood 
supply by MRI or arteriography.66 Adequate preoperative 
preparation is essential in anticipation of massive blood 
loss from placental detachment and inability to ligate the 
vascular supply to the placental bed.

Cell saver, an autologous blood salvage system used 
intraoperatively, has proven to be an important tool to 
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avoid or reduce the need for transfusion with donor 
blood. In women who are Rh negative, extra care needs 
to be taken to assess for contamination of maternal blood 
with fetal red cells. A Kleihauer–Betke test should be per-
formed after an autologous transfusion is completed and 
the Rh-negative patient should be treated accordingly with 
anti-Rh(D) immune globulin as needed.67

Adjunctive use of arterial embolization

Initially developed for use in the gastrointestinal tract, 
arterial embolization is now applied to various other areas 
of the body for the control of hemorrhage. With regards 
to AEP management, arterial embolization is primar-
ily reserved for abdominal and cervical pregnancy and 
is extremely effective in reducing the risk of hemorrhagic 
complications at the time of surgery for AEP. Rahaman 
et al. reported a 29-year-old primigravida who had a 
21-week abdominal pregnancy treated with preoperative 
arterial embolization before laparoscopically assisted fetal 
delivery. Postoperatively, four cycles of MTX were admin-
istered at 50 mg/m2 IM every 3 weeks for the retained 
abdominal placenta. Blood transfusion was not required 
and serial ultrasound and b-hCG measurements demon-
strated complete involution 13 weeks after the last dose 
of MTX. Two years later, in a subsequent pregnancy the 
patient delivered a full-term infant.68 In a similar case 
report, a 33-year old woman with an abdominal preg-
nancy presented at 33 weeks’ gestation with fetal death. 
Preoperatively, the placental vasculature was embolized 
and after operative delivery of the fetus, the placenta was 
left in situ in an effort to preserve fertility given its implan-
tation on the reproductive organs. The patient suffered 
prolonged postoperative ileus but otherwise recovered 
well. Placental function ceased after 2 months.69 Cardosi 
et al.69 recommend removing the placenta if possible even 
after embolization due to the risks of fibrosis and incom-
plete resorption.

In general, preoperative embolization of the placental 
bed has proven to be an effective method for reducing 
blood loss at the time of surgery for AEP and promotes 
the involution of trophoblastic tissue when the placenta is 
left in situ. Stents may be placed in the arterial vascula-
ture supplying the placenta for preoperative embolization 
and may be utilized perioperatively as needed, allowing 
for expedited treatment. In cases of a planned delivery of 
a viable fetus, preoperatively placed stents can be utilized 
after delivery of the fetus. Whether or not embolization 
is employed, the delivery should be performed by experi-
enced obstetrical surgeons, with extreme caution to avoid 
unexpected or premature separation of trophoblastic tis-
sue that may hemorrhage.70

Intraoperative decision making: fate of the placenta

When dealing with abdominal pregnancy, after extraction 
of the fetus, the vexatious dilemma commonly encoun-
tered is whether to leave or remove the placenta, which 
may be adherent to vital abdominal structures including 
the bowel (Figure 15.3), iliac vessels, pelvic ligaments, 

hepatic portal vasculature, or spleen.71 Separating the pla-
centa may therefore lead to uncontrollable hemorrhage, 
but leaving it in situ may predispose the patient to abscess 
formation, pelvic ascites, or fibrosis.72,73

If the decision is made to remove the placenta, there 
should be adequate resources available for hemodynamic 
resuscitation should a hemorrhage occur. A multidisci-
plinary team including interventional radiology and other 
appropriate surgical subspecialties should be present or 
immediately available. Interventional radiologic techniques 
can often be utilized intraoperatively now due to the advent 
of hybrid operating suites. These suites combine full surgical 
and interventional radiology capabilities, and there has been 
an effort to utilize angiography for diagnostic and therapeu-
tic purposes both preoperatively and intraoperatively, espe-
cially in cases of viable ectopic pregnancies.

If the decision is made to leave the placenta in situ due 
to the risk of hemorrhage or trauma to the surrounding 
tissue, extreme care must be taken. Using a very gentle 
technique so as not to dislodge the placenta, the cord 
should be cut close to its attachment on the placenta and 
excess membranes should be trimmed away. Most pla-
centas left in situ will gradually undergo involution42 and 
be absorbed uneventfully.74 Valenzano et al. described 
the natural course of placental involution without the use 
of MTX in one abdominal pregnancy culminating in the 
delivery of a live infant at 30 weeks’ gestation, at which 
time physicians elected to leave the placenta in situ. 
Placental involution was documented by serial b-hCG 
and color and pulsed Doppler sonography. The b-hCG 
value was negative 47 days postdelivery, and regression 
of placental volume over time coincided with a reduction 
in vascularization. At 11 months, placental volume had 
decreased by 82%, and after 5 years, the placenta was still 

Figure 15.3 Placenta and membranes adherent to loop 
of bowel were left in situ after delivery of a full-term abdomi-
nal pregnancy. (From Masukume G et al., J Med Case Rep, 7, 10, 
2013, published under open access.)
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present and appeared as a small residual echogenic mass 
with no vascularity.74 When MTX is used as an adjunct 
to surgery, complete placental involution takes an aver-
age of 4–6 months. Huang et al. (2014) reported a case 
in which a patient was treated with oral mifepristone 
(50 mg twice daily [BID] for 12 days) postsurgically to 
cause slow degeneration and fibrosis of the placenta, fol-
lowed by IM MTX (75 mg). By 3 months after surgery, the 
b-hCG was negative.71

Unfortunately, uncomplicated placental involution is 
not always the case. After surgery, rapid necrosis can lead 
to acute separation and hemorrhage. Abdominal pelvic 
abscess can be a very serious complication of retained 
placenta.75 A second surgery to remove fibrotic residual 
tissue may be necessary if infection or other sequelae 
occur.13

CONCLUSION
In the last century, advances in medicine and technology 
have emerged to help propel us into an era of significant 
decreases in maternal mortality. Nowhere is this more 
apparent than in the setting of AEP. Developments in 
bioassays such as those for measuring hCG and imaging 
techniques such as ultrasonography, MRI, and angiogra-
phy help clarify the pathogenesis and evolution of AEP 
by affording us the ability to deliver prompt and effec-
tive care without untoward consequences to the mother. 
Overall, there has been a significant advancement in the 
treatment of AEP and the importance of using a combined 
approach applying several therapeutic modalities cannot 
be overstated. Programs that promote early prenatal care 
make early intervention possible and significantly reduce 
morbidity.
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16The role of cesarean delivery in the 
management of fetal malformations
NADIA B. KUNZIER, TRACY ADAMS, MARTIN R. CHAVEZ, and ANTHONY M. VINTZILEOS

INTRODUCTION
Human development is an intricate and continuous pro-
cess determined by genetics and environment. Major 
structural anomalies are recognized at birth in approxi-
mately 3% of all neonates.1 Ultrasound resolution and 
accuracy continue to improve, thus allowing for early 
prenatal diagnosis. Utilization of this technology allows 
for maximization of management options for the patient 
and her caregivers. The first step with any prenatally diag-
nosed fetal malformation is to determine its prognosis. 
In general, invasive diagnostic testing should be offered 
as the risk of aneuploidy increases in the presence of con-
genital malformations. Early diagnosis and understanding 
of prognosis allow for discussions of in utero treatments, 
which may be available in certain centers, and also for 
condition-specific subspecialists to become involved in 
the patient’s care throughout gestation.

This chapter will discuss the role of cesarean delivery 
for fetal malformations. We will review the indications for 
cesarean delivery for both lethal and nonlethal malfor-
mations and also outline the fundamental concepts that 
should guide intrapartum management decisions.

LETHAL MALFORMATIONS
Congenital malformations, deformations, and chromo-
somal abnormalities are the leading causes of infant death 
in the United States.2 Prenatal ultrasound is an effective 
tool for the identification of fetal malformations with 
reported detection rates of up to 80% for major fetal anom-
alies.3 This means that many women who seek prenatal 

care will know about a fetal malformation prior to birth 
and have the opportunity to decide upon the course of 
their pregnancy. When a lethal malformation is identi-
fied, a woman may choose discontinuation of pregnancy; 
however, there are many circumstances in which the preg-
nancy will be continued. There is debate surrounding the 
use of the term “lethal” when referring to fetal malforma-
tions.4 However, for the purpose of this article, the term 
“lethal malformation” is used to describe fetal anomalies 
in which the overwhelming majority of affected fetuses are 
stillborn or die within the first year of birth. Some exam-
ples of lethal malformations are shown in Table 16.1 and 
Figures 16.1 and 16.2. The decision to continue affected 
pregnancies can be due to maternal choice, religious, or 
fundamental beliefs, socioeconomic concerns or due to 
state legal regulations with regards to gestational age 
limits for termination of pregnancy. It is noteworthy that 
many women (40%–85%) may choose to continue a preg-
nancy affected by a lethal malformation to term when they 
are offered a perinatal hospice program.5–7 Perinatal hos-
pice is described as a multidisciplinary approach incorpo-
rating prenatal diagnosis, grief management, and hospice 
care to address the needs of women with a fetal diagnosis 
of a lethal malformation.8

Vaginal delivery is the preferred route for fetuses with 
lethal fetal anomalies in order to avoid the added morbidi-
ties of cesarean delivery including hemorrhage, throm-
boembolism, infection, and risk to future reproductive 
health. However, cesarean delivery may be necessary for 
reasons of maternal safety, maternal request, or dystocia.
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Maternal safety

Maternal safety must be considered first when decid-
ing on the route of delivery. In cases of abnormal pla-
centation (placenta previa or suspected placenta accreta) 
cesarean delivery should be performed to avoid mater-
nal hemorrhage. If the patient has obstetrical factors 
predisposing to uterine rupture, such as prior classical 
cesarean delivery, prior uterine rupture, myomectomy, 
or more than two previous cesarean deliveries, the risk 
of uterine rupture must be weighed against the risk of 
cesarean delivery. One should keep in mind that during 
labor a nonreassuring heart rate tracing is often one of 
the first signs of uterine rupture.9 If there is a consider-
able maternal risk from vaginal delivery, due to hemor-
rhage or uterine rupture, then cesarean delivery should 
be offered regardless of fetal prognosis.

Maternal request

For many women who choose to continue a pregnancy 
affected by a lethal fetal malformation, their only desire 
may be to see their infant alive. Their desire could be 
to hold a live infant or have a religious ceremony per-
formed prior to death. If this is the desire of the patient 
and her family, a discussion regarding intrapartum fetal 
monitoring and the possibility of cesarean delivery for 
fetal indications should be raised. In such cases, as long 
as the patient expresses an understanding of the sever-
ity of the fetal condition and the increased risks associ-
ated with cesarean delivery, the patient’s wishes should 
be upheld.8–10

Dystocia

Due to the physical characteristics of some of the lethal 
malformations, cesarean delivery may be indicated due 
to dystocia reasons. Important characteristics to  evaluate 
sonographically prior to deciding the route of delivery 
include fetal biometry, fetal positioning, and the fetal 
head circumference to abdominal circumference ratio. In 
disorders such as hydranencephaly or alobar holoprosen-
cephaly with hydrocephalus present, the fetal head may be 
too large to pass through the maternal pelvis. This will most 
likely lead to labor dystocia and the need for subsequent 
cesarean delivery. There are reports of cepahlocentesis to 
decreased fetal head size and allow for vaginal delivery11;
however, it is important that the patient understands that 
the procedure itself can lead to fetal death and not all cases 
result in progression to vaginal delivery. An example of 
a lethal fetal malformation which can lead to labor dys-
tocia due to abnormal fetal positioning is iniencephaly. 
Iniencephaly is a rare neural tube defect in which there is 
a dysraphism of the cervical spine with a fixed retroflexed 
fetal head and lordosis of the spine.12 If carried to term, 
labor dystocia is common and cesarean delivery is often 
indicated. One report from Chile, where elective termina-
tion is not legal, recommends offering preterm induction 
of labor to decrease the risk of cephalopelvic dispropor-
tion.12 Another fetal anomaly with the potential for dysto-
cia is Meckel–Gruber syndrome, since these fetuses at term 
have a significantly larger abdominal circumference when 
compared with head circumference. Meckel–Gruber syn-
drome is classically described as a triad of encephalocele, 
bilateral multicystic kidneys, and postaxial polydactyly. 
The increased abdominal circumference is due to enlarged 
kidneys and at term this can lead to cephalopelvic dispro-
portion and need for cesarean delivery.

Although several other fetal syndromes may lead to labor 
dystocia, the aforementioned fetal malformations are the 
most common examples which highlight the importance of 
fetal evaluation of fetal biometry and proportions, as well as 
fetal positioning, when contemplating the delivery mode of 
a patient with a known fetal lethal anomaly.

NONLETHAL MALFORMATIONS
Similarly to lethal malformations, decisions regarding 
mode of delivery in cases of nonlethal malformations 
should be taken in a multistep-wise approach. Sonographic 
imaging and invasive testing are crucial in establishing 
accurate diagnosis and prognosis, thus facilitating patient 
counseling. In some cases, a fetal diagnosis may be made 
after a single sonographic evaluation, and if the long-term 
prognosis is known, it can be communicated with the par-
ents at that point. However, often times, serial ultrasound 
examinations may be necessary to reach the correct diagno-
sis or to understand the progression of disease. This may be 
followed by offering additional invasive diagnostic testing 
to determine etiology, arrange prenatal subspecialty consul-
tation, and guide further treatments. A nurse navigator can 
be very helpful in scheduling all necessary appointments 
with the appropriate pediatric subspecialty consultants. The 

Table 16.1 Commonly detected fetal malformations.

Lethal Nonlethal

Acrania Spina bifida and 
hydrocephalus

Exencephaly Facial and cervical masses
Iniencephaly Omphalocele
Alobar holoprosencephaly Nonsolid masses
Hydranencephaly Sacrococcygeal teratoma
Trisomy 13a

Trisomy 18a

Renal agenesis
Obstructive uropathy with 

long-standing anhydramnios
Lethal skeletal dysplasias:

Thanatophoric dysplasia
Short rib polydactyly 
  syndromes
Campomelic dysplasia
Osteogenesis imperfecta 
  type 2
Hypophosphatasia 
congenital

Meckel–Gruber syndrome

a Excluding mosaicism.
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mode of delivery is often determined in consultation with 
the pediatric consultants who may need to be available at 
birth. However, in some cases, especially those which evolve 
throughout gestation, it is impossible to determine the opti-
mal delivery mode until late in the third trimester.

It is important to counsel patients that not all congenital 
malformations have shown to benefit from cesarean deliv-
ery. There is a significant maternal morbidity associated 
with nonindicated cesarean delivery and the choice of this 
delivery option should optimize both maternal safety and 

Figure 16.1 Sagittal view of anencephalic fetus at 16 weeks’ gestation with arrow demonstrating free-floating brain and absence 
of calvaria.

Figure 16.2 Sagittal scan of a fetus affected with thanatophoric skeletal dysplasia with arrow demonstrating an increased fetal 
head anteroposterior (AP) diameter and prefrontal thickening at 32 weeks’ gestation.
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neonatal outcomes, keeping in mind the same principles 
as previously described in cases of lethal malformations. 
In these cases, however, the decision for cesarean delivery 
should be made if there is increased likelihood for neo-
natal morbidity from a vaginal birth. Fetal malformations 
which may lead to cephalopelvic disproportion or dysto-
cia will benefit from cesarean delivery, thus reducing the 
risk for maternal tissue trauma and/or uterine rupture. 
Likewise, there may be some specific fetal conditions that 
require immediate medical or surgical intervention. Such 
cases may benefit from a timed cesarean delivery when all 
necessary pediatric subspecialists are available. Below are 
described some of the most common prenatally diagnosed 
fetal malformations requiring cesarean delivery.

Spina bifida and hydrocephalus

Neural tube defects are a heterogeneous group of con-
genital structural anomalies of the spinal column and 
brain which occur in isolation (80%) or in association 
with genetic syndromes.13 The etiology and severity of 
the deformity will often guide consultation and manage-
ment strategies. The subgroup of neural tube defects which 
are nonlethal carry a wide spectrum of neonatal progno-
sis and often pose a challenge to the managing perinatal 
team. Prenatal diagnosis relies on a thorough ultrasound 
examination with precise description of cranial and spinal 
findings, as well as any other associated anomalies.

Spinal bifida (Figures 16.3 and 16.4) is one of the most 
common nonlethal congenital anomalies of the central 
nervous system with myelomeningocele being the most fre-
quent form.14 Meningoceles typically have relatively benign 
neurologic sequelae, whereas myelomeningoceles are most 

frequently associated with various degrees of neurological 
impairment. Prognosis is dependent on the level of the spi-
nal segment abnormality, the extent of the lesion, etiology, 
and presence of associated anomalies15; invasive diagnos-
tic testing should be offered to these patients as there is an 
increased risk of chromosomal abnormalities especially in 
the presence of associated anomalies.16 Prognosis is poor 
when spina bifida is associated with chromosomal abnor-
malities or genetic syndromes. In isolation, the extent of the 
defect and the affected location will determine the neuro-
logic disability. However, the severity of the neonatal deficit 
depends not only on the malformation itself but also on the 
in utero duration of the exposure of the neural tissues to 
the amniotic fluid.17 Based on this theory, intrauterine fetal 
surgical repair of the anatomical defect has been attempted 
in order to minimize exposure of the neural elements to 
amniotic fluid, thus improving neonatal and long-term 
outcomes. Since the maternal and fetal risks associated 
with these procedures, especially when done via open fetal 
surgery, are considerable a fetoscopic approach has been 
recently advocated.18 Once the diagnosis and extent of dis-
ease is determined, management options, including fetal 
surgery, should be tailored according to prognosis and after 
taking into consideration the patient’s wishes.14

Historically, most authors have advocated that cesarean 
delivery is superior to vaginal birth in cases of myelome-
ningocele. The hypothesis was that cesarean delivery pre-
vented mechanical forces of labor which would further 
damage the already compromised and exposed neural 
tissue.19 However, more recent data suggest that elective 
cesarean delivery, when compared with vaginal birth, 
is not associated with improved long-term outcomes or 

Figure 16.3 Fetal spine with spina bifida at 18 weeks’ gestation with arrow indicating level of spinal defect.
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decreased neurological impairment over vaginal deliv-
ery, regardless of anatomical location of the lesion.20,21

Therefore, at the present time it seems reasonable to con-
sider a trial of labor, especially in the presence of small flat 
defects or skin-covered defects. However, for large defects 
(>5 cm) cesarean delivery may be justified to reduce the 
risk of sac disruption and dystocia. Additionally, consider-
ation should be given to other factors such as geographical 
area of practice and availability of neonatal specialists to 
evaluate and or treat the neonate immediately after birth. 
A timed delivery may be appropriate in cases where urgent 
neonatal care is expected by subspecialists.

Isolated hydrocephalus (Figure 16.5) or hydrocephalus 
associated with neural tube defects is considered as a non-
lethal fetal malformation where cesarean delivery is most 
often necessary. When assessing for appropriate mode of 
delivery, fetal biometry should be monitored, especially 
in the third trimester. Cases of significant hydrocephalus 
in a fetus with a hopeful prognosis should be delivered by 
cesarean delivery to decrease perinatal mortality and mor-
bidity. Vaginal delivery in these cases may lead to cepha-
lopelvic disproportion, dystocia, and increased risk of 
maternal hemorrhage, secondary to protracted labor, and 
uterine rupture.

Fetal facial and cervical masses

Cystic hygromas (Figure 16.6) are typically diagnosed in 
the first trimester and are generally located in the posteri-
olateral aspect of the fetal neck. Large hygromas, however, 
can become very broad and extend beyond this region 

into the fetal face and thorax. More than half of all pre-
natally diagnosed cystic hygromas are associated with 
chromosomal anomalies and 30% of those with a nor-
mal karyotype have associated anomalies.22 Large cystic 
hygromas and those persisting beyond 14 weeks are at an 
even higher risk of aneuploidy.22 Fetal hydrops in combi-
nation with cystic hygroma is uniformly lethal. Invasive 
diagnostic testing should be offered to determine progno-
sis. In patients with normal chromosomal analysis, serial 
ultrasound examinations and fetal echocardiography are 
recommended. Cyst aspiration throughout gestation has 
not been associated with decreased neonatal morbidity 
or deformity. However, there may be a role for aspiration 
around the time of delivery to decompress the cyst and 
attempt vaginal birth by allowing the cardinal movements 
of labor to occur. This decompression may also help in 
securing an airway for the neonate. In certain circum-
stances with an isolated large cervical mass, the fetus may 
benefit from cesarean delivery at a tertiary care center 
with pediatric surgeons and maternal–fetal medicine spe-
cialists who can perform an ex utero intrapartum treat-
ment (EXIT procedure), which allows for an endotracheal 
tube to be placed while the blood supply to the neonate 
remains placental in origin.23 EXIT procedures are gener-
ally performed at or near term in fetuses that meet cer-
tain criterion for eligibility based on sonographic imaging 
(deviation/compression/obstruction of the airway and 
involvement of the floor of the mouth) which place them 
at a very high risk of airway obstruction and difficult intu-
bation at the time of delivery.

Other facial and cervical occupying masses (facial and 
cervical teratomas) follow the same principle for deliv-
ery management. Although the majority of facial terato-
mas are benign, they often carry a very poor prognosis 
as they arise from the oral cavity and have the potential 
to completely replace cranial contents. Cervical terato-
mas are also typically benign tumors in nature, although 
they do have malignant potential, but have the added pos-
sible complication of pulmonary hypoplasia secondary to 
in utero compression on the fetal thorax. Invasive diag-
nostic testing to access for aneuploidy is recommended, 
especially when additional malformations are present. 
In cases, where a solid, or partially solid, mass creates a 
nonmobile, hyperextended fetal neck, vaginal birth may 
be unachievable as the fetus presents with a mechanical 
blockade to the cardinal movements of labor. Therefore, 
cesarean delivery at or near term is recommended with 
possible implementation of an EXIT procedure in care-
fully selected cases.

Omphalocele

By approximately 12 weeks, gestation, after comple-
tion of the physiologic inward rotation of the midgut, 
the diagnosis of omphalocele can be made (Figure 16.7). 
Omphaloceles are midline defects of the anterior abdomi-
nal wall with herniation of the abdominal contents covered 
by a two-layer membrane composed of amnion and perito-
neum. A detailed anatomical survey at this time can help to 

Figure 16.4 Three-dimensional image of the fetal spine 
demonstrating accuracy of diagnosing levels affected with 
spina bifida at 18 weeks’ gestation with arrow indicating spinal 
defect.
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determine the etiology and associated malformations pres-
ent. Invasive diagnostic testing should be offered to deter-
mine prognosis and guide management. Omphaloceles 
are classified and managed according to the presence or 
absence of other associated anomalies, as well as the size 
and contents of the herniated sac. Omphaloceles are typi-
cally considered small if they are less than 5 cm and con-
tain bowel and stomach but no liver. Omphaloceles greater 
than 5 cm containing bowel, stomach, and liver are classi-
fied as large or giant. It is possible for the omphaloceal sac 
to rupture resulting in free-floating abdominal organs in 
the amniotic cavity.24 The size of the defect and presence 

of extracorporeal liver have been associated with a greater 
likelihood of associated anomalies and genetic syndromes. 
Omphaloceles with extracorporeal liver have an increased 
risk of associated cardiac, limb, and renal malformations, 
whereas small omphaloceles have an increased risk of asso-
ciated gastrointestinal and central nervous system (CNS) 
anomalies.25 The vast majority of omphaloceles have asso-
ciated anomalies with only approximately 30% being iso-
lated. The remaining 70% are associated with chromosomal 
anomalies, single gene disorders, and genetic syndromes.25

Fetal echocardiography should be performed as approxi-
mately 50% of cases have associated cardiac defects.26

Figure 16.5 Coronal image demonstrating hydrocephalus at 26 weeks’ gestation.

Figure 16.6 Large septated cystic hygroma at 13 weeks’ 
gestation with arrow pointing to posteriolateral neck mass.

Figure 16.7 Tranverse abdominal view of fetus with 
omphalocele at 18 weeks’ gestation with arrow pointing to the 
herniated abdominal organs.
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Intrapartum management in nonlethal cases should be 
based on omphalocele classification. Trial of labor should 
be offered in cases of small omphaloceles as cesarean deliv-
ery is not associated with improved maternal or neonatal 
outcomes. However, in giant omphaloceles with extracor-
poreal liver, cesarean delivery should be offered at or near 
term (in the absence of indications for earlier delivery) to 
prevent labor dystocia, sac rupture, and trauma to abdom-
inal viscera.24 Ideally, these fetuses should be delivered in a 
tertiary care center where experienced medical and surgi-
cal pediatric subspecialists are available to care for these 
neonates.

Nonsolid masses

Virtually any organ system or potential peritoneal space 
can be the location of fluid collection forming a nonsolid 
fetal mass. Diagnosis and etiology can often times be 
made by ultrasound alone. However, in some cases sam-
pling of the fluid may be necessary in order to provide 
clues regarding the origin of the collection (i.e., urine 
ascites or urinoma), kidney function (distended fetal 
bladder) (Figure 16.8), or etiology (i.e., pleural effusion 
for diagnosing fetal chylothorax). Once a specific diag-
nosis is made, the pregnancy is monitored closely with 
ultrasound surveillance and often times with repeat fluid 
sampling or drainage to preserve organ function (i.e., 
bladder outlet obstruction to preserve renal function). 
Timing and mode of delivery should be case specific. 
Fetal biometry should be assessed prior to delivery to 
determine risks of labor dystocia as these patients may 
have increased abdominal circumference. The majority 
of the patients should be allowed trial of labor. In some 
cases consideration may be given to draining the fluid 
around the delivery time in order to reduce the neonatal 

effects of increased diaphragmatic pressure and respira-
tory compromise, and possibly decrease the fetal abdom-
inal circumference, thus reducing the need for cesarean 
delivery secondary to dystocia.

Sacrococcygeal teratoma

Sacrococcygeal teratomas (Figure 16.9) are exophytic 
tumors consisting of cystic and solid components aris-
ing from the fetal coccyx. Fetal hydrops and intrauterine 
demise secondary to high output cardiac failure can occur 
in large, highly vascularized tumors. Intrauterine fetal 
interventions including amnioreduction, tumor resec-
tion, and, most recently, minimally invasive percutane-
ous fetal surgery with vascular laser ablation have been 
implemented in order to improve perinatal outcomes.27

Vaginal delivery should be reserved for small, less-vas-
cularized tumors as the risk of labor trauma causing fetal 
hemorrhage is high. Intrapartum cyst aspiration may be 
attempted to allow for a trial of labor, if this can be safely 
accomplished, in the nonvascular lesion. Cesarean deliv-
ery is the safest and preferred delivery method for the 
great majority of these tumors with availability of an expe-
rienced pediatric surgical team to provide immediate care 
to the neonate.28

OTHER CONSIDERATIONS
In general, cesarean delivery may be considered in every 
prenatally diagnosed fetal malformation that requires a 
planned, timed delivery due to the need for urgent care 
by neonatal and pediatric subspecialists. An example is 
critical congenital heart disease where the intrapartum 
management and mode of delivery may be dictated by the 
immediate availability (or nonavailability) of pediatric 
cardiologists and surgeons. In cases where availability is 

Figure 16.8 Sagittal image with arrow demonstrating an enlarged fetal bladder secondary to bladder outlet obstruction at 28 
weeks’ gestation.
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determined by time of day or is limited by other logistical 
issues, patients should either be transferred to a tertiary 
care center with full-time subspecialist coverage allowing 
for spontaneous labor or undergo a timed cesarean section 
to optimize neonatal outcomes.

SUMMARY
Accurate and thorough prenatal diagnosis with ultrasound 
and invasive diagnostic testing can help to navigate the 
difficult management decisions when faced with prena-
tally diagnosed fetal malformations. Health care provid-
ers should provide consultation for the condition-specific 
prognosis with their patients and discuss all management 
options available. A nurse navigator may facilitate the 
patient’s appointments with pediatric subspecialists and 
neonatologists. Decisions regarding mode of delivery for 
both lethal and nonlethal malformations should be guided 
by the principles of maternal safety, fetal and neonatal 
prognosis, and availability of condition-specific specialists. 
Cesarean delivery should be reserved for cases which will 
decrease maternal and neonatal morbidity and mortality.
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17Evaluation and management of stillbirth
SEVAN A. VAHANIAN, WENDY L. KINZLER, and ANTHONY M. VINTZILEOS

Stillbirth is a devastating and difficult experience for 
parents as well as healthcare providers. A systematic, yet 
empathetic approach to the diagnosis, evaluation, and 
management, regardless of gestational age, is crucial. The 
World Health Organization (WHO) defines fetal death as 
“death prior to the complete expulsion or extraction from 
its mother of a product of conception, irrespective of the 
duration of pregnancy; the death is indicated by the fact 
that after such separation the fetus does not breathe or 
show any other evidence of life, such as a beating heart, 
pulsation of the umbilical cord, or definite movement of 
voluntary muscles.”1 Stillbirths are classified as early if 
they occur at less than 20 weeks’ gestation, intermediate if 
they occur at 20–27 weeks’ gestation, and late if they occur 
at 28 weeks’ gestation or greater. In the United States, still-
birth affects 1 in 160 pregnancies, resulting in 26,000 still-
births annually.2

Although attempts have been under way to standardize 
criteria for reporting fetal death and to improve the qual-
ity of the National Center for Health Statistics (NCHS) 
fetal death data file, even within the United States there is 
underreporting and inconsistencies.3 NCHS defines fetal 
death as the spontaneous intrauterine death of a fetus at 
any time during pregnancy. Most states report fetal deaths 
at 20 weeks or greater if gestational age is known or a birth 
weight greater than or equal to 350 g if the gestational age 
is unknown. Based on NCHS statistics, the fetal mortal-
ity rate after 20 weeks’ gestation has remained stable from 
2006 to 2012, with an overall fetal mortality rate of 6.05 (per 
1000 live births plus fetal deaths). However, racial dispar-
ity is evident, with the fetal mortality rate in non-Hispanic 

white women being 4.9 per 1000 compared with 5.33 per 
1000 in Hispanic women and 10.67 per 1000 in non-His-
panic black women.4 The Stillbirth Collaborative Research 
Network (SCRN) was initiated in order to address and bet-
ter understand these racial/ethnic and geographic dispari-
ties in causes of death among stillbirths.5

DIANOSIS OF STILLBIRTH
With the widespread availability of real-time ultrasound 
equipment, the diagnosis of stillbirth is simple and reliable, 
with 100% sensitivity and specificity. Fetal heart motion 
can be detected by 7–8 weeks’ gestation by abdominal 
ultrasound and as early as 5½–6 weeks’ gestation by high-
frequency transvaginal probes.6 Failure to detect cardiac 
activity is diagnostic of stillbirth. Other sonographic signs 
include absent fetal motion, abnormal head shape due to 
overlapping skull bones, and reduced or absent amniotic 
fluid. Prior to obtaining ultrasound confirmation, still-
birth may be suspected from a variety of clinical signs and 
symptoms. These include decreased or absent fetal move-
ments, decreased fundal height, vaginal bleeding, inability 
to auscultate the fetal heart by transabdominal Doppler, 
and possibly elevated maternal serum α-fetoprotein.

Stillbirth is usually quickly evident to the person perform-
ing the ultrasound. There is a “stillness” within the uterine 
cavity, with no motion other than the pulsation of the mater-
nal aorta. After confirming the absence of cardiac activity, 
it is important that the mother be included in confirming 
the diagnosis of stillbirth. She should be allowed to visualize 
the screen after localizing the fetal heart with the ultrasound 
transducer kept still so as not to create motion artificially. 
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After several seconds, she, too, will be able to confirm the 
diagnosis. This helps to eliminate the doubt surrounding the 
diagnosis and to reduce subsequent denial. Often, women 
are immediately asked when the last time fetal movement 
was experienced. This question is likely to elicit strong feel-
ings of guilt that she did not seek medical attention in a 
timely fashion and does little to assist the medical team in 
making a diagnosis; it should be avoided, if possible.

EVALUATION OF STILLBIRTH
There are many conditions associated with stillbirth 
(Table 17.1).7 In general, the earlier the gestational age at 
which death occurs, the more likely there is a chromosomal 
abnormality (Table 17.2).8 Identification of the cause of still-
birth, whenever possible, is important for several reasons. 
First, it aids the parents in understanding what led to the 
demise of their fetus, and in doing so often alleviates self-
imposed guilt. Second, if the cause of death is found, the 
parents may be counseled appropriately as to the recurrence 
risks of the specific condition. Third, for conditions which 
may recur, subsequent pregnancies may be managed with 
closer fetal surveillance and possible therapeutic interven-
tions. Because the causes of stillbirth are many, a systematic 
diagnostic approach addressing potential maternal, fetal, 
and placental factors is most beneficial (Table 17.3 is on next 

page).  A research tool entitled Initial Causes of Fetal Death 
(INCODE) was developed by the SCRN to assign cause of 
death in stillbirths. This tool spanned six categories, includ-
ing maternal medical conditions; obstetric complications; 
maternal or fetal hematologic conditions; fetal genetic, struc-
tural, and karyotypic abnormalities; placental infection, fetal 
infection, or both; and placental pathological findings. The 
purpose of this was to identify conditions of interest that 
might be a potential cause of stillbirth. These conditions can 
then be further classified into “probable cause of death” or 
“possible cause of death.”7 This tool was used in a multicenter, 

Table 17.1 Conditions associated with fetal death.

Maternal medical conditions
Hypertensive disorders
Diabetes
Obesity
Autoimmune disease (SLE)
Intrahepatic cholestasis of pregnancy
Thyroid disease
Renal disease
Substance abuse
Maternal infection
Seizure disorder

Obstetric complications
Fetomaternal hemorrhage
Cervical insufficiency
Preterm labor
Preterm premature rupture of membranes
Chorioamnionitis
Intrapartum asphyxia
Placental abruption
Multiple gestation
Uterine rupture
Maternal trauma
Uteroplacental insufficiency

Maternal or fetal hematologic conditions
Inherited thrombophilia
Acquired thrombophilia (antiphospholipid syndrome)

Red cell isoimmunization
Platelet alloimmunization

Fetal genetic, structural, or karyotypic abnormalities
Chromosomal
Autosomal recessive disorders
X-linked dominant disorders in males
Structural anomalies
Fetal metabolic disorders

Placental and/or fetal infection

Fetal infection involving brain, heart, lung, and liver (listeriosis, 
ascending polymicrobial)

Fetal infection causing congenital anomaly (CMV, rubella, 
parvovirus, toxoplasmosis, varicella)

Placental infection (syphilis)

Placental pathologic findings
Implantation abnormalities (previa, accrete)
Placental membranes (velamentous cord insertion, amnion 

rupture sequence)
Umbilical cord (vasa previa, cord accident, entanglement, true 

knots, strictures)
Fetal membrane infection
Circulatory disorders

Other

Source:   Dudley DJ et al., Obstet Gynecol, 116, 254–260, 2010.
Abbreviations:   CMV, cytomegalovirus; SLE, systemic lupus erythematosus.

Table 17.2 Percentage of fetal losses associated with 
chromosomal abnormalities by gestational age.

Gestational age
(weeks)

With chromosomal 
abnormalities (%)

  8–11 53.5
12–15 47.9
16–19 23.8
20–23 11.9
24–27 13.2
≥28  6.0

Source:    Warburton D, Clin Obstet Gynecol, 30, 268, 1987.
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population-based, case–control study conducted by the 
SCRN that evaluated 663 women with stillbirth between 
2006 and 2008 in the United States. In their sample, a prob-
able cause of death was identified in 60.9% of cases, with the 
most common causes being obstetric complications (29.3%), 
placental abnormalities (23.6%), fetal genetic or structural 
abnormalities (13.7%), infection (12.9%), umbilical cord 
abnormalities (10.4%), hypertensive disorders (9.2%), and 
other maternal medical conditions (7.8%).5 While there can 
be many conditions of interest that are present, an in-depth 
evaluation is required to determine causality. For example, 
the presence of histologic chorioamnionitis alone is not a 
possible cause of death unless there is documented funisitis.

Maternal

A careful maternal history and physical examination is 
part of the diagnostic evaluation of fetal death. Women 
should be asked about underlying medical conditions, 
obstetric history, current pregnancy history, medica-
tion or substance use, potentially infectious exposures, 
trauma, and family history. It is extremely important 
to question the mother carefully so as not to induce 
blame. Laboratory evaluation includes complete blood 
count, screening for the presence of fetal cells or evi-
dence of fetomaternal hemorrhage (Kleihauer–Betke 
test), indirect Coombs test, toxicology screen, syphilis 
serology, and parvovirus B-19 immunoglobulin G (IgG) 
and immunoglobulin M (IgM) serology. Testing for 
antiphospholipid syndrome (lupus anticoagulant, IgG 
and IgM anticardiolipin and anti-β2-glycoprotein anti-
bodies) and inherited thrombophilias (factor V Leiden 

mutation; prothrombin G20210A mutation; protein 
C, protein S, and antithrombin III deficiencies) can be 
useful in selected cases, such as in the setting of fetal 
growth restriction or pre-eclampsia, recurrent fetal loss, 
or personal or family history of thrombosis.9 Other tests 
such as infectious serology screening for TORCH (toxo-
plasmosis, rubella, cytomegalovirus [CMV], herpes sim-
plex virus [HSV]), thyroid-stimulating hormone, and 
serum glycosylated hemoglobin (HbA1c) are of uncer-
tain utility.10

Fetal

Ultrasound plays a key role in the evaluation of poten-
tial fetal and placental factors contributing to still-
birth. The approximate gestational age at which death 
occurred can be estimated by fetal long bone (e.g., 
femur, humerus) measurements, assuming that there 
is no early fetal growth restriction. While the calvar-
ium and intracranial anatomy are assessed, the bipari-
etal diameter is not used to date the age at death, since 
soon after death the head becomes quite compressible, 
resulting in underestimation of the gestational age. The 
long bones, on the other hand, will remain relatively 
unchanged for several weeks. Congenital anomalies and 
the presence of hydrops should be sought in all cases 
of stillbirth. However, care should be exercised not to 
confuse postmortem ultrasound findings (e.g., skin and 
scalp edema) with fetal congenital malformations.

Since chromosomal abnormalities are significant 
causes of stillbirth at all gestational ages, chromosomal 
analysis with karyotype and microarray is indicated. This 

Table 17.3 Diagnostic approach to the evaluation of stillbirth.

Maternal
History and physical examination
Underlying medical conditions
Obstetric history
Current pregnancy history
Medication or substance use
Infectious exposures
Trauma
Family history

Laboratory evaluation 
Complete blood count
Indirect Coombs
Kleihauer–Betke
Toxicology screen
Syphilis serology
Parvovirus B-19 IgG and IgM
Inherited thrombophilia testing (selected cases)
Acquired thrombophilia testing (selected cases)
TORCH titers (uncertain utility)
Thyroid-stimulating hormone (uncertain utility)
Glycosylated hemoglobin A1c (uncertain utility)

Fetal
Ultrasound evaluation
Assess gestational age (long bones)
If multiple gestation, check chorionicity, signs of twin-to-twin 

transfusion syndrome
Congenital anomalies
Placental location
Evidence of placental abruption
Evidence of infection or erythroblastosis fetalis
Amniotic fluid volume

Fetal testing
Amniocentesis (karyotype, microarray, cultures)
Placental block below umbilical cord insertion site, segment of 

umbilical cord, or fetal tissue (costochondral junction or patella)
Imaging (photographs, radiographs, magnetic resonance 

imaging [MRI])
Autopsy

Placental
Cultures
Pathology

  



224 Evaluation and management of stillbirth

information is best obtained by amniocentesis or chorionic 
villus sampling at the time of diagnosis. Autolysis of fetal 
tissues occurs soon after death. For this reason, viable tis-
sue may not be available at birth for cytogenetic analysis. 
On the other hand, fetal cells floating in the amniotic fluid 
may survive for days after fetal death,11 making amnio-
centesis the preferred method of obtaining a specimen for 
cytogenetic analysis. If amniocentesis is not performed, 
other acceptable specimens for cytogenetic analysis include 
a placental block from below the umbilical cord insertion 
site, a segment of umbilical cord, or internal fetal tissue 
(costochondral junction or patella). Recently, the role of 
fetal cell-free DNA has been investigated in the evaluation 
of 50 pregnancies with intrauterine fetal demise or mis-
carriage.12 Overall, adequate fetal fractions, and therefore 
results, were obtained in 76% of the patients; the yield was 
better for pregnancies of 8 weeks or greater (88%) com-
pared with pregnancies less than 8 weeks (53%). The results 
revealed fetal euploidy (76%), trisomy (21%), and microdele-
tion (3%).12 This practice, however, at least at the time of the 
writing of this chapter, may miss many cases of monosomy 
X, which constitutes approximately 25% of the aneuploi-
dies in fetal losses. At the present time, the use of cell-free 
DNA in the evaluation of stillbirths or miscarriages may be 
advisable only when amniocentesis or postmortem karyo-
type with microarray are not feasible. In the future, cell-free 
DNA may become a routine test for investigating the cause 
of fetal death and miscarriage.

If the fetus is delivered intact, photographs and radio-
graphs should be taken and kept on file, particularly if 
unusual or dysmorphic features are found. Consultation 
with a geneticist may also be helpful. Parents should be 
urged to consent to autopsy in all cases of fetal death. 
Once the benefits of such an examination are pointed 
out to them, consent can usually be obtained. Eighty-one 
percent of women surveyed in a study by Rankin et al.13

agreed to a postmortem examination, and 14% of those 
that declined regretted that decision. Even when a fetal 
anomaly has been identified by ultrasound, autopsy has 
been shown to add information affecting the risk of recur-
rence in 27% of cases.14 This examination should ideally 
be performed by a pathologist who has experience and/or 
special interest in perinatal pathology. Postmortem fetal 
magnetic resonance imaging is also a feasible adjunct in 
cases of maternal refusal to conventional autopsy, particu-
larly in diagnosing intracranial anomalies.15,16

Placental

Placental and umbilical cord abnormalities may offer 
many clues as to the cause of fetal death. The placenta 
may be abnormally thickened in cases of erythroblastosis 
fetalis and certain infections (e.g., syphilis, Parvovirus 
B19). A retroplacental clot, increased placental thickness, 
subchorionic hematoma, or intra-amniotic blood may be 
visualized in cases of abruption. After delivery, placen-
tal cultures for aerobic and anaerobic bacteria, Listeria 
monocytogenes, and ureaplasma and mycoplasma 
may be sent. The placenta should always be examined 

histologically for evidence of thrombi, infarcts, inflam-
mation, villitis, parasitic infestation, etc. Gross exami-
nation of the umbilical cord and placenta can identify 
circumvallate placentation, velamentous cord insertions, 
abnormal twisting, and/or thrombosis of the umbilical 
cord. Pathologic findings should correlate with the cause 
of death. For example, the presence of a nuchal cord 
alone is not a probable cause of stillbirth unless there is 
evidence of umbilical cord occlusion or fetal hypoxia.

Stillbirth in multiple gestations

Death of one fetus in a multiple gestation deserves spe-
cial attention. Although the exact incidence of this event 
is unknown, it complicates approximately 0.5%–6.8% 
of twin gestations.17 Demise of both twins is less likely. 
Outcome is influenced by gestational age at the time of the 
demise and by chorionicity. First-trimester fetal demise 
does not appear to adversely affect the outcome of the 
surviving twin.18 During the second and third trimesters, 
both dichorionic and monochorionic twins are at risk of 
prematurity. In addition, monochorionic gestations are at 
risk of multiorgan ischemic damage, multicystic encepha-
lomalacia, and neurologic sequelae in the surviving co-
twin. Injury to the remaining twin is estimated to occur 
in 5%–40% of monochorionic demises. Since the timing of 
this insult is most likely at the time of the demise, immedi-
ate delivery has not been shown to alter outcomes. 19,20

Ultrasound assessment plays a key role in evaluating 
stillbirth in multifetal gestations. Attempts should be made 
to determine chorionicity, as this determines the risk to 
the surviving fetus. The presence of a dividing membrane 
and signs of twin–twin transfusion syndrome should also 
be evaluated if a monochorionic gestation is confirmed. 
Both twins should be examined for the presence of struc-
tural abnormalities, and karyotyping of both fetuses by 
amniocentesis should be considered. At previable gesta-
tions, both expectant management and pregnancy termi-
nation are options. At term, delivery is recommended. At 
24–34 weeks, close surveillance of the pregnancy, moni-
toring the surviving fetus for growth and well-being, and 
watching for signs and symptoms of preterm labor, is rec-
ommended. The risk of maternal consumptive coagulopa-
thy in a multiple gestation where one fetus has died is rare. 
Baseline hematologic studies are recommended, including 
prothrombin time, partial thromboplastin time, fibrino-
gen, and platelet count, and should be followed periodi-
cally as the pregnancy continues.

MANAGEMENT OF STILLBIRTH
Once confronted with stillbirth, the parents and health-
care provider must decide upon subsequent management. 
Options include expectant management while awaiting 
spontaneous uterine evacuation, medical management, or 
surgical intervention. Variables to take into consideration 
in making these choices include gestational age, uterine 
size at diagnosis, preexisting medical, and obstetric con-
ditions including previous uterine scars, provider experi-
ence, and the emotional aspects involved.
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Expectant

Expectant management in the second half of pregnancy is 
a feasible option, particularly if the patient is not mentally 
prepared to proceed with intervention. A disadvantage is 
the potential risk of hypofibrinogenemia. Fortunately, coag-
ulation abnormalities in association with fetal demise are 
uncommon. In the absence of placental abruption or uter-
ine perforation, this risk is estimated at 3%.21 In addition, 
most patients will deliver within two weeks of fetal death,22 
minimizing the risk of a coagulopathy developing with 
prolonged retention in utero.23 Baseline fibrinogen levels 
followed by weekly assessment has been recommended if 
expectant management is chosen. If a coagulation defect is 
identified, steps should be taken to correct the coagulopathy 
with the appropriate blood products and promptly evacuate 
the uterus of the retained products of conception.

Surgical techniques

Dilation and evacuation

It is of paramount importance before deciding to perform 
dilatation and evacuation that cesarean scar pregnancy is 
ruled out by careful ultrasound examination in all patients 
with previous cesarean delivery and anterior low-lying 
placenta or placenta previa because in such cases dilatation 
and evacuation may result in a catastrophic hemorrhage. 
The treatment options for cesarean scar pregnancies are 
described in Chapter 32.

In the absence of cesarean scar pregnancy, in the second 
trimester, surgical emptying of the uterus by dilation and 
evacuation (D&E) involves dilation of the cervix followed 
by evacuation of the products of conception by a combina-
tion of suction aspiration, sharp curettage, and forceps as 
needed. Preoperative preparation with either prostaglan-
dins (PG) or laminaria tents may be considered. Hackett et 
al.24 reported greater preoperative cervical dilation when 
the balloon of a 14F Foley catheter inserted into the cervi-
cal canal was inflated with 25 mL of water compared with 
3 mg PGE2 inserted into the posterior fornix.

The most serious and significant complications of D&E 
are cervical lacerations, uterine perforation, hemorrhage, 
retained products of conception, infection, and intrauter-
ine adhesion formation. These complication rates increase 
with advancing gestational age and are greatest after 20 
weeks’ gestation.25 While the death/case ratio is 3/100,000 
procedures at 13–15 weeks’ gestation, it increases fourfold 
when performed at 21 weeks’ gestation.26

Although D&E is generally very effective, occasional dif-
ficulty is encountered in completely evacuating the uterus, 
especially at more advanced gestational ages (>16 weeks). 
In particular, the fetal calvarium and thorax are most often 
retained. Inspection of fetal tissue at the time of the proce-
dure should help to confirm that all the major fetal parts 
have been removed. If one recognizes that the evacuation 
is incomplete, the procedure can be completed under ultra-
sonic guidance. An alternative approach is to administer 
an intravenous oxytocin infusion for several hours before 
returning the patient to the operating room. By that time 

the retained fetal parts will usually be visible at the internal 
cervical os, where they can be grasped and removed. Either 
approach is preferable to blind attempts at locating or remov-
ing the retained tissue; such efforts are more likely to result in 
uterine perforation and hemorrhage. Some have even advo-
cated performing all D&E procedures under continuous 
direct ultrasound guidance, which is associated with lower 
complication rates (3.7% vs. 15.9%) and less operative time.27

Surgical management, in addition to being safe and 
effective, avoids the unpredictable and longer experience 
of expectant or medical management. However, patho-
logic evaluation of a fragmented D&E specimen may not 
provide the same information as an intact fetus and pla-
centa. It is also impossible for the parents to see and/or 
hold the object of their profound grief when the fetus is not 
intact. Parents should be counseled about both the advan-
tages and disadvantages of this option.

Hysterotomy, hysterectomy, and laparotomy

Hysterotomy and hysterectomy are rarely required or 
indicated in the management of stillbirth unless there 
is advanced cesarean scar pregnancy (placenta accreta). 
Although the mother often states that she wants the baby 
removed from her uterus immediately, the physician must 
resist the temptation to accommodate her. Performing a 
nonindicated hysterotomy in such cases subjects the mother 
to significant morbidity, increased chance of mortality, and 
a much longer recuperative period. Moreover, pregnan-
cies after hysterotomies are frequently associated with thin 
scars,28 thus increasing the likelihood of uterine rupture; for 
this reason, most subsequent pregnancies are delivered by 
elective cesarean section.

Under unusual circumstances, hysterotomy or hysterec-
tomy may be the preferred method of uterine evacuation. If 
a coexisting condition requires laparotomy, such as abdom-
inal trauma, suspected ovarian cancer, or invasive cervical 
cancer, hysterotomy or hysterectomy may be performed. 
Other potential indications include suspected placenta 
accreta, obstructed labor, abdominal pregnancy, or mater-
nal hemorrhage. If hysterotomy is performed, the techniques 
employed should be those used in cesarean section, except 
that the uterine incision should be only as large as necessary 
to remove all products of conception. If the uterus is to be 
preserved for subsequent pregnancies, the uterine incision 
should avoid the fundus, and a careful multilayered closure 
should be performed. Failed induction of labor should raise 
the suspicion of a possible abdominal, cesarean scar, or cer-
vical pregnancy. When abdominal pregnancy is diagnosed, 
laparotomy, and removal of the fetus is indicated. The cord 
should be tied close to the placental insertion and the pla-
centa should be left in situ, where gradual resorption will 
occur. Attempts at removal are associated with a significant 
risk of hemorrhage and should be avoided.

Medical management

PGE1 (misoprostol) is a safe and effective way to facili-
tate uterine evacuation. It is inexpensive and well toler-
ated, does not require special storage techniques, and can 
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be administered in similar dosing by the oral, sublingual, 
vaginal, or rectal routes. The most common side effects 
include transient pyrexia, nausea, and diarrhea, the last of 
which can be reduced with vaginal rather than oral dosing.29 
Premedication with antipyretics, antiemetics, and antidiar-
rheals will further minimize these side effects. Sublingual 
misoprostol has been found to have higher bioavailability 
with higher peak serum concentrations than oral and vaginal 
routes.30 In addition, it avoids first-pass metabolism through 
the liver and minimizes vaginal examinations. Therefore, it 
should be considered as a reasonable alternative, along with 
the rectal route, particularly for patients experiencing bleed-
ing that may interfere with vaginal absorption.

Prior to 28 weeks’ gestation, typical misoprostol doses 
include 200–400 µg vaginally or orally/sublingually every 
4 hours. After 28 weeks’ gestation, induction is managed 
according to usual third-trimester obstetric protocols such 
as misoprostol 25–50 µg vaginally or orally/sublinqually 
every 4 hours; or PGE2 (dinoprostone) suppositories every 12 
hours. Alternatively, oxytocin administration per usual hos-
pital infusion protocol is safe and effective. Uterine activity 
should be monitored and uterine hyperstimulation avoided. 
If the cervix is unfavorable, pretreatment with laminaria 
tents, intracervical Foley catheter, or low-dose PG prepara-
tions may shorten the induction-to-delivery time. Oxytocin 
should not be administered if contraindications to labor 
exist, such as previous classical uterine scar, transverse lie 
near term, cephalopelvic disproportion, or placenta previa.

Because of the increased rate of cesarean delivery, it is 
not uncommon to be faced with the challenge of managing 
a woman with a stillbirth and a previously scarred uterus. 
Multiple studies have shown that induction of labor with 
PGs in the second trimester appears to be safe and effec-
tive. Misoprostol at doses of 600–800 µg31or, less commonly 
used, extra-amniotic PGE2

32,33 leads to delivery in 11–15 
hours with no cases of uterine rupture reported in a total of 
122 women. Although uterine rupture has been reported at 
23 weeks after one 200 µg dose of misoprostol, this patient 
had two prior low-transverse cesarean sections, preterm 
premature rupture of membranes, and chorioamnion-
itis.34 Therefore, prior to 28 weeks’ gestation, recommended 
induction of labor with a history of a uterine scar follows the 
same protocol as for an unscarred uterus: misoprostol 200–
400 µg vaginally, orally, or sublingually every 4 hours. After 
28 weeks’ gestation, oxytocin infusion is recommended, 
with transcervical Foley balloon for ripening in patients 
with an unfavorable cervical examination.

EMOTIONAL ASPECTS OF FETAL DEMISE
Fetal death is not the expected outcome of pregnancy. It is 
now well understood that the emotional reactions a couple 
experiences after a fetal demise are similar to those after 
the death of any loved one. These emotional responses 
occur not only after late fetal death, but also after early 
miscarriage,35 loss of one twin,36 and midtrimester termi-
nation of pregnancy because of fetal anomalies.37 Although 
the grief response is complex, there are fairly consistent 
and characteristic phases that can be recognized.38 There 

is considerable variation, however, in how each individ-
ual moves through and copes with these reactions. It is 
imperative that any healthcare provider assisting a couple 
at the time of a fetal loss be familiar with these emotional 
responses. Only then can the need for appropriate support 
be recognized and provided.

Most women will first experience an intense, immedi-
ate emotional response.39 The initial phase is characterized 
by shock, which may last from several hours to 2 weeks, 
and is often accompanied by denial. Some of this denial 
may be lessened by involving the mother in confirmation 
of the diagnosis by showing her the absent cardiac activ-
ity on ultrasound. This is followed by the feelings of grief, 
dysphoria, guilt, and anxiety. It is particularly important 
at this time to avoid questions and comments that may be 
misinterpreted and add to the self-blame which invariably 
exists. Minimizing feelings of guilt is important, as they 
are predictors of grief intensity, coping difficulties, and 
progression to depression.39 From these first few moments, 
the situation should be handled in a compassionate, sensi-
tive, and sincere manner. The next phase of the grief pro-
cess is characterized by a longer period of disorganization, 
often interrupted by feelings of grief.38 By 3–4 months, 
resolution and reorganization should have occurred. 
The intensity and duration of these emotional reactions, 
however, may be heightened if there has been a history of 
pregnancy losses, if there are no living children, if the loss 
occurred late in the pregnancy, particularly in the absence 
of warning signs, and if there is a history of poor coping, 
depression, or lack of social support.39 All couples should 
be provided with referrals to support groups, bereavement 
teams, social workers, and/or psychologists with special 
interest and experience in perinatal loss.

It is important to have an increased awareness of the 
emotional impact of perinatal loss on both the mother and 
the father. The outward response of the father may be quite 
different from that of the mother. Men often suppress their 
feelings of sadness and anger in their attempts to focus and 
support their partner. As a result of this restricted expres-
sion of grief, they tend to receive less support, feel very iso-
lated, and are at increased risk of developing a chronic grief 
response.40,41 These differences in grief reactions can subse-
quently strain a couple’s relationship. Therefore, being sup-
portive and communicating with both parents is essential.

By providing ongoing psychological support to parents 
experiencing a perinatal loss, significantly fewer depressive 
symptoms have been reported.42 Supportive interventions 
for these couples exist on a variety of levels. As previously 
discussed, minimizing the feelings of denial and guilt occur 
at the time of diagnosis. It is important that options of 
pregnancy management be discussed, but that the couple 
not be rushed into making decisions, as long as immediate 
hospitalization is not required for medical necessity. At the 
time of delivery, encouraging the parents to see and hold 
the baby and collect mementos (photographs, locks of hair, 
footprints, and identification bracelets) can aid in grief reso-
lution. Kellner et al.43 found that 92% of parents chose to see 
their baby and 54% chose to hold their baby after perinatal 
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death. This decision is not based on physical appearance, 
and even in severely macerated or anomalous fetuses, par-
ents will benefit from this interaction. While those who see 
their baby never regret their choice, those who do not, often 
regret the decision. In addition, naming the baby helps in 
affirming his/her existence and should be encouraged.44 
Regarding disposal of the body, all options available to the 
patient should be discussed. These may include hospital 
disposal, private burial, and private cremation. In cases of 
cremation, the ashes can be offered to the parents. While 
hospital disposal may be most convenient to the parents, 
a privately arranged memorial service or funeral has sev-
eral benefits. Such a service offers closure to the fetal death, 
allowing progression of the normal grieving process. It also 
offers family and friends the opportunity to express their 
sorrow, and many find comfort in knowing where their 
baby is buried.45

Although parents should be given adequate privacy, 
they should not be isolated and abandoned. An expression 
of our own feelings and a discussion of potential reactions 
from family and friends will be of assistance. Under no cir-
cumstances, regardless of gestational age at time of death, 
should comments be made such as, “You are young; you 
can have another,” or “you already have a healthy child—
you should be grateful for that.” It has been estimated that 
over 50% of women experiencing a perinatal loss felt that 
healthcare providers were insensitive and failed to provide 
the opportunity to talk about the loss, and these women 
sensed a lack of caring and sympathy. As a result, anger is 
fostered and women often seek the care of new providers 
in subsequent pregnancies.

Follow-up outpatient visits should address both the phys-
ical and emotional needs of the mother. The loss should be 
discussed openly and available information regarding eti-
ology disclosed. The healthcare provider should not only 
be familiar with the signs of normal grieving, but should 
also be able to recognize signs of pathologic grief reac-
tions, including the development of depression, anxiety, 
neuroses, psychosomatic reactions, or suicidal ideation. If 
these states are suspected, immediate psychiatric referral 
is warranted. More than half of women become pregnant 
within 1–2 years after a perinatal loss.46 Although some 
studies have reported that patients who become pregnant 
within 6 months are more likely to suffer from a prolonged 
grief reaction,45,47 other studies have not confirmed this.48 
Recommendations should be based on the individual 
couple’s emotional functioning. Regardless of the time of 
delivery, a subsequent pregnancy is often marked by strong 
anxiety, which becomes most intense near the gestational 
age at which the previous loss occurred.48

CONCLUSION
Stillbirth is a devastating event in the lives of parents and 
distressful for healthcare workers as well. The obstetrician 
must deal with the physical aspects of death—confirmation 
of the diagnosis, diagnostic evaluation, and management—
as well as the emotional needs of the parents. Physicians 
and parents may choose to await the spontaneous onset of 

labor or actively to effect uterine evacuation. The latter can 
be achieved by both medical and surgical methods. The 
method of choice as well as the timing of delivery is deter-
mined by the gestational age, the experience of the physi-
cian, and the medical and emotional needs of the patient. 
A thorough sonographic and pathologic evaluation of the 
fetus and placenta is indicated and can assist in explaining 
the present loss, assessing recurrence risks, and determin-
ing the need for special interventions during subsequent 
pregnancies. Compassion, sensitivity, and openness are 
essential and help both parents and healthcare providers 
through these difficult times.
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18Antepartum hemorrhage
SHAUNA F. WILLIAMS

Antepartum hemorrhage (APH) is a common complica-
tion of pregnancy and occurs in about 15% of all pregnan-
cies. It is defined as bleeding from the genital tract between 
week 20 of the pregnancy and the onset of labor. Obstetric 
hemorrhage is a significant threat to the fetus and to the 
mother. Premature delivery and perinatal mortality rates 
are increased several-fold in connection with second- and 
third-trimester bleeding episodes. The most frequent 
causes of APH are abruptio placentae and placenta previa. 
Other causes include cervical lesions, genital infections, 
trauma, and rarely vasa previa, vulvovaginal varicosi-
ties, and genital tumors. Nongynecologic causes such as 
hematuria and rectal bleeding also should be considered. 
Because of the increased risks and high morbidity and 
mortality rates that are associated with APH, careful clini-
cal evaluation and management is of critical importance.

ABRUPTIO PLACENTAE
Etiology and epidemiology

Separation of a normal implanted placenta is a potentially 
dangerous obstetric complication for both the mother 
and the fetus, with a perinatal mortality rate significantly 
higher than the general obstetric population.1 The clinical 
picture ranges from mild, and thus innocuous, to severe 
and potentially fatal forms.

Rates of placental abruption have been reported to 
range from 0.6% to 1% of births.1,2 Interestingly, some have 
reported an increase in the incidence of abruption, while 
other reports have shown a decrease over the past several 
decades.2,3 In the 1930s, a maternal mortality rate of 1.7% 
was reported from the New York Lying-In Hospital in 
connection with APH presenting with external bleeding. 

However, by the 1970s maternal death from obstetric 
hemorrhage had become exceedingly rare.4 In contrast, 
abruption of the placenta still entails high fetal and neona-
tal mortality rates. Even in recent years, about one out of 
nine cases of abruption of the placenta was associated with 
perinatal mortality.5 Other adverse neonatal outcomes 
include complications of prematurity, anemia, growth 
restriction, intraventricular hemorrhage, and periventric-
ular leukomalacia.6,7

Placental abruption occurs when bleeding occurs 
between the decidua and the myometrium with sub-
sequent compression of the placenta. In a typical case, 
acute retroplacental separation probably derives from 
the rupture of maternal small vessels. The cause of this 
may be due to vasospasm of the maternal vessels or could 
be due to thrombosis and subsequent necrosis. It is gen-
erally assumed that the rupture of spiral arteries results 
in high-pressure bleeding that eventually expands and 
separates the placenta from the implantation site. The 
bleeding could continue and ultimately lead to a total 
abruption. Abruption could also be an acute process such 
as after an abdominal trauma or rapid decompression of 
the uterus.

Several factors increase a patient’s risk for abruption. 
History of abruption in a prior pregnancy significantly 
increases the risk in the next pregnancy. It appears that 
the greater the severity of the first abruption, the higher 
the risk of recurrence. Recurrence risk may range from 
less than 2%–24% in patients with two previously affected 
pregnancies.8

Gestational hypertension, preeclampsia, and chronic 
hypertension have all been associated with abruption. In 
women with chronic hypertension, the risk of placental 
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abruption is increased threefold over patients without pre-
existing hypertensive disease.9,10 Younger age may be a pre-
disposing factor.11 Parity may be a factor, although studies 
that have investigated this association have reported con-
flicting results.11,12

Maternal tobacco use, both before and during preg-
nancy, has been linked to placental abruption with an 
increase in risk seen with more use.13,14 Cocaine use has 
also been shown to be independently associated with 
placental abruption.15 This increased risk with smoking 
and cocaine use should be discussed with the patient and 
smoking and cocaine use should be discouraged during 
pregnancy.

Abdominal trauma and motor vehicle accidents could 
result in a force sufficient to shear the placenta from its 
attachment to the uterine wall. Placental abruption is a 
risk of prenatal procedures such as external cephalic ver-
sion and cordocentesis. Sudden decompression could also 
result in an abruption, as in the case of a multifetal preg-
nancy after the delivery of the first twin. Similarly, the 
decompression that accompanies spontaneous or artificial 
rupture of the membranes, particularly in patients with 
polyhydramnios, may also lead to abruption.

Leiomyomas and first-trimester bleeding are additional 
risk factors.16 Abnormal serum screening results have also 
been associated with abruption, specifically high mid-
pregnancy levels of maternal serum alpha-fetoprotein 
(AFP) and low pregnancy-associated plasma protein A 
(PAPP-A).17,18 Other associations with abruption have 
been described, such as with hyperhomocystinemia and 
dysfibrinogenemia.19 Retrospective data suggest a rela-
tionship with thrombophilias, although this has not been 
confirmed in all studies.20,21

When preterm premature rupture of membranes 
(PROM) complicates a pregnancy, there is an increased 
risk of abruption, estimated to be more than three times 
higher than in patients without preterm PROM. When 
infection is present in the setting of ruptured membranes, 
the risk increases more than ninefold.22,23 Interestingly in 
patients with abruption, pathologic examination confirms 
that even in patients without overt clinical infection, there 
is an increase in histologic chorioamnionitis.24

Clinical presentation and diagnosis

The clinical presentation of placental abruption can vary 
widely, from a small amount of vaginal bleeding to mas-
sive hemorrhage. Commonly associated signs and symp-
toms are back pain, vaginal bleeding, fetal compromise 
evidenced by nonreassuring fetal heart rate tracings, 
and abdominal pain from tetanic uterine contractions. 
Syncope, shock, diffuse intravascular coagulation (DIC), 
and fetal demise may occur.

Traditionally, the vaginal bleeding associated with pla-
centa previa was described as painless, whereas that deriv-
ing from abruption of the placenta was characterized as 
painful. Although this differentiation may have been 
helpful in the past, contemporary obstetricians seldom 
need to rely only on this distinction, as ultrasound can, in 

most instances, quickly rule out the presence of a placenta 
previa.

Abruption of the placenta is to be suspected in the pres-
ence of the following signs:

• Vaginal bleeding after 20 weeks’ gestation
• Uterine irritability manifesting in frequent uterine con-

tractions (more than five contractions in 10 minutes) or 
uterine hypertonus

• Uterine tenderness or backache
• Evidence of fetal compromise on electronic fetal moni-

toring: late decelerations, variable decelerations, minimal 
or absent variability, bradycardia or sinusoidal pattern

Placental detachment is categorized as retroplacental or 
marginal (Figure 18.1). However, the magnitude of bleed-
ing may not correlate with the degree of fetal or maternal 
compromise because of the location of the separation. In 
10%–20% of the cases, placental abruption entails little or 
no vaginal bleeding, known as concealed abruption. This 
can also have devastating consequences as the reliance 
upon the magnitude of visible bleeding may lead to seri-
ous underestimation of the actual blood loss. It should be 
remembered in patients who present with abdominal pain 
without bleeding, other causes for the pain should be con-
sidered including nonobstetric causes of abdominal pain 
such as appendicitis, urinary tract infection, ovarian tor-
sion, and degenerating fibroids.

A conclusive prenatal diagnosis of abruption of the 
placenta is often difficult prior to delivery. Although an 
ultrasound examination is critical for ruling out abnor-
malities of placenta location, it is not a sensitive tool for 
diagnosing abruption. Since ultrasound examination may 
not reveal evidence of a retroplacental bleed, the differen-
tial diagnosis essentially rests upon sonographic exclusion 
of low implantation of the placenta and placenta previa. It 
is important to recognize that if changes are not seen by 
ultrasound, this does not exclude abruption. The sensitiv-
ity of the ultrasound examination may be as low as 24%, 
with a negative predictive value of 53%. On the other hand, 
specificity and positive predictive value are 96% and 88%, 
respectively.25 Ultrasound findings of early abruption may 
be hyperechoic or isoechoic. Over time the area becomes 
hypoechoic. The presence of retroplacental hematoma is 
suggested by the finding on ultrasound examination of a 
thickened, heterogeneous placenta with rounded margins 
and intraplacental sonolucencies. The placenta may appear 
as much as 9 cm in thickness, compared with the normal 
4–5 cm.26

There are few other tools available for diagnosis. Initial 
laboratory studies may show anemia, coagulopathy, or 
a low fibrinogen. Occasionally a Kleihauer–Betke test 
is ordered. However, it is not diagnostic and not help-
ful in guiding management, except for calculating dose 
of Rh-immune globulin required in a Rhesus-negative 
patient. A comparison of low-risk patients with those 
who experienced an abdominal trauma showed no dif-
ference in rate of positive tests. The trauma patients with 
the positive tests did not have any clinical evidence of 
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abruption.27 Other imaging modalities such as computed 
tomography (CT) and magnetic resonance imaging (MRI) 
have been used and may aid in diagnosis.28,29 When MRI 
was compared with ultrasound in patient who ultimately 
were diagnosed with abruption, MRI identified all cases 
compared with ultrasound which picked up 52% (10 out 
of 19).29

After delivery, careful examination of the placenta may 
display signs of detachment as well as infarction. Small 
impressions are covered by firm clots, the extent of which 
provides a clue to the severity of the abruption. Pathologic 
examination shows clot on the maternal surface and may 
show compression of the tissue. Chronic abruptions may 
be brown with fibrinous strands.30

Management

The management of antepartum bleeding in early preg-
nancy requires good medical judgment and depends 
upon the severity of the bleeding, the duration of ges-
tation, and the clinical condition of the mother and 
fetus. The viability of the fetus at a given gestational 
age must be measured against the likely impact of the 
bleeding upon maternal and fetal well-being and the 
long-range outlook for the pregnancy in case expectant 

management is an option. Delays in diagnosis can be 
catastrophic and changes in fetal status can occur rap-
idly. Patients with evidence of placenta abruption must 
be hospitalized and evaluated. Careful monitoring of 
maternal vital signs, urine output, electrolytes and acid–
base status, coagulation studies including fibrinogen are 
standard. In selected cases, central venous pressures may 
need to be monitored. Serial laboratory testing is done 
until the patient is stable. Large bore intravenous (IV) 
access should be placed upon presentation and type and 
crossmatch should be performed as hemodynamic status 
could change rapidly. A Foley catheter should be utilized 
for close monitoring of urine output. Adequate kidney 
function is indicated by a urine output of 30 mL/hour 
or 0.5 mL/kg/hour or more. Continuous fetal monitor-
ing is initially required until the patient is deemed stable. 
Neonatology and anesthesia consultation is appropriate 
should delivery need to occur.

The gestational age and the stability of the patient guide 
management. When greater than 34 weeks gestation, 
patients with abruption should be delivered. Prior to 34 
weeks gestation, expectant management is an option if 
the clinical condition of the patient is stable and bleed-
ing has significantly decreased. Corticosteroids should be 

(a) (b)

Figure 18.1 The two main types of placental separation: (a) marginal and (b) retroplacental. (This illustration was contributed to 
the first edition by Drs. Kjell Haram, Per Bergsjo, and Magnar Ulstein. ©2006 Leslie Iffy.)
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administered for fetal lung maturity. When the abruption 
is moderate, the associated fetal morbidity is usually due 
to the complications of prematurity. However, tocolytic 
use is generally considered contraindicated. Given that 
the risks of prematurity are significant, tocolytics have 
been studied in stable patients and reported results do not 
suggest untoward effects to the mother or to the fetus. It 
should be kept in mind though that the evidence is ret-
rospective and administration should be with caution.31,32

If the vaginal bleeding event was mild and there is no 
further bleeding the patient may be discharged home with 
careful follow-up and monitoring. Women with vaginal 
bleeding or contractions after a motor vehicle accident or a 
direct abdominal trauma should generally be observed for at 
least 24 hours. Discharge after 6 hours has been found to be 
safe in the setting of blunt trauma when there is no evidence 
of compromise, contractions or fetal heart rate changes.33

Historically, in the mid-twentieth century most cases of 
placental abruption were managed by induction of labor 
and eventual vaginal delivery. By the 1980s, abdominal 
delivery was the treatment of choice in the United States.34

This change in philosophy contributed to the dramatic 
reduction of perinatal mortality rates during the last 
decades of the twentieth century.35 In case of mild abrup-
tion with no evidence of fetal compromise, a trial of labor 
is acceptable, provided that labor progresses and is well 
tolerated by the maternal–fetal pair. When the outlook for 
vaginal delivery is favorable and a trial of labor is decided 
upon, amniotomy may hasten delivery. After the abrup-
tion of the placenta, spontaneous onset of labor frequently 
ensues. In such cases, the progress of the labor tends to be 
rapid. If otherwise, uterine stimulation with oxytocin is 
required.

The time interval between the occurrence of the abrup-
tion and delivery has considerable bearing upon the pros-
pect of neonatal survival. It should be kept in mind that 
the time between the first appearance of fetal distress 
and in utero fetal demise may be short. Continuous elec-
tronic fetal heart rate monitoring is critically important. 
Recurrent hemorrhage or sign of deterioration in the fetal 
condition requires delivery without delay as prolonged 
intervals to delivery are associated with poor outcomes.36

Renal failure and clotting defects due to hemorrhage do 
not represent a contraindication to abdominal delivery. 
However, vigorous blood replacement is important when 
prompt surgical intervention is deemed necessary.

In case of in utero fetal death, amniotomy can be per-
formed followed by oxytocin stimulation. Hysterotomy 
may be still necessary, however, when the attempt is 
unsuccessful, insofar as both placental abruption and the 
presence of a dead fetus predispose to coagulation defects. 
When hemorrhage extends into the myometrium, termed 
the Couvelaire uterus, hysterectomy may be required in 
rare cases.

When it occurs against the background of obstetric 
hemorrhage, disseminated intravascular coagulation 
(DIC) originates from the release of tissue factor into the 
maternal circulation. This release activates the coagulation 

process leading to fibrin formation. The fibrinolytic system 
is activated leading to the production of fibrin split prod-
ucts. As fibrin and platelets are degraded, a coagulopathy 
results. Microvascular bleeding can arise from areas sub-
ject to trauma. Damage occurs not only from blood loss 
but also as a result of hypoxia and tissue ischemia from 
fibrin plugs in the microvasculature. This can result in 
renal and pulmonary failure and in Sheehan’s syndrome 
(avascular necrosis of the anterior pituitary gland).

When the clinical picture and/or laboratory stud-
ies suggest a coagulopathy is present, the inciting event 
may be due to DIC or could be a dilutional or consump-
tive coagulopathy. Although both are managed with the 
aggressive replacement of blood products, the inciting 
event must also be addressed. In the case of abruption, it is 
delivery of the fetus. Timing of the delivery will be deter-
mined by whether the patient can deliver vaginally or if 
blood products can be given so that cesarean delivery can 
be performed as safely as possible.

Crystalloid solution can be given initially. The circula-
tion parameters should show improvement after the infu-
sion of 1–2 L. With administration of large amounts of 
crystalloids, a dilution coagulopathy could result, as well 
as third spacing and worsening of kidney injury, so in this 
setting transfusion of blood products should be considered 
early in the management and there is no reason for delay-
ing resuscitation. The transfusion of packed red blood cells 
(PRBC) is ideal for increasing the oxygen-carrying capac-
ity of the patient’s blood. Fresh frozen plasma (FFP) should 
be administered in the face of liver disease, coagulation 
defects, thrombotic and thrombocytopenic purpura. It 
should be given when the prothrombin time and/or acti-
vated partial thromboplastin time values are more than 
1.5 times normal. In the setting of severe obstetric hemor-
rhage, administration of FFP should not be delayed. From 
the trauma literature, higher ratios of FFP to PRBC have 
shown improved mortality, so it has been recommended 
to give it in a 1:1 ratio.37 Another approach is to administer 
2 units of FFP for 3 units of PRBCs, then after the first 
6 units of PRBC have been given, to continue with a 1:1 
ratio.38 Further study is needed to determine the optimal 
protocol in obstetrics. With DIC, large amounts of prod-
ucts may be necessary to stabilize the patient. Institutional 
massive transfusion protocols allow for rapid prepara-
tion and administration of large volume of products and 
should be developed in collaboration with blood bank 
staff, anesthesiologists, and obstetricians.

Thrombocytopenia is also likely to result when 1.5–2 
times the woman’s blood volume has been transfused, 
or in the case of consumptive or dilutional coagulopathy. 
Platelet transfusion is indicated if the platelet count falls 
below 20,000, if operative intervention is planned and 
the platelet count is 50,000, or with massive hemorrhage. 
Cryoprecipitate is often given in case of declining fibrino-
gen levels out of proportion to other coagulation factors.

Postpartum hemorrhage frequently follows delivery in 
connection with abruption of the placenta as a result of a 
clotting defect or uterine atony. On this account, routine 
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infusion of oxytocin during the third stage of labor is advis-
able. It is to be remembered that, once delivery has been 
effected and all products of conception have been removed 
from the uterus, spontaneous correction of the bleeding 
and clotting defects can be anticipated within hours.

Prevention

Prevention of placenta abruption includes discontinuation 
or reduction of smoking and avoidance of illicit drugs. 
Appropriate treatment of chronic hypertension and timely 
delivery in case of preeclampsia also reduce the risk of pla-
cental separation. Proper use of automobile safety belts 
protects against abruption. It is important to use both 
shoulder and lap belts, with the latter applied low at the 
level of the pelvic bones.

Although prior history of abruption increases the risk 
of this complication, no preventive intervention is cur-
rently recommended. Ultrasound examinations for fetal 
growth can be considered, but fetal surveillance is gener-
ally not warranted.

PLACENTA PREVIA
After abruption, placenta previa is the most frequent cause 
of APH. Previously, previas have been categorized as cen-
tral, partial, marginal, or low lying. With the use of trans-
vaginal ultrasonography, the location of the placenta can 
be determined more accurately and so is called a previa 
if the placenta covers the internal os, and low lying, if the 
edge lies within 2 cm of the os.

The placenta appears implanted over the lower segment 
with relative frequency on ultrasound examinations per-
formed during the early second trimester. However, in 
about 90% of the instances, this is not demonstrated on 
follow-up ultrasound examinations. The apparent change 
in location is thought to be due to placental growth toward 
the area with greater blood supply. Additionally, as the 
uterus grows in size, the distance between the lower edge 
of the placenta and cervix also lengthens. Because of this, 
it is recommended to repeat the ultrasound examination 
in the early part of the third trimester (28–32 weeks) to 
reevaluate for placental location.

A history of previous placenta previa, prior cesarean 
delivery or other prior uterine surgery, advanced maternal 
age, previous infertility, multiparity, smoking and history 
of a variety of reproductive abnormalities, as well as pre-
vious occurrence of low implantation, predispose to the 
occurrence of placenta previa.39,40

It has previously been reported that the incidence of 
fetal growth restriction is increased in connection with 
placenta previa,41 but recent reports have not confirmed 
this or that of an association with stillbirth. Whereas the 
major neonatal risks associated with placenta previa are 
associated with prematurity.42

Signs and symptoms

The typical manifestation of placenta previa is painless 
vaginal bleeding during the second half of the gestation. 
In the past, on rare occasions, patients with placenta 

previa remained asymptomatic and thus undiagnosed, 
until the onset of labor at or near term. This is now rare 
with the widespread use of ultrasound. Placenta previa is 
to be included in the differential diagnosis whenever vag-
inal bleeding occurs during the second half of the preg-
nancy. On external examination, the uterus is usually 
found to be soft and nontender. If ultrasonography has 
not previously been performed and ruled out a placenta 
previa, this should be done before a pelvic examination 
is performed. Transabdominal sonography may quickly 
rule out a previa, as the site of the implantation of an 
anteriorly implanted placenta is easy to detect with ultra-
sound. But if the placenta appears close to the cervical 
os, transvaginal sonography should then be performed 
by an experienced sonographer, as this is more accurate. 
The exact localization of the posteriorly implanted pla-
centa may also be difficult. Maternal obesity, distended 
bladder, and uterine activity may hinder the diagnosis 
in these cases. The visualization of the internal cervical 
os is facilitated by transvaginal sonography. In expert 
hands, such examination can be performed with rela-
tive ease without eliciting bleeding and has been found 
to be safe.43,44 Digital vaginal examination in suspected 
placenta previa is absolutely contraindicated. The ini-
tial examination in APH must be limited to speculum 
examination.

Management

As late as the mid-nineteenth century, the maternal 
mortality rate from placenta previa was about 25%. 
Irrespective of the method of delivery, the fetal mortality 
rate was almost 100% until the introduction of cesarean 
section into obstetric practice. By the turn of the twentieth 
century, cesarean section could be performed with rela-
tive safety by obstetric surgeons. Soon it became the stan-
dard method of delivery in cases of placenta previa. As a 
result, the maternal mortality rate fell to 5% by the early 
1900s, and the majority of babies could be delivered alive. 
By the 1920s, cesarean section was used liberally for the 
management of placenta previa. At that time, the maternal 
mortality rate was as low as 2%, despite the fact that blood 
transfusion and antibiotics were still more than a decade 
away.45 Before and during World War II, the perinatal 
mortality was still 25% in New York City. By the 1980s, the 
reported perinatal mortality rate was reported as high as 
81 per 1000 and maternal mortality rates were 0.03%.46,47

The general principles governing the management of 
bleeding from placenta previa in the late second and early 
third trimesters resemble those previously outlined in 
connection with abruption of the placenta, including labo-
ratory investigations, fetal surveillance, and stabilization 
of the maternal circulatory status. The diagnosis having 
been established, the management decision rests upon the 
length of the gestation, the degree of the bleeding, and the 
fetal condition. Recurrent and severe bleeding episodes 
often necessitate delivery before term. The high incidence 
of premature delivery still translates into a relatively 
high rate of perinatal morbidity from complications of 
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prematurity. Neonatal anemia necessitating blood trans-
fusion is a frequent complication.

The idea of delaying cervical dilation and, thus the 
occurrence of bleeding from placenta previa, by cerclage 
has been debated over the past decades. However review of 
outcomes after cerclage placement does not convincingly 
support its routine use.48 If tocolysis is considered, magne-
sium sulfate has fewer adverse cardiovascular side effects, 
may have neonatal neuroprotective benefit, and may be 
given when APH is associated with preeclampsia.

Anti-D immunoglobulin in Rh-negative, nonimmu-
nized mothers should be administered.

If delivery is not immediately indicated, corticosteroids 
should be administered for fetal lung maturity if gestation 
is less than 34 weeks. When continued expectant man-
agement is feasible, liberal hospitalization of the patient 
is warranted. If the patient is anemic, iron supplementa-
tion should be given. Patients with placenta previa may be 
kept in the hospital from the time of the first episode of 
bleeding until delivery, since the magnitude of the hemor-
rhage is not predictable and 1 or 2 hours’ delay may make 
the difference between fetal, and occasionally even mater-
nal, life and death. Patients who are asymptomatic can be 
managed on an outpatient basis.49,50 If this management is 
elected, the patient must rest at home and under circum-
stances that permit her immediate transfer to the hospital 
when the next bleeding episode occurs. Limited activity 
and pelvic rest are usually advised, whereas strict bed rest 
cannot be recommended as there is no data to support its 
benefit and risks have been described.

If the patient remains stable then delivery should ide-
ally take place in a nonemergent fashion and so can be 
performed at the end of the 36th week or beginning of 
the 37th week51 to decrease the risks associated with pre-
maturity. Regional anesthesia can be considered in these 
cases and may be associated with less blood loss compared 
with general anesthesia.52 Close cooperation between the 
obstetric and anesthesia teams is critical.

Cesarean section for placenta previa can prove to be 
challenging as the most commonly encountered problem 
is hemorrhage. The site of the uterine incision should be 
chosen cautiously in order to avoid, if possible, the neces-
sity of cutting through the placenta before the delivery of 
the fetus. An ultrasound examination can be performed 
prior to surgery in order to determine the site of the uter-
ine incision. The surgical difficulties depend largely upon 
the site of the placental implantation. When the placen-
tal implantation is anterior, it may be necessary to cut 
through the placenta in order to reach the fetus in utero. If 
there is significant delay in delivery of the fetus, this may 
lead to fetal compromise. In order to minimize these risks, 
some surgeons prefer a classical cesarean section instead 
of the lower-segment transverse approach in connection 
with placenta previa. This approach may be particularly 
useful when the lower uterine segment is poorly developed 
(less than 34 weeks’ gestation). With this approach, the 
time between the uterine incision and the removal of the 
fetus can be shortened.

As a rule of thumb, anterior implantation hinders the 
entry into the uterus but, in the absence of invasion of 
the myometrium by the placenta, facilitates the surgical 
control of the bleeding that inevitably occurs. In contrast, 
when the implantation is posterior, entry into the uter-
ine cavity and removal of the fetus entail little difficulty. 
However, since the posterior aspect of the lower segment 
of the uterus may not contract well, control of the hemor-
rhage arising from the implantation site may create dif-
ficulties. Whatever is done, it should be done quickly and 
efficiently in order to minimize blood loss.

For a variety of reasons, the degree of intraoperative 
hemorrhage is unpredictable. Therefore, the preparation 
for cesarean section in connection with placenta previa 
must be thorough and farsighted. The surgical team must 
be prepared to handle extreme difficulties that require 
exceptional measures. These may include uterine artery 
ligation, hypogastric artery ligation, B-Lynch suture, over-
sewing the area of bleeding, or cesarean hysterectomy. 
Because the lower uterine segment cannot contract effi-
ciently, the degree of hemorrhage is dependent, to a great 
extent, upon the site of the implantation of the placenta. 
When the previa is central and thus covers the internal 
cervical os, profuse bleeding should be anticipated. The 
blood replacement must keep pace with the blood loss in 
such instances. Thus, close cooperation among the mem-
bers of the team is essential.

When the placenta is more than 2 cm from the inter-
nal cervical os, the patient can attempt labor with cesar-
ean delivery reserved for usual obstetric indications. With 
the placenta within 2 cm, attempt at vaginal delivery can 
be done with caution and careful monitoring. One report 
provides reassuring information, with a vaginal delivery 
rate of 76.5% when the placenta was 1–2 cm from the os. 
For those less than 1 cm, the group was small, and most 
patients were delivered by cesarean delivery prior to 
labor.53 Because of the risk of hemorrhage, most patients 
are delivered by cesarean delivery if the placenta is less 
than 1 cm from the os. Repeat ultrasound close to the time 
of the delivery should be considered though to prevent 
cesarean sections in patients with placentas that may no 
longer be low lying.

PLACENTA ACCRETA, INCRETA, AND PERCRETA
Placenta accreta occurs when there is abnormal placental 
attachment and invasion into the uterine wall. Deficient 
development of the endometrial decidua predisposes to 
deep penetration of the uterine wall by the chorionic villi. 
The invasion can be extensive enough to allow the placenta 
to burrow through the wall of the lower uterine segment 
and to invade the urinary bladder. Placental invasion into 
the myometrium is termed placenta increta, and placenta 
percreta is when there is invasion beyond the uterine serosa. 
The rate of placenta accreta has increased over the past sev-
eral decades, parallel to the rise in cesarean deliveries.54 A 
previous cesarean section increases the risks of both pla-
centa previa and placenta accreta. In a large prospective 
observational cohort, the risk of placenta accreta without a 
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previa is 0.2%, 0.1%, 0.8%, and 0.8% with 1, 2, 3, and 4 prior 
cesarean deliveries, respectively. With a previa, the risk of 
accreta was 11%,40%, 61%, and 67% with 1, 2, 3, and 4 prior 
cesarean deliveries, respectively.55 Other risk factors include 
advanced maternal age, multiparity, previous myomectomy, 
other prior uterine surgery or submucus fibroids.56

Since placenta accreta is asymptomatic throughout 
pregnancy, its early diagnosis requires a high level of sus-
picion and awareness of the predisposing factors. One 
should determine the location of the placenta and search 
for venous lakes penetrating the myometrium. The ultra-
sound findings suggestive of placental invasion include 
thinning of the myometrium, abnormalities in the inter-
face between the uterus and the bladder, and extension of 
the placental tissue beyond the uterine serosa and lacu-
nar spaces or “Swiss cheese” appearance in the placental 
parenchyma. These lacunar spaces, when present in the 
second trimester, may be most predictive, with a sensitivity 
of 79% and positive predictive value of 92%.57 Sensitivity 
ranges from 77% to 93%, and specificity ranges from 71% 
to 91%.58 Interestingly, a study looking at blinded reviews 
of ultrasound images from patients with known placenta 
accreta compared with controls reported a sensitivity 
of 53.5%, demonstrating the importance of knowing a 
patient’s history when performing these ultrasounds.59

Supplemental use of Doppler studies, including three-
dimensional power Doppler, may aid in making the diag-
nosis, with up to 100% sensitivity.60,61 MRI can be helpful 
if the diagnosis is unclear, the placenta is posterior, or 
there is a suspicion for percreta with reported sensitivity 
of 75%–100% and specificity of 65%–100%.58,62

Placenta percreta is the complete penetration of the entire 
thickness of the uterus and is a life-threatening obstetric 
complication. In this clinical entity, the placenta may invade 
the bladder as well as other pelvic structures. Predisposing 
factors include previous cesarean section, dilation and 
curettage or myomectomy, advanced maternal age, retained 
products of conception, previous endometritis, and past 
trophoblastic disease. Anticipation of this diagnosis pre-
operatively can allow for a multidisciplinary approach and 
appropriate preparations in the operating room.

Management

The optimal timing of delivery in patients with previa and 
accretas would minimize risks of prematurity without 
increasing the chance of an emergent delivery. A decision 
analysis compared scheduled delivery from 34 to 39 weeks 
and concluded that delivery at 34 weeks was preferred, 
although there were some circumstances where waiting 
until term, or 37 weeks’ could be considered.63 Extensive 
preparations for any surgical procedure involving pla-
centa previa after a previous cesarean section is of great 
importance as placenta accreta or placenta percreta may be 
encountered. These preparations should include the place-
ment of two intravenous lines as well as the availability of 
several units of cross-matched blood. It needs to be remem-
bered that adhesions caused by the preceding surgery may 
hinder the performance of an emergency hysterectomy. 

When this occurs, it is necessary, therefore, to release all 
adhesions that may hinder quick removal of the uterus in 
an emergency situation Delivery at a tertiary center/spe-
cialized center with a multidisciplinary approach has been 
shown to decrease the amount of blood loss64 and criteria 
for centers specializing in care of these patients have been 
developed, which include experienced surgeons, urologist, 
general surgeon, interventional radiologist, neonatologist, 
blood bank, and intensive care facilities.65

Management options for this entity include elective 
cesarean hysterectomy and abdominal delivery with con-
servative management and retention of the placenta.66

Cesarean hysterectomy has been long regarded as the 
management of choice. However, it carries a high maternal 
morbidity rate, including both physical and psychological 
consequences, as well as the loss of fertility.67 Conservative 
management leaving the placenta in situ is an alternative, 
which frequently permits the avoidance of massive intra-
operative hemorrhage as well as the loss of the uterus, but 
this is not without risk of serious complications.

At the time of the procedure, the patient may be placed 
in a modified dorsal lithotomy position with placement of 
pneumatic compression devices and a three-way foley. A 
vertical incision with vertical fundal incision on the uterus 
is generally performed. After the delivery of the infant, the 
surgeon may wait for spontaneous placental separation. 
If it does not separate, then the uterus should be quickly 
closed prior to doing the hysterectomy. In order to mini-
mize additional blood loss, if all clamps can be placed first, 
then transection of the vessels can be done. Prophylactic 
antibiotics are given prior to the procedure, with a repeat 
dose given after 2–3 hours or 1500 mL blood loss.

Placement of ureteral stents has been suggested as a way 
to decrease ureteral injury.68 Placement of uterine artery bal-
loons or catheters have been investigated as a way to decrease 
blood loss, but studies reviewing their use have reported con-
flicting results. A review of cases from 1990 to 2011 showed a 
lower estimated blood loss with uterine artery balloon cath-
eters.69 However, another retrospective case–control study 
comparing patients with intravascular balloon catheters with 
a control group without catheters showed no difference in 
blood loss or number of blood products administered. These 
authors also reported three complications in the 19 subjects 
(15.8%), including internal iliac artery thrombosis, groin 
hematoma, femoral artery thrombosis, and an internal iliac 
artery dissection.70 A randomized control trial of 27 women 
also did not show a difference in blood loss or number of 
PRBC units transfused.71

Conservative management leaving the placenta in situ 
is an uncommon but alternate management strategy. The 
technique involves ligation of the umbilical cord close to 
its insertion site. Although this method does not have 
the same potential for intraoperative morbidity, there is 
an increased risk for complications such as delayed hem-
orrhage, sepsis, fistula, and emergent hysterectomy.72

Reports of methotrexate use has not shown consistently 
positive results and complications include sepsis, perito-
nitis, and DIC.73,74
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VASA PREVIA AND VELAMENTOUS CORD INSERTION
Vasa previa is present when fetal vessels, unsupported 
by placenta or umbilical cord, traverse the membranes 
on their way to a velamentous umbilical cord. A less 
frequent type of vasa previa involves the passage of ves-
sels between lobes of the placenta (placenta bilobata and 
placenta succenturiata). Rupture of the membranes, 
whether spontaneous or artificial, may cause rupture of 
some of the vessels passing over the membranes, lead-
ing to rapid fetal exsanguination.75 Velamentous inser-
tion of the umbilical cord, which is a prerequisite for vasa 
previa, occurs in about 1% of singleton and 10% of mul-
tiple gestations. On rare occasions, even in the absence 
of bleeding, compression of aberrant vessels may cause 
hypoxia and even fetal demise. Apart from artificial rup-
ture of the membranes, bleeding from an aberrant vessel 
has been described in connection with the placement of 
a fetal scalp electrode.

Traditionally, the diagnosis of bleeding from an aber-
rant vessel rested upon the following triad:

 1. Spontaneous or artificial rupture of the membranes
 2. Occurrence of bleeding shortly after the rupture of the 

membranes
 3. Evidence of fetal distress on electronic monitoring 

within seconds or minutes after events (1) and (2)

It is intuitive that prevention of perinatal mortality would 
depend on prenatal diagnosis of this condition and abdomi-
nal delivery before rupture of the membranes occurs. For 
this reason, standard obstetric ultrasound protocols should 
include evaluation of the placenta location and the placental 
cord insertion site when possible.76 In women at increased 
risk (second-trimester, low-lying placenta pregnancies 
resulting from in vitro fertilization, and those with accessory 
placental lobes), a routine transvaginal color Doppler sonog-
raphy of the region over the cervix, if vasa previa cannot be 
excluded by transabdominal sonography, could facilitate the 
diagnosis. Sonographic prenatal diagnosis has the potential 
to prevent fatal outcomes deriving from vasa previa.

EXTRACHORIAL PLACENTA
This anomaly describes a condition where the chorionic 
plate of the placenta is smaller than its basal plate. Thus, the 
villous tissue projects beyond the borders of the chorionic 
plate. When the placenta is “circummarginata,” the border 
between the villous and membranous chorion is provided 
by a flat ring of membrane. When the placenta is “circum-
vallata,” this marginal ring has raised edges. Between the 
extrachorial placenta and the fetal membranes, there is a 
decidual layer. The placenta is extrachorial in about 30% 
of all cases. The incidence of circumvallata is in the range 
0.5%–6.9%.77 The diagnosis rests upon careful inspection 
of the placenta after delivery. The clinical importance of 
placenta circummarginata is negligible. On the other 
hand, 25%–50% of all patients with placenta circumvallata 
suffer APH secondary to separation of the placenta from 
the implantation site and bleeding from its margin. This 
hemorrhage often resembles the clinical manifestations of 

placenta previa. Although the bleeding is modest in most 
instances, it may occasionally result in second-trimester 
abortion, preterm delivery, and significant APH.
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BACKGROUND
Until the mid-twentieth century, most intrapartum inter-
ventions were aimed at preserving the maternal, rather 
than the fetal, well-being. The reason was that it was rarely 
possible to safely intervene on behalf of the fetus because 
procedures such as cesarean delivery were largely unsafe. 
It was the advent of surgical asepsis, intravenous transfu-
sions, and safe anesthesia that made intrapartum interven-
tions on behalf of the fetus possible. These advances made 
possible the expectation that the mother would survive the 
cesarean delivery without life-threatening complications. 
Yet, until the mid-1900s, no reliable methods existed for 
intrapartum fetal assessment.

While auscultation of the fetal heart rate (FHR) was 
first reported in 1818 by the Geneva surgeon Francois 
Mayor, who distinguished it from the maternal pulse, it was 
Kegadarac, in 1822, who first described the FHR, and asked, 
“Will it not be possible to judge the state of health or disease 

of the fetus from the variations that occur in the beat of the 
fetal heart?”1 Today, the modern era of intrapartum fetal 
assessment is due to the introduction of continuous elec-
tronic fetal heart rate monitoring (EFM) by Ed Hon2 at Yale 
in the late 1950s. Later, in the early 1960s, Saling3 introduced 
fetal scalp sampling for assessing fetal pH and oxygenation 
status of the fetus. By 2002, over 85% of labors in the United 
States were monitored continuously using EFM.4

The main objectives of intrapartum FHR monitoring 
are to prevent stillbirth and, potentially, fetal brain dam-
age resulting from oxygen deprivation during labor.

PATHOPHYSIOLOGY
Labor exposes the fetus to considerable stress. During con-
tractions, the pressure in the myometrium exceeds that in 
the uterine vessels. As a consequence, uterine blood flow 
supplying the placenta and fetus is interrupted during each 
contraction. Normally, the fetus has sufficient oxygen reserve 
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to cope with the temporary isolation from its oxygen supply 
that occurs during uterine contractions. If there is no break 
between uterine contractions (or contractions are more fre-
quent than five in 10 minutes) or if there is inadequate fetal 
oxygen reserve, the fetus may lose its ability to cope with the 
stress of labor, even in the presence of normal uterine activ-
ity. The effects of physiologic interruption of fetal blood flow 
are more pronounced in fetuses with preexisting compro-
mise such as intrauterine growth restriction. These fetuses 
may be unable to cope with normal uterine contractions.

An interruption of fetal blood supply or oxygenation 
may also occur from umbilical cord compression (i.e., 
prolapsed cord, cord knot, oligohydramnios, or tight cord 
loop around the fetal neck or body part), placental abrup-
tion, or rupture of fetal vessels.

Intrapartum fetal assessment aims primarily at early 
detection of inadequate fetal oxygenation, thus allowing for a 
timely intervention in order to avoid asphyxia-related fetal or 
neonatal death and hopefully irreparable neurological injury.

INTERMITTENT FETAL HEART RATE MONITORING
Intermittent FHR auscultation is considered acceptable by 
some authorities for fetal evaluation during labor in low-
risk patients. However, in the presence of high-risk factors, 
the American College of Obstetricians and Gynecologists 
(ACOG) recommends continuous EFM for all patients.5 
After palpation of the patient’s abdomen to identify fetal 
lie and position, a fetal stethoscope or hand-held Doppler 
device is used to listen to the fetal heart tones over the fetal 
back at the level of the fetal chest. In low-risk pregnancies, 
the FHR should be monitored and recorded every 15 min-
utes in the first stage and every 5 minutes in the second 
stage.5 It is important that the examiner simultaneously 
takes the maternal pulse so as not to record it as the FHR 
in error. The examiner should also palpate the uterus regu-
larly for contractions and listen to the heart rate for at least 
1 minute after each contraction. The FHR and the timing, 
duration, and intensity of contractions should be recorded 
in the patient’s medical record on each occasion. Studies 
that have demonstrated good outcomes with intermittent 
FHR monitoring have usually had one-on-one continu-
ous care of the patient by a nurse or midwife throughout 
labor. Needless to say, the demands on personnel and time 
make this impractical in most modern obstetric settings 
in the United States. Importantly, some catastrophic intra-
partum events that may have been picked up earlier by 
continuous monitoring may occur between periods of aus-
cultation leading to adverse outcomes. These events include 
cord accidents, placental abruption, and uterine rupture. 
Nonetheless, carefully selected cases may have intermittent 
monitoring provided the patient is aware of its limitations 
and that one-on-one obstetrical care is available.

CONTINUOUS ELECTRONIC FETAL HEART RATE 
MONITORING
Continuous EFM, also known in Europe as cardiotocogra-
phy (CTG), is almost universally used in the United States, 
with over 80% of births assessed with EFM.4 In EFM, the 

FHR is monitored continuously, typically using a Doppler 
ultrasound transducer strapped on the mother’s abdo-
men. The transducer is placed so that it overlies the fetal 
back at the level of the fetal chest. Doppler ultrasound 
detects the Doppler shift that occurs with movement of 
the fetal atrioventricular heart valves; this is then trans-
lated into a heart rate by a microprocessor. Because the 
particular valve movement used to calculate the heart rate 
varies from one beat to the next, errors may result in the 
rate counting of these monitors. Therefore, autocorrela-
tion is used to attempt to improve the accuracy of heart 
rate counting. A separate monitor, the tocodynamometer, 
attached by another strap records uterine contractions. 
The tocodynamometer provides quantitative data on the 
frequency of contractions, semiquantitative data on the 
duration of contractions, and nonquantitative data on 
the amplitude or strength of contractions. The tocodyna-
mometer is a strain gauge and may respond to other activi-
ties that increase abdominal pressure such as movement 
or coughing. Thus, both FHR and uterine activity are 
recorded simultaneously, usually on a computer monitor 
and/or continuous paper roll. The recording of both the 
FHR and contractions should be of adequate quality for 
visual interpretation. The paper speed in the United States 
is 3 cm/minute, while in Europe the speed is frequently 1  
cm/minute. On the upper vertical scale, the FHR in beats 
per minute (bpm) is recorded, while on the lower scale 
uterine contractions are recorded.

In some situations, invasive fetal monitoring may be 
required. In a number of labors, it may be difficult to 
obtain an adequate FHR tracing. This is often the result of 
maternal obesity, excessive fetal or maternal movement, or 
descent of the fetus in the birth canal in the second stage 
of labor. In these circumstances, a small spiral electrode 
may be passed through the cervix and attached to the fetal 
scalp or buttocks, in the event of a planned vaginal breech 
delivery. In order to attach the electrode, the membranes 
must be ruptured and there must be sufficient cervical 
dilation to permit the placement of the electrode on the 
fetal scalp or buttocks. The electrocardiographic signal 
from the fetus is calculated by the R–R interval; this is 
recorded each time the fetal heartbeats. Besides allowing 
more accurate assessment of the FHR, signal loss, a not 
uncommon problem with external monitoring, is over-
come in most circumstances when internal monitoring 
is used. Complications are infrequent. However, adverse 
events such as fetal scalp abscess, cranial osteomyelitis, 
penetrating ocular injury, and leakage of cerebrospinal 
fluid have been reported in association with fetal scalp 
electrode placement.6–9 Thus, a scalp electrode should be 
used only when it is indicated. In addition, transmission of 
the maternal pulse via a fetal scalp electrode in a situation 
where there is a dead fetus has been described.10

Intrauterine pressure catheters (IUPCs) may be used 
to monitor the force of uterine contractions as well as 
their frequency in an objective manner. IUPCs are soft, 
pliable silicone or plastic catheters. Quantitative data 
relating to the duration, frequency, and amplitude of 
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contractions are displayed continuously. This may be 
helpful in situations where there is failure of progress 
despite oxytocin augmentation, or when monitoring of 
uterine contractions is considered essential and cannot 
be achieved externally due to maternal obesity or fetal 
movement. The IUPC may also be used to infuse saline 
into the uterine cavity for the relief of variable decelera-
tions. Most modern IUPCs have a clear channel through 
which the color of the amniotic fluid may be observed. 
Complications are rare, but include placental abruption, 
injury to the umbilical cord, and, very rarely, uterine 
perforation or rupture. Contraindications to invasive 
monitoring include active genital herpes, human immu-
nodeficiency virus infection, and maternal hepatitis B 
infection.

GUIDELINES FOR ELECTRONIC FETAL HEART RATE 
MONITORING INTERPRETATION
Despite wide acceptance and utilization of EFM, there 
remains considerable variation in the interpretation and 
management of different FHR patterns. Studies have 
shown that the inter- and intraobserver differences in 

interpreting the same FHR patterns are substantial.11 In 
an attempt to standardize EFM interpretation, a National 
Institute of Child Health and Human Development 
(NICHD) Research Planning Workshop convened in 
1997 and reported on standardized definitions for FHR 
patterns.12 Subsequently, in 2008, the Eunice Kennedy 
Shriver NICHD, the American College of Obstetricians, 
and the Society for Maternal–Fetal Medicine held another 
workshop of experts in EFM to revisit nomenclature, 
interpretation, and research recommendations for EFM.13

The workshop recommended standard definitions for the 
components of EFM (Table 19.1) and also proposed a new 
three-tier classification system for interpretation of FHR 
patterns. The key features for FHR pattern classification in 
Categories I, II, or III are shown in Table 19.2.

In this classification, the features of FHR patterns are 
categorized as baseline, periodic, or episodic.13 Periodic 
patterns are those associated with uterine contrac-
tions, while episodic patterns are not associated with 
contractions. Periodic patterns are defined as “abrupt” or 
“gradual” depending on waveform shape. Accelerations 
are increases from the baseline and decelerations are 

Table 19.1 Definitions of components of electronic fetal heart rate monitoring patterns.

Pattern Definition

Baseline • The mean FHR rounded to increments of 5 bpm during a 10-minute segment, excluding the following:
• Periodic or episodic changes.
• Periods of marked FHR variability.
• Segments of baseline that differ by more than 25 bpm.

• The baseline must be for a minimum of 2 minutes in any 10-minute segment, or the baseline for that 
time period is indeterminate. In this case, one may refer to the prior 10-minute window for 
determination of baseline.

• Normal FHR baseline: 110–160 bpm.
• Tachycardia: FHR baseline is greater than 160 bpm.
• Bradycardia: FHR baseline is less than 110 bpm.

Baseline variability • Fluctuations in the baseline FHR that are irregular in amplitude and frequency.
• Variability is visually quantitated as the amplitude of peak-to-trough in beats per minute.

• Absent—amplitude range undetectable.
• Minimal—amplitude range detectable but 5 bpm or fewer.
• Moderate (normal)—amplitude range 6–25 bpm.
• Marked—amplitude range greater than 25 bpm.

Acceleration • A visually apparent abrupt increase (onset to peak in less than 30 seconds) in the FHR.
• At 32 weeks of gestation and beyond, an acceleration has a peak of 15 bpm or more above baseline, 

with a duration of 15 seconds or more but less than 2 minutes from onset to return.
• Before 32 weeks of gestation, an acceleration has a peak of 10 bpm or more above baseline, with a 

duration of 10 seconds or more but less than 2 minutes from onset to return.
• Prolonged acceleration lasts 2 minutes or more but less than 10 minutes in duration.
• If an acceleration lasts 10 minutes or longer, it is a baseline change.

Early deceleration • Visually apparent, usually symmetrical, gradual decrease and return of the FHR associated with a 
uterine contraction.

• A gradual FHR decrease is defined as from the onset to the FHR nadir of 30 seconds or more.
• The decrease in FHR is calculated from the onset to the nadir of the deceleration.
• The nadir of the deceleration occurs at the same time as the peak of the contraction.
• In most cases the onset, nadir, and recovery of the deceleration are coincident with the beginning, 

peak, and ending of the contraction, respectively.
(Continued)
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decreases in FHR from the baseline FHR. Definitions of 
baseline heart rate, baseline FHR variability, accelerations, 
and decelerations are given in Table 19.1. The interpreta-
tion of FHR is visual and a full description of an EFM 
tracing includes descriptions of all of the following: the 
baseline FHR, baseline FHR variability, presence of accel-
erations, contractions, presence of periodic or episodic 
decelerations, and changes of FHR patterns over time.

SIGNIFICANCE OF DIFFERENT COMPONENTS OF THE 
FETAL HEART RATE PATTERN
Baseline rate

A normal baseline rate is 110–160 bpm.13 Fetal tachycardia 
may occur with maternal fever; intra-amniotic infection; 
fetal thyrotoxicosis; fetal anemia; fetal tachyarrhythmia; 
fetal oxygen deprivation; and maternal administration of 
certain drugs, including beta-sympathomimetic tocolytics 
and parasympatholytic agents such as atropine or scopol-
amine. An uncomplicated tachycardia (i.e., one without 
loss of variability or decelerations) is generally associated 
with good outcomes.14 Bradycardia may occur due to cord 
compression; medications such as maternal beta-blockers; 
oxygen deprivation; and fetal heart block, typically due 
to damage to the fetal conduction system from transpla-
cental transfer of maternal antibodies, as may be seen in 
maternal systemic lupus erythematosus.

Baseline variability

This refers to the variation of the heart rate from the base-
line. Normal variability is highly predictive of a nonaci-
demic fetus.13 FHR variability represents as an interplay 
between the cardioaccelerator and cardioinhibitor centers 
in the fetal brain stem and is regulated by the autonomic 
nervous system.5 Physiologically, there is a variability on a 
beat-by-beat basis of 3–8 bpm around the average. When 
no baseline amplitude changes are detectable, variability 
is said to be absent.13 A persistent loss of variability may be 
one of the most ominous characteristics of an FHR trac-
ing. However, an absence of variability does not necessarily 

Table 19.1 (Continued ) Definitions of components of electronic fetal heart rate monitoring patterns. 

Late deceleration • Visually apparent, usually symmetrical, gradual decrease and return of the FHR associated with a 
uterine contraction.

• A gradual FHR decrease is defined as from the onset to the FHR nadir of 30 seconds or more.
• The decrease in FHR is calculated from the onset to the nadir of the deceleration.
• The deceleration is delayed in timing, with the nadir of the deceleration occurring after the peak of the 

contraction.
• In most cases, the onset, nadir, and recovery of the deceleration occur after the beginning, peak, and 

ending of the contraction, respectively.
Variable deceleration • Visually apparent abrupt decrease in FHR.

• An abrupt FHR decrease is defined as from the onset of the deceleration to the beginning of the FHR 
nadir of less than 30 seconds.

• The decrease in FHR is calculated from the onset to the nadir of the deceleration.
• The decrease in FHR is 15 bpm or greater, lasting 15 seconds or greater, and less than 2 minutes in 

duration.
• When variable decelerations are associated with uterine contractions, their onset, depth, and duration 

commonly vary with successive uterine contractions.
Prolonged 
deceleration

• Visually apparent decrease in the FHR below the baseline.
• Decrease in FHR from the baseline that is 15 bpm or more, lasting 2 minutes or more but less than 10 

minutes in duration.
• If a deceleration lasts 10 minutes or longer, it is a baseline change.

Sinusoidal pattern • Visually apparent, smooth, sine wave–like undulating pattern in FHR baseline with a cycle frequency 
of 3–5 per minute, which persists for 20 minutes or more.

Source: Macones GA et al., Obstet Gynecol, 212, 661–666, 2008. With permission.
Abbreviations: bpm, beats per minute; FHR, fetal heart rate.

Table 19.2 Categories of FHR patterns according to the 
2008 NICHD classification.

Category I (normal)
It should include all of the following:
 Baseline rate: 110–160 bpm
 Variability: Moderate
 Accelerations: Present or absent
 Decelerations: No late, variable or prolonged decelerations
Category II (indeterminate)
In cludes all FHR patterns not classified as Category I or 

Category III
Category III (abnormal)
Absent variability with any of the following:
  Recurrent late decelerations
  Recurrent variable decelerations
  Bradycardia
  or
Sinusoidal pattern

Abbreviation:  NICHD, National Institute of Child Health and Human 
Development.
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imply fetal acidemia.13 Short periods of reduced variability 
(30–45 minutes or less) may be associated with fetal sleep. 
Administration of narcotics or sedatives in labor may also 
reduce variability.5

Accelerations

FHR accelerations often occur with fetal movements. 
The presence of FHR accelerations, whether sponta-
neous or stimulated, reliably rules out fetal metabolic 
acidemia.5,13,15,16 This is because fetal accelerations are con-
trolled by a center in the brain (posterior hypothalamus 
and medulla) that is extremely sensitive to pH changes. 
Thus, the presence of accelerations implies that this cen-
tral nervous system (CNS) center is intact and functional 
and therefore not hypoxemic. Importantly, though, the 
converse cannot be assumed; i.e., the absence of FHR 
accelerations could be due to a sleeping cycle and it does 
not necessarily imply fetal acidemia.13

Variable decelerations

Variable decelerations generally imply cord compression.17

They vary in timing, shape, depth, and duration. The decel-
eration is mediated by the vagus nerve, and the degree of 
fall in heart rate is dependent on the degree of cord com-
pression. Variable decelerations are frequently observed 
in breech presentations, with oligohydramnios, and when 
there is a nuchal cord, or the cord is around some other 
part of the fetus. As the umbilical cord is occluded the fetal 
peripheral resistance increases, the fetal pO falls, and the 
pCO2 rises. Through the baroreceptors and chemorecep-
tors, a reflex release of acetylcholine at the sinoatrial node 
causes an almost instantaneous and somewhat erratic 
drop in FHR. Variable decelerations occur frequently dur-
ing labor. Often, they can be corrected by changing the 
maternal position or by amnioinfusion.5

Variable decelerations may lead to a reduction in umbil-
ical blood flow resulting in fetal respiratory acidosis. With 
repetitive or prolonged variable decelerations, fetal meta-
bolic acidosis may be superimposed resulting in mixed 

fetal acidemia. As oxygen deprivation worsens, a delayed 
recovery in the FHR to the baseline level may develop. On 
occasion the FHR may fall below 60 bpm. Severe or deep 
variable decelerations should lead to a vaginal examina-
tion to rule out a cord prolapse or vasa previa.18 Moreover, 
in patients undergoing a trial of labor after prior cesarean, 
variable decelerations may be the first sign of uterine rup-
ture.19 Finally, severe intrapartum variable decelerations 
may be a sign of intra-amniotic infection, especially in the 
premature fetus.20

Late decelerations

Late decelerations are thought to represent uteroplacental 
insufficiency and decreased intervillous exchange between 
the fetus and the mother.21–23 Initially, they may represent 
a vagally mediated reflex response with normal heart rate 
variability. However, late decelerations may be associated 
with fetal hypoxemia and acidemia, especially when there 
is an associated absence of FHR variability.21–24 They may 
occur with placental abruption, excessive uterine activ-
ity (whether spontaneous or oxytocin induced), mater-
nal hypotension, anemia, or ketoacidosis. Even shallow 
repetitive late decelerations of only 5–10 bpm may indicate 
a sufficient degree of fetal oxygen deprivation to result in 
acidosis and brain damage. Persistent late decelerations 
may indicate fetal myocardial depression.

Early decelerations

Early decelerations are generally considered benign and 
are thought be caused by pressure on the fetal head dur-
ing its descent down the birth canal in the active phase 
of labor, with a resultant reflex slowing of the heart rate 
mediated by the vagus nerve.

Sinusoidal fetal heart rate pattern

A sinusoidal fetal heart tracing is an abnormal FHR pat-
tern that should be regarded as an ominous sign of fetal 
compromise, associated with a significant risk of fetal mor-
tality or severe morbidity (Figure 19.1).25 Sinusoidal FHR 
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Figure 19.1 Sinusoidal fetal heart rate (FHR) pattern showing stable baseline with smooth oscillations, 3–5 per minute, ampli-
tude 5–15 beats per minute (bpm).
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pattern is defined as one with a stable baseline, oscillations 
of the heart rate above and below the baseline with a fre-
quency of three to five cycles per minute and amplitude 
of 5–15 bpm and absent short-term variability lasting 20 
minutes or more.13,26 These FHR patterns demand imme-
diate evaluation and intervention because they have been 
associated with severe fetal anemia resulting from alloim-
munization, ruptured vasa previa, fetomaternal hemor-
rhage, placental abruption, uterine rupture, twin-to-twin 
transfusion, fetal hypoxia, fetal cardiac malformations, 
or maternal cardiopulmonary bypass.18 Similar patterns, 
termed pseudosinusoidal, may result from the administra-
tion of opiates in labor.27 While pseudosinusoidal patterns 
are most often associated with normal neonatal outcome, 
careful fetal assessment is indicated when such FHR 
patterns are detected.

Sawtooth fetal heart rate pattern

This FHR pattern, which may resemble sinusoidal, has 
been previously confused with pseudo-sinusoidal or 
benign salutatory pattern. Although this specific FHR 
pattern was not described in the 2008 NICHD FHR pat-
tern classification, this rare FHR pattern has been recently 
reported to be associated with fetal CNS injury in utero 
of ischemic or hemorrhagic etiology.28 This FHR pattern 
has unstable or indeterminate baseline, periods of saw-
tooth-like oscillations with a frequency of 3–5 per minute 
and amplitude greater than 20 bpm. This FHR pattern 
should be differentiated from a true sinusoidal pattern, 
usually linked to fetal anemia, which also has three to five 
cycles per minute but the oscillations are smooth with 
smaller amplitude (10–15 bpm) and with a stable baseline 
(Figure 19.2). We have observed three cases of sawtooth 
FHR pattern associated with evidence of in utero fetal 

CNS injury.28 Hence, we suggest that when such an FHR 
pattern is observed, it be considered a Category III, rather 
than Category II, FHR pattern.

FETAL HEART RATE PATTERN CATEGORIES AND THEIR 
INTERPRETATION AND MANAGEMENT
A Category I FHR tracing generally implies that the fetus 
has normal fetal acid–base status.5,13 Perhaps the most 
important finding in a Category I FHR tracing is the pres-
ence of accelerations, whether spontaneous or provoked. 
This reliably predicts the absence of fetal metabolic acide-
mia.5,13 Similarly, the presence of moderate FHR variabil-
ity reliably excludes metabolic acidemia.5,13 Thus, when the 
FHR tracing is a Category I pattern, it is considered normal 
and generally no further intervention is needed.5,13 It can 
be managed with intermittent monitoring every 30 min-
utes at the first stage of labor and then every 15 minutes 
in the second stage or with continuous fetal monitoring.

Conversely, a Category III FHR tracing is considered 
abnormal and predictive of abnormal fetal acid–base 
status.5,13 The hallmark of a Category III FHR pattern is 
absent FHR variability associated with recurrent late or 
variable decelerations or fetal bradycardia.5,13 Sinusoidal 
FHR patterns are also considered Category III.5,13 In 
these situations, fetal well-being cannot be guaranteed, 
and there is a significant likelihood of fetal compromise 
with strong possibility for adverse outcomes. Hence, 
when there is a Category III FHR tracing, prompt evalua-
tion and efforts to resolve the FHR pattern or expeditious 
delivery are indicated. In some cases, resuscitative efforts 
may be attempted in preparation for delivery—such as 
discontinuation of labor stimulation, uterine relaxants, 
maternal repositioning, oxygen therapy, or intravenous 
hydration.5,13
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Figure 19.2 Sawtooth FHR pattern showing the unstable baseline with arrows pointing to the periods of sawtooth-like oscilla-
tions, 3–5 per minute, amplitude >20 bpm. (Modified from Andrikopoulou M and Vintzileos AM, Am J Obstet Gynecol, 214, 403.e1–4, 
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A Category II FHR is one that does not fit into Category 
I or III.5,13 Essentially, a Category II FHR pattern implies 
that the FHR is not completely reassuring, but is not nec-
essarily indicative of abnormal fetal acid–base status. 
The overwhelming majority of FHR patterns in labor are 
Category II. Since Category II FHR patterns have enor-
mous variations with respect to their clinical significance 
and management, these FHR patterns have been the sub-
ject of great controversy.

THE MANAGEMENT OF CATEGORY II FETAL HEART 
RATE PATTERNS
While the interpretation and management in the presence of 
Category I or III FHR patterns are fairly clear, there remains 
great controversy regarding the significance and man-
agement of a Category II FHR.5,13 Unfortunately, neither 
the NICHD workshop guidelines nor the ACOG Practice 
Bulletin have given clear guidelines for the management of 
Category II FHR patterns despite the fact that over 80% of 
intrapartum FHR patterns will be Category II at some point 
during the labor.5,29,30 Unfortunately, oftentimes in clinical 
practice, it is difficult to differentiate between Category II 
and Category III FHR patterns, thus resulting in unneces-
sary interventions or intervention delays due to misclassifi-
cation. The two most important reasons for misclassifying 
the severity of the FHR pattern, thus leading to inappro-
priate management are (1) human inability to distinguish 
between absent and minimal variability and (2) the severity 

of FHR decelerations were not taken into consideration in 
the 2008 NICHD classification. In order to circumvent the 
aforementioned shortcomings of the three-tier categoriza-
tion, Parer et al.31 proposed a five-tier system to improve 
on the management of these FHR patterns. More recently, 
Clark et al.29 argued that it was time for standardization 
of management of Category II FHR patterns and pro-
posed an algorithm for their evaluation and management 
(Figure 19.3). This algorithm does not rely in the differen-
tiation between absent from minimal variability; instead it 
considers as main criteria: (1) whether there are accelerations 
or moderate variability, both features suggesting a nonaci-
demic fetus; (2) presence or absence of significant decelera-
tions with >50% of contractions; and (3) the stage, as well as 
progress, of labor. The definition of significant decelerations 
is shown in Table 19.3. Essentially, if a Category II FHR pat-
tern has moderate variability and/or accelerations and labor 
is progressing normally, observation is warranted, even in 
the presence of decelerations. If there are recurrent decel-
erations for >30 minutes with no accelerations or moderate 
variability, delivery by cesarean or operative vaginal delivery 
may be indicated.29 Since many of the fetuses, who are born 
acidemic, do not present with Category III FHR patterns, 
the clinical application of the Clark et al. algorithm becomes 
extremely important not only for the timely identification of 
these fetuses but also for avoiding progression to Category 
III FHR pattern which could be preterminal.

Moderate variability or accelerations

Yes No

Yes No Yes No

Yes No

Manage per algorithmCesarean or OVDCesarean ObserveCesarean or OVDObserve

OVD, operative vaginal delivery.
aThat have not resolved with appropriate conservative corrective measures, which may include supplemental oxygen, maternal position 
changes, intravenous �uid administration, correction of hypotension, reduction or discontinuation of uterine stimulation, administration
of uterine relaxant, amnioinfusion, and/or changes in second stage breathing and pushing techniques. 

YesNo

Normal progress

Second StageActive phaseLatent Phase

Normal labor progress

YesNo

Observe for 1 hour

Persistent pattern

Signi�cant decelerations with ≥50% of contractions for 1 houra Signi�cant decelerations with ≥50% of contractions for 30 minutesa

Figure 19.3 Algorithm for managing Category II FHR patterns in labor. (From Clark SL et al., Am J Obstet Gynecol, 209, 89, 2013. 
With permission.)

  



246 Intrapartum fetal monitoring

INTRAPARTUM EVOLUTION OF FETAL HEART RATE 
PATTERNS
In assessing the FHR tracing, it is important to realize that 
FHR patterns and categories are dynamic processes and 
that changes of both patterns and categories may evolve 
over time sometimes rapidly during labor.5,13 Not infre-
quently, an FHR pattern may change from one category to 
another. Hence, any interpretation of FHR pattern is valid 
only for the time at which the FHR pattern is read.5,13 Such 
factors as gestational age, maternal position, stage of labor, 
medications administered, including oxytocin, uterine 
relaxants and epidurals, and the presence of fever, may 
have a significant impact on FHR patterns. It is important 
that the FHR tracing be interpreted in the context of the 
clinical situation, such as stage in labor or labor progress, 
if there is a cord prolapse or the presence or absence of 
vaginal bleeding. The transitional changes from one FHR 
pattern category to another depend on the nature of the 
insult, its severity and its duration. Thus, not all transi-
tions from category to category are similar.

A Category I FHR tracing can abruptly change to a 
Category III pattern following catastrophic event such 
as an umbilical cord prolapse, placental abruption, uter-
ine rupture, ruptured vasa previa, acute cord compres-
sion, or during the second stage of labor, especially in 
occiput posterior presentations. All these entities should 
be included in the differential diagnosis when interpret-
ing a sudden change of the Category I FHR tracing. For 
instance, a sudden bradycardia in a patient undergoing a 
trial of labor after cesarean should lead to consideration 
of a diagnosis of uterine rupture or placental abruption. 
When a Category I FHR suddenly becomes a Category 
III pattern with a sinusoidal pattern or bradycardia, the 
possibility of a ruptured vasa previa must be entertained, 
especially when there is bleeding or when this FHR pat-
tern change follows rupture of the membranes. Finally, a 
category I FHR pattern, indicating normal fetal reserve, 
can suddenly become Category II or III during the second 
stage of labor. In such cases, there is a correlation between 
the severity and duration of the second stage bradycardia 
and fetal acidemia32 (Table 19.4).

As seen in Figure 19.4a through c, a Category I FHR 
tracing may gradually progress during labor to a Cate-
gory III due to primary uteroplacental insufficiency or 
uteroplacental insufficiency secondary to tachysystole or 

excessive uterine activity. Typically, this is a gradual change, 
with the FHR pattern first becoming Category II after the 
development of a significant variable or late decelerations 
followed by fetal tachycardia and minimal variability. It is 
important to diagnose the aforementioned sequential FHR 
changes (Figure 19.5) because these changes signal the end of 
Category II FHR and intervention should be implemented to 
avoid transitioning to Category III, which is characterized by 
possibly preterminal changes such as absent variability with 
prolonged decelerations and finally bradycardia. If not accu-
rately interpreted and acted on, the above sequence of events 
has the potential to lead to intrapartum stillbirth or irrepa-
rable fetal CNS injury. At this point, it should be emphasized 
that some fetuses may become acidemic while still exhibiting 
Category II FHR pattern and transition to Category III is not 
a prerequisite for developing academia.

Rarely, following amelioration of the inciting circum-
stances (such as treatment of diabetic ketoacidosis, treat-
ment of tachysystole, therapies to raise blood pressure 
following hypotension with an epidural), a Category 
III heart rate tracing may revert to a Category I tracing. 
However, in the majority of situations, resuscitative efforts 
for a Category III pattern are unlikely to be successful, and 
should be done only in preparation for delivery. The phy-
sician should be familiar with the circumstances and the 
gradual FHR changes so as to recognize them in a timely 
manner and to intervene before a preterminal or terminal 
FHR tracing.

FETAL INFECTION AND FETAL HEART RATE PATTERNS
Although the initial aim of EFM was to identify the hypoxic 
and/or acidemic fetus due to uteroplacental insufficiency, 
after its wide clinical application, it became apparent that 
fetal compromise in the presence of intra-amniotic infec-
tion can also cause abnormal fetal behavior and FHR pat-
terns—even in the absence of fetal academia—in mothers 
with or without clinical signs of infection33,34 (Figure 19.6). 
The mechanism by which fetal infection can cause FHR 
abnormalities in the absence of acidemia is not known 
but it is possible that infection increases metabolism and 
fetal oxygen demands, thus resulting in tissue hypoxia 
and malfunction of the central nervous system centers 
that control FHR patterns. Another possibility for the 
frequently observed decelerations is increased sensitivity 

Table 19.4 Correlation between duration of second stage 
bradycardia and fetal academia.a

FHR (bpm) Duration (minutes)

80 25
70 13
60 8
50 6
40 5

Source: Tranquilli AL et al.,  J Matern Fetal Neonatal Med, 26, 1425–1429, 
2013.

a Cord artery pH < 7.10.

Table 19.3 Definition of “significant” FHR decelerations.

• Variable decelerations lasting longer than 60 seconds and 
reaching a nadir more than 60 bpm below baseline.

• Variable decelerations lasting longer than 60 seconds and 
reaching a nadir less than 60 bpm regardless of the 
baseline.

• Late decelerations of any depth.
• Any prolonged deceleration (>2 to <10 minutes).
• Any decelerations that are accompanied by compensatory 

fetal tachycardia.
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Figure 19.4 Transition from Category I (a) to Category II (b) to Category III (c) FHR pattern due to excessive uterine activity from 
uterotonic agents.
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and vasoconstriction of the umbilical and chorionic pla-
cental vessels in the presence of intra-amniotic infection. 
These newborns are usually born depressed (low APGAR
scores), but the cord pH is invariably within normal lim-
its. Although the 2008 NICHD Workshop report13 does 
not mention fetal infection, the clinician should always 
consider the possibility of fetal and/or intra-amniotic 
infection as one of the causes for abnormal intrapartum 
FHR patterns especially in patients with predisposing fac-
tors such as preterm, premature, or prolonged rupture of 
membranes—but also in the absence of any predisposing 
factors or maternal clinical signs of infection.

FETAL SCALP SAMPLING
Intrapartum fetal scalp blood sampling for the evaluation 
of the fetal condition, introduced by Saling3 in 1960, gives a 
fairly accurate estimate of fetal oxygenation and acid–base 
status. However, it provides only a snapshot of fetal status 
at the time of the sampling. Thus, repeated scalp sampling 
is necessary until delivery occurs. The main indication 
for scalp sampling is a nonreassuring fetal heart tracing. 
Fetal scalp capillary pH values of 7.25 or greater are con-
sidered normal; with these values, labor may be allowed 
to proceed. Values of 7.20–7.24 are considered preacidotic 
and warrant close continued reevaluation, with the scalp 
sampling repeated in 20–30 minutes. Values of 7.19 or less 
are indicative of fetal acidosis and necessitate immediate 
delivery. Goodwin et al.35 examined the pattern of fetal 
scalp sampling over 7 years at their institution, where 
an average of 16,330 births took place annually. The rate 
dropped from 1.76% to 0.03%. More recent experience 
shows that while scalp pH sampling is widely performed 
in several countries, the procedure has fallen out of favor 
in the United States.

FETAL SCALP STIMULATION
Perhaps two main factors have contributed to the demise of 
fetal scalp sampling in the United States. First, the incon-
venience and complexity of repeatedly performing scalp 
sampling during labor, and secondly, the observation that 

in the process of performing scalp sampling, fetuses would 
often exhibit FHR accelerations and those fetuses that 
demonstrated such accelerations were consistently found 
to have pH values above 7.2.16 Clark et al.16 retrospectively 
analyzed 200 fetal heart tracings where the fetuses had 
undergone fetal scalp sampling for pH. They found that 
in no case where the fetal pH was less than 7.20 was there 
an FHR acceleration in response to the scalp sampling. 
However, 142 of 144 fetuses with a scalp pH greater than 
7.28 responded with heart rate acceleration. Consequently, 
scalp stimulation with a positive acceleration response has 
been used as a marker for a nonacidemic fetus.

SPECIAL SITUATIONS
Twins

The monitoring of twins in labor presents a particular 
diagnostic dilemma. Bakker et al.36 examined 172 twin 
pregnancies in labor and found that the FHR signal was 
suboptimal in 26%–33% of twins in the first stage and 
41%–63% of twins in the second stage. It is important, 
when monitoring twins in labor, to make sure that two dif-
ferent fetal heart traces are obtained and that they do not 
persistently follow the same pattern of accelerations and 
decelerations. Monitoring of twins in labor may be facili-
tated by rupturing the membranes of the leading twin as 
soon as cervical dilation and station safely allow this and 
by attaching a scalp electrode to that fetus.

Trial of labor after cesarean (TOLAC)

Labor after cesarean is associated with a risk of uterine 
rupture, which could have catastrophic consequences. 
In cases of TOLAC, continuous fetal monitoring is indi-
cated since FHR abnormalities are the earliest and most 
consistent sign of uterine rupture.37,38 Repetitive vari-
able or late decelerations and bradycardia are the most 
frequently observed FHR abnormalities in uterine rup-
ture in patients undergoing TOLAC.36,37 Hence, variable 
decelerations, often treated as benign in normal labors, 
must be assessed early and managed appropriately in 
TOLACs.37,38 It was previously believed that IUPCs may 
help predict uterine rupture. However, studies have 
shown that no IUPC pattern is predictive or diagnostic 
of uterine rupture.39 Hence, IUPCs should not be used 
for this purpose.

Monitoring of the preterm fetus

The intrapartum monitoring of the preterm fetus presents 
particular challenges.5,40 There must be careful consider-
ation of the potential benefits and risks of an intervention 
(such as cesarean delivery) that would follow a nonreas-
suring FHR.5,40 This often depends on the gestational age 
and likelihood of intact survival of the fetus. This deci-
sion should involve the patient, neonatologist, and obste-
trician.5,40 Prematurity, independent of mode of delivery, 
is a strong risk factor for neurologic handicap. The FHR 
responses of the preterm fetus may be different from 
the term fetus. For instance, in preterm fetuses, FHR 

Normal baseline +
moderate variability

Category l

Category ll

Category lll
(possibly pre–terminal )

Signi�cant decelerations

Tachycardia

Minimal variability

Absent Variability

Prolonged decelerations

Bradycardia

Developing
acidemia

Figure 19.5 Gradual progression of Category I to Category 
III FHR pattern due to primary uteroplacental insufficiency or 
excessive uterine activity.
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accelerations may not be present. Preterm fetuses, espe-
cially when there intrauterine growth restriction, malpre-
sentation, preeclampsia, or oligohydramnios may be less 
likely to cope with abnormalities of FHR that would be tol-
erated by a term fetus. Nonreassuring FHR patterns occur 
in 60% of preterm labors. Furthermore, variable decelera-
tions occur in 55%–70% of preterm labors compared with 
20%–30% of term labors.5,40 Hence, a preterm fetus is more 
likely to be delivered by cesarean for a Category II or III 
FHR tracing.

NEWER TECHNOLOGIES: ST SEGMENT ANALYSIS OF 
THE FETAL ELECTROCARDIOGRAM
Over the past decade, much attention has been directed at 
using the fetal electrocardiogram (ECG) for intrapartum 
monitoring of the fetus.41–43 Data from animal experiments 
have indicated that the ST segment pattern of the fetal ECG 
reflects the ability of the myocardium to respond to hypoxia. 
Fetal acidemia results in a catecholamine surge, beta-adren-
ergic activation, myocardial glycogenolysis, elevation of the 
ST segment, and increased amplitude of the T-wave.44 The 
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Figure 19.6 Category III FHR pattern on admission (a) and before delivery (b) of a woman at term admitted because of back pain and 
reduced fetal movement. At cesarean delivery, the amniotic fluid was foul-smelling, the Apgar scores 1 and 6 at 1 and 5 minutes, respec-
tively, and the cord pH values were 7.21 (vein) and 7.18 (artery); the blood cultures of the neonate were positive for Listeria monocytogenes.
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QRS complex amplitude, on the other hand, remains rela-
tively stable until severe hypoxemia or acidemia is present. 
Hence, the T/QRS ratio can be measured reliably. ST eleva-
tion and increased amplitude T-wave may identify the fetus 
that is experiencing hypoxia, but whose coping mechanisms 
are adequate to deal with the insult. As acidemia worsens, 
the myocardium is unable to compensate and cardiac isch-
emia occurs, resulting in ST depression.

As a consequence of these findings, a CTG plus ST 
waveform analyzer (STAN®) have been developed. The 
STAN system consists of a fetal scalp ECG electrode and 
a maternal skin reference electrode, and a microprocessor 
that compares fetal ST and T wave changes with a base-
line for that patient. The monitor needs to have an initial 
normal FHR pattern against which subsequent changes 
may be compared. This initial normal heart rate pattern 
must be present for at least 500 consecutive heartbeats 
(approximately 5 minutes of continuous monitoring). This 
monitor uses proprietary software to detect when there 
is ST elevation or a T wave with increased amplitude and 
issues a visual alert (ST event). Baseline T/QRS ratios are 
different for each fetus. The monitor records 30 consecu-
tive fetal ECG complexes and from these creates an aver-
age complex. Most fetuses maintain a stable T/QRS ratio 
throughout labor. When there is an increased slope of the 
ST segment or increased amplitude of the T-wave, an ST 
event is displayed on the monitor. There are three types of 
ST events: (1) episodic T/QRS ratio increases, (2) baseline 
T/QRS increases, and (3) biphasic ST segment.

Using a combination of STAN and EFM, the FHR pat-
tern is categorized into green, yellow, or red categories. 
Green zone patterns may be managed expectantly, red 
zone patterns need expeditious delivery and yellow zone 
patterns need close observation and reevaluation. These 
categories are similar to the NICHD three-tier EFM cat-
egories and may be helpful as an adjunct for the manage-
ment of Category II FHR patterns.

STAN is widely used in Europe but has not had accep-
tance in the United States. STAN was conditionally 
approved by the Food and Drug Administration (FDA) 
in 2005 for use as an adjunct to conventional EFM. There 
have been several randomized controlled trials (RCT) 
comparing traditional intrapartum fetal monitoring using 
CTG alone with CTG and ST analysis of the fetal ECG.41–

47 The first of these, the Plymouth trial, demonstrated a 
46% reduction in the rate of operative deliveries for “fetal 
distress” when compared with traditional FHR monitor-
ing alone.45 Following this, the Swedish multicenter trial, 
which included 4966 women, showed a 61% reduction 
in umbilical artery metabolic acidosis (defined as a pH 
under 7.05 and base deficit over 12.0 mmol/L) at birth in 
the group monitored by CTG and ST analysis compared 
with CTG alone.46 In that study, there was also a 28% lower 
rate of operative delivery for abnormal FHR patterns in 
the STAN group. Subsequently, the Finnish RCT and the 
French RCT failed to find any differences in neonatal out-
comes and operative delivery rates between women moni-
tored by conventional monitoring (CTG) and those who 

were monitored by CTG and STAN.41,42 In a more recent 
RCT of 5681 women, the Dutch RCT found a slightly lower 
rate of neonatal metabolic acidosis (defined as an arterial 
umbilical pH of <7.05 with a base deficit in the extracel-
lular fluid of >12 mmol/L) in women monitored by CTG 
and STAN (0.7%) compared with those monitored by CTG 
(1.1%) (relative risk [RR] 0.70; 95% confidence interval [CI] 
0.38–1.28).47 However, this study failed to show any dif-
ference in operative deliveries, low Apgar scores, neonatal 
admissions and newborns with hypoxic–ischemic enceph-
alopathy between the two groups.

Several meta-analyses have found no difference in 
neonatal outcomes and operative delivery rates between 
labors monitored by CTG alone and those monitored 
by CTG and STAN.48–50 Perhaps the only difference is a 
reduction in fetal scalp sampling. More recently, a mul-
ticenter RCT was carried out by the NICHD Maternal–
Fetal Medicine Units Network of 11,108 women in labor 
at >36 weeks of gestation, randomizing women to “open” 
or “masked” monitoring with fetal ST segment analysis.43

The primary outcome was a composite of intrapartum 
fetal death, neonatal death, Apgar score of <4 at 5 minutes, 
an umbilical artery blood gas of <7.05 with a base deficit of 
12 mmol/L or greater, intubation for ventilation at deliv-
ery or neonatal encephalopathy. Only the frequency of a 
5-minute Apgar score of <4 differed significantly between 
the groups. The authors concluded that fetal ECG analysis 
used as an adjunct to conventional EFM did not improve 
perinatal outcomes or decrease cesarean delivery rates.43

As a result of this study, and the meta-analyses evaluat-
ing STAN, it is unlikely that this technology will be widely 
used in the United States at this time.

UMBILICAL CORD ACID–BASE STATUS
The umbilical cord pH and blood gases give objective 
information about oxygenation in the infant at the time 
of delivery and therefore are indicative of whether or not 
labor has resulted in hypoxia. Immediately after deliv-
ery, a segment of the cord should be double clamped and 
put aside. Ideally, samples should be taken from both the 
artery and the vein. The samples are drawn in heparinized 
syringes. The ACOG has recommended that cord gases be 
obtained only in cases where labor and delivery or the 
pregnancy have been complicated51 or when the 5-min-
ute Apgar score is 5 or less.52 However, some authorities 
recommend obtaining cord blood gases at all deliveries.53

The argument for this is that less than 10% of all cases of 
cerebral palsy result from intrapartum events, and several 
of these cases occur in vigorous newborns. These authori-
ties argue that cord gases may determine, in an objective 
manner, whether the brain damage was the consequence 
of an intrapartum hypoxic insult. The ACOG task force, 
in 2003, reported that severe intrapartum fetal acidemia 
(umbilical artery blood pH less than 7 and base deficit 12 
mmol/L or more) should be included as one of the four 
criteria linking intrapartum asphyxia to ischemic neona-
tal encephalopathy.54 Therefore, routine cord pH determi-
nations may be advisable from a medicolegal standpoint, 
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and would also help understand the pathophysiology of 
the brain damage, since most depressed neonates will not 
have such a severe fetal acidemia at birth. Certainly, there 
is consensus that cord gases should be obtained in all 
high-risk and complicated pregnancies, and when neona-
tal depression occurs. Both Helwig et al.55 and Vintzileos 
et al.56 have established normal ranges for umbilical 
blood gas values. In addition, Vintzileos et al. found no 
differences in cord blood gases and acid–base measure-
ments between preterm and term infants. However, there 
were differences depending on the presence or absence of 
labor with labor being associated with lower pH values. 
In the presence of labor, fetal acidemia was defined as a 
cord artery pH < 7.15 or cord vein pH < 7.20, whereas in 
the absence of labor, these cut-offs were higher, i.e., cord 
artery <7.20 or cord vein pH < 7.26.56 The abnormal cutoff 
cord blood gas values for defining the type of acidemia 
at birth after taking into consideration the presence or 
absence of labor are depicted in Table 19.5.56

THE IMPACT OF CONTINUOUS ELECTRONIC FETAL 
HEART RATE MONITORING ON OUTCOMES
Despite initial enthusiasm that the advent of intrapar-
tum EFM would lead to the disappearance of stillbirth 
and cerebral palsy, experience indicates that this has not 
been the case. Rather, cesareans done for “fetal distress” 
have skyrocketed with no overall improvement in change 
in the rate of cerebral palsy.5,57 Early reports, including a 
review of nearly 47,656 electronically monitored patients, 
noted a substantial reduction in the rates of intrapartum 
and neonatal deaths.58 Years later, however, it has become 
apparent that these initial lofty expectations were unduly 
optimistic.5,29 Several randomized controlled studies 
failed to show any reduction in intrapartum stillbirths in 
women who had continuous EFM when compared with 
those monitored by intermittent fetal auscultation.59–64

The best known of these, the Dublin trial, was a random-
ized controlled study of 12,964 women in whom continu-
ous EFM was compared with intermittent auscultation.62

Stillbirths, neonatal deaths, cesarean and forceps delivery 

rates, Apgar scores, and neonatal intensive care admis-
sions were similar in both groups. While there were twice 
as many seizures in the intermittently auscultated group 
as in the EFM group, both 1-year and 4-year follow-up 
failed to show any differences in the rate of cerebral palsy 
or neurological outcomes between the two groups.65

In a study that differed from the others, Vintzileos 
et al.66 carried out a RCT of 1428 pregnant women, com-
paring intrapartum EFM with intermittent auscultation. 
They demonstrated a significant reduction in intrapar-
tum deaths due to asphyxia in women who had continu-
ous intrapartum electronic fetal surveillance (0/746 in 
the EFM group versus 6/682 in the intermittent auscul-
tation group (p = .03). However, there was a higher rate 
of interventions (cesarean, forceps, and vacuum deliver-
ies) in that group (11.2% versus 4.8% in the intermittent 
auscultation group; p = .04). These authors carried out a 
further analysis of the same study, with the primary out-
come measure being the prediction of fetal acidemia at 
birth (defined as an umbilical arterial pH <7.15).67 The 
sensitivity of EFM for acidemia was 97% compared with 
34% for auscultation (p < .001). While this study was at 
variance with previous studies, it was the only study at the 
time that had used strict criteria for defining normal and 
abnormal FHR patterns. Subsequently, a meta-analysis by 
Vintzileos et al.68 examining nine randomized controlled 
studies indicated that the perinatal mortality due to fetal 
hypoxia was reduced by EFM when compared with inter-
mittent auscultation (odds ratio [OR] 0.41). However, 
in the EFM group, there was an increased rate of cesar-
ean (OR 2.55), forceps, and vacuum deliveries (OR 2.50) 
for fetal distress. A year later, another meta-analysis by 
Thacker et al.69 examined 12 RCTs and found that EFM 
was associated with fewer neonatal seizures (RR 0.5) and 
fewer neonates with a 1-minute Apgar score less than 4 
(RR 0.82), again at the cost of an increased cesarean deliv-
ery rate (RR 1.33).

Importantly, no studies have compared EFM with no 
monitoring at all. It is likely that with no monitoring, 
there would be a great number of intrapartum deaths and 

Table 19.5 Abnormal cutoff cord blood gas values for defining type of acidemia at birth and taking into consideration the 
presence or absence of labor.

No labor Labor

Artery
 Acidemia pH < 7.20 pH < 7.15

Metabolic BE < −10 mmol/L and pCO2 ≤ 60 mm Hg BE < −11 mmol/L and pCO2 ≤ 65 mmHg
 Respiratory BE ≥ −10 mmol/L and pCO2 > 60 mm Hg BE ≥ −11 mmol/L and pCO2 > 65 mmHg
 Mixed BE < −10 mmol/L and pCO2 > 60 mm Hg BE ≥ −11 mmol/L and pCO2 > 65 mmHg
Vein
 Acidemia pH < 7.26 pH < 7.20
 Metabolic BE < −6 mmol/L and pCO2 ≤ 50 mmHg BE < −8 mmol/L and pCO2 ≤ 55 mmHg
 Respiratory BE ≥ −6 mmol/L and pCO2 > 50 mmHg BE ≥ −8 mmol/L and pCO2 > 55 mmHg
 Mixed BE < −6 mmol/L and pCO2 > 50 mmHg BE < −8 mmol/L and pCO2 > 55 mmHg

Source: Vintzileos AM et al., J Matern Fetal Med, 1, 7–13, 1992.
Abbreviation: BE, base excess.
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asphyxiated fetuses. Clearly, EFM has led to an overall 
increase in cesarean delivery rates for abnormal FHR (RR 
1.63, 95% CI 1.29–2.07) when compared with intermittent 
auscultation.70 In addition, the use of EFM increased the 
risks for forceps and vacuum deliveries.70

It is not clear why EFM has failed to make an impact 
on the rates of cerebral palsy. Parer and King71 offered a 
number of explanations. First, probably only 10% or less 
of cases of cerebral palsy can be attributed to intrapartum 
asphyxia. Therefore, intrapartum fetal monitoring could 
not be expected to prevent the other 90% of cases of cere-
bral palsy. Second, some episodes of fetal asphyxia are 
so rapid and catastrophic that even prompt delivery may 
not prevent fetal brain damage. Finally, there is consider-
able variability in the interpretation of FHR patterns, and 
in the responses of physicians to these patterns.72 More 
recently, Clark et al.29 have argued that the failure to dem-
onstrate a benefit of EFM may be largely due to nonstan-
dardization of EFM patterns and a lack of standardized 
protocols for the management and intervention of abnor-
mal patterns. Interestingly, perhaps the only randomized 
study that showed a benefit from EFM, by Vintzileos et 
al.,66 defined abnormal heart rate patterns and used a well-
defined algorithm for the management of these abnormal 
FHR patterns.

Clark et al.72 carried out a prospective study of 14,398 
women undergoing oxytocin induction of labor. In this 
study, a decrease in the rate of oxytocin administration 
when a Category II FHR pattern occurred was associated 
with improved perinatal outcomes (admissions to the neo-
natal intensive care unit and Apgar scores of <7 at 1 and 
5 minutes). These authors concluded that EFM improves 
neonatal outcomes when unambiguous definitions are 
coupled with specific interventions.

Hence it is likely that the failure to observe a benefit of 
EFM has been to some extent the result of nonstandard-
ized definitions of FHR patterns and a lack of standard-
ized responses to abnormal FHR patterns. Hopefully, the 
new definitions, if coupled with standardized responses, 
will help to improve neonatal outcomes while reducing the 
cesarean rates.
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20Normal vaginal delivery
LISA N. GITTENS-WILLIAMS

The role of the operator conducting delivery is to guide the 
fetus through the lower portion of the birth canal without 
injury to the mother or infant. To achieve this goal, the 
attendant must have an understanding of the preceding 
events. He or she must have the ability to perform inter-
ventions that either facilitate delivery or prevent unwanted 
complications.

Most modern obstetric suites provide labor delivery 
recovery rooms (LDRs) for the patient who is ready to 
deliver. This setting allows family-centered care and 
immediate infant bonding. In this setting spontaneous 
and instrumental vaginal deliveries can take place as 
allowed.1 Maternal delivery positions may include the 
dorsal lithotomy position, maternal squatting, and the 
mother on side or knee to chest position. If instrumental 
delivery is not anticipated, the mother may remain in 
any position she feels comfortable. Neither maternal nor 
fetal outcomes have been demonstrated to change when 
various positions in the second stage of labor have been 
compared.2 Stirrups can be used but are not required,3,4

but legs should never be fixed into position as they may 
need to be released in the event that shoulder dystocia 
occurs. Care should be taken to avoid injury to maternal 
nerves. Draping of the perineum serves to protect both 
the mother and the operator from infection.

DELIVERY OF THE HEAD
After the fetal head descends, flexes, and rotates to the 
occiput anterior position, the labia minora will distend, 
and crowning will occur. At this time, an opening of 
approximately 3–4 cm will be seen at the introitus. Routine 
episiotomy, which refers to the performance of a surgical 
incision of the maternal perineum to increase the diam-
eter of the pelvic outlet, should be avoided.5 Restrictive use 
of episiotomy is described below.

As the occiput passes under the pubic arch, the operator 
should be facing the perineum with a towel draped over the 
dominant hand. Numerous approaches to the delivery of 
the fetal head have been described. As the fetal head deliv-
ers by extension, the birth attendant may use the techniques 
of no-touch, passive perineal support, the Ritgin maneu-
ver, or perineal massage. The Ritgin maneuver is accom-
plished by palpating the fetal chin, applying traction in the 
anterior–inferior direction, which will reduce the perineal 
body over the fetal head and chin (Figure 20.1). Whereas 
manual perineal support has not been demonstrated to 
reduce obstetrical anal sphincter injuries, a hands-on tech-
nique is advised to avoid rapid expulsion of the fetus.6,7

If one hand provides perineal support, the opposite 
hand is placed flat with fingers extended and partially 
separated over the vertex. As the vertex delivers under 
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the symphysis, the lower hand guides the head over the 
perineum, while the upper one ensures that sudden expul-
sion and rapid extension do not occur with maternal push-
ing or uterine contractions. The operator should have a 
direct view of the perineum, so as to observe for and pre-
vent tearing or extension of an episiotomy.

As soon as the head is delivered, the operator should 
discard the towel as it may be contaminated with fecal 
material. The head will restitute to its previous position 
(left occiput anterior [LOA], left occiput anterior [ROA], 
etc.). The infant face may be wiped with a towel to clear 
the mucus. Routine suctioning in infants without obvious 
obstructed breathing is not advised.8–12 Wiping the mouth 
and nose at birth has been demonstrated to be equal effi-
cacy in neonates who are 35 weeks and above.13 Infants 
who appear to have respiratory difficulty can undergo suc-
tion of the mouth and nares with attention to avoid the 
posterior pharynx, which may result in vagal reaction and 
bradycardia followed by apnea.14

The current delivery management of infant with meco-
nium stained fluid suggests that routine oropharyngeal 
or nasopharyngeal suctioning is not advised and has not 
been shown to decrease the rate of meconium aspiration 
syndrome.14

After wiping the fetal mouth and nasopharynx, the 
operator should inspect and palpate the fetal neck for 
the presence of a nuchal cord. Any identified nuchal cord 
should be reduced, if possible, by gently slipping it over the 
infant’s head. Management of the tight nuchal cord, which 
cannot easily be reduced, is controversial. Many text-
books suggest that such a nuchal cord should be doubly 
clamped and cut. However, such a practice may be unwise 
and should be avoided unless absolutely necessary because 
if the operator encounters difficulty with the extraction 
of the body, irreversible damage to the fetus can result. 

Several such cases were reported by Iffy et al.15 who con-
cluded that the practice of severing the cord prior to full 
delivery of the baby can be dangerous.

DELIVERY OF THE BODY
After restitution of the fetal head, the operator should 
place his or her hands on either side of the fetal head 
along the parietal bones with the fingers pointing toward 
the occiput. The operator should avoid placing hands on 
the fetal neck, as this may result in nerve injury. In many 
cases, spontaneous delivery of the fetal shoulders will 
immediately follow the delivery of the fetal head; however, 
frequently, a delay occurs. A 2- to 4-minute pause before 
the rotation and passage of the shoulder through the pelvis 
at the peak of the next contraction is a natural physiologic 
process, which allows for rotation of the fetal shoulders.16

In the absence of complications, such as cord prolapse or 
abruptio placentae, this delay creates no risk. If the shoul-
ders are not spontaneously delivered, the operator should 
wait for the next contraction, and then encourage the 
mother to push.16 The application of continuous gentle 
downward traction on the fetal head, directed toward the 
floor, should result in the delivery of the anterior shoulder 
at this time (Figure 20.2a). The operator should then visu-
alize the perineum and next lift the body upward to deliver 
the posterior shoulder (Figure 20.2b). Once both shoulders 
are delivered, the accoucheur guides the body along his or 
her arm (Figure 20.3). Once the baby is delivered, it is held 
at or below the level of the placenta until cord clamping 
is completed or placed directly on the maternal abdomen 
(see Section Management of the Infant).

CUTTING OF THE CORD
Optimal timing of cord clamping has been a source of 
controversy and debate.17,18 Proponents of immediate 
clamping believe that infusing additional volume into the 
fetus may result in excessive red cell destruction or hyper-
volemia. The opposite argument states that the fetus may 
benefit from the extra volume contained in the placenta. 
Randomized controlled trials in both term and preterm 
infants have evaluated the benefits of delayed cord clamp-
ing versus immediate cord clamping, however, an ideal 
timing for cord clamping has not been established. Several 
studies support a delay of 30–60 seconds with the infant 
held at or below the level of the placenta. Benefits include 
increased infant blood volume, decreased need for trans-
fusion, decreased intracranial hemorrhage in preterm 
infants, and lower frequency of iron deficiency anemia at 
4–6 months in term infants. The major benefit of delayed 
cord clamping is that a 50% reduction in the intraventric-
ular hemorrhage is seen in the preterm infants.19–21 A tech-
nique of cord milking compared with delayed clamping 
showed no difference in neonatal hemoglobin 1 hour after 
birth in preterm infants less than 33 weeks.22–25

The umbilical cord should be cut between two clamps 
and placed approximately 4–5 cm from the fetal abdo-
men. To manage the neonate, a plastic cord clamp is 

Figure 20.1 Demonstration of modified Ritgen’s maneuver.
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placed later 1–2 cm from the fetal abdomen and the cord 
is cut again. If assessment of cord pH is indicated, a seg-
ment of the remaining cord is clamped, cut, and set aside 
for blood gas analysis, prior to collecting blood samples 
for newborn testing.

Management of the infant

An infant who does not require further assistance can 
be immediately handed to the mother, implementing the 
skin-to-skin technique. The infant is placed on the mater-
nal chest, skin to skin with the mother and the fetus can 
be further dried for improved thermoregulation.25 Early 
skin-to-skin contact has been demonstrated to improve 
breastfeeding outcomes and early infant–mother attach-
ment.26 In a multicentered trial, a delivery technique of 
placing the term infant on the maternal abdomen prior to 
cord clamping did not affect the volume of placental blood 
transfusion, hence when early infant skin-to-skin place-
ment is a priority, cord clamping can be done with infant 
on maternal abdomen.27

DELIVERY OF THE PLACENTA
The third stage of labor is commonly managed actively 
by the administration of oxytocics after infant delivery 
and with assisted placental separation, followed by uter-
ine massage. This process has been shown to reduce blood 
loss.28–30 Signs of placental separation include elongation 
of the cord, a palpable globular mass on the maternal 
abdomen, and a sudden gush of blood with protrusion of 
the placenta through the cervix into the vagina.

The average duration of the third stage of labor is 8 min-
utes. Placental separation occurs within 30 minutes after 
the delivery of the fetus in 97% of parturients, and a lon-
ger third stage of labor is seen with decreasing gestational 
age.31,32 Because there is no increase in hemorrhage the 
third stage of labor is less than 30 minutes, it is recom-
mended that manual placental removal should not be con-
sidered until at least 30 minutes have elapsed without signs 
of placental separation.

Once signs of separation are noted, the attendant may 
assist in the delivery of the placenta. This is achieved by 
placing the extended fingers of one hand on the maternal 
abdomen, just above the symphysis pubis, and then mov-
ing the fingers over the uterine fundus. With the opposite 
hand the attendant may apply gentle traction on the cord 
(Brant–Andrews maneuver) (Figure 20.4a and b).33 The 
mother may then be asked to bear down.

In delivering the placenta, the operator must not force 
placental separation. The practice of holding the fundus 
with the abdominal hand may be continued until the pla-
centa is delivered. This can reduce risks of cord avulsion 
or uterine inversion.34 An alternative method, Credé’s 
maneuver, in which the cord is fixed with the lower hand 
while the uterine fundus is gently compressed by the 
abdominal hand, may also be used. Controlled cord trac-
tion has been compared with hands-off approach of pla-
cental delivery with data supporting that controlled cord Figure 20.3 Delivery of body.

(a)

(b)

Figure 20.2 Delivery of shoulders. (a) Anterior and (b) 
posterior.

  



258 Normal vaginal delivery

traction results in a decreased risk of postpartum hemor-
rhage; however, the use of oxytotics is the most important 
aspect of this process.

Occasionally, the placenta delivers but the membranes 
do not rapidly separate and remain, extending up into the 
uterus. Such membranes may be grasped with ring for-
ceps and twisted to achieve removal. The trailing mem-
branes may be grasped with another ring forceps placed 

higher up on the membranes. This process is repeated 
until all membranes are removed. The placenta and its 
membranes should be inspected immediately to ensure 
that they are intact.

A succenturiate placenta may inadvertently be left in the 
uterus. A ruptured vessel near the placental margin or a 
jagged edge to the placenta may alert the operator to the 
possibility of retained cotyledon. If retained products are 
suspected, the uterus should be explored manually with 
or without a gauze sponge. The inspection of the placenta 
should also include evaluation of the cord for the pres-
ence of two arteries and one vein. The presence of a single 
artery increases possibility of fetal anomaly or growth 
restriction. This finding should be reported to the pediat-
ric attendant.

After removal of the placenta, the uterine fundus 
should be assessed for firmness. To achieve this, the oper-
ator places his hand on the maternal abdomen and gen-
tly massages the fundus while oxytocin is administered. 
Although commonly performed, there are limited studies 
that support that uterine massage contributes to the pre-
vent postpartum hemorrhage.35

The habit of palpation of the fundus and assessment of 
uterine size can alert the operator to a poorly contractile 
and atonic uterus. In an obese patient, it should be rec-
ognized that the uterine fundus may not be palpable or 
easily felt and uterine massage may be difficult to achieve 
secondary to obesity. When planning delivery of an obese 
gravida, this should be considered, hence the immediate 
availability of pharmacological uterotonic agents or other 
mechanisms for uterine compression may be necessary.

USE OF OXYTOCICS
Oxytocin (Pitocin) and methylergonovine maleate 
(Methergine) and misoprostol (Cytotec) are widely used 
to control blood loss after delivery.36,37 Oxytocin has been 
shown to be superior to placebo or no prophylaxis. Uterine 
contractions are critical in the control of blood loss. The 
contractions close the vessels in the uterine wall. Oxytocin 
causes rhythmic uterine contractions that affect primarily 
the fundal portion. It has little or no secondary effect on 
blood pressure when administered as a continuous infu-
sion. Methergine can cause uterine spasm that involves the 
lower uterine segment and has a hypertensive effect in many 
women. It is associated with increases in femoral arterial 
pressure, pulmonary, arterial pressure, and wedge pressure.

15-Methyl-F-prostaglandin (Prostin 15 M) is a potent 
uterotonic agent which can be injected intramuscularly 
or directly into the myometrium. It is used primarily in 
cases of postpartum hemorrhage, as is the E1 prostaglan-
din, misoprostol. The E1 prostaglandin, misoprostol, has 
been described as an alternative to oxytocin for the man-
agement of the third stage of labor. Side effects are dose 
related and include shivering and fever.38 This agent is rec-
ommended for reduction of postpartum hemorrhage in 
resource-poor areas.39

Trials comparing oxytocin to ergot alkaloids for the 
management of the third stage show that ergot alkaloids 

(a)

(b)

Figure 20.4 Brandt–Andrews maneuver for delivery of 
placenta. (a) Positioning of abdominal hand; (b) performance 
of the maneuver.
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often causes nausea vomiting and raised blood pressure.38

Most experts agree that the management of the third stage 
of labor should include the routine administration of oxy-
tocin to reduce maternal blood loss, however, the dosing 
regimens vary among institutions.

MANAGEMENT OF THE RETAINED PLACENTA
Retained placenta affects 0.5%–3% of women after deliv-
ery. Dynamic visualization of the uterus during the third 
stage of labor by radiography and ultrasound has shown 
that placental separation depends upon contraction of the 
myometrium and subsequent detachment and expulsion. 
The risk of retained placenta and hemorrhage is increased 
in gestations less than 26 weeks and when the duration of 
the third stage is prolonged.40

Regardless of gestational age, the frequency of hemor-
rhage peaks 40 minutes after the delivery. About 90% of 
placentas at term will be delivered by 15 minutes and only 
2%–3% will still be undelivered at 30 minutes.41 If the pla-
centa is not expelled after 30 minutes, it may be abnormally 
adherent or may be entrapped by the contracted cervix. 
Under such circumstances, manual placental removal is 
indicated because there is evidence of increase in hemor-
rhage when more than 30 minutes have elapsed without 
placental delivery. The incidence of postpartum hemor-
rhage, transfusion, and uterine curettage all increases after 
the placenta is retained more than 30 minutes.41

The prerequisites for manual removal include the fol-
lowing: Placement of an intravenous line and fluids admin-
istration as necessary. A tube of maternal blood should be 
sent for type and screen or crossmatch or same confirmed. 
The necessity for the procedure should be explained to the 
patient and her consent obtained. Adequate anesthesia, 
regional, general, or intravenous (IV) sedation should be 
given.

The operator should wear fresh sterile gloves. A sterile 
sleeve should be placed over the dominant arm if available. 
The field should be redraped. The operator then holds the 
umbilical cord with the assisting hand and introduces the 
dominant hand into the uterine cavity. The outside hand 
is then placed on the uterine fundus. The operator uses his 
fingers to locate the plane between the uterine wall and 
the placenta. When this plane is identified, gentle motion 
of the fingertips is used to separate the placenta from the 
uterine wall (Figure 20.5). The operator should resist the 
urge to exert undue traction on the cord, as this may tear 
the placenta or cord and result in retained fragments. The 
operator should also resist the urge to scoop out fragments 
of the placenta in pieces. Generally, separation occurs with 
ease. The process should be continued until the placenta 
is completely detached. The opposite hand assists in the 
placental delivery by lifting the fundus toward the exam-
ining hand and giving counterpressure. Once the placenta 
is removed, with or without a sterile piece of gauze placed 
over the operator’s hand, manual curettage is performed. 
The goal is to remove an intact placenta.

After the placenta has been removed, it should be 
inspected for completeness. If it does not appear intact or 

if it has been removed in fragments, the operator should 
re-explore the uterus and remove the remaining frag-
ments and membranes. Exceptionally, if remaining pla-
cental fragments cannot be removed manually, a large 
blunt curette may be introduced to remove them. Sharp 
curettage should be avoided. Routine use of antibiotics for 
manual exploration is not proven to beneficial.42 Manual 
removal of the placenta may be challenging in the obese 
patent where the uterine fundus cannot be felt. If curet-
tage is necessary, ultrasonographic guidance may be of 
assistance.

MANAGEMENT OF THE FOURTH STAGE OF LABOR
The fourth stage of labor includes the time when inspec-
tion of the birth canal and repair of lacerations and epi-
siotomy take place. During this immediate postpartum 
period, the mother is observed for stability and postpar-
tum hemorrhage.

Inspection of the birth canal involves a systematic 
evaluation of lacerations and bleeding. The first step is to 
inspect the perineum for laceration and assess the epi-
siotomy site if one has been performed and determine 
whether extension has occurred or other perineal damage 
exists. Blood loss related to episiotomy should be noted. 
If excessive, it may require immediate intervention. The 
vagina is then inspected for lacerations. The operator 
should place one hand into the vagina and inspect its deep 
areas using a ring forceps with a large sponge. Lacerations 
of the vagina should be noted and repair performed with 

Figure 20.5 Demonstration of maneuver to remove pla-
centa from uterus manually.
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2-0 chromic catgut or a comparable synthetic absorbable 
suture. In some cases, for repair of a deep vaginal lacera-
tion, an assistant has to provide adequate pelvic exposure.

After the vagina, the cervix should be checked. The 
cervix may be visualized by the operator placing a hand 
onto the pelvic floor to facilitate its direct inspection. If 
the entire cervix cannot be seen, a useful technique is to 
place ring forceps onto the anterior and posterior cervical 
lips, and, with gentle traction, lift and observe the cervix. 
Alternatively, ring forceps may be used to grasp the ante-
rior cervical lip, and the cervix may be grasped with a sec-
ond forceps in a circumferential fashion, to “walk around 
the cervix” until all areas are visualized. Any laceration 
noted on the cervix must be repaired with suture starting 
above the apex of the laceration.

Routine manual uterine exploration is not indicated. 
Exploration should be reserved for those women where 
bleeding is excessive, or placental separation is thought to 
be incomplete.

USE OF EPISIOTOMY
A relaxing incision, known as episiotomy, is frequently 
performed to protect the maternal soft tissue from unduly 
stretching or lacerating. A decrease in episiotomy rates has 
been noted between 1985 and 2004 in the United States 
and a survey of 510 hospitals reported an episiotomy rate 
of 12% in 2012.43,44 Although there is no evidence to sup-
port use of routine episiotomy, some common clinical 
indication for selective use of episiotomy includes per-
formance to hasten delivery in cases of fetal compromise, 
when instrumental delivery is planned, or when the likeli-
hood of spontaneous laceration is high, such as in the case 
of a short perineal body. Episiotomy has not been associ-
ated with improvement in neonatal outcome or perineal 
support or improved outcomes of operative delivery.45

Two types of episiotomy may be performed. A median 
(midline) episiotomy refers to a vertical incision made 
from the posterior fourchette toward the rectum.45 This 
incision in the midline severs the skin, the subcutaneous 
tissue, and the central junction of the paired bulbocaver-
nosus, ischiocavernosus, and superficial transverse peri-
neal muscles: the area known as the perineal body.

A mediolateral episiotomy may reduce the risk of third 
and fourth degree laceration.

Since the mediolateral incision protects against poste-
rior perineal trauma, it has long been recommended as the 
preferred incision for women with inflammatory bowel 
disease, prior rectovaginal fistula, or prior posterior peri-
neal repair, where protection of the rectum is critical.

TECHNIQUE OF EPISIOTOMY
A midline episiotomy should be made when the fetal head 
is crowning and has distended the vulva to 2–3 cm. If a 
regional block is in place, no additional anesthesia may be 
required; alternatively, local anesthesia should be given. 
The operator should place his or her fingers inside the 
perineum to protect the fetal head. Using a straight scis-
sors, a downward incision is made from the midpoint of 

the posterior fourchette, toward the rectum, through 
approximately half of the perineal body. The incision can 
be extended further vertically, up the vaginal mucosa for a 
length of approximately 2–3 cm.

A mediolateral episiotomy is made by cutting from the 
midpoint of the posterior fourchette through the vaginal 
mucosa at a 45° angle. The incision may be made to the 
right or to the left. The direction usually depends upon the 
operator’s dominant hand. The length of the median inci-
sion should be adequate to allow delivery of the head.

COMPLICATIONS OF EPISIOTOMY
In addition to increased incidence of third- and fourth-
degree lacerations, episiotomy can be associated with 
excessive blood loss, particularly if the incision is made 
before the fetal head distends the vulva. Midline episi-
otomy is associated with more perineal and pelvic floor 
damage than no episiotomy or spontaneous lacerations. 
Those episiotomies that are complicated by extension to 
third- and fourth-degree lacerations may be associated 
with anal sphincter incontinence, pelvic floor injury, rec-
tovaginal fistula, and pelvic prolapse.45

The mediolateral incision is associated more commonly 
with poorer cosmetic results and greater blood loss. There 
is, however, no evidence to indicate that the mediolateral 
episiotomy is associated with more pain than the midline 
incision. Both types of episiotomy can be complicated by 
infection, hematoma, and dehiscence.45

REPAIR OF EPISIOTOMY
Repair of episiotomy is generally delayed until after deliv-
ery of the placenta. This practice avoids the disruption of 
the repair should the placenta be retained and manual 
exploration of the uterus be required. Midline episiotomy 
is generally repaired with 2-0 or 3-0 chromic catgut or a 
comparable synthetic absorbable suture in a continuous 
fashion.46

Repair of the episiotomy begins with the identifica-
tion of the apex of the incision. The first suture is placed 
above the apex and tied. Suturing should progress in a 
continuous running fashion to approximate the vaginal 
mucosa. The first stitch should be locked to aid in hemo-
stasis at the apex, but not the remainder of them unless 
the edges of the incision are bleeding. Locking the sutures 
in this region may invert the vaginal mucosa and lead 
to inclusion cysts. When the vaginal suture reaches the 
hymenal ring, it should be brought inside the vaginal 
mucosa and completed by the placement of a deep suture, 
which approximates the two bulbocavernous muscles in 
the midline. The suture is then tied and the knot buried 
(Figure 20.6a). Next, two to three interrupted sutures are 
placed to approximate the deep layers of the perineum 
(Figure 20.6b). Lastly, a continuous subcutaneous suture 
is begun at the vaginal edge of the perineum, leaving the 
end tied for later use. This end may be held temporarily by 
a hemostat. The subcutaneous sutures are placed in a con-
tinuous running fashion to the lower perineal edge of the 
wound (Figure 20.6c), and then returned in a subcuticular 
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(a)
(b)

(c) (d)

Figure 20.6 Repair of median episiotomy. (a) Closure of vaginal and bulbocavernosal muscles, (b) closure of deep layers, (c) 
subcutaneous closure, and (d) subcuticular closure.
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pattern back to the vaginal perineal margin (Figure 20.6d). 
The suture is then tied to the original hemostat end. This 
allows for burying of the final knot so that no suture will 
remain exposed.

Postepisiotomy pain and swelling can be managed with 
ice packs and oral or topical analgesia.

DELIVERY OF THE MALPRESENTING FETAL HEAD
Face presentation

The incidence of face presentation is 0.1%–0.3% of all 
vertex deliveries and infants weighing more than 4000 g 
have a 2.9-fold increased risk for this malpresentation.47,48

Cesarean delivery is indicated for cases of suspected 
cephalopelvic disproportion, large infants, desultory 
labor, or labor arrest. If the mentum is persistently pos-
terior, cesarean section should be performed, since this 
position does not allow for natural expulsion of the fetus.

Overall, there is a 50% cesarean rate associated with 
face presentation. In a review of 50,300 deliveries, 40 
cases of face presentation were examined. Thirty per-
cent of the operative deliveries were for fetal distress; 
the rest were performed for failure to progress in labor. 
Vaginal delivery occurred in 88% with mentum ante-
rior, 45% with the mentum transverse, and 2.5% of those 
with mentum posterior rotations. Twenty-seven percent 
of mentum posterior spontaneously rotated to mentum 
anterior. Fetal stress was particularly common in the 
mentum posterior presentation. Appropriate manage-
ment of face presentation is to allow spontaneous labor 
unless indications for abdominal delivery are present. 
If the pelvis and the uterine contractions are adequate, 
vaginal delivery may ensue.49

After descent, as the face appears at the vulva, the chin 
will be under the symphysis and the operator can deliver 
the head by assisted flexion (Figures 20.7a and b). The 
shoulders are then delivered as in a cephalic presentation.

BROW PRESENTATION
Brow presentation represents a fetal position midway 
between the full flexion of the occiput presentation and 
the full extension of the face presentation (Figure 20.8). 
Except in the case of a very small fetus or a very large 
pelvis, engagement of the fetal head in the brow presen-
tation is impossible. Since there is cephalopelvic dispro-
portion and because a great deal of molding has taken 
place, thereby locking the head into a fixed position, cesar-
ean delivery is indicated. If during the course of labor, 
the brow presentation persists, the prognosis for vaginal 
delivery is poor. If the brow converts to smaller presenting 
fetal head diameter, delivery may occur as in the occiput 
presentation. Manual rotation has been reported with no 
untoward outcomes reported.50

MALROTATIONS OF THE FETAL HEAD
Occiput posterior rotation has been reported in 10%–25% 
of the cases in the early stage of labor and in 10%–15% in 
the active phase. Persistent fetal occiput posterior position Figure 20.8 Brow presentation.

(a)

(b)

Figure 20.7 (a and b) Face presentation with the mentum 
anterior.
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occurs in approximately 5% of all deliveries. The incidence 
is higher in primiparas than in multiparas.49 Persistent 
occiput posterior rotation is associated with prolonged 
labor, and need for induction, oxytocin augmentation, 
and epidural use. Persistent occiput posterior rotation is 
associated with short maternal stature and prior cesarean 
delivery.

VAGINAL DELIVERY OF THE PREMATURE INFANT
The majority of occiput posterior positions change to ante-
rior during labor even at full cervical dilation. With good 
flexion of the head, its presenting diameter is minimized; 
with less flexion, the large occipitofronatal diameter is 
presenting. In either case, the head is delivered by further 
flexion. The face should be expelled to the chin before one 
attempts to deliver the rest of the head.49

A variety of maneuvers, including positioning the 
mother in the knee-to-chest position and pelvic rocking, 
have been described to facilitate rotation of the fetus. These 
efforts have not proven to be effective. Occiput posterior 
rotation is also associated with high rates of third- and 
fourth-degree perineal lacerations, excessive blood loss, 
and postpartum infections when compared with delivery 
in the occiput anterior position.

VAGINAL DELIVERY OF THE PREMATURE INFANT
Delivery of the premature infant presenting by the vertex 
is a variation of normal vaginal birth. Because of the small 
fetal size relative to the maternal pelvis, malpresentation, 
asynclitism, and compound presentations and rapid deliv-
ery are relatively common. These are managed in the same 
way as for the term fetus. The operator must be vigilant in 
observing for a loop of cord or other fetal part that may 
present alongside the fetal head. If a hand or arm accom-
panies the head into the pelvis, watching and waiting is 
the best approach. If the compound presentation persists, 
gentle maneuvering of the arm or hand toward the pelvis 
may be attempted.

If the fetus is small relative to the pelvis, even in com-
pound presentation it may be delivered without difficulty. 
Most studies have shown that for the low-birth-weight 
fetus without signs of fetal compromise, vaginal delivery 
is preferable. Reducing trauma to the premature fetus at 
delivery and optimizing neonatal care are paramount in 
the management. Personnel for the resuscitation of the 
infant should be immediately available. Often a bulging 
bag of water is presenting as the cervix dilates. The opera-
tor must remember that the cervical dilation may prove 
incomplete, once the membranes are ruptured. A por-
tion of cord or a small fetal part may be in advance of the 
vertex. Use of ultrasound may be helpful to clarify this 
situation. Artificial rupture of the membranes in these cir-
cumstances must be approached judiciously, and should 
be attempted only when the cervix is approaching full 
dilation. The membranes may then be needled, allowing 
slow decompression of the amniotic sac and safe descent 
of the vertex into the pelvis. Spontaneous delivery can 

then be allowed with focus on controlling the delivery of 
the head to prevent rapid expulsion.
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21Shoulder dystocia
JOHN P. KEATS

Based upon my experience as an obstetric hospitalist, I can 
recall my share of unusual cases and emergencies during 
the management of laboring women. One such case from a 
number of years ago comes to mind as a way to introduce 
the important topic of shoulder dystocia (SD) in this chapter.

It was late at night and I had been following a  primiparous 
patient in labor all day. She had a long latent phase but 
her active phase of labor proceeded smoothly along the 
Friedman curve as modified by Zhang et al.1 She was a ges-
tational diabetic and her blood sugars were well controlled 
on dietary management alone. Although she had been 
pushing for nearly 3 hours, she tolerated the longer second 
stage because she had an epidural for analgesia. She had 
been at plus three station for over 30 minutes with little fur-
ther advancement of the fetal head. She began to complain 
of exhaustion and I had decided then that this should be 
an easy vacuum delivery. I could see the head when I sepa-
rated the labia during a push, although the head did seem 
to recede a bit between contractions. I applied the vacuum 
extractor and with the second contraction the fetal chin 
emerged over the perineum and rotated counterclockwise. 
As I removed the vacuum device I realized that the head 
had retracted back tightly against the perineum. I began to 
apply gentle downward traction on the fetal head with my 
hands as my patient pushed again. The fetus did not budge. 
I realized immediately that I was dealing with a SD!

DEFINITION
There are few obstetric complications that can cause as 
much sudden concern and morbidity as an unexpected 
severe SD during delivery. Obstetricians are responsible 
for the safety of two patients (mother and child) and the 
unexpected retraction of the fetal head, when the end 
of a normal second stage of labor is anticipated, can be 

hazardous to both patients and is a challenging complica-
tion for the obstetrician to manage.

SD has been defined as the difficult delivery of the fetal 
shoulder requiring the use of special maneuvers in addi-
tion to gentle downward traction on the fetal head or a 
prolongation of the head-to-body delivery interval to more 
than 60 seconds.2,3 The complication is more common 
when the size of the maternal pelvis is small in relation to 
the size of the fetus. The immediate cause is the impaction 
of the fetal shoulder on the pubic symphysis anteriorly or 
the sacral promontory posteriorly.

INCIDENCE
The incidence of SD ranges from less than 1% to nearly 
2%.4,5 This large reported range may reflect a lack of agree-
ment on the diagnosis of SD or may be due to differences 
in patient characteristics in the studied populations. 
Interestingly, the reported incidence of this complication 
has not declined in recent years even though the rate of 
cesarean delivery has increased 5- to 10-fold.6,7 The bra-
chial plexus injuries that the fetus may sustain as a result 
of a significant SD make up a large proportion of obstet-
ric medical malpractice claims. The legal liability can be 
significant.8,9

CONTRIBUTING FACTORS
Risk factors for SD (Box 21.1) include fetal macrosomia10–12

defined as >4500 g or >4000 g in patients with diabetes—
frank or gestational diabetes mellitus (GDM), obesity, 
post-term gestation, multiparity, short maternal stature, 
and previous history of macrosomic birth or SD. Other 
contributing factors include the use of oxytocin for induc-
tion of labor, epidural analgesia, prolonged labor, and the 
use of operative vaginal delivery (OVD).
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One important additional risk factor associated particu-
larly with unexpected SD is a lack of adequate assessment 
of fetal and maternal size along with other historical risk 
factors so as to be prepared for the possibility of a difficult 
SD. Although it is widely reported that the initial SD is usu-
ally not expected,13 adequate prenatal assessment could lead 
to prediction and prevention or mitigation of the complica-
tion. Patient safety initiatives are now focused on methods 
to predict and prepare for SD along with trained medical 
team management of the complication once it occurs.14,15

PREDICTION AND PREVENTION
Efforts to predict the likelihood of SD based upon known 
risk factors are intended to create a state of preparedness 
for the complication. There have been attempts made to 
develop algorithms to predict which laboring patients will 
develop a SD at the time of delivery with cesarean required
for all patients who meet the criteria. None of these has 
been shown to have sufficient predictive value to be useful. 
Some feel that the number of elective cesarean deliveries 
required to prevent one episode of SD would be exces-
sive and not justified.16,17 This would apply even more to 
attempts to predict and prevent permanent brachial plexus 
palsy, many of which occur even in the absence of a clinical 
SD.8 However, the presence of certain specific risk factors 
has been shown to be associated with a high enough risk of 
SD that a scheduled cesarean birth should be offered to the 
patient as an option. Recently, some have suggested that 
even with a small risk of recurrence—given the signifi-
cant adverse consequences of a severe SD, that cesarean 
delivery should be indicated with a history of previous SD. 
These authors point out that similarly low but significant 
risks for uterine rupture in women with previous uterine 
scars can justify elective cesarean delivery.18 There should 
be careful documentation of the discussion of risks and 
complications of either course of action, cesarean ver-
sus vaginal birth, in these circumstances (see Section 
Documentation and Debriefing below).

The specific antepartum risk factors because of which 
cesarean birth should be offered are  (1) macrosomia14 based 
on an estimated fetal weight (preferably by ultrasound mea-
surement using multiple views) of >5000 g in nonobese and 

nondiabetic patients and >4500 g in obese and diabetic 
patients4 and (2) a history of previous severe SD with any 
fetal injury. It may seem counterintuitive that there is a 
lower weight limit for obese and diabetic or GDM patients 
in this management guideline. The reason is that due to the 
effects of maternal insulin resistance and glucose metabo-
lism, the fetuses in diabetic (including GDM) and obese 
patients tend to have proportionately larger bodies relative 
to their head size. This creates the situation where greater 
fetal body mass, particularly a larger bisacromial diameter, 
increases the risk that the fetal head may fit through the 
bony pelvis but the larger after-coming shoulders will then 
impact on the pubic symphysis or sacral promontory. Both 
diabetic (including GDM) and maternal obesity alone or 
in combination are independently associated with adverse 
pregnancy outcomes including SD.19–22

Intrapartum risk factors should also be taken into account 
in an attempt to lessen the incidence of SD.23,24 Primary in 
this is the principle that when electing to perform an OVD, 
such as forceps or vacuum, for slow or arrested descent, 
one should give consideration to the possibility that one 
will accomplish safe delivery of the fetal head over the 
perineum only to discover that the shoulders are now stuck. 
This principle does not always refer to emergency OVD 
done for fetal bradycardia at a low station, but rather elec-
tive OVD for “maternal exhaustion” or a prolonged second 
stage. Questions to ask (and be prepared to document) are 
as follows: (1) How long has the second stage been? Longer 
second stages are associated with higher SD). (2) What is 
the station and position of the presenting part, and is it ver-
tex or caput? Mid-pelvis OVD has a higher association with 
SD. (3) Is the patient diabetic (including GDM), obese, or 
of short stature? (4) What is the estimated fetal weight? If 
multiparous, what was the weight of previous fetuses, and 
were there any difficulties with those deliveries?

When there is concern that one or more of these risk 
factors is present, it is prudent to brief the entire delivery 
team of your concern prior to initiating OVD. It may also be 
appropriate to have an extra nurse in the room, particularly 
one who is experienced in the treatment of SD and the cor-
rect application of suprapubic pressure (see Section Primary 
Maneuvers below). One might even consider alerting the 
neonatal intensive care unit (NICU) staff or pediatrician 
on call to have them attend the birth and to alert the anes-
thesia department should they be needed on short notice. 
Most of the time they will not be needed but when a diffi-
cult SD occurs this will save precious minutes. Importantly, 
whether one is using forceps or vacuum as their preferred 
modality for OVD, one should always approach this proce-
dure as a “trial” of OVD. In other words, one should always 
have a plan for when to declare the attempt at OVD a failed 
trial—defined as the inability to achieve significant descent 
of the head, too many pop-offs of the vacuum, or the expira-
tion of a preset time limit.

Lastly, one should never declare one comparable 
method of OVD as a failure and then switch to a trial of 
the other modality (e.g., failed forceps followed by a trial 
of vacuum). This carries too high a risk of fetal and/or 

Box 21.1 Recommended order for the 
application of maneuvers.

 • McRobert’s maneuver is typically performed first as it 
can be quickly applied and is often successful.

 • Suprapubic (not fundal) pressure with careful attention 
being paid to its correct application is attempted when 
McRobert’s fails.

 • Delivery of the posterior fetal arm should be attempted 
next as being most likely to accomplish delivery.

 • Rotational maneuvers applied in rapid succession.
 • Gaskin maneuver (see Figure 21.4).
 • Attempt at clavicular fracture (rarely successful).
 • Abdominal delivery preferably without the Zavanelli 

maneuver.
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maternal injury, including SD. The appropriate response 
to failure to accomplish delivery with one attempt at OVD 
is to move expeditiously to cesarean delivery.25,26

MANAGEMENT
The key to a successful and safe delivery when SD occurs 
is to have a plan of management firmly in mind with every 
vaginal delivery. Because SD is largely unpredictable and 
has been described in fetuses of widely varying sizes,27 it 
is important to always be prepared to begin your manage-
ment plan when SD is recognized. Recognition of SD can 
begin with what is described as the “turtle sign”—a tight 
withdrawal of the rotated fetal head against the maternal 
perineum immediately upon delivery of the head.28 This 
alone is not necessarily sufficient to make the diagnosis 
of SD, neither is it seen in every case. The more definitive 
way to make the diagnosis is to experience failure of the 
anterior fetal shoulder to emerge under the pubic symphy-
sis with maternal pushing efforts combined with gentle 
downward traction on the fetal head. When this occurs 
with the first attempt at maternal pushing after delivery of 
the head, it is best to desist with further downward trac-
tion in the face of an impacted shoulder, as it is exactly 
this lateral deviation of the fetal head relative to the ante-
rior shoulder29–31 that can cause fetal nerve damage as 
described below.

Once there is a failure of the anterior shoulder to clear 
the pubic symphysis, an SD management plan should be 
activated. When the fetal head delivers and the body is in 
the pelvis, blood flow in the umbilical cord will be com-
promised while the fetus is unable to gasp.32,33 Therefore, 
time is of the essence to effectively complete the delivery, 
because fetal acidemia and acidosis will progressively 
worsen until the SD is resolved.34,35 Any management 
plan for SD, therefore, must begin with the delivering pro-
vider announcing loudly and clearly that a SD is occur-
ring. This can be thought of as the first step in a virtual 
checklist of steps that every obstetric provider should have 
in their head. This announcement then triggers a cascade 
of events, which the entire obstetric team has rehearsed 
through drills and simulations as described below.

After announcing the problem, the next item on the vir-
tual checklist is the summoning of additional help. This 
should include one or more extra nurses, an additional 
obstetrician or other obstetric provider, a neonatal resus-
citation team or pediatrician, and an anesthesia provider. 
Preliminary preparations to open an operating room 
should also be made at this time. One of the nurses should 
be assigned the role of time and record keeper. S/he should 
note the time of delivery of the fetal head and its position so 
as to identify which shoulder is anterior. S/he would then 
record the sequence and timing of whatever maneuvers are 
employed. It is extremely helpful to call out the amount of 
time elapsed after delivery of the fetal head in 30-second 
increments. Time perception may be distorted and inac-
curate during management of a SD and calling out time 
intervals is helpful to prevent spending too much time on a 
maneuver that is not working before moving onto the next 

one in the preferred sequence. Once delivery of the fetal 
body is accomplished, the timekeeper notes the total time 
elapsed between delivery of the head and body of the fetus.

After additional help has been summoned, the deliver-
ing provider can then embark on a sequence of maneu-
vers described below to resolve the SD and deliver the fetal 
body. Once this is done, it is important to secure a section 
of umbilical cord so that fetal blood gases and pH can be 
determined from both the umbilical artery and vein. This 
information can be helpful to the pediatrician or neona-
tologist in the event of fetal compromise. In addition, it can 
be important medicolegally to document the absence of 
fetal acidemia/acidosis when Appearance, Pulse, Grimace, 
Activity, Respiration (APGAR) scores are low. From the 
medicolegal perspective it is always best to obtain both well-
marked venous and arterial cord blood samples. This not 
only allows for comparison but also eliminates the possibil-
ity that a plaintiff’s attorney will claim that a single set of 
values is a venous sample when it was in fact arterial.36

Last on the virtual checklist should be a debrief for 
everyone involved in the SD as soon as possible after the 
event. This should be done even if the outcome was a 
timely delivery of a healthy newborn. Reviewing how the 
care was rendered will allow for continual improvement in 
performance on the labor and delivery unit for the inevi-
table next SD. The debrief is also a good opportunity to 
review timing and sequence of maneuvers so that the doc-
umentation of the event recorded by the obstetric provider 
matches that produced by the nursing personnel. This not 
only represents an important feature of good patient care 
but it is also important from a medicolegal perspective 
should the case result in a malpractice suit.37

PRIMARY MANEUVERS
There are several maneuvers that are classically described 
in the management of SD to allow the anterior shoulder 
that is impacted against the pubic symphysis to emerge 
under it. First, all of the individual maneuvers will be 
described followed by comments on their application.

1. McRobert’s maneuver: This is accomplished by having 
the mother hyperflex her hips as far as possible, so that her 
knees are pressed against her chest and upper abdomen.38

Although some women can accomplish this themselves by 
placing their hands behind their knees (Figure 21.1) and 
pulling them in, this is often best achieved by having one 
nurse or other attendant on each leg, assisting the flexion. 
This has the effect of rotating the pelvic girdle so that the 
distance between the pubic symphysis and sacral promon-
tory is increased. This is frequently all that is required to 
allow maternal pushing efforts combined with gentle trac-
tion on the fetal head to resolve the SD.

2. Suprapubic pressure: SD occurs when the anterior 
fetal shoulder becomes lodged behind the maternal pubic 
symphysis in a direct anterior–posterior orientation. The 
key to dislodging the shoulder, allowing it to slip under the 
symphysis, is to deflect it off of a plane that is “straight up 
and down.” One of the most effective ways to do this is by 
the application of suprapubic pressure (Figure 21.2). This 
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should not be confused with fundal pressure, which in the 
setting of SD is not only counterproductive but potentially 
harmful.39 Fundal pressure (applied higher at the level of 
the uterine fundus) will more tightly impact the shoulder 
against the symphysis, making it even harder to ultimately 
dislodge. In addition, vigorous application of fundal pres-
sure can cause catastrophic uterine rupture and should 
always be avoided. On the other hand, suprapubic pressure 
is the application of force with the fist or heel of an assis-
tant’s hand to the maternal lower abdomen just above the 
pubic symphysis. The object of this maneuver is to move 
the fetal shoulder off the direct vertical by applying force 
to the back of the anterior shoulder and getting the shoul-
der to rotate in the direction of the fetal chest. Therefore, 
it is critical that the operator attempting delivery indicates 
to the assistant which fetal shoulder is anterior and what 
direction force should be applied. The assistant places his 
or her hand slightly to the side of midline over the fetal 
back and pushes down and toward the opposite side. So, 
for example, if the right fetal shoulder is anterior, the 
assistant would place his or her hand suprapubically to the 
maternal left of midline and direct the force down and to 
the right. The ability of the assistant to do this maneuver 
properly is sometimes aided by use of a stepstool to elevate 

(a)

(b)

Figure 21.1 Self-implemented hyperflexion of the legs by the laboring patient: For the management of shoulder dystocia (SD), 
the legs should be supported and flexed by an obstetric assistant on each leg. (a) The diameter before assisted flexion. (b) The larger 
pubosacral diameter for allowing passage of a trapped shoulder after assisted flexion.

Figure 21.2 Proper application of suprapubic pressure for 
SD. Pressure applied higher (uterine fundus) could make the 
clinical situation worse.
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the assistant over the patient. When performed properly in 
conjunction with McRobert’s maneuver above, the opera-
tor will feel the fetal shoulder release as it moves off the 
vertical and emerges under the symphysis. Delivery can 
then be completed in the usual manner.

3. Rotational maneuvers: As stated above, the goal of 
the initial maneuvers to relieve SD is to get the anterior 
shoulder to rotate off the vertical plane. Another way to 
accomplish this is by applying rotational maneuvers, 
where the operator’s hand is used to rotate the fetus.40

Two rotational maneuvers have been described: Woods 
Corkscrew (Figure 21.3) and Rubin’s maneuver.41,42

In the former, pressure is applied by the operator’s fin-
gers and hand to the anterior surface of the posterior fetal 
shoulder in an attempt to rotate the fetal body. In the lat-
ter, pressure is applied to the posterior surface of which-
ever shoulder is most accessible, again with the goal of 
rotating the fetal body to the point that the anterior shoul-
der is no longer directly vertical and can emerge under the 
symphysis. Either maneuver can be accomplished in less 
than a minute so both can be attempted in sequence if the 
first rotational maneuver is not successful.

4. Delivery of the posterior arm: This maneuver involves 
the operator placing their hand into the posterior vagina 
and grasping the posterior fetal hand.43 To accomplish 
this one has to introduce the entire hand into the vaginal 
canal by sliding it over the perineum and below the fetal 
body. To do this one has to bring all the fingertips together, 
including the thumb, before passing the hand over the 
perineum. A common mistake by inexperienced opera-
tors is to leave the thumb external to the vagina. This will 
make it almost impossible to reach the posterior fetal hand 
in most cases. As a “rule of thumb” the operator should 
choose to introduce the entire hand that will be on the 
side of the fetal chest—the right hand if the left fetal shoul-
der is anterior and the left hand if the right fetal shoulder 

is anterior. Once in the vagina, the fetal hand should be 
readily palpable if the fetal arm is flexed. The hand should 
then be grasped and drawn across the fetal chest as the 
operator’s hand is withdrawn, causing the fetal hand to 
emerge alongside the impacted anterior shoulder. To try 
to bring the fetal hand out otherwise risks fracturing 
the humerus of the posterior arm.44 If the fetal hand is 
not readily palpable because the fetal arm is extended, 
the operator’s hand should be advanced along the fetal 
arm until the antecubital fossa is reached. Pressure here 
should readily cause the fetal arm to flex and make it pos-
sible to grasp the hand. Then the arm is withdrawn as just 
described. Once the posterior arm is delivered, the ante-
rior shoulder usually readily slides under the symphysis 
and the delivery can be completed. In the case of a very 
large fetus, sometimes it will be necessary to rotate the 
fetus 180° once the arm is delivered so that the posterior 
arm is now anterior. The previously impacted shoulder can 
now be delivered over the perineum.

5. Gaskin maneuver: This technique, also called the “all 
fours maneuver,” was named for the midwife, Ida May 
Gaskin, who first described it.45 The patient is placed on all 
fours (Figure 21.4), and then maternal pushing efforts are 
combined with gentle downward traction on the fetal head 
in its new position. It is theorized that the effect of gravity 
creates more room in the posterior vagina, with the result 
that in this position the posterior shoulder and arm can 
be delivered readily. Then upward traction will deliver 
the shoulder that was behind the symphysis with the fetal 
body quickly following. Similarly to the description of 
delivery of the posterior arm above, if the other shoulder 
does not deliver easily the fetal body can then be rotated 
without difficulty to allow delivery of the other shoulder 
over the perineum.

7. Additional extreme (and riskier) measures: When 
the use of these initial basic maneuvers described above is 

Figure 21.3 The corkscrew maneuver. The fetal shoulders are rotated by applying pressure on the scapula and the clavicle. The 
fetal head should be stabilized and not separately rotated.
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unsuccessful in accomplishing delivery, there are additional 
maneuvers that can be attempted but are rarely used today. 
Purposeful fracture of the anterior fetal clavicle is thought 
to allow collapse of the shoulder in an anterior direction.46 
This in effect rotates the anterior shoulder out from under 
the symphysis, but this is surprisingly difficult to accom-
plish using just the operator’s fingers. Some have suggested 
pressing against the clavicle with a hemostat or other small 
metal instrument, but this too is difficult and is not sug-
gested. If all else fails the patient can be taken to the operat-
ing room for a hysterotomy with either direct rotation of 
the anterior shoulder or assistance in cephalic replacement 
and delivery of the fetus abdominally. Another extreme 
measure is the Zavanelli maneuver,47 also called cephalic 
replacement. This maneuver is presented mainly for his-
torical purposes because most experts now feel that the fetal 
and maternal risks of this maneuver are significant and that 
abdominal delivery can be accomplished without first per-
forming it. The technique calls for reversing the cardinal 
movements of the fetus during the normal birth process. 
The operator rotates the fetal head so that the chin is pos-
terior. The fetal head is then flexed to the maximum extent 
possible until the chin slides back up over the perineal body. 
Once this is accomplished, the fetal head will usually retreat 
back up into the birth canal quite quickly. The patient is 
then moved as rapidly as possible to the operating room 
for an emergent cesarean birth. It is wise to monitor fetal 
heart tones during this transfer and if the tracing is consis-
tent with good oxygenation of the fetus then a short time 
can be taken to allow intrauterine fetal resusciation while 
more orderly preparations are made for surgery. Last, if the 

fetus has succumbed and is still trapped in the pelvis, surgi-
cal symphysectomy will allow the shoulder of the demised 
fetus to be delivered.48–50

HOW TO APPLY THE PRIMARY MANEUVERS
For many years it was stated that there was insufficient 
evidence to recommend the order in which the primary 
maneuvers should be applied for SD. More recently, evi-
dence is accumulating to suggest a preferred order of 
application of the above maneuvers for SD.51–54 The rec-
ommended order for the application of the maneuvers is 
contained in Box 21.1. To be noted in the sequence listed 
in Box 21.1 is the absence of cutting a generous episiotomy. 
Although once thought to be an important initial step in the 
management of SD, it is now recognized that routine episi-
otomy itself does not aid in release of the impacted anterior 
shoulder.55 However, it is reasonable to perform or extend 
an episiotomy at any point in the recommended sequence 
if doing so will allow the operator to perform the next step. 
For example, many find it useful to perform an episiotomy 
to allow more room for delivery of the posterior arm. Lastly, 
it is important that one not persist too long in attempting 
any of the above maneuvers that is not working. To reiterate, 
that is the importance of appointing a timekeeper. When 
30–60 seconds have elapsed with a failed maneuver to cor-
rect for SD it is time to move onto the next step.

TRAINING: SIMULATION AND DRILLS
SD is a true obstetric emergency requiring rapid action by 
a trained team working together toward the goal of a safe 
delivery. This is best accomplished by practicing for this 
emergent event using drills and simulations. Drilling for 
this emergency has been shown to improve both physi-
cian and team performance and to improve neonatal out-
comes.56,57 Although an in-depth discussion is beyond the 
scope of this chapter, there are many options for organiz-
ing SD drills and simulations in almost any care setting. 
These can be performed in a simulation laboratory with 
sophisticated mannequins, some of which will register the 
amount of force applied by the operator. Simulations often 
involve teams with representatives of different disciplines, 
and video taping of the drills to assist in debriefing after-
ward. Effective drills can also be performed in the labor 
and delivery suite using simpler mannequins and less 
special equipment. The goal of these rehearsal drills is to 
develop a team-based response to SD in the local labor and 
delivery unit.58

It is important to assign in advance who will perform the 
critical roles, such as timekeeper or assistant operator, dur-
ing the drill. As in few other situations in obstetrics, with 
SD “failing to plan” is tantamount to “planning to fail.”

COMPLICATIONS
With appropriate training, preparation and teamwork, 
most cases of SD can be successfully resolved without 
injury to mother or fetus.59 However, it is important to 
be aware of some of the adverse effects that an episode 
of SD can have on both. Patients are at risk for soft tissue 

Figure 21.4 The Gaskin maneuver. The patient is placed on 
all fours, which facilitates the creation of a larger pubosacral 
diameter for passage of the fetus. This position also allows for 
greater gravitational force.
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injury to the vagina and perineum from the manipulative 
maneuvers that require insertion of the operator’s fingers 
or hand into the vagina. This can include third and fourth 
degree extensions of an episiotomy if one is performed, 
as well as possible vaginal wall lacerations. Patients with 
SD are at higher risk for postpartum hemorrhage, so 
close observation for this after delivery is required.60 Last, 
it is important to recognize that any difficult birth can 
put the mother at risk for posttraumatic stress disorder. 
Evaluation by a mental health professional may be advis-
able if the patient shows signs of insomnia, hyperarousal, 
or inability to perform normal daily activities in the post-
partum period.61,62

For the fetus, the greatest risk is damage to the bra-
chial plexus of the anterior arm.63 This can be due sim-
ply to the uterine expulsive forces attempting to push the 
fetal body past the entrapped shoulder, causing stretching 
of the nerves in the fetal neck that supply the ipsilateral 
arm. This may occur without any operator intervention. 
However, this stretching can be exacerbated by excessive 
traction on the fetal head and neck during attempts at 
delivery, especially if that traction is exerted while deflect-
ing the fetal head toward the floor and away from the 
entrapped shoulder. This puts the nerves of the brachial 
plexus on maximal stretch and risks damaging them, so 
traction in this direction needs to be avoided if at all pos-
sible. Two major forms of brachial plexus palsy are recog-
nized, Erb’s Palsy and Klumpke’s Palsy.64–66 The former is 
more common and involves damage to the roots of cervi-
cal nerves C-5 and C-6. The muscles of the upper arm are 
most affected, with the arm held in the so-called waiter’s 
tip position with the upper arm flaccid and adducted and 
the wrist flexed with the finger tips pointing backwards. 
The latter is due to damage to nerve roots C-8 and T-1 
causing weakness of the hand and forearm muscles.

Additionally, the fetus is at risk for fractures. Most com-
mon sites of fracture are the clavicle and humerus, usu-
ally associated with delivery of the posterior arm as the 
method by which the SD is resolved.67 Fortunately, these 
will heal without permanent sequelae in almost all cases. 
Last, the fetus is at risk for hypoxia and even death if the 
time to accomplish delivery is prolonged. There have been 
conflicting studies published over the years as to what 
time interval between diagnosis of SD and delivery puts 
the fetus at risk for hypoxic encephalopathy. Although no 
clear consensus exists, these studies in total seem to indi-
cate that the risk of severe brain injury to the fetus is low if 
delivery is accomplished within 4–5 minutes of diagnosis, 
and begins to increase somewhere between 6 and 10 min-
utes of diagnosis if a SD is still unresolved.35,68

DOCUMENTATION AND DEBRIEFING
Appropriate documentation of SD sometimes begins in 
the antepartum period. If a patient has a significant risk 
factor for SD, as described above, such as excessive esti-
mated fetal weight or history of previous SD with fetal 
injury, a thorough discussion of possible risks and com-
plications of vaginal delivery should be held during the 

pregnancy. This should be carefully documented in the 
antenatal record, along with the recommendation for 
cesarean birth. If the patient refuses, then this documen-
tation of her informed refusal will become very important 
should an SD occur at birth.

In the case of an unanticipated SD, once delivery has 
been successfully accomplished, it is important to care-
fully document all critical elements related to the event. 
An important first step is to debrief the entire team to 
include every staff member present in the delivery room, 
as soon after the delivery as is possible. This will bring to 
light any possible areas for improvement in the response to 
SD on the labor and delivery unit. Importantly, however, 
it will also foster agreement as to what just transpired so 
that physician and nursing documentation will coincide. 
As noted previously, this will be important medicolegally 
should there be a permanent fetal injury that results in a 
malpractice suit.

Proper documentation is important also for the com-
pleteness of the medical record in terms of future care of 
the patient postpartum or in subsequent pregnancies and 
as an aid to analysis of the care provided should that prove 
necessary in retrospect for quality improvement or peer 
review purposes. There are certain critical elements that 
should be included in all documentation of an episode of 
SD. These include identifying all participants present in 
the delivery room; the presence of antepartum risk factors; 
the use of OVD instruments; the timing of events such as 
onset of labor and onset of second stage; recognition of 
the SD; initiation of various maneuvers; and time of deliv-
ery of the body; which shoulder was anterior; maneuvers 
utilized and neonatal outcome measures such as APGAR
scores, weight, and evidence of injury. It is also good to 
note communications that occurred with family, pediat-
rics, or NICU personnel, and plans for postpartum care.

There are a considerable number of elements that should 
be included for proper documentation of SD.69 It is helpful 
to use a standardized form for documentation that can be 
either paper or electronic.70 One example of such a form 
was published by the American College of Obstetricians 
and Gynecologists (ACOG) in 2012.71 Poor documentation 
of SD events is unfortunately common and can have unde-
sired repercussions in the event of a malpractice suit.72

SUMMARY
SD is one of only a few obstetric emergencies where prompt 
recognition, initiation of a well-thought-out plan and reli-
able, rehearsed teamwork can make the difference between 
a healthy mother and baby and a disastrous outcome with 
permanent injury to the fetus. The chance of a successful 
outcome is increased significantly by offering cesarean 
birth to selected patients at very high risk for SD. Additional 
keys to appropriate management of SD are adequate prepa-
ration for this complication when risk factors are present 
and avoiding OVD in those situations. Once a SD occurs, 
having drilled on the standard maneuvers has been shown 
to improve both individual and team performance and 
reduction in fetal injury. Full documentation of a SD is 
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important for patient care, quality improvement, and risk 
management efforts. Attention to all of these important 
aspects of SD management reduces the anxiety felt by many 
birth attendants faced with this uncommon but inevitable 
complication of the birth process.

Guidance about ways to reduce the risk of brachial 
plexus birth injuries with and without SD is presented in 
Box 21.2.

REFERENCES
1. Zhang J, Landy HG, Branch DW et al. Contemporary 

patterns of spontaneous labor with normal neonatal 
outcomes. Obstet Gynecol 2010; 116: 1281–7.

2. Hobel C. Uterine contractility and dystocia. In: 
Essentials of Obstetrics and Gynecology, Chapter 11 
(6th edition). Philadelphia, PA: Saunders-Elsevier, 
2016.

3. Beall MH, Spong C, McKay J, Ross MG. Objective 
definition of shoulder dystocia: A prospective evalu-
ation. Am J Obstet Gynecol 1998; 179: 934–7.

4. American College of Obstetricians and Gynecologists. 
ACOG Practice Bulletin No. 40. Shoulder dystocia. 
Obstet Gynecol 2002; 100: 1045–50.

5. Lanni SM, Seeds JW. Malpresentations. In: Gabbe 
SG, Niebyl JR, Simpson JL (eds), Obstetrics (4th edi-
tion), p. 473. New York, NY: Churchill Livingston, 
2002.

6. Hankins GD, Clark SM, Munn MB. Cesarean sec-
tion on request at 39 weeks: Impact on shoulder dys-
tocia, fetal trauma, neonatal encephalopathy, and 
intra-uterine fetal demise. Semin Perinatol 2006; 30: 
276–87.

7. Towner D, Castro MA, Eby-Wilkens E et al. Effect 
of mode of delivery in nulliparous women on neo-
natal intracranial injury. N Engl J Med 1999; 341: 
1709–14.

8. American College of Obstetricians and Gynecologists. 
Executive Summary: Neonatal brachial plexus palsy. 
Report of the American College of Obstetricians 
and Gynecologists’ Task Force on Neonatal Brachial 
Plexus Palsy. Obstet Gynecol. 2014; 123(4): 902–4.

 9. Mavroforou A, Koumantakis E, Michalodimitrakis 
E. Physicians’ liability in obstetric and gynecology 
practice. Med Law 2005; 24: 1–9.

10. Benedetti TJ, Gabbe SG. Shoulder dystocia. A com-
plication of fetal macrosomia and prolonged sec-
ond stage of labor with mid-pelvic delivery. Obstet 
Gynecol 1978; 52: 526.

11. Modanlou HD, Dorchester WY, Phorosian A et al. 
Macrosomia—Maternal, fetal and neonatal implica-
tions. Obstet Gynecol 1980: 55: 420–4.

12. Nesbitt TS, Gilbert WM, Herrchen B. Shoulder dys-
tocia and associated risk factors with macrocosmic 
infants born in California. Am J Obstet Gynecol 1998; 
179: 476–80.

13. Gherman RB, Chauhan S, Ouzounian JG et al. 
Shoulder dystocia: The unpreventable obstetric 
emergency with empiric management guidelines. 
Am J Obstet Gynecol 2006; 195: 657–72.

14. Draycott TJ, Crofts JF, Ash JP et al. Improving neo-
natal outcome through practical shoulder dystocia 
training. Obstet Gynecol 2008; 112:14–20.

15. Crofts JR, Fox R, Ellis D et al. Observations from 
450 shoulder dystocia simulations: Lessons for skills 
training. Obstet Gynecol 2008; 112: 906–12.

16. Rouse DJ, Owen J, Goldenberg RL et al. The effective-
ness and costs of elective cesarean delivery for fetal 
macrosomia by ultrasound. JAMA 1966; 276: 14.

17. Langer O, Berkus MD, Huff RW et al. Shoulder dys-
tocia: Should the fetus weighing >4,000 gm be deliv-
ered by cesarean section. Am J Obstet Gynecol 1991; 
165: 831–7.

18. Jaspan D, Cohen AW. First person: Our shoulder dys-
tocia policy. Contem Obstet Gynecol August 13, 2015.

19. Iffy L, Djordjevic MM, Apussio JJ et al. Diabetes, 
hypertension and birth injuries: A complex interre-
lationship. Bull Isr Soc Obstet Gynecol 2004; 2: 36.

20. Robinson H, Katch S, Mayes DC et al. Is maternal 
obesity a predictor of shoulder dystocia? Obstet 
Gynecol 2003; 101: 24–7.

21. Klebanoff MA, Mills JL, Berendes HW. Mother’s 
birthweight as a predictor of macrosomia. Am J 
Obstet Gynecol 1985; 153: 353–7.

22. Catalano PM, McIntyre HD, Cruickshank JK et al. 
The hyperglycemia and adverse pregnancy outcomes 
study. Associations of GDM and obesity with preg-
nancy outcomes. Diabetes Care 2012; 35: 780–6.

23. Hassaan AA. Shoulder dystocia: Risk factors and 
prevention. Aust N Z J Obstet Gynaecol 1988; 28: 
107–9.

24. El Madany AA, Jallad KB, Radi FA et al. Shoulder 
dystocia: Anticipation and outcome. Int J Gynaecol 
Obstet 1990; 34: 7–12.

25. American College of Obstetricians and Gynecologists. 
Practice Bulletin No. 154. Operative vaginal delivery. 
Obstet Gynecol 2015; 126: e56–65.

26. Bofill JA, Rust OA, Devidas M et al. Shoulder dys-
tocia and operative vaginal delivery. J Matern Fetal 
Med 1997; 6: 220–224.

27. Bryant DR, Leonardi MR, Landwehr JB, Bottoms 
SF. Limited usefulness of fetal weight in predicting 
neonatal brachial plexus injury. Am J Obstet Gynecol 
1998; 179: 686–9.

Box 21.2  ACOG recommendations for 
avoiding neonatal brachial plexus palsy

1. Axial traction (keeping the skull in line with the fetal 
spine) preferable to lateral deviation of the fetal head 
but may still put strain on the brachial plexus

2. Prioritization of posterior arm delivery
3. Team training

 4. Simulation
 5. Appropriate documentation

Source:  American College of Obstetricians and Gynecologists, 
Obstet Gynecol; 123(4): 902–4, 2014.

  



References 275

28. Baxley EG, Gobbo RW. Shoulder dystocia. Am Fam 
Physician 2004; 69: 1701–14.

29. Gonik B, Zhang N, Grimm NG. Prediction of bra-
chial plexus stretching during shoulder dystocia 
using a computer simulation model. Am J Obstet 
Gynecol 2003; 189: 1168–72.

30. Ouzounian LG, Korst LM, Phelan JP. Permanent 
Erb’s palsy: A traction related injury? Obstet Gynecol
1997; 89: 139–41.

 31. Deering SH, Weeks L, Benedetti TJ. Evaluation of 
force applied during deliveries complicated by shoul-
der dystocia using simulation. Am J Obstet Gynecol 
2011; 204: 234.e1–5.

32. Iffy L, Gittens-Williams LN. Shoulder dystocia and 
nuchal cord. Acta Obstet Gynecol Scand 2007; 86: 253.

33. Cunningham FG, MacDonald PC, Grant NF et al. 
Williams Obstetrics (20th edition). Norwalk, CT: 
Appleton & Lange, 1997.

34. Stallings SP, Edwards RK, Johnson JWC. Correlation 
of head-to-body delivery intervals in shoulder dys-
tocia and umbilical artery acidosis. Am J Obstet 
Gynecol 2001; 185: 268–74.

35. Leung TY, Stuart O, Sahota DS et al. Head-to-
body delivery interval and risk of fetal acidosis 
and hypoxic ischaemic encephalopathy in shoulder 
dystocia: A retrospective review. BJOG 2011; 118: 
474–9.

 36. Gottlieb AG, Galan HL. Shoulder dystocia: An 
update. Obstet Gynecol Clin N Am 2007; 34: 501–31.

 37. Gurewitsch ED, Johnson TL, Narayan AK et al. 
Subjective debriefing following shoulder dystocia: 
How good is it? Reprod Sci 2009; 16: 308A.

 38. McRoberts WA. Maneuvers for shoulder dystocia. 
Contemp Obstet Gynecol 1984: 24: 17.

 39. Focus Group Shoulder Dystocia. In: Confidential 
Enquiries into Stillbirths and Deaths in Infancy. 
Fifth Annual Report, pp. 73–9. London, UK: 
Maternal and Child Health Research Consortium, 
1998.

40. Gurewitsch ED. Optimizing shoulder dystocia man-
agement to prevent birth injury. Clin Obstet Gynecol
2007; 50: 592–606.

 41. Woods CE. A principle of physics as applicable to 
shoulder delivery. Am J Obstet Gynecol 1943; 45: 
796–804.

 42. Rubin A. Management of shoulder dystocia. JAMA
1964; 189: 835–7.

 43. Barnum CG. Dystocia due to the shoulders. Am J 
Obstet Gynecol 1945; 50: 439–42.

 44. Gherman RB, Ouzounian JG, Goodwin TM. 
Obstetric maneuvers for shoulder dystocia and asso-
ciated fetal morbidity. Am J Obstet Gynecol 1998; 178: 
1126–30.

45. Bruner JP, Drummond SB, Meenan AL, Gaskin IM. 
All-fours maneuver for reducing shoulder dystocia 
during labor. J Reprod Med 43: 439–43.

46. Bankoski BR, Allen RH, Nagey DA et al. Measuring 
clavicle strength and modeling birth: Towards 
understanding birth injury. In: Vossoughi J (ed), 

Proceedings of the 13th Southern Biomedical 
Engineering Conference, April 1994. Washington, 
DC. pp. 586–9.

47. Sandberg EC. The Zavanelli maneuver: A potentially 
revolutionary method for the resolution of shoulder 
dystocia. Am J Obstet Gynecol 1985; 152: 479–84.

48. Van Roosmalen J. Shoulder dystocia and symphy-
siotomy. Eur J Obstet Gynecol Reprod Biol 1995; 59: 
115–6.

49. Hartfield VJ. Symphysiotomy for shoulder dystocia. 
Am J Obstet Gynecol 1986; 155: 228.

50. Goodwin TM, Banks E, Millar LK, Phelan JP. 
Catastrophic shoulder dystocia and emergency sym-
physiotomy. Am J Obstet Gynecol 1997; 177: 463–4.

51. Royal College of Obstetricians and Gynecologists. 
RCOG Green-top Guideline No. 42, Shoulder dysto-
cia. R Coll Obstet Gynecol 2012; 6–9.

52. Leung TY, Stuart O, Suen SS et al. Comparison of 
perinatal outcomes of shoulder dystocia alleviated by 
different type and sequence of manoeuvres: A retro-
spective review. BJOG 2011; 118: 985–90.

53. Hoffman MK, Bailit JL, Branch DW et al. A com-
parison of obstetric maneuvers for the acute man-
agement of shoulder dystocia. Obstet Gynecol 2011; 
117: 1272–8.

 54. Poggi SH, Spong CY, Allen RH. Prioritizing poste-
rior arm delivery during severe shoulder dystocia. 
Obstet Gynecol 2003; 101: 1068–72.

 55. Gurewitsch ED, Donithan M, Stallings SP et al. 
Episiotomy versus fetal manipulation in managing 
severe shoulder dystocia: A comparison of outcomes. 
Am J Obstet Gynecol 2005; 192: 153–7.

 56. Crofts JF, Lenguerrand E, Bentham GL et al. Prevention 
of brachial plexus injury—12 years of shoulder dysto-
cia training: An interrupted time-series study. BJOG 
2016; 123: 111–8. doi:10.1111/1471–0528. 13302.

 57. Inglis SR, Feier N, Chetiyaar JB et al. Effects of 
shoulder dystocia training on the incidence of bra-
chial plexus injury. Am J Obstet Gynecol 2011; 204:  
322. e1–6.

 58. Grobman WA, Miller D, Burke C et al. Outcomes 
associated with introduction of a shoulder dystocia 
protocol. Am J Obstet Gynecol 2011; 205: 513–7.

 59. Gurewitsch ED, Allen RH. Reducing the risk of 
shoulder dystocia and associated brachial plexus 
injury. Obstet Gynecol Clin North Am 2011; 38: 247–
69, x. doi: 10.1016/j.ogc.2011.02.015.

 60. Mazouni C, Menard JP, Porcu G et al. Maternal 
morbidity associated with obstetrical maneuvers in 
shoulder dystocia. Eur J Obstet Gynecol Reprod Biol 
2006; 129: 15–8.

 61. Menage J. Post-traumatic stress disorder in women 
who have undergone obstetric and/or gynaecological 
procedures. J Reprod Infant Psychol 1993; 11: 221–8.

 62. Beck, CT. Post-traumatic stress disorder due to 
childbirth: The aftermath. Nurs Res 2004; 53: 216–24.

 63. Donelly V, Foran A, Murphy J et al. Neonatal bra-
chial plexus palsy—An unpredictable injury. Am J 
Obstet Gynecol 2002; 187: 1209–12.

  



276 Shoulder dystocia

64. McFarland LV, Raskin M, Daling JR et al. Erb/
Duchenne’s palsy: A consequence of fetal macroso-
mia and method of delivery. Obstet Gynecol 1986; 68: 
784–8.

 65. Gilbert WM, Newbitt TS, Danielsen B. Associated 
factors in 1611 cases of brachial plexus injury. Obstet 
Gynecol 1999; 93: 536–40.

 66. Jennett RJ, Tarby TJ. Brachial plexus palsy: An old 
problem revisited again. Am J Obstet Gynecol 1997; 
176: 1354–7.

 67. Nocon JJ, McKenzie DK, Thomas LJ, Hansell RS. 
Shoulder dystocia: An analysis of risks and obstetric 
maneuvers. Am J Obstet Gynecol 1993; 168: 1732–9.

 68. Leung T, Stuart O, Sahota D et al. Head-to-body 
delivery interval and risk of fetal acidosis and hypoxic 

ischaemic encephalopathy in shoulder dystocia: A 
retrospective review. BJOG 2011; 118(4): 474–9. doi: 
10.1111/j.1471–0528.2010.02834.x.

69. Crofts JF, Bartlett C, Ellis D et al. Documentation 
of simulated shoulder dystocia: Accurate and com-
plete? BJOG 2008; 115: 1303–8.

 70. Deering SH, Tobler K, Cypher R. Improvement in doc-
umentation using an electronic checklist for shoulder 
dystocia deliveries. Obstet Gynecol 2010; 116: 63–6.

71. American College of Obstetricians and Gynecolo-
gists. Patient Safety Checklist No. 6. Documenting 
shoulder dystocia. Obstet Gynecol 2012; 120: 430–1.

72. Gross TL, Sokol RJ, Williams T et al. Shoulder dysto-
cia: A fetal-physician risk. Am J Obstet Gynecol 1987; 
156; 1408–18.

  



277

22Postpartum hemorrhage
HAYWOOD L. BROWN, JAMES EDWARDS, and MARIA SMALL

DEFINITION AND CLASSIFICATION
Traditionally, postpartum hemorrhage (PPH) is defined 
as blood loss in excess of 500 mL after a vaginal delivery 
and greater than 1000 mL following a cesarean deliv-
ery. Severe hemorrhage is the most common cause of 
maternal death worldwide accounting for approximately 
25% of all maternal deaths.1 More than one half of these 
deaths due to severe hemorrhage occur within 24 hours 
of delivery. In Africa and Asia, hemorrhage accounts 
for 30.8% and 33.9% of all direct obstetric mortality.1
This amounts to approximately 140,000 deaths annually 
worldwide or one death every 4 minutes.2 In the United 
States hemorrhage is among the top three causes for 
pregnancy-related death along with hypertensive disor-
ders and embolism.3

PPH is implicated in 2.9% of all deliveries and is asso-
ciated with 19.1% of all in-hospital deaths after delivery.4

PPH is classified as immediate or primary if it occurs 
within 24 hours after the completion of the third stage; 
and as delayed or secondary if it occurs between 24 hours 
and within 6–12 weeks of the puerperium. PPH is also 
a significant cause for maternal morbidity or near miss 
mortality including coagulopathy, shock and adult respi-
ratory distress syndrome, and peripartum intensive care 
unit admission.4,5

The definition of blood loss in excess of 500 mL as 
abnormal is arbitrary. Another definition for PPH that 
has been proposed is a postpartum decline in hema-
tocrit concentration level of 10%. However, there are 
concerns with this definition because the physiological 
changes of pregnancy with rapid blood loss may trig-
ger a significant hypotensive cardiovascular response 
before a measurable decline in hematocrit concentra-
tion is demonstrated. The Royal College of Obstetricians 
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and Gynecologists defines PPH as minor (500–1000 mL) 
or major (>1000 mL). There are further subdivisions of 
major hemorrhage: moderate (1000–2000 mL) or severe 
(>2000 mL).6

An international expert panel defined PPH as “active 
bleeding >1000 mL within the 24 hours following birth 
that continues despite the use of initial measures, includ-
ing first-line uterotonic agents and uterine massage.”7 In 
cases of twin gestation, the postpartum blood loss exceeds 
500 mL in 38.2% and 1000 mL in 6.6% of the cases. The 
zygocity and gender of the twins have no identifiable effect 
upon the amount of the bleeding.8

According to data from France, 58% of all obstetric 
bleeding develops after delivery. Of these, 51% follow 
instrumental vaginal deliveries, 19% spontaneous vagi-
nal births, and 30% cesarean sections. The authors found 
that in cases of severe bleeding, patients had often received 
inadequate care due to late recognition of the severity of 
the hemorrhage. They considered 90% of the maternal 
deaths preventable.9–11

Depending on the definition of PPH the incidence 
varies from 1% to 5% of deliveries.12 Data accumulated 
from the United States National Inpatient Sample sug-
gested an incidence between 2% and 3% during the years 
1994–2006.13

The difficulty in estimating blood loss accurately makes 
the diagnosis of PPH imprecise.14 Methods to quanti-
tate blood loss are cumbersome, time-consuming, and 
require complicated laboratory analysis; they are, there-
fore, seldom employed. For the most part, clinical esti-
mation of blood loss is subjective. This explains the wide 
range in reported incidence.15 A drop in hematocrit from 
the intrapartum to postpartum period of more than 5% 
reflects blood loss in excess of 500 mL and may be a useful 
guide, provided the determination is made on the third 
day postpartum and there has been no significant late 
bleeding. The shifts in fluids and diuresis that occur in 

the first few days postpartum make the drop in hemato-
crit less reliable during the first 24 hours after delivery, 
when the calculation of blood loss is most crucial. From 
a practical stand point, because of the increase in blood 
volume during pregnancy and the hemodynamic changes 
that occur in the postpartum period, most patients can 
tolerate hemorrhage up to 1500 mL, if not severely anemic 
prior to delivery.16

RISK FACTORS AND PREVENTION
Studies from Canada and Australia demonstrate 
an increase in the incidence of PPH during the past 
decade.17,18 Advanced maternal age, parity, and previ-
ous PPH are historical risk factors. In the United States, 
change in obstetric practice over the last few decades 
including an increase in the rate of cesarean delivery19

and multiple gestations births20 have likely contributed to 
the increased risk for PPH. Existing complications during 
pregnancy, such as hypertensive disorders, diabetes, ane-
mia, blood disorders, uterine anomalies and leiomyomas, 
third-trimester bleeding, and overdistended uterus, pre-
dispose to hemorrhage. Oxytocin is widely used in devel-
oped countries for induction or augmentation of labor 
and is an independent risk factor for severe PPH.21 Other 
risk factors for PPH during labor include chorioamnion-
itis, the use of tocolytic agents such as magnesium sulfate, 
precipitous or prolonged labor, cephalopelvic dispropor-
tion, and prolonged second stage. Finally, improper deliv-
ery of the placenta significantly increases the risk of PPH 
(Table 22.1).22

When risk factors are present, preventive measures 
should be instituted. These include correction of anemia 
before the onset of labor, the placing of a large-caliber 
intravenous (IV) access to permit rapid infusion of flu-
ids; typed, crossmatched blood being readily available; 
replacement of coagulation factors with bleeding dis-
orders; and the prophylactic use of oxytocic agents after 

Table 22.1 Risk factors for postpartum hemorrhage.

Historical Antepartum Intrapartum Miscellaneous

Advanced maternal age Overdistended uterus Rapid labor Preeclampsia
Multiparity  Macrosomia Prolonged labor Hypertension
Previous postpartum hemorrhage  Multiple gestation Oxytocin use Saline abortion
Previous uterine rupture  Hydramnios General anesthesia Sepsis
Previous uterine surgery Placenta previa Instrument delivery Fetal demise
Previous placenta accreta Abruption placentae Forceps Thromboembolic disease
Previous placenta previa Amnionitis Podalic version
Known uterine malformation Magnesium sulfate Duhrssen’s incision
Leyomyomata/adenomyosis Drugs Genital tract trauma
Coagulation disorders  Aspirin, NSAID  Lacerations
 ITP  Antibiotics  Hematomas
 TTP  Thiazide diuretics  Ruptured uterus
 Hemophilia  Sedatives Placenta accreta
 von Willebrand’s disease  Tranquilizers

Abbreviations: ITP, immune thrombocytopenic purpura; NSAID, nonsteroidal anti-inflammatory drugs; TTP, thrombotic thrombocytopenic purpura.
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delivery. A full bladder hinders postpartum uterine invo-
lution, which can be overcome by catheterization.

DIAGNOSIS
Massive blood loss is readily apparent, especially dur-
ing the first hour after the completion of the third stage 
of labor. Immediately after the delivery of the placenta, 
there is heavy and continuous vaginal blood flow from 
the introitus. Within a short period after rapid blood loss, 
the patient may demonstrate signs and symptoms of car-
diovascular compromise that include pallor, tachycardia, 
tachypnea, and hypotension, and if blood loss has exceeded 
critical levels, then the patient may demonstrate shock and 
cardiovascular collapse. The diagnosis may be less obvious 
if the bleeding is intermittent or protracted, mild to mod-
erate, and the vital signs remain stable. Under these cir-
cumstances, it may be a few days before the magnitude of 
blood loss is recognized, when the patient feels weak and 
dizzy upon ambulation, appears pallid and tachycardic, 
and a significant drop in hematocrit is observed.

It is practical to classify PPH according to the patho-
physiologic mechanism involved (Table 22.2). The major 
causes of immediate PPH include uterine atony, genital 
tract trauma, and retained placental tissue. The major 
causes of delayed PPH include subinvolution of the pla-
cental site, retained placental fragments, and chronic 
endometritis.

GENERAL PRINCIPLES OF MANAGEMENT
Severe hemorrhage can be dramatic and immediately 
life threatening. Excessive blood loss can rapidly lead to 
coagulopathy that further complicates the resuscitation 
and contributes to significant complications and sequela. 
These include hypovolemic shock, renal injury, hypopitu-
itarism (Sheehan’s syndrome), postpartum amenorrhea 
(Asherman’s syndrome), and rarely transfusion-related 
complications. However, the outcome in most women with 
PPH is favorable with prompt recognition of its develop-
ment, correct identification of its cause, and aggressive 
and prompt transfusion therapy of appropriate blood 
products.

A systematic sequence of therapeutic measures to con-
trol the bleeding must be followed. These include aggres-
sive treatment of causative factors, maintenance of effective 
circulating intravascular volume by adequate replacement 
of blood and crystalloids, and prompt recognition and 
correction of coagulopathy. Coagulopathy is a second-
ary to consumption of clotting factors and hemodilution 

of with aggressive fluid resuscitation and leads to further 
bleeding.

Blood should be transfused as quickly as possible to 
minimize the further loss of clotting factors necessary to 
control the hemorrhage. Many institutions have adopted 
emergency hemorrhage or massive transfusion protocols 
to guide transfusion management in PPH. These protocols 
utilize a combination of packed red blood cells (pRBCs), 
type-specific plasma, thawed plasma, cryoprecipitate, and 
apheresis platelets. If typed and crossmatched blood is not 
available, group O Rh-negative blood may be used. The use 
of equipment to warm and infuse under pressure expedites 
rapid transfusion. More than one IV line should be placed 
and large-bore IV catheters are preferred, although cen-
tral venous catheter may be placed. A transuretheral Foley 
catheter may be useful to monitor fluid therapy. The trans-
fusion protocol further lays out the algorithm for obtain-
ing laboratory studies including hemoglobin/hematocrit 
and platelets, dissemination intravascular coagulation 
(DIC) panel, arterial blood gases, and electrolytes (potas-
sium, calcium, and glucose). Adequate crystalloids, such 
as Ringer’s lactate or saline, are integral to resuscitation. 
Recent evidence places resuscitation using semisynthetic 
colloid solutions, such as hydroxyethyl starch, into ques-
tion based on alterations in coagulation, specifically visco-
elastic measurements and fibrinolysis.23 A quick and easy 
test for coagulopathy is to draw an extra tube of blood (in 
a tube without anticoagulant/plain red tube), tape it to the 
bed or wall, and observe for clot formation 5–7 minutes 
after it is drawn.

Timely blood transfusion in obstetric emergencies can 
be lifesaving. However, transfusion is not without risk. 
Excessive/massive blood transfusion can lead to pulmo-
nary edema and transfusion-related acute lung injury 
(TRALI) necessitating ventilator support. Transfusion-
related acute circulatory overload (TACO) is mani-
fest as hypertension, dyspnea, and pulmonary edema. 
Differentiation can be difficult but is essential to appro-
priate therapy.24–26 Other potential dangers include iso-
immunization, hemolytic reactions, homologous serum 
jaundice, allergic and anaphylactic reactions, febrile reac-
tions, citric acid intoxication, and cardiac arrest.27 Modern 
screening of blood donors for infectious diseases such as 
human immunodeficiency virus (HIV) and hepatitis has 
reduced the risk of its transmission to an extremely low 
level.

Successful management of PPH depends on a team 
approach. Nurses, obstetricians, anesthesiologists, and 
blood bank and laboratory personnel must work in con-
cert to effect the systematic and orderly implementation of 
therapeutic measures.

MANAGEMENT OF THE THIRD STAGE OF LABOR
The conduct of the third stage of labor has a major influ-
ence on the development of PPH. Placental separation 
usually occurs within a few minutes after the delivery 
of the fetus and is thought to result from the shearing 
mechanical force of the ensuing uterine contractions. 

Table 22.2 Causes of postpartum hemorrhage.

Immediate Delayed

Uterine atony Subinvolution
Retained products Retained placental tissue
Genital tract trauma Chronic endometritis
Uterine inversion Placental polyp
Coagulation disorders
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The signs of placental separation include a gush of fresh 
vaginal bleeding, descent of the umbilical cord, and a 
change in the shape and position of the uterine fun-
dus. However, these may be signs of placental descent, 
so that the clinical differentiation between separation 
and expulsion is difficult. In traditional expectant man-
agement of the third stage, uterotonic medications are 
not administered until after delivery of the placenta 
and placental separation occurs without intervention. 
Data from Fleigner28 and Hibbard29 showed that when 
minimal manipulation of the fundus and cord was per-
formed, and the placenta was expressed only after signs 
of descent were evident, 90% of the placentas were deliv-
ered within 15 minutes and only 2–3% were retained 
after 30 minutes.

There is a broad spectrum of opinion and practice 
regarding the routine management of the third stage of 
labor. In active management (1) a uterotonic medication 
is administered within 1 minute after delivery of the fetus, 
(2) controlled umbilical cord traction and countertraction 
to support the uterus is performed until separation and 
delivery of the placenta, and (3) uterine massage is carried 
out after the delivery of the placenta. Early administration 
of oxytocic drugs at the delivery of the shoulders enhances 
uterine contractility and expedites placental separa-
tion.30,31 In one published series, expression of the placenta 
by a combination of traction of the umbilical cord with 
the Brandt maneuver reduced the frequency of PPH from 
about 5% to 2%.32

After the cord has been clamped and cut and an utero-
tonic administered controlled cord traction is applied 
with countertraction on the fundus. Slight tension is 
maintained on the cord while awaiting strong uterine 
contractions. Once the contraction occurs a gentle down-
ward pull on the cord facilitates placenta delivery. If the 
placenta fails to deliver within 30–40 seconds of con-
trolled cord traction it is best to avoid further pulling on 
the cord until the uterine is well contracted again. It is 
important not to massage the fundus until after the deliv-
ery of the placenta.

A past issue of concern was that administering an 
uterotonic medication prior to delivery of the placenta 
would increase the incidence of trapped placenta requir-
ing manual removal. A Cochrane systematic review iden-
tified five randomized controlled trials comparing active 
and expectant management that included more than 6400 
women. Compared to expectant management, active man-
agement was associated with a shorter third stage of labor, 
a reduced risk for PPH and severe hemorrhage, a reduced 
risk of postpartum anemia, a decreased need for blood 
transfusion, and a decreased need for additional utero-
tonic medication. Furthermore, there was no increase in 
the risk of manual removal of the placenta with active 
management and no increased risk for uterine inversion 
or cord separation.33

Oxytocin remains the first choice medication for the 
prevention of PPH. It is more effective than ergot alka-
loids or prostaglandins and has fewer side effects. While 

routine administration of oxytocic agents after the pla-
centa is delivered has been a universal practice in the 
United States for several decades, the increased rate of 
PPH indicates that active management should become 
the routine management of choice for women delivering 
vaginally. During cesarean, oxytocin is routinely given 
after cord clamping to assist in expression of the pla-
centa with less blood loss. Routine active management 
is superior to expectant management in the prevention 
of PPH and serious morbidity from hemorrhage. There 
is no international consensus on the selection of oxy-
tocic agent after delivery. Many agents and doses are 
appropriate depending on local customs and presence 
of electricity. Oxytocin is administered by adding 10–40 
IU to 1000 mL IV fluid and running it at 150 mL/hour. 
Alternately, oxytocin may be given as a bolus of 5–10 IU 
slowly over 1–2 minutes or 10 IU intramuscular (IM).34

When given intravenously or intramuscularly, it has 
little or no adverse side effect. Some data indicate that a 
single dose of carbetocin 100 μg IM may be superior to 
oxytocin 5 IU IM.35 Ergonovine maleate (Ergotrate) and 
methylergonovine (Methergine), although equally effec-
tive, may lead to acute pulmonary edema, cerebrovas-
cular accident, and retinal detachment because of their 
vasopressor activity.36 In an overview of 27 controlled 
trials on the effects of routine oxytocic administration 
in the management of the third stage of labor, a 40% 
reduction in the risk of PPH was calculated for the study 
group.37

It is standard practice to examine the placenta and con-
firm that it is intact. Routine postpartum digital explora-
tion of the uterine cavity had been advocated, but several 
studies have refuted its utility.38

UTERINE ATONY
The most common cause for PPH is uterine atony. Uterine 
atony results when the myometrium fails to contract or 
stay contracted after the expulsion of the placenta, thereby 
allowing blood loss to continue at the implantation site. 
The rate of PPH has increased by 27.5% from 1995 to 2004 
due to the increasing incidence of uterine atony.4 Uterine 
atony complicates 1 in 20 births and contributes to nearly 
80% of all cases of PPH.39–41 If any predisposing factor is 
present, the potential for excessive blood loss should be 
anticipated, a large-bore IV catheter should be placed and 
blood should be readily available. The anesthesiologist 
should also be aware of the potential problem and con-
sulted regarding the need to avoid deep anesthesia and 
uterine-relaxant drugs.

The diagnosis of uterine atony is suggested by the pres-
ence on abdominal examination of a large, boggy uterus 
that rises above the umbilicus. On this basis, a stepwise 
sequence of maneuvers designed to reverse uterine atony 
should be implemented (Table 22.3). The first step is the 
firm abdominal massage of the uterine fundus with one 
hand. As uterine massage is performed, 20 U of oxy-
tocin diluted in 1 L of normal saline or Ringer’s lactate 
should be infused at a rate of 500–1000 mL/h. IV bolus 
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administration of oxytocin should be avoided because it 
can lead to sudden and profound hypotension, hyperten-
sion cardiac compromise,42 and even death.43

Bleeding that has failed to respond to uterine massage 
and uterotonic therapy calls for exploration of the birth 
canal. With the patient under adequate anesthesia, the 
lower genital tract should be carefully examined to rule 
out lacerations of the vulva, vagina, and cervix. The uter-
ine cavity should be explored next with a hand and any 
retained cotyledon be removed.

If bleeding continues and the uterus is still atonic, the 
administration of prostaglandins (PG) has been shown 
to be successful in 60–80% of patients unresponsive to 
standard oxytocic therapy. The use of PG of the F2a and 
E series is integral to the treatment of PPH.44 A 0.25-
mg dose of the 15-methylated analog prostaglandin F2 
alpha (PGF2a) is more potent and has a longer dura-
tion of action than its parent compound.45 This can be 
injected intramuscularly, intravenously, or intramyo-
metrially with equal effectiveness. Peak blood levels 
occur 15–60 minutes after intramuscular injection. 
Depending on the clinical situation, repeated injections 
can be made at 15- to 90-minute intervals. Most patients 
respond to one or two doses. The total dose should not 
exceed 1–1.5 mg. Side effects of PG therapy include gas-
trointestinal symptoms, such as diarrhea and vomiting, 
which occur in 10–25%, and fever, which occurs in 5% 
of the cases. Although blood-pressure elevation occurs 
rarely, the drug is contraindicated in women with car-
diovascular and pulmonary disease because of its poten-
tial hypertensive and bronchoconstrictive effects.46

Cardiovascular collapse with pulmonary edema after an 
overdose of intramyometrially injected PGF2a has also 
been reported.47

Balloon therapy has essentially replaced intrauterine 
packing as a tamponade technique in PPH management. 
Uterine packing with gauze is seldom used in modern 
obstetric practice and its effectiveness remains a con-
troversial issue. The use of balloon tamponade deserves 
an attempt before resorting to surgical or angiographic 
modalities. Before the procedure is carried out, it is 
essential to ensure that there is no retained placental tis-
sue, uterine rupture or inversion, genital tract trauma, 

or untreated coagulopathy. The tamponade balloon is 
inflated to fill the uterine cavity and pressure is applied 
against the uterine walls from inside. Meanwhile, its cath-
eter tip drains any blood accumulating in the dead space 
above it. The Bakri tamponade balloon is specifically 
designed for tamponade within the uterine cavity in cases 
of PPH secondary to atony.48 Approximately 300–500 
mL of saline is instilled into the balloon to obliterate the 
cavity and produce the tamponade effect. Other balloons 
that have been used to tamponade the uterus include the 
gastric Sengstaken–Blakemore tube and the urological 
Rusch balloon. In low-resource countries Foley catheter 
or condoms have been used to create a tamponade effect 
to stop the bleeding.49 If successful, it may temporar-
ily control the bleeding and offer time for preparations 
for surgery and blood replacement. Effective hemostasis 
should be observed soon after balloon insertion and infla-
tion. Rarely should the balloon be left in for more than 24 
hours. If bleeding continues or recurs the patient should 
be taken for embolization or surgical management. The 
use of prophylactic antibiotics while the packing or bal-
loon is in place may be beneficial in controlling infectious 
morbidity.

In cases of severe postpartum bleeding, the following 
course of action has been recommended50:

   1. Detailed documentation.
   2. Asking for help.
   3. Activation of a massive transfusion protocol.
   4. Placement of large bore IV access.
   5. Placement of a Foley catheter.
   6.  Fluid replacement with crystalloids and colloids until 

blood becomes available.
  7.  Attention to signs of developing hemorrhagic coag- 

ulopathy.
   8. Consult hematologist.
   9. Initiate central venous pressure monitoring.
 10.  Give O Rh-negative blood if fully compatible blood is 

not available.
 11. Warm the blood if it needs to be infused rapidly.
 12.  Implement treatment in the environment of the inten-

sive care unit.

RETAINED PLACENTA
The incidence of retained secundines is 4–8% of all 
deliveries.38,51 The spectrum varies from complete reten-
tion of a separated or still attached placenta to retention 
of placental fragments, cotyledons, or membranes. A 
retained placenta that is partially or completely sepa-
rated is characteristically associated with early PPH, 
whereas retained placental fragments relatively com-
monly lead to late postpartum bleeding. Retained frag-
ments of membranes are rather common and do not 
cause PPH.

Failure of the placenta to be delivered may be due to 
entrapment by a contracted lower uterine segment; fail-
ure of separation; or placenta accreta, increta, or percreta. 
In addition, the injudicious conduct of the third stage of 

Table 22.3 Steps to control uterine atony.

Abdominal uterine massage
Oxytocin 20-40 units IM or 20-40 units/L IV
Prostaglandins 15-methyl analog PGF2α, 0.25 mg IM, IV, MYOM
Uterine tamponade
Uterine cavity exploration/curettage
Uterine packing
Angiographic embolization
Hypogastric/uterine artery ligation
Hysterectomy

Abbreviations:  IM, intramuscularly; IV, intravenously; MYOM, intra-
myometrially; PGF2a, prostaglandin F2 alpha.
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labor may result in cord avulsion, or retention of a succen-
turiate lobe or fragmented placental pieces. Entrapment 
of a separated placenta is common. Independent risk fac-
tors for retained placenta include previous retained pla-
centa, preterm delivery, preeclampsia and greater than 
two miscarriages. A study by Endler et al.52 suggests that 
prolonged oxytocin use is also an independent risk fac-
tor with an odds of 2.00 when oxytocin use is between 
195 and 415 minutes and an odds of 6.55 when oxytocin 
used for labor exceeded 415 minutes. Furthermore, the 
chance of blood loss requiring transfusion was signifi-
cantly increased.

MANUAL REMOVAL
Manual removal is indicated if the placenta is still 
retained 30 minutes after the delivery of the fetus or 
if significant bleeding mandates earlier intervention. 
The procedure should be carried out under appropri-
ate anesthesia to minimize patient discomfort. A uter-
ine relaxant such as nitroglycerin given intravenously 
or sublingually may be administered to provide rapid 
and effective relaxation of the uterus in order to facili-
tate manual removal. The dose of nitroglycerin is 50 µg 
and can be repeated as tolerated by the patient in order 
to achieve results.53–55 While the uterine fundus is held 
firm by one hand placed abdominally (Figure 22.1), the 
other hand is introduced into the uterine cavity along 
the cord until the placenta is reached and its margin is 

identified. A cleavage plane between the placenta and 
the uterine wall is then developed by deliberate digital 
separation.

If a cleavage plane cannot be developed, undue force 
should not be used. Pulling on the body of the placenta 
prior to digital separation is not advisable. Forceful 
attempts at removal can result in retention of placental 
fragments, uterine inversion, colporrhexis, or uterine 
rupture. Once the placenta has been removed, it should 
be carefully examined for the site of cord insertion, mar-
gins, abruptly terminating vessels, missing cotyledons, 
or retention of succenturiate lobes. When incomplete 
removal is apparent, the uterine cavity should be explored 
and any remaining placental tissue removed by gentle 
digital manipulation. Throughout these procedures, the 
external hand holds the fundus in a firm grasp and serves 
as a guide for the internal hand. Rarely, gentle and care-
ful curettage using a large banjo-type curette may need 
to be employed to remove any remaining placental frag-
ments. There is currently insufficient evidence to argue 
for or against the use of prophylactic antibiotics in these 
situations.56

Failure of these measures to effect complete delivery 
of the placenta or to control bleeding calls for immediate 
additional measures. These include uterine packing, vessel 
ligation, and hysterectomy. Oxytocic drugs are adminis-
tered to ensure that the uterus remains contracted. If the 
placenta cannot be separated, placenta accreta should be 
suspected and further attempts to remove the placenta 
should be abandoned. Instead, immediate preparation for 
laparotomy must be initiated.

PLACENTA ACCRETA, INCRETA, AND PERCRETA
Placental invasive abnormalities have become a more 
common cause for PPH. Mhyre et al.57 reported that the 
most common risk factors associated with the need for 
massive transfusion during hospitalization for deliv-
ery are abnormal placentation (1.6/10,000 deliveries, 
adjusted odds ratio [OR] 18.5, 95% confidence inter-
val [CI] 14.7–23.3), placental abruption (1.0/10,000, 
adjusted OR 14.6, 95% CI 11.2–19.0), severe preeclamp-
sia (0.8/10,000, adjusted OR 10.4, 95% CI 7.7–14.2), and 
intrauterine fetal demise (0.7/10,000, adjusted OR 5.5, 
95% CI 3.9–7.8). This abnormal invasion of the myome-
trium may involve the whole (total) or part (partial/focal) 
of the placenta (accreta). The depth of penetration may 
be deep myometrial (increta) or may extend through the 
entire musculature to the serosa (percreta) (Figure 22.2). 
Various degrees of placenta accreta occur in connection 
with 1/500 to 1/70,000 deliveries.58 Predisposing factors 
include cesarean delivery, multiparity, advanced mater-
nal age, implantation on a submucous myoma, and endo-
metrial scarring from previous curettage, myomectomy, 
or Asherman’s syndrome.

Of particular note is the association with placenta pre-
via when the latter occurs overlying a previous uterine 
incision. The relationship between placenta previa and 

Figure 22.1 Manual removal of placenta. The fingers of 
the vaginal hand will dissect the cleavage plane between the 
uterine wall and placental margin until the placenta is com-
pletely detached.
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placental invasive abnormalities and the number of previ-
ous cesareans was demonstrated by Clark et al.59 The risk 
for placenta previa was 0.26% with an unscarred uterus 
compared to 10% in women with four or more previous 
cesareans. In a series of 109 placenta percreta cases, a 
maternal mortality rate of 7% was observed.60 Maternal 
morbidity and mortality are greatly improved if abnormal 
placentation is detected by antenatal ultrasound prior to 
delivery. Color Doppler ultrasound is helpful in detect-
ing abnormal extension of placental vessels into adjoining 
structures such as the bladder (Figure 22.3).61 Magnetic 
resonance imaging (MRI) can be useful in confirmed sus-
pected cases of placenta percreta.62

Placenta previa in patients with two or more previ-
ous cesarean sections raises the risk for placenta accreta 
to 40–60%. Ultrasound remains the primary screening 
modality and can help detect placenta accreta in 50–80% 
of cases.63,64 The presence of lacunae and an abnormal color 
Doppler imaging pattern are the most helpful findings in 
making the diagnosis of placental invasion (Figure 22.4). 
Subplacental clear space and myometrial thickness are less 
helpful and should be used in conjunction with other find-
ings as evidence for placenta accreta. MRI is most clearly 

indicated when ultrasound findings are ambiguous or 
there is a posterior placenta. The most reliable MR findings 
are uterine bulging, heterogeneous placenta, and placental 
bands. Focal interruptions in the hypointense myometrial 
border can also be seen at sites of placental invasion dur-
ing MRI.65

Elective planned cesarean delivery with primary or 
delayed hysterectomy has played a major role in lowering 
morbidity and mortality for placental invasion disorders.66

Perioperative management with maternal preparation that 
includes a multidisciplinary operative team of obstetri-
cian, maternal fetal medicine subspecialist, and surgical 
specialists (gynecologic oncologist, vascular surgeon, and 
urologist) and planned elective delivery around 35 weeks 
in a setting capable of managing potential hemorrhage 
is critical to decreasing maternal morbidity and mortal-
ity from placental percreta.39 Performing the procedure 
in a hybrid operative suite where the capability of placing 
intravascular catheters for balloon occlusion and selective 
arterial embolization can be lifesaving if serious bleeding 
is encountered at the time of surgery.

MISCELLANEOUS ETIOLOGIES
Uterine rupture or dehiscence of a uterine scar is a major 
cause of obstetric hemorrhage. The risk of rupture is eight 
times higher after a preceding abdominal delivery than 
when the uterus is intact. Transverse incision placed at a 
relatively high level of the lower uterine segment is more 
prone to antepartum rupture than one at a low level. Other 
risk factors are multiparity, twin pregnancy, and instru-
mental deliveries.14,67,68

Retroperitoneal hematoma is an infrequent but danger-
ous form of postpartum bleeding. It is concealed and thus 
difficult to diagnose. The blood loss can be severe enough to 
cause hemorrhagic shock. The source of the bleeding may be 

Figure 22.2 Gross hysterectomy specimen of placenta left 
in situ with serosa survey of vasculature of placenta percreta.

Figure 22.3 Doppler ultrasound of placental percreta 
with vasculature into the maternal bladder.
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difficult to find; thus, the involvement of a vascular or onco-
logic surgeon is desirable. When the bleeding vessel escapes 
detection, hypogastric artery ligation may be helpful.

ANGIOGRAPHIC EMBOLIZATION
Uterine artery embolization was introduced as a treat-
ment for PPH in 1979.69 Selective angiography to locate 
the bleeding site and angiographic embolization have been 
shown to be efficacious in controlling bleeding when other 
measures have failed.70 The procedure has been shown to 
be associated with high technical success rates and good 
clinical outcomes for the treatment of primary and sec-
ondary PPH.71,72

The decision to perform uterine artery embolization 
should be made on the basis of persistent bleeding despite 
maximization of medical and obstetrical measures to con-
trol the bleeding or in cases of PPH not amenable to surgi-
cal therapy, such as a deep vaginal hematoma.73 It should 
also be resorted to in cases where bleeding has not been 
adequately controlled by surgical means, such as hysterec-
tomy or selective artery ligations.

Only skilled and experienced personnel in facilities 
where proper equipment is available should carry out this 
procedure. The technique involves the passage under fluo-
roscopic guidance of an intravascular catheter through 
the femoral artery, and advancing the catheter cephalad 
while performing an arteriogram of the bleeding site. 
Knowledge of the pelvic collateral vessels is important 
during angiography in order to identify all possible bleed-
ing sites. The catheter should be advanced to a level just 
below the renal arteries in order to identify all collateral 

vessels. After embolization, aortography should be done to 
confirm cessation of bleeding. If bleeding continues after 
embolization of the major artery, repeat embolization can 
be performed and collateral branches can be individually 
identified and occluded.

Various embolic and vasoconstrictive agents for the 
above have been used. These currently include Gelfoam 
or gelatin sponge, a dissolvable sponge like material and 
polyvinyl alcohol particles which is ground from blocs of 
foam into two sizes (355–500 µm and 500–710 µm). Each 
micron is one thousandth of a meter, or the size of a grain 
of sand. Embosphere microspheres are clear acrylic micro-
spheres approved by the Food and Drug Administration 
(FDA) in 2000 for uterine embolization. A variety of 
vasoconstrictors such as vasopressin, dopamine, and nor-
epinephrine have a historic mention. The use of vasocon-
strictors (e.g., vasopressin) has the advantage of reducing 
the risk of ischemic complications. With regional vasocon-
striction, bleeding from collateral reconstitution is also 
reduced. However, because the dose of these drugs needs 
to be tapered over 24 hours, it requires leaving the catheter 
in situ for an extended period of time. This requires inten-
sive physician and nursing care to monitor the infusion.

A major potential complication of pelvic embolization 
is ischemia, resulting in nerve injury or infarction of the 
areas affected by the vascular supply. Embolization of 
both the anterior and posterior branches of the internal 
iliac artery can obstruct the vascular supply of the sci-
atic and femoral nerves, resulting in paresis of the lower 
limbs.74 This complication is more likely to occur with the 
smaller particles of Gelfoam powder and if central surgical 

Figure 22.4 Ultrasound of placenta accreta showing multiple vascular lacunae (arrows) within the placenta.
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ligation had preceded embolization of the collateral ves-
sels. Short-lived emboli such as blood clot can also be used; 
however, Gelfoam may be easier to prepare and its particle 
size easier to control. Arterial recanalization with subse-
quent pregnancy has been reported.75

AORTIC COMPRESSION
Aortic compression is often overlooked, yet it is a simple 
adjuvant method in the management of PPH while other sur-
gical or medical therapies are being prepared. The maneuver 
consists of compressing the aorta by pushing on the abdomi-
nal wall with a closed fist at the level of the lumbosacral 
junction, which is just above the bifurcation and below the 
level of the renal arteries. The postpartum patient is an ideal 
candidate for this maneuver, since the abdominal wall is lax 
and the rectus muscle diastasis. If the abdomen is opened, 
direct aortic compression can be an effective initial step in 
controlling the bleeding until uterine or hypogastric artery 
ligation is done or the bleeding site identified. If compression 
is needed for an extended period of time, an aortic compres-
sion device such as the Harris instrument can be utilized.76

ANTISHOCK TROUSERS
The antishock trousers or military anti-shock trouser 
(MAST) suit evolved primarily from military applica-
tions.77,78 Although the MAST suit has a variety of medi-
cal applications, its primary use is in patients with severe 
intra-abdominal bleeding either preoperatively or post-
operatively when surgical intervention has failed to con-
trol bleeding.79 In the latter circumstances, the use of the 
MAST suit has successfully allowed stabilization of vital 
signs and control of bleeding and has obviated the need 
for surgery.78 The reported uses in obstetrics has been to 
manage uncontrollable PPH due to ischiorectal hematoma 
and disseminated intravascular coagulation.

The device is made of one piece of double-layered poly-
vinyl fabric and resembles a pair of wraparound trousers. It 
encloses the body from the lower margin of the ribs to the 
ankles. There are three separate chambers for inflation — 
one abdominal and two leg compartments. When inflated, 
it is capable of sustaining an internal air pressure up to 104 
mmHg indefinitely. With foot pumps, the legs are inflated 
first, followed by the abdominal compartments. The pres-
sure is measured by a manometer or gauge placed in the 
circuit. Beginning as low as 10 mmHg, it is increased by 5- 
to 10-mmHg increments until the vital signs are stabilized 
and adequate perfusion is established. Pressures of 40–60 
mmHg halt most venous bleeding. Pressures up to 100 
mmHg have been applied in patients with arterial bleed-
ing, but such high pressures should not be maintained for 
long periods of time. The suit should remain inflated at 
moderate pressures for a period of 12–24 hours after the 
bleeding has stopped. Deflation should be done gradually 
with decrements of 5 mmHg. The abdominal compart-
ment is to be deflated before the legs.78 When successful, 
the blood pressure is increased rapidly and blood loss is 
decreased. Increased peripheral resistance secondary to 
the direct pressure effect on the vessels improves blood 

pressure, shunting of blood flow from the lower body to 
the more vital upper body, improving venous return to 
the central circulation, and increasing cardiac output. 
Bleeding is reduced because the pressure applied to the 
exterior of the vessels results in a significant reduction of 
both the venous and arterial diameters. The MAST suit is 
also useful in decreasing the IV crystalloid requirements 
and it allows valuable time for safe and complete cross-
matching of blood for transfusion.

Potential adverse effects include hypoventilation, hyper-
carbia, and hypoxia, especially if the increased intra-abdom-
inal pressure is so high as to compromise diaphragmatic 
excursion. If the inflation pressure is greater than the sys-
tolic pressure, reduction of blood flow to the lower extremi-
ties can result in lactic acid production and hyperkalemia. 
Decreased urinary output, skin breakdown, and deepening 
of cardiogenic shock are additional dangers. Most potential 
adverse effects are preventable if the trousers are positioned 
correctly and if only moderate pressures are used for not 
more than 48 hours. Initial concern about air embolism, 
prompted by a case of postpartum bleeding without placen-
tal separation, has not been confirmed subsequently.80

SURGICAL TREATMENT
In the face of uncontrollable bleeding, such as from a rup-
tured uterus, one must proceed directly to surgical explo-
ration. If the patient is desirous of future childbearing and 
is hemodynamically stable, elective or therapeutic pelvic 
vessel ligation or suturing of the identified bleeding site 
may be attempted first.

The choice of uterine artery ligation versus hypogas-
tric artery and/or ovarian artery ligation depends upon 
the site and cause of bleeding and the surgeon’s expertise 
with each procedure. The higher success rate with uter-
ine artery ligation would make this the initial procedure 
of choice.81 However, if proper criteria are not met, pelvic 
vessel ligation should not be attempted and hysterectomy 
should be promptly performed.

UTERINE ARTERY LIGATION
In most cases of intractable PPH especially with cesarean 
delivery, uterine vessel ligations should be among the first 
surgical steps taken as it can be performed quickly. The uter-
ine artery originates as a branch from the anterior hypogas-
tric artery. After coursing along the lateral wall of the pelvis, 
it arches over the ureter about 2 cm lateral from the uterus 
as the ureter runs beneath the cardinal ligament in its fas-
cial tunnel. At this point, it gives off a descending branch 
to the cervix, which anastomoses with vaginal branches 
and the more important ascending branch. The ascending 
branch runs along the medial aspect of the broad ligament 
upward to anastomose with the ovarian vessels at the upper 
inner angle of the broad ligament. During pregnancy, the 
uterine artery elongates, hypertrophies, and carries 90% of 
uterine blood flow. The uterine veins and the hypertrophied 
ovarian veins provide the majority of return flow.

Uterine artery ligation is a simple technique, whereby 
bilateral ligation of the ascending branch of the uterine 
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artery is performed. Waters first suggested this technique 
as a method to manage PPH when more conservative 
methods failed in 1952.82 O’Leary found the procedure 
effective 95% of the time, with a 1% complication rate.81

The technique entails mass ligation or individual liga-
tion of the uterine artery. The early descriptions stressed the 
importance of dissecting the uterine artery and vein, and 
ligating only the artery.82 Recently, mass ligation of both the 
artery and vein has been advocated as a simple, effective, 
and more rapidly performed procedure.81 The fingers of one 
hand compress the leaves of the broad ligament and run 
down to the level of the internal os or, in cases of cesarean 
section, just below the standard transverse uterine incision. 
Without dissecting the broad ligament, the pulsations of 
the ascending branch of the left uterine artery are palpated. 
Then, a no. 0 polyglycolic suture or other delayed absorb-
able suture on a large needle is passed at this level into and 
through the myometrium from anterior to posterior, 2–3 
cm medial to the uterine vessel. Once the needle is extracted 
from the posterior myometrium, it is redirected from poste-
rior to anterior through an avascular area in the broad liga-
ment lateral to where the uterine vessel is palpated and the 
suture is then securely tied (Figure 22.5). This procedure is 
facilitated by placement of a malleable retractor posteriorly 
to protect the retroperitoneum and bowel. A figure-of-8 
suture may be placed, particularly if there is a large uter-
ine artery laceration or the hysterotomy is inadvertently 
extended into the broad ligament. Alternatively, this stitch 

may be run in a locking fashion superiorly to close this type 
of defect. It is important to include a significant amount 
of myometrium in the suture and to obliterate intramyo-
metrial ascending arterial branches because the degree of 
uterine ischemia is directly related to the amount of myo-
metrium in the suture. Even if the uterus remains atonic, 
bleeding usually comes under control. Higher failure rates 
have been reported in cases of placenta previa/accreta, espe-
cially if the implantation of the placenta was over the scar of 
a previous lower segment cesarean section; in cases where 
the source of bleeding is from vessels supplied by the vagi-
nal artery; and in those due to a clotting defect.

Complications of uterine artery ligation are rare. Vein 
damage from multiple passages with the needle can result 
in broad-ligament hematoma. Arteriovenous sinus forma-
tion has also been reported, but this complication can be 
prevented by using absorbable suture material, avoiding 
figure-of-8 sutures, and including a substantial amount of 
myometrium in the ligature.83 No long-term adverse effects 
of bilateral uterine artery ligation have been reported. 
Recanalization uniformly occurs with resumption of nor-
mal menstrual flow and subsequent pregnancies.84

HYPOGASTRIC ARTERY LIGATION
Hypogastric artery ligation will control blood loss by 
reducing arterial pulse pressure and decreasing distal 
blood flow by converting the pelvic arterial circulation into 
a venous system. The procedure is technically challenging 

Common iliac artery

External iliac artery

Post branch of 
internal iliac artery
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Figure 22.5 Technique of uterine artery ligation. Sutures are placed to encompass the ascending uterine arteries, as well as 
anastomotic branches from the ovarian arteries. (Courtesy CA Apuzzio)
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and requires the skills of an experienced pelvic surgeon. 
Hypogastric artery ligation may confer a greater risk than 
hysterectomy in controlling severe hemorrhage and is 
only successful in controlling severe hemorrhage in 42% 
of cases.85

Knowledge of the anatomic location and relationship to 
neighboring structures facilitates their identification, dis-
section, and ligation. The aorta bifurcates at the level of 
the fourth lumbar vertebra into the common iliac arteries. 
These in turn bifurcate at the level of the sacral promon-
tory into the external iliac artery, which courses laterally 
to the leg, where it becomes the femoral artery, and into 
the hypogastric artery, which descends medio-inferiorly 
along the border of the psoas muscle into the pelvis. The 
ureter is retroperitoneal and crosses the hypogastric artery 
from a lateral to medial direction at its origin. The external 
iliac vein and the obturator nerve are located posterolater-
ally and the internal ileac posteromedially. Lateral to the 
hypogastric artery are the major and minor psoas muscles. 
The hypogastric artery divides into anterior and posterior 
branches. The anterior branches supply blood to the pelvic 
viscera. The posterior division supplies blood to the fascia, 
buttocks, and medial surfaces of the thigh. An extensive 
network of anastomoses occurs in each hemipelvis ver-
tically, ipsilaterally, and horizontally across the midline. 
This abundant collateral blood supply ensures that repro-
ductive function is preserved and term pregnancies can 
follow even the ligations of both hypogastric and ovarian 
arteries.86

Since the hypogastric artery is a retroperitoneal struc-
ture, the first step is to enter this space. This can be 
done by an extraperitoneal or transperitoneal approach, 
depending on the source of the bleeding, the skill of the 
surgeon, and the condition of the patient. If there is any 
question on whether intra-abdominal bleeding is present, 
the transperitoneal route should be utilized. Initially, the 
uterus is pulled forward over the symphysis pubis. The 
intestines are packed away from the operative field into 
the upper abdomen. The round and infundibulopelvic 
ligaments are visualized. The peritoneum between the 
two ligaments is tented with tissue forceps and incised 
parallel to the infundibulopelvic ligament. Only after 
identification of the ureter, infundibulopelvic ligament, 
common iliac artery, hypogastric artery, and external 
iliac artery is the ligation performed. Once the hypo-
gastric is identified, a right-angle clamp is passed below 
the hypogastric artery. Next, a suture is placed in the tip 
of the clamp and passed under the hypogastric artery, 
usually from the medial to the lateral side, to avoid the 
junction of right and left common iliac veins forming the 
inferior vena cava. The suture must be placed at the bifur-
cation of the common iliac artery to prevent thrombus 
formation proximal to the tie. An absorbable suture is 
preferred, and the artery is not transected (Figure 22.6a). 
This procedure may then be repeated for the contralat-
eral vessel. The use of absorbable sutures will allow for 
subsequent canalization of vessels, although ultimate 

uterine blood flow is not compromised if permanent 
suture material is used.87

The incidence of serious complications associated with 
hypogastric artery ligation is low if proper identification 
and careful dissection of landmark structures are carried 
out. Unfortunately, the skill level of surgeons performing 
this procedure have significantly diminished over the last 
couple of decades due to it rarely being performed for the 
modern management of massive obstetric hemorrhage. 
Complications include misidentification and accidental 
ligation of the external iliac artery, laceration of the inter-
nal and external iliac veins, ureter injury, retroperitoneal 
hematoma, and ischemic sequelae.88

Accidental ligation of the external iliac artery, if unrec-
ognized, can lead to loss of vascular supply to the ipsilat-
eral leg. Laceration of the thin walled iliac vein occurs 
when too vigorous dissection of areolar tissue surround-
ing the artery is carried out or when the right angle clamp 
is improperly passed beneath the hypogastric artery. Such 
laceration results in severe hemorrhage and is difficult to 
repair. Elevation of the artery with a Babcock clamp and 
passing the tip from lateral to medial may avoid injury to 
the iliac vein.

Properly identifying the ureter and retracting it man-
ually out of the field before dissecting the areolar tissue 
surrounding the hypogastric artery decreases the risk of 
ureteral injury. Retroperitoneal hematoma is prevented 
by meticulous hemostasis in the retroperitoneal space. 
Ischemic sequelas are rare because of the extensive collat-
eral circulation, but can result in central pelvic ischemia, 
breakdown of the perineal skin and episiotomy site, and 
paresis of the lower extremities from lower motor neuron 
damage.

OVARIAN ARTERY LIGATION
Bilateral ovarian artery ligation can be a valuable adjunct 
to hypogastric or uterine artery ligation.89 The ovarian 
artery is a retroperitoneal branch of the aorta that travels 
in the infundibulopelvic ligament. It enters the mesovar-
ium at the fimbriated end of the fallopian tube, where it 
courses above the ovary, giving off numerous branches to 
the fallopian tube. During pregnancy, it contributes 5–10% 
of the blood supply to the uterus. Due to the enlargement 
of all vessels, the ovarian vessels are easy to palpate and 
visualize in the mesovarium.

The area for ligation should be at the junction of the 
utero-ovarian ligament and the ovary, which is where 
the ovarian artery anastomoses with the uterine artery 
(Figure 22.7). Ligation at this site will allow maintenance 
of adequate blood flow to the ovary and the fallopian tube. 
At this point in the mesovarium, an avascular area above 
the artery should be identified and a no. 0 polyglycolic 
suture or other delayed absorbable suture passed directly 
or through a window formed by a Kelly clamp. The ligature 
is then similarly passed through an avascular area below 
the artery and tied. Two simple ligatures can be used and 
there is no need to divide the vessel.
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(a) (b)

(c)   (d)

Figure 22.6 (a) Palpating for the pulsating external iliac artery through the opening of the peritoneum. (b) The Babcock clamp 
is picking up the right internal iliac artery at its origin from the common iliac artery. A right-angle clamp is to be passed under the 
vessel in a mediolateral direction. (c) The right-angle clamp having been passed under the internal iliac artery, a no. 0 silk thread is 
being fed into it. (d) The internal iliac artery has been ligated close to its origin from the common iliac artery.

Standard “low” ligature

High ligature
Anastomotic branch from

ovarian artery
Utero-ovarian

ligament

Uterine artery

Hypogastric
artery

Figure 22.7 Ovarian arterial anatomy. Figure-of-8 represents area for ligation. (Courtesy CA Apuzzio.)
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B-LYNCH SUTURE
If, after uterine exploration, the atony fails to resolve in 
response to medication and uterine massage, the B-Lynch 
suture may be effective.90 In 1997, B-Lynch et al. reported 
the B-Lynch suturing technique as a new conservative 
treatment for PPH. This uterine compression procedure 
has been adopted throughout the world as an early inter-
vention for the treatment of PPH due to uterine atony, with 
more than 1000 procedures reported in 2005.91 The tech-
nique requires laparotomy and separation of the bladder 
peritoneum from the cervix. Despite a reported adverse 
experience, involving ischemic necrosis associated with 
it,92 this procedure has gained considerable popularity 
in recent years. This technique should be used early in 
the course of hemorrhage management during cesarean 
delivery if the predominant cause is thought to be uterine 
atony. Typically, the procedure is performed after closure 
of the hysterotomy when refractory uterine atony is noted.

Utilizing a 70- to 80-mm, round-bodied needle with no. 
2 polyglycolic suture or other delayed absorbable suture, 
Lynch recommends the placement of the suture 3 cm 
below the right end of the incision. Having penetrated the 
uterine cavity, the needle emerges 3 cm above the upper 
incision margin. At this point, the suture is carried over 
the body of the uterus at a distance of about 4 cm from 
its lateral border (Figure 22.8a). While an assistant com-
presses the uterus, the suture is carried to the posterior 
aspect of the organ and secured approximately at the level 
of the anterior incision by driving the needle through 
the posterior aspect of the lower uterine segment (Figure 
22.8b). Then, once again, the suture is carried through 
the fundus of the uterus and passed through the uterine 
cavity at the left angle of the uterine incision in the same 
manner as previously described. The suture should then 
be securely tied in order to maintain uterine compression. 
When the operation is performed after vaginal delivery, 
Lynch recommends the opening of the lower segment of 
the uterus in the same manner as in case of a cesarean 
section in order to ensure that the anteriorly placed suture 
enters the uterine cavity.90 This procedure has not been 
associated with an increase risk in future pregnancies.93

Other compression techniques such as the hemostatic 
multiple square suturing which uses a straight number 
7 or number 8 needle and number 1 chromic catgut to 
approximate the anterior and posterior uterine walls in 
areas of heavy bleeding have also been described.94

PERIPARTUM HYSTERECTOMY
Emergency hysterectomy is the most common treatment 
when massive PPH fails to respond to sequential uterine 
devascularization and compression procedures. The inci-
dence of emergency peripartum hysterectomy varies from 
7 to 13 per 10,000 births.95,96

Removal of the uterus postpartum or in the course of 
a cesarean section requires essentially the same techni-
cal steps as a routine abdominal hysterectomy for gyne-
cologic indications. However, since the former is usually 
performed under emergency conditions and on a patient 

who has already endured major blood loss, the surgeon is 
compelled to work under pressure and against narrow time 
limitations. The advantage of emergency hysterectomy in 
cases of massive hemorrhage, especially for the multipa-
rous patient, is the ability to remove the source of bleeding. 
It must be remembered that the uterine arteries, which fol-
low a spiral course in the nonpregnant state, are stretched 
out in advanced pregnancy. If severed, they tend to spring 
back to their original shape and, as a result, move away from 
the operative field. This fact makes ligation and cutting of 
the arteries a precarious and somewhat risky undertaking 
under certain emergency situations. The technical details 
described in connection with uterine artery ligation should 
generally be followed when the uterus is to be removed.

Under many, if not most, circumstances, a total hyster-
ectomy may not be necessary for achieving hemostasis. 

(a)

(b)

Figure 22.8 (a) Position and path of suture placement. (b) 
Position of suture prior to tightening.
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Good judgment is needed to decide between available 
operative approaches using the prevailing circumstances 
and the risk–benefit ratios of the various options as guides. 
Dilated blood vessels frequently hinder effective hemosta-
sis and continued bleeding often obscures the surgical 
field. As the cervix is usually effaced in case of cesarean 
hysterectomy, it may be difficult to identify the cervi-
covaginal junction as well as the transition from lower 
uterine segment and corpus to cervix. Therefore, in the 
absence of significant cervical pathology, subtotal hyster-
ectomy is the safest alternative for this lifesaving interven-
tion. On the other hand, total removal may be attempted 
if clear delineation of structures is made, but care must 
be taken to avoid foreshortening the vagina. Even after a 
presumed total removal, the seemingly effaced cervix may 
re-emerge at the time of the postpartum examination as a 
cervical stump.

Hysterectomy does not guarantee control of bleed-
ing especially if a coagulopathy has developed. In such 
instances following hysterectomy, intra-abdominal pack-
ing with large laparotomy packs may be appropriate to 
tamponade bleeding from peritoneal surfaces until the 
coagulation status can be corrected. One approach involves 
the use of transvaginal pressure pack, where Kerlix gauze 
in held in place in the pelvis by a sterile plastic bag brought 
out through the vaginal. The pack is removed 24 hours 
later or after the correction of the coagulopathy.97

UTERINE RUPTURE
While exceedingly rare in connection with an intact 
uterus, uterine rupture occurs with relative frequency in 
the setting of uterine hysterotomy scar after cesarean sec-
tion, occasionally even before the onset of labor. Clinically 
significant uterine rupture occurs in 0.6–0.7% of trials of 
labor after cesarean delivery in women with a low trans-
verse or unknown uterine scar.98–100 The risk is particularly 
high after a classical incision and after surgical uterine 
reconstructive procedures such as myomectomy. Risk is 
further increased for women with multiple cesarean deliv-
eries and shorter intervals between pregnancies of less 
than 18–24 months.101

The most common and usually unrecognized type of 
rupture is dehiscence of a lower segment scar. When it is 
recognized during a repeated cesarean delivery, the open-
ing of the separated wound edges needs to be extended to 
allow the delivery of the fetus. In these cases the dehis-
cence may not be bleeding due to poor vascularization of 
the scar edges. Prior to repair, edges of the devascularized 
scar should be removed anteriorly and posteriorly to the 
point where vascularized tissues can then be approxi-
mated and repaired in the usual fashion. Compared with 
spontaneous labor, the use of labor induction or augmen-
tation increases the risk for rupture in women undergo-
ing a trial of labor with a prior cesarean scar and women 
should be counseled prior to trial of labor. In particular, 
the use of Misprostol for cervical ripening or induction for 
women attempting a trial of labor after cesarean should be 
avoided.102,103

After a previous cesarean section, rupture of the uterus 
usually involves the area of the incision. It creates a poten-
tially catastrophic surgical emergency when the rupture 
extends to the parametrium and disrupts major blood ves-
sels. Another serious potential injury is extension of the 
rupture to the cervix, not infrequently with coincidental 
damage to the bladder. The critical issues in this situation 
are the following:

1. Awareness of the retroperitoneal pelvic anatomy
2. Identification of the ureter
3. Hemostasis after visual identification of the bleeding 

vessel
4. Dissection of the bladder from the uterine isthmus and 

determination of the extent of the bladder injury
5. Decision about the optimum surgical management 

with due attention to the patient’s realistic reproductive 
potential

If the uterus is considered salvageable after full control 
of the hemorrhage, repair is to be performed as circum-
stances permit, using a delayed-absorbing suture material. 
Frequently, the uterus is not salvageable and urgent hyster-
ectomy must be performed in order to achieve hemostasis.

In the event of bladder injury requiring repair, the sur-
gical correction must be established in such a manner that 
the organ remains watertight. This can be achieved by 
suturing the freshened edges of the musculature in two or 
more layers. To ensure adequate healing, the bladder must 
be kept empty using an indwelling transurethral or supra-
pubic catheter for at least 7 days.

After conservative surgery, the patient is to be instructed 
about the high risk of recurrent uterine rupture in case of a 
future pregnancy. The risk of recurrent rupture appears to 
be highest when the uterine fundus is involved.104

COAGULATION DISORDERS
Genetic and systemic diseases that interfere with the coag-
ulation process may cause or contribute to PPH. These 
include von Willebrand’s disease, blood dyscrasias, leu-
kemia, and disseminated intravascular coagulopathy. The 
diagnosis is usually known prior to delivery on the basis of 
past personal or family history, or abnormal coagulation 
studies done upon admission to the labor and delivery suite. 
Usually, difficulty with bleeding is not encountered unless 
the coagulation abnormality is quite severe. Definitive 
management consists of replacement of the specific defi-
cient coagulation factors. von Willebrand’s disease is best 
treated with administration of factor VIII concentrate. If 
cryoprecipitate is not available, fresh frozen plasma (FFP) 
or fresh whole blood can be used. Platelet deficiency can 
be corrected by the administration of platelet concentrate. 
Consumptive coagulopathy may result from severe obstet-
ric hemorrhage itself or from other underlying causes, 
such as placental abruption, amniotic fluid embolism, fetal 
death, and severe infection. Treatment of the underlying 
disease coupled with the usual measures to combat hem-
orrhage and shock, including replacement of blood and 
coagulation factors, make up the corrective therapy.
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MEDICAL MANAGEMENT
Recombinant factor VIIa

Ongoing blood loss with severe hemorrhage can benefit 
from additional medical interventions. Human recom-
binant factor VIIa is effective in controlling severe, life-
threatening hemorrhage. Recombinant factor VIIa is a 
50-kD analog of the naturally occurring serine protease 
factor VII. Factor VII has a fundamental role in the initia-
tion of coagulation following vascular injury. Recombinant 
factor VIIa acts on the extrinsic clotting pathway. It can be 
lifesaving and potentially prevent hysterectomy and the 
need for massive transfusion employed early in the course 
of management of severe hemorrhage.105 A number of case 
reports and series describing the use of recombinant FVIIa 
for intractable PPH have been published.106–108 The drug 
is given at a dosage of 50–100 µg/kg every 2 hours until 
hemostasis is achieved. Cessation of bleeding ranges from 
10 to 40 minutes after administration. There is a potential 
for a paradoxical effect for subsequent thromboembolic 
events following factor VIIa use.109

Tranxemic acid

Tranexamic acid (TXA) is an antifibrinolytic agent that 
prevents clot breakdown by blocking lysine sites on the 
plasminogen molecule. It inhibits fibrinolysis and has no 
effect on clotting parameters. It appears that TXA does 
decrease postpartum blood loss. Thus far most trials 
assessing the use of TXA for PPH have been performed in 
low- or middle-income countries. While the use of TXA 
has shown promise in the prevention and treatment of 
PPH the body of evidence is inconclusive to recommend 
widespread use.110 The WOMAN trial is a randomized, 
double-blind, placebo control among women with clinical 
diagnosis of PPH that will determine the reliability of the 
effects of early administration of TXA on death, hyster-
ectomy, and other morbidities in women with PPH.111,112

Fibrinogen

A decreased fibrinogen level is associated with an increased 
risk for severe PPH. In a study by Charbit et al.,113 a fibrin-
ogen level <200 mg/dL had a 100% predicative value for 
severe PPH. Fibrinogen (Factor 1) is a soluble plasma gly-
coprotein that is converted by thrombin into fibrin during 
blood clot formation. Early replacement with fibrinogen 
can improve clot strength and survival, but random-
ized trials have not demonstrated the benefit of preemp-
tive treatment of severe PPH in normofibrinogenemia.114

However, use of fibrinogen concentrate 2 g IV may provide 
benefit based on literature from severe perioperative hem-
orrhage and traumatic hemorrhage.115 The use of fibrino-
gen concentrate allows high-dose substitution without the 
need for blood type crossmatch. The belief in the benefits 
of early administration of fibrinogen substitution in cases 
of PPH has led to increased off-label use of fibrinogen. The 
FIB-PPH (Fibrinogen Concentrate as initial treatment for 
PPH) randomized controlled trial of fibrinogen concen-
trate as initial treatment for PPH is currently underway.116

BLOOD LOSS AND BLOOD REPLACEMENT
The consequences of acute blood loss may be immediate 
or delayed. Hypovolemic shock is an immediate threat. 
However, bleeding also reduces the patient’s natural resis-
tance and aggravates the risk of infection. Since the overall 
blood volume increases during gestation by an average of 
60%, women’s tolerance of blood loss is better in the preg-
nant than in the nonpregnant state.

Hypovolemia causes reduced cardiac output. This leads 
to a sympathetic reaction with increased vascular resistance 
and tachycardia. Major degrees of hypovolemia, sufficient to 
cause shock, also involve fluid deficit in the vascular space. 
Damage to the capillary endothelial layer increases perme-
ability and permits the migration of fluid to the intercellular 
space and the cells. When hypovolemia prevails, the circu-
lation of blood is diverted from nonvital organs (intestines, 
kidneys, and musculature) to vital ones (brain and heart). 
Oliguria is an early sign of hypovolemia. The severity of the 
latter is reflected in the degree of reduction of urine output. 
For this reason, insertion of a Foley catheter for continu-
ous quantitative assessment of the same may be desirable. 
It is important to keep the output as at least 30 mL/hour. 
Administration of oxygen may help in maintaining ade-
quate tissue oxygenation and, thus, preventing organ failure.

Acute hypovolemia may be overcome by the adminis-
tration of lactated Ringer’s or normal saline solution. One 
to two liters may be delivered intravenously in the course 
of 30–60 minutes until the blood pressure improves. 
However, newer approaches to hemostatic resuscitation 
involve three major principles:

1. Limiting early aggressive crystalloid use and consider-
ing permissive hypotension.

2. Early transfusion of pRBC, FFP, and platelets in a 
1:1:1 ratio.

3. Early use of recombinant factor VIIa.

Additionally, point of care coagulation measures such as 
thromboelastography or thromboelastometry, in addition to 
traditional coagulation measurements, should be obtained 
early in order to begin targeted coagulation factor replace-
ment.117 There is current controversy regarding appropriate 
transfusion patterns in obstetric hemorrhage, as current 
guidelines are based on data from trauma-induced hemor-
rhage without adequate evidence in the obstetric hemor-
rhage population. The main disadvantage of these strategies 
is that donor blood products are obtained from nonpreg-
nant donors who have lower circulating levels of fibrinogen 
and other clotting factors. Therefore, unmonitored transfu-
sion may in fact lead to clotting factor dilution and lower 
level in the bleeding parturient.118 Furthermore, the use of 
colloids, particularly hydroxyethyl starches may lead to fur-
ther coagulopathy.119 Despite these concerns, a dedicated 
massive transfusion protocol for early and aggressive blood 
product administration is recommended.120

The purpose of transfusing packed RBCs is to improve 
the oxygen-carrying capacity of the blood and to over-
come orthostatic hypotension. FFP is to be given in 
case of liver disease, coagulation defect, disseminated 
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intravascular coagulation, thrombotic and thrombocyto-
penic purpura, antithrombin deficiency, and association 
with massive transfusions. It contains all clotting factors, 
including factors V and VIII. It needs to be Rh compat-
ible with the patient’s blood. It is customary to give 2–4 U 
at a time. Each unit increases the amount of clotting fac-
tors by 2–3%.121 Concentrated cryoprecipitate is prepared 
from fresh frozen plasma. It contains factor VIII, von 
Willebrand factor, and fibrinogen in high concentrations.

In case of inadequate number or function of the patient’s 
own platelets, platelet transfusion is indicated. Transfusion 
is required if the platelet count falls below 20,000 or if 
major operation is contemplated and the count is less than 
50,000. Critical thrombocytopenia predictably develops 
if the transfused blood exceeds the patient’s own original 
blood volume by 50–100%. The usual amount of platelet 
transfusion is 1 U for every 10 kg body weight. If the blood 
group of the donor or donors is unknown, RhoGAM is 
to be given to Rh-negative women, since RBCs do occur 
among the platelets. The risk of infection is reduced only if 
platelets from one donor are used.

The appearance of thromboplastin and endotoxin in 
the circulation leads to DIC. These substances activate 
thrombin and aggregate platelets and fibrin in the capil-
laries. Fibrin degradation products consume platelets and 

activate coagulation factors (consumptive coagulopathy). 
Aggressive fluid replacement is conducive to coagulopathy 
but usually not before 80% of the original fluid volume has 
been replaced. As a result, even minor trauma results in 
microvascular hemorrhage. Apart from the blood loss, tis-
sue hypoxia and ischemia contribute to the development 
of fibrin plugs in the capillary system. This leads to renal 
failure, pulmonary damage, and, occasionally, Sheehan’s 
syndrome. The diagnosis of DIC should be considered 
if the laboratory parameters, including fibrin degrada-
tion products and D-dimers, remain abnormal after the 
administration of fresh frozen plasma.

Even after the patient has been stabilized after major 
blood loss, attention must be paid to the potential side 
effects deriving from the infusion of blood products. These 
include hemolytic febrile reactions, allergic manifesta-
tions, and pulmonary damage. Other untoward sequelas 
are renal insufficiency, cortical blindness, and adult respi-
ratory distress syndrome. Naturally, these complications 
require the involvement in the management of a variety of 
specialists and subspecialists (Table 22.4).

In addition to donor blood transfusion, commercial sys-
tems for intraoperative cell salvage are available, although 
there is limited data for their use in obstetrics.122 These 
systems are attached to the typical suction system during 

Table 22.4 Duke hemorrhage protocols (by kind permission of Duke University Medical Center): (A) immediate OB blood pack, 
(B) laboratory evaluation, and (C) transfusion.

A. Immediate OB blood pack
If type and screen are available If type and screen are unavailable
 4 U type-specific pRBCs  4 U O-negative pRBCs
 4 U type-specific or AB thawed plasma  4 U thawed AB plasma
 1 dose (10 U) cryoprecipitate  1 dose (10 U) cryoprecipitate
 1 U apheresis platelets  1 U apheresis platelets

B. Laboratory evaluation
Obstetric bleed hemostasis panel
 Type and screen
 Complete blood counta

Prothrombin timea

Activated partial thromboplastin timea

Fibrinogena

Thromboelastographya

C. Transfusion
Platelets <50,000: transfuse one apheresis platelet dose
Fibrinogen <125: transfuse 1 pool cryoprecipitate
INR >1.5: transfuse 2–4 U FFP
Massive hemorrhage (to be started after administration of initial OB blood pack)

RBC to plasma (FFP) transfusion in 1:1 ratio
After 6:6 U of RBC : plasma, give 1 U apheresis platelet dose
After additional 6:6 RBC: plasma, give one 10 U pool of cryoprecipitate
Cont inue alternating administration of 1 U platelets and one pool cryoprecipitate after every additional 6:6 RBC/plasma 

transfusion

Abbreviations: FFP, frozen fresh plasma; INR, international normalized ratio; pRBC, packed red blood cell; RBC, red blood cell.
a To be repeated every 30 minutes.
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surgery and pass through a filter system into a reservoir. 
This system is designed to remove cells and molecules such 
as tissue factor, alpha-fetoprotein, platelets, and procoagu-
lant factors.117 Initial concerns regarding the risk of amniotic 
fluid embolism are reduced, with more than 400 published 
case reports of transfusion of recovered allogeneic blood in 
obstetrics and the current opinion that amniotic fluid embo-
lism is in fact not an embolic phenomenon and instead an 
anaphylactoid reaction to fetal antigens.123 There is also con-
cern for maternal alloimmunization to the Rh (D) antigen, 
but this can be prevented with adequate RhIG dosing.123 
Unfortunately, there is significant cost to equipment setup 
and blood collection. Currently, cell salvage is advocated 
as cost-effective for patients with a predictably high risk of 
transfusion, such as patients with placentation disorders.124

DELAYED POSTPARTUM HEMORRHAGE
Delayed or secondary PPH can manifest at any time in the 
puerperium. Secondary PPH is defined as excessive bleed-
ing occurring between 24 hours and 12 weeks postpartum. 
In most instances, it occurs 7–14 days after delivery.125 The 
incidence ranges from 0.2% to 2% in high-income coun-
tries.126,127 Common causes are diffuse uterine atony or 
subinvolution of the placental site, retained fragments of 
placenta, and endometritis. A bleeding diathesis or coagu-
lation disorder may also present as delayed PPH, particu-
larly von Willebrand’s disease.

Subinvolution results from failure or delay of the endo-
metrium to return to its normal state after separation of 
the placenta. Histologic examination of noninvoluted ves-
sels reveals thrombus formation, lack of an endothelial 
lining, and perivascular trophoblasts in the vessel walls.128

Uterine atony and submucous myomas have also been 
implicated in the pathogenesis. The diagnosis is confirmed 
when curettage fails to recover placental fragments.

Subinvolution of the uterus or retained placental tis-
sue causes bleeding when the necrotic tissue sloughs off 
the endometrium and opens previously thrombosed vas-
cular channels. Patients with late PPH may present with 
a sudden gush of blood or intermittent spotting prior to 
an episode of profuse bleeding. On physical examination, 
the uterus usually appears large and boggy. If there is an 
associated infection, there is uterine tenderness, fever, and 
foul-smelling lochia. The diagnostic workup includes rou-
tine blood and coagulation studies for the assessment of 
the extent and nature of the blood loss, a thorough pel-
vic examination for old hematomas or lacerations, and 
sonographic study to detect retained placental parts.129

The treatment depends upon the clinical presentation. In 
cases with profuse bleeding, hospital admission is manda-
tory and blood replacement is indicated. If endometritis 
is suspected, cervical-uterine and blood cultures can be 
obtained to help guide antibiotic therapy. If the bleeding 
continues or retained tissue is suspected, curettage should 
be performed. The procedure itself may cause severe blood 
loss and disseminated infection. Therefore, blood products 
should be available before it is performed and antibiotics 
should be administered preoperatively. The size, location, 

and consistency of the uterus must be assessed prior to the 
initiation of the procedure. The cervix is usually dilated to 
permit the insertion of instruments with relative ease; if 
not, it should be dilated to 12–13 mm in the usual manner. 
Ovum or sponge forceps may be used to remove placental 
tissue. A large, serrated curette can be utilized to empty 
the uterine cavity. Great care must be exercised so as to 
not perforate the uterine wall or curette too zealously. An 
uterotonic medication, usually oxytocin, is to be adminis-
tered during the procedure.

Bleeding usually ceases within a short time after the 
completion of the curettage. Packing of the uterus, bal-
loon insertion, or other surgical procedures are rarely 
required. Nonetheless, arrangements should be made for 
emergency hysterectomy if uncontrollable hemorrhage 
occurs. Consent for the same should be obtained from 
the patient before the operation, with due emphasis upon 
the fact that the need for such an intervention does arise 
on rare occasions. Curettage of the uterus, as described 
above, may exaggerate the bleeding and drive the patient 
into irreversible shock.

Fortunately, in most cases of secondary PPH the bleed-
ing is not catastrophic. However, if bleeding is excessive on 
presentation, and/or a coagulopathy is suspected uterine 
artery embolization should be considered prior to pro-
ceeding with surgical management. Needless to say, the 
availability of large amounts of blood and close coopera-
tion with the blood bank are critically important under 
these circumstances.

The postoperative follow-up should give due attention 
to some worrisome complications, such as Sheehan’s syn-
drome and Asherman’s syndrome. It deserves mention 
that the former is not necessarily associated with severe 
shock and can occur even if the blood pressure was suc-
cessfully maintained above shock levels.

Pseudoaneurysm of the uterine artery130 and arteriove-
nous malformations128,131,132 are a rare cause of bleeding 
postpartum. However, this unusual alternative needs to be 
kept in mind when blood flow is demonstrated on sono-
graphic examination. The anomaly can be congenital or 
acquired. In this setting, uterine curettage can cause cata-
strophic bleeding. Previous curettage, pregnancy termina-
tion, septic abortion, and gestational trophoplastic disease 
appear to predispose to such anomalies. High blood flow 
velocity (>96 cm/second) and low resistance to blood flow 
are suggestive of arteriovenous shunt or trophoplastic dis-
ease. High human chorionic gonadotropin concentrations 
are indicative of the latter alternative.133

For the identification of arteriovenous connection, 
the use of three-dimensional, color-Doppler ultrasound 
technology is helpful. This permits the recognition and 
localization of increased vascularity. It also generates 
waveforms that permit the measurement of systolic and 
diastolic blood-flow velocities.134,135 Color-Doppler or 
gray-scale sonography facilitates the distinction between 
the vascular uterine wall and the retained product of 
conception. On gray-scale sonography, the placental tis-
sue occupies the uterine cavity. In contrast, arteriovenous 
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malformations often involve both the myometrium and 
the uterine cavity. The arteriovenous communications 
may regenerate; therefore, they can be managed expec-
tantly.136,137 When the bleeding is severe, uterine emboli-
zation usually permits the avoidance of hysterectomy.135

Prior history of secondary or delayed history predisposes 
to a recurrence, and the clinician should be attentive to 
this possibility in subsequent pregnancy.138
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23Forceps delivery
OWEN C. MONTGOMERY and JOSEPH J. APUZZIO

There have been significant changes in the management 
of the labor process and delivery in the past 20 years with 
a marked increase in cesarean deliveries from 22% in 
1992 to 32.9% in 20091 and a decrease in operative vagi-
nal deliveries from 9% in 1992 to 3.3% in 2013.2 Some 
of these changes were due to the perception of enhanced 
safety of cesarean delivery for both mother and fetus. 
In many hospitals, even those with obstetrical teaching 
services, there are few operative vaginal deliveries with 
forceps or vacuum extractors. Therefore, the opportunity 
to educate physicians in training in operative vaginal 
delivery is decreasing and seems to be becoming the lost 
art of operative obstetrics. Operative vaginal delivery 
now accounts for only about 3.3% of all deliveries in the 
United States.2

Operative vaginal delivery using forceps or one of the 
several vacuum extraction instruments is still one of the 
hallmarks of an obstetrician and, in the last 100 years, has 

probably saved more maternal and fetal lives than any other 
surgical instrument extant. Operative vaginal delivery does, 
however, have risks for both mother and infant just as there 
are also potential significant maternal risks with delivery by 
cesarean section. Operative vaginal delivery is no longer an 
elective procedure but requires an appropriate indication as 
well as consent. If a spontaneous vaginal delivery is immi-
nent, no operative delivery is indicated. Therefore, the risk 
benefit ratio for patients who are candidates for operative 
vaginal delivery should be weighed against the alternative 
of a cesarean delivery and not a spontaneous vaginal deliv-
ery. In this era of “modern” obstetrics, with the potential 
maternal and fetal risks in mind, teaching residents the use 
of obstetric forceps has become increasingly difficult but 
can still be included in a complete curriculum.3 Operative 
vaginal delivery with forceps or should only be performed 
by those who have the education and experience in the 
proper performance of their use.4
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BRIEF HISTORY OF OBSTETRICAL FORCEPS
The fascinating history of the development of obstetric 
forceps has been reviewed in great detail elsewhere. (Those 
interested in a more detailed review are referred to the 
third edition of this book.) The following précis is based 
upon the third edition’s references and upon three addi-
tional classic texts on forceps.5–7

The weight of the evidence points to the invention of the 
short, straight obstetric forceps which introduced the mod-
ern forceps era by some member of the Chamberlen family, 
probably Peter the Elder (1560–1631). Chamberlen’s forceps, 
several models of which were discovered in 1813 and which 
now rest in a small glass case under the marble stairs in the 
museum of the Royal College of Medicine in London, was a 
simple but effective instrument. The forceps consisted of two 
branches, each about 12 inches long, having a fenestrated 
blade and a cephalic curve. The major innovation of these 
forceps was that the branches were separable and could be 
inserted singly; once applied to the fetal vertex, the branches 
were rejoined near the handles with a leather thong or a 
rivet. The forceps then functioned as a first-class lever, and 
extraction of the fetus without damage was possible.

The history and genealogy of the Chamberlen family, 
whose members practiced midwifery in England for three 
generations, constitute a fascinating example of profes-
sional life and ethics in the seventeenth century. The for-
ceps were kept as a family secret for over 100 years. Hugh 
Chamberlen the elder did attempt to sell the family secret 
to Mauriceau in France in 1670; Mauriceau’s interest waned 
when Chamberlen’s forceps failed his critical test—the vag-
inal delivery of a rachitic dwarf after 3 hours of struggle; 
the poor woman died 24 hours later of a ruptured uterus. 
Nevertheless, the “secret” of Chamberlen’s forceps was diffi-
cult to conceal over such a long interval, and similar instru-
ments began to appear on the Continent. Around 1730, 
Hugh Chamberlen sold his family secret to Roonhuysen, a 
Dutch obstetrician; unfortunately, Roonhuysen purchased 
only a single branch of the forceps! The first publication 
of the “secret” in the medical literature was by Rathlaw of 
Holland in 1732. By the mid-eighteenth century, the form 
and use of the obstetric forceps had become public knowl-
edge in England and on the Continent, and modifications of 
the original had begun to appear, the first of over 800 variet-
ies of forceps that were described during the next 200 years.

In retrospect, the principles of forceps design seem 
simple. Most of the modifications in design or material 
introduced were elaborate but nonfunctional innovations. 
For example, in an effort to decrease the pressure of the 
forceps on the fetal head, Smellie (1754) recommended 
covering the forceps blades with leather; this suggestion 
was attacked almost immediately (fortunately) as “con-
veying humors which are infectious... from one patient 
to another.” The concept reappeared in the twentieth cen-
tury with the introduction of foam rubber and sterilizable 
“booties” that could be placed on the forceps blades.

A small number of significant design advances can be sin-
gled out. In 1734, Dusée described a movable, interlocking 

mechanism for joining the two branches of the forceps. 
Levret (1744) and Pugh (1954) independently designed for-
ceps with a pelvic curve, which facilitated traction when the 
fetal head was arrested at a high station in the pelvis. This 
solved some of the mechanical problems of the “straight” 
forceps, but did not eliminate all of the difficulties associ-
ated with high and midforceps operations. It remained 
for Tarnier (1877) to develop a type of forceps traction in 
which the line of pull coincided with the pelvic axis. This 
“axis traction” was the first substantive modification in over 
100 years, and its principles still are employed today not 
only in technique but also in axis traction handles8,9 and in 
the addition of a pelvic curvature.10 A return to a modified 
straight forceps,11,12 specifically designed for application to 
an asynclytic head and permitting a new application tech-
nique to a vertex in transverse arrest, became possible with 
the development of improved anesthetic techniques (Figure 
23.1).13 An instrument designed specifically for application 
and traction in the anteroposterior diameter of the mater-
nal pelvis was Barton’s elegant solution to a problem over 
300 years old.14,15 Solid forceps blades were introduced in an 
attempt to reduce maternal vaginal trauma in forceps rota-
tion, and the resultant problem of slippage on the fetal vertex 
was addressed by a semifenestrated modification.15,16 There 
has been some interest in forceps designed solely for rota-
tion of the fetal vertex. More recently, the use of parallel or 
divergent (rather than crossed) forceps was recommended 
by Luikhart and Lauffe to minimize fetal head compression, 
an inevitable concomitant of traction.12,17,18

Figure 23.1 Kielland’s forceps with “sliding lock.” (From 
Burger K, Operative Obstetrics, Budapest, Hungary: Franklin Co, 
1927.)
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TYPES OF FORCEPS
Obstetric forceps consist of two blades that are labeled 
right or left, according to the side of the maternal pelvis 
in which they lie after application. The “rule” of forceps is 
as follows: left blade, left hand, to left side of pelvis; right 
blade, right hand, to right side of pelvis.

Forceps may be characterized by the relationship of their 
blades. Converging forceps are not in use today. The vast 
majority of obstetric forceps are of the crossed type. Forceps 
with overlapping shanks and slightly smaller blades are typi-
fied by Elliott’s forceps (Figure 23.2). Forceps with separated 
parallel shanks and slightly longer blades are designed after 
Naegele’s and Simpson’s forceps (Figure 23.3). Regardless 
of their design, all forceps have the same parts: the blade, 
which fits around the fetal head and the maternal pelvis; 
the shank, which is the portion between blade and handle; 
and the handle, with which the instrument is manipulated. 
The blade has two curves: the cephalic curve permits the 
instrument to fit the fetal head accurately when applied to 
its lateral aspects; the pelvic curve adapts the instrument 
to the curved axis of the pelvis. Specialized forceps such 
as Kielland’s have no pelvic curve. In all forceps except 
Barton’s, the cephalic curve and pelvic curve are at right 
angles to each other; in Barton’s forceps, the pelvic curve 
and cephalic curve are parallel. The blades themselves may 
be solid, fenestrated, or semifenestrated. The shanks may be 
short (as for outlet forceps) or long (for manipulation higher 
in the pelvis), parallel, or overlapping, and straight or with a 
perineal curve to facilitate axis traction.

After application, in the X-type of forceps, the two 
blades cross and articulate with each other, the articula-
tion being known as the “lock.” In the English lock, the 
articulation is composed of shoulders and flanges; in the 
French lock, of a notch in one branch into which fits a pin 
or screw of the other branch; and in the German lock, the 
most rigid of the three, a combination of both principles. 

The sliding lock was introduced by Kielland (see Figure 
23.1). It permits accurate application to an asynclytic head.

The handles of most forceps are similar. They are hol-
low (to reduce weight), have transverse projections at their 
junction with the shanks, and may or may not have lat-
eral indentations to enhance the grip. Kielland’s forceps 
handles are solid, narrow, and kept apart by a metal bar. 
Some forceps handles have a screw mechanism to prevent 
inadvertent compression during traction. The divergent 
forceps terminate in finger grips rather than handles.

The multiple forceps available, their minor differences, 
and the reasons therefore have been described in great 
detail.19,20 There was always a reason for each modification 
that was introduced. Longer blades and separated shanks 
were deemed better for the grasp of a severely molded 
fetal head, but they distended and often tore the perineum 
prematurely. Overlapping shanks avoided this problem, 
but increased the probability of fetal head compression. 
Fenestrated blades permitted a good grip on the fetal head, 
but often left significant marks on the baby; in doing a for-
ceps rotation, the fenestrated blades offered more oppor-
tunities for vaginal lacerations. Solid blades reduced these 
problems, but more frequently slipped on the vertex dur-
ing difficult rotations; semifenestrated blades (indented 
toward the fetus, smooth toward the maternal side) were 
an attempt to alleviate this problem. Whether or not the 
forceps handles should be indented (Simpson’s forceps) 
or smooth (DeLee’s forceps) seems, in retrospect, insig-
nificant and purely a matter of personal preference. Today, 
most of these variations are of little clinical importance.

TRADITIONAL CLASSIFICATION OF FORCEPS 
DELIVERIES
Based upon well-considered publications which analyzed 
both personal experience and reports in the obstetric liter-
ature, the following definitions for classification of forceps 
operations have been accepted.21–25

Outlet forceps

The application of forceps when the fetal scalp is visible at the 
introitus without separating the labia, the skull has reached 
the pelvic floor, and the sagittal suture is in the anteroposte-
rior diameter of the maternal pelvis (Figure 23.4).

Midforceps

The biparietal diameter of the vertex has passed the plane 
of the pelvic inlet. This is the application of forceps when 
the head is engaged, but the conditions for outlet forceps 
have not been met. In the context of this term, any forceps 
delivery requiring forceps rotation regardless of the sta-
tion is designated as a midforceps delivery. The term “low 
midforceps” is not an approved designation and should 
not be used (Figure 23.5).

High forceps

The application of forceps prior to the full engagement of 
the head is termed a “high-forceps” application. A high-
forceps delivery is never justifiable (Figures 23.6 and 23.7).

Figure 23.2 Elliott’s forceps.

Figure 23.3 Simpson’s forceps.
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Figure 23.4 The head is deeply engaged. The sagittal 
suture has rotated into the anteroposterior diameter with the 
small fontanel directed toward the symphysis. Outlet forceps 
procedure can be performed at this point. (From Burger K, 
Operative Obstetrics, Budapest, Hungary: Franklin Co, 1927.)

Figure 23.5 The greatest diameter of the fetal head has 
passed the plane of the pelvic inlet. By definition, a forceps proce-
dure utilized at this point is “midcavity forceps.” (From Burger K, 
Operative Obstetrics, Budapest, Hungary: Franklin Co, 1927.)

Figure 23.6 The head is high above the pelvic inlet 
(about – 5 station). Attempt at forceps delivery would require 
high-forceps procedure, which is absolutely contraindicated. 
(From Burger K, Operative Obstetrics, Budapest, Hungary: 
Franklin Co, 1927.)

Figure 23.7 The greatest diameter of the fetal head is 
just entering the pelvis; according to British terminology, it 
is “engaging.” The use of the forceps is still contraindicated 
at this point, and it would be, by definition, a “high-forceps” 
procedure.
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MODERN CLASSIFICATION OF FORCEPS
Despite the fact that issues of both maternal and fetal 
safety had by no means been resolved definitively24,26–37; 
and that a marked difference in outcome for both 
patients is reported between forceps used only for trac-
tion to effect delivery or for rotation of more than 45° 
plus traction, in 1989, the Committee on Obstetrics: 
Maternal and Fetal Medicine of the American College 
of Obstetricians and Gynecologists38 revised the defini-
tions of forceps deliveries which continues to be used as 
the current definitions:

 1. Station: the relationship of the estimated distance, in 
centimeters, between the leading bony portion of the 
fetal head and the level of the maternal ischial spines. In 
classifying midforceps procedures, the level of engage-
ment of the fetal head must be stated as precisely as 
possible. Engagement of the vertex occurs when the 
biparietal diameter has passed through the pelvic inlet 
and is clinically diagnosed when the leading bony por-
tion of the fetal head is at or below the level of the ischial 
spines (station 0 or more).

 2. Outlet forceps: the application of forceps when (a) the 
scalp is visible at the introitus without separating the 
labia, (b) the fetal skull has reached the pelvic floor, (c) 
the sagittal suture is in the anteroposterior diameter or 
in the right or left occiput anterior or posterior posi-
tion, and (d) the fetal head is at or on the perineum. 
According to this definition, rotation cannot exceed 
45°. There is no documented difference in perinatal out-
come when deliveries involving the use of outlet forceps 
are compared with similar spontaneous deliveries, and 
there are no data to support the concept that rotating 
the head on the pelvic floor 45° or less increases mor-
bidity. Forceps delivery under these conditions may be 
desirable to shorten the second stage of labor.

 3. Low forceps: The application of forceps when the lead-
ing point of the skull is at station +2 or more. Low for-
ceps has two subdivisions: (1) rotation 45° or less (e.g., 
left occipitoanterior to occiput anterior, left occipi-
toposterior to occiput posterior), and (2) rotation of 
more than 45°.

 4. Midforceps: The application of forceps when the head is 
engaged but the leading point of the skull is above sta-
tion +2. Under very unusual circumstances, such as the 
sudden onset of severe fetal or maternal compromise, 
application of forceps above station +2 may be attempted 
while simultaneously initiating preparations for a cesar-
ean delivery in the event that the forceps maneuver is 
unsuccessful. Under no circumstances, however, should 
forceps be applied to an unengaged presenting part or 
when the cervix is not completely dilated.

This change in nomenclature in no way modifies the 
risks inherent in these procedures. On the one hand, the 
relatively lower risk of forceps used for traction (with rota-
tion limited to 45° from the vertical axis), now called “low 
forceps,” is recognized and distinguished from “true” 
midforceps operations.

INDICATIONS OF FORCEPS DELIVERIES
Indications for the application of obstetric forceps may be 
fetal or maternal (ACOG guidelines Perinatal care 2012, 
pp. 190–192). Fetal indications primarily are related to 
fetal compromise such as Category 3 fetal heart tracings, 
Category 2 fetal heart tracings not responsive to conser-
vative measures and remote from delivery, evidence of 
placenta abruption and others. Maternal indications for 
operative vaginal delivery are more numerous, most fre-
quently based upon failure of descent in the second stage 
of labor, persistent occiput posterior, or maternal disease 
requiring shortening of the second stage of labor (e.g., car-
diac disease). Prophylactic and other uses of forceps are of 
historical interest only.39

CONDITIONS FOR THE USE OF OBSTETRIC FORCEPS
It is the responsibility of the delivering provider who con-
templates the use of forceps to ensure that the conditions 
for the safe use of these instruments have been fulfilled. 
These conditions are as follows:

1. The maternal bony pelvis must be clinically adequate, 
with no evidence of cephalopelvic disproportion.

2. The fetal vertex must be engaged.
3. The cervix must be completely dilated and retracted.
4. The fetal position and station must be known.
5. There must be no maternal bony or soft tissue obstruc-

tion (such as tumor or placenta previa).
6. The membranes must be ruptured.
7. The bladder and rectum must be empty.
8. Adequate and appropriate anesthesia must be available.

Of equal if not greater importance are the following 
contraindications for the application of forceps:

1. Hydrocephalic infant
2. Fetal position uncertain or unknown
3. Face presentation mentum posterior
4. Brow presentation
5. Fetal vertex not engaged.
6. Incomplete cervical dilation
7. Contracted maternal pelvis (or gross fetal macrosomia)
8. Lack of experience of the delivering provider!

FORCEPS PROCEDURES
Outlet forceps

To avoid the omission of essential steps, the obstetrician 
should carry out forceps operations in accordance with 
a specific and unvarying routine. In time, this routine 
becomes automatic. This routine will be detailed here and 
not repeated subsequently. Perhaps a checklist may be helpful 
at the time of the procedure and it can be added to the medi-
cal record at the conclusion of the delivery. Several check-
lists for operative deliveries have been published including 
the ACOG Practice Bulletin 154,24 the Royal College of 
Obstetricians and Gynaecologists (RCOG) (Green-top 
guideline; no. 26) and individual teaching programs includ-
ing Dartmouth and USCF (see further Video 23.1).
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The indications and conditions should be reviewed to be 
certain that the forceps operation is appropriate and dis-
cussed with the patient. The patient should be placed on 
the delivery table in lithotomy position, with her buttocks a 
little past the lower end of the table. She should be anesthe-
tized, cleansed, and draped in routine fashion for an aseptic 
delivery. The position and station of the fetal vertex should 
be rechecked by vaginal examination. In an outlet forceps 
procedure, the presentation will be cephalic; the sagittal 
suture will be in the anteroposterior diameter of the mater-
nal pelvis, or no further than 45° in either direction. The 
occiput and posterior fontanel should be under the symphy-
sis pubis. The head should be visible at the introitus without 
separating the vulva, and the presenting part should be at 
station +4 (e.g., 4 cm below the plane of the maternal ischial 
spines).

The locked forceps should be held outside the vagina, 
in front of the perineum, in the same position that they 
will occupy once applied to the fetal vertex (Figure 23.8); 
in the occipitoanterior position, both a perfect cephalic 
and an ideal pelvic application are possible. The forceps 
blades will be applied to the fetal vertex over the parietal 
bones bilaterally in an occipitomental application, with 
the concave edges of the blades toward the occiput. The left 
blade will be next to the left sidewall of the pelvis, and the 
right blade near the right side wall, with the concave edges 

pointing toward the pubis. The diameter of the forceps will 
be perpendicular to the sagittal suture, and in (or almost 
in) the transverse diameter of the pelvis (Figure 23.9).

The left forceps is inserted first. The handle is held in the 
left hand, near the mother’s right groin. The fingers of the 
right hand are placed in the vagina between the fetal head 
and the left vaginal wall (Figure 23.10). The left blade is then 
inserted gently into the space between the fingers and the 
fetal head at about the 5 o’clock position. The handle is low-
ered slowly to the horizontal and toward the midline, while 

Figure 23.8 Contemplated application of the forceps in 
the transverse diameter of the pelvis. (Adapted from the origi-
nal work of Ernst Bumm.)

Figure 23.9 Actual application of the forceps in the trans-
verse diameter of the pelvis. (Adapted from the original work 
of Ernst Bumm.)

Figure 23.10 Introduction of the left blade in the course of 
application of the forceps. (From Burger K, Operative Obstetrics, 
Budapest, Hungary: Franklin Co, 1927.)
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the blade is moved up by the fingers of the obstetrician’s 
right hand over the left side of the fetal vertex toward an 
occipitomental application. When the obstetrician’s fingers 
are removed, the forceps blade lies between the left parietal 
bone and the left pelvic wall. The forceps should be released 
by the operator and held in place by an assistant (Figure 
23.11).

The right forceps blade is grasped in the right hand and 
held with the handle near the mother’s left groin. The fin-
gers of the left hand are inserted in the right side of the 
vagina between the fetal head and the vaginal wall. The 
right blade is inserted over the left blade, between the 
obstetrician’s fingers and the fetal vertex, at about the 7 
o’clock position (Figure 23.12). The handle is lowered to 
the horizontal and toward the midline, while the blade is 
moved up by the fingers of the obstetrician’s left hand to 

an occipitomental position. When the obstetrician’s fin-
gers are removed, the forceps blade lies between the right 
parietal bone and the right pelvic wall (Figure 23.13). The 
forceps blades now are locked (Figure 23.14); if applied 
correctly, locking is easy; the handles must never be forced 
together (Figure 23.15).

As a routine, the fetal heart rate should be checked. 
The patient should be reexamined vaginally to be certain 
that nothing lies between the forceps and the fetal head, 
including umbilical cord, cervix, or fetal membranes. The 
application of the forceps must be rechecked. If the blades 
are a little off center, with one blade nearer the occiput 
and the other closer to the fetal face, the forceps must be 
unlocked and the blades repositioned. Now a gentle trac-
tion on the forceps should result in a slight advance of the 
vertex (Figure 23.16).

Figure 23.11 The left blade is in position and is held by 
an assistant. (From Burger K, Operative Obstetrics, Budapest, 
Hungary: Franklin Co, 1927.)

Figure 23.12 Introduction of the right blade. (From Burger K, 
Operative Obstetrics, Budapest, Hungary: Franklin Co, 1927.)

Figure 23.13 The position of the right blade following 
introduction and before the locking of the forceps. (From 
Burger K, Operative Obstetrics, Budapest, Hungary: Franklin Co, 
1927.)

Figure 23.14 Locking the forceps after the two planes 
have been brought into the same plane. (From Burger K, 
Operative Obstetrics, Budapest, Hungary: Franklin Co, 1927.)
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A complete reassessment must ensue if any of the fol-
lowing occur:

 1. Locking is difficult or impossible.
2. Trial traction fails to advance the head.
3. Vaginal examination reveals as incorrect application.

These problems may suggest

1. Wrong diagnosis of position
2. Incorrect application of forceps
3. Previously unrecognized cephalopelvic disproportion 

(including fetal macrosomia—the point to anticipate 
and prevent subsequent shoulder dystocia)

4. Cervical tissue between the blades and the fetal head 
(cervix incompletely dilated)

5. Uterine constriction ring

If the foregoing criteria are satisfied, the operator may 
proceed to extract the head. The operator may sit on a stool 
and grasp the forceps with both hands, one on the handles 
and the other on the shanks. The ends of the handles must 
never be compressed. Traction is applied intermittently 
at about 1- to 2-minute intervals for about 30 seconds. 
Between periods of traction, the forceps blades must be 
unlocked to relieve compression on the fetal head. The fetal 
heart should be auscultated after each traction. If possible, 
traction should be made during a uterine contraction and 
with the patient bearing down. The direction of traction 
must follow the birth canal (Figure 23.17). Initially, the 
pull should be outward and toward the rectum until  the 
occiput comes under the symphysis and the nape of 
the neck pivots in the subpubic angle. In this maneuver 
(Saxtorph-Pajot’s maneuver), the operator’s hand on the 
forceps handles makes the traction in an outward direc-
tion while the hand on the forceps shanks exerts pressure 
posteriorly. After the occiput is under the symphysis, the 
birth of the head follows by extension and can be guided 
by the forceps before removal (Figure 23.18). Once the face 
has cleared the perineum, the forceps slip off easily. As an 
alternative, the forceps may be removed once the head is 
under the symphysis by reversing the maneuvers of appli-
cation, taking off the right blade first; the head then can 
be delivered by a modified Ritgen’s maneuver; removing 
the forceps early reduces the circumference of the part 
passing through the introitus by 0.50–0.75 cm, which may 
be of significance occasionally. In the past, almost all pri-
migravidas and most multiparas had an episiotomy per-
formed before forceps delivery. In the most recent ACOG 
Practice Bulletin on Operative Vaginal Delivery24 and sup-
ported by a randomized trial published by Murphy et al.40

routine episiotomy is now not recommended for all opera-
tive deliveries but a selected use at the judgment of the 
obstetrician. The decision to use a midline or mediolateral 
incision is discussed elsewhere in this text.

At the conclusion of any forceps delivery, the vagina, 
cervix, vulva, and uterus must be examined to rule out the 
presence of lacerations. If any are detected, they must be 
repaired unless they are too superficial, not bleeding and 
will not cause a cosmetic defect. To evaluate further the 
success of the forceps delivery, the operator should exam-
ine the newborn infant and record in the medical record 
any evidence of trauma as well as a detailed delivery note, 
preferably dictated as a surgical procedure, which should 
include the reason for the forceps delivery, the type of for-
ceps used, lacerations and repair, episiotomy etc.

Low and mid-forceps

Delivery from any position when the fetal vertex is above 
the pelvic floor as indicated above, but particularly when 
rotation of the vertex is required, carries a degree of fetal 
and maternal risk which is a quantum jump removed from 

Figure 23.15 With the blades applied in the biparietal 
diameter, the forceps have been locked. (From Burger K, 
Operative Obstetrics, Budapest, Hungary: Franklin Co, 1927.)

Figure 23.16 Traction is applied. Note the positions of 
the hands. (From Burger K, Operative Obstetrics, Budapest, 
Hungary: Franklin Co, 1927.)
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delivery by outlet forceps. A more detailed analysis of the 
problem is required.

Assessment of pelvic dimensions and architecture

Pelvic capacity and configuration are critical determi-
nants of obstetric management41 even when clinical evi-
dence suggests weak uterine contractility (e.g., secondary 
uterine inertia). In the presence of relative cephalopelvic 
disproportion, the arrest in labor usually will occur with 
the head at the +2 station or higher. If there has been con-
siderable molding, the position of the presenting part may 

be obscured, and the level of the leading point not helpful. 
In such cases, even with the leading point of the vertex 
at station +2, the biparietal diameter still may be above 
the pelvic inlet and the fetal head not engaged. The pelvic 
architecture may determine the position of the vertex and 
dictate the options for delivery. In a platypelloid (flat) pel-
vis, the transverse position may be the normal mechanism 
of delivery until the vertex is crowning. In an android pel-
vis, the persistent straight sacrum and converging pelvic 
side walls may inhibit anterior rotation of the occiput. 
It would be folly to attempt to rotate the vertex into pel-
vic diameters that are even less suitable for passage. In 
the anthropoid pelvis, on the other hand, rotation to an 
occipitoanterior position brings the fetal vertex into an 
alignment with pelvic dimensions best suited for vaginal 
delivery.41 In all types of pelvic architecture, it is impor-
tant to remember that convergence of the pelvic side walls 
and/or the anteroposterior diameters may result in relative 
cephalopelvic disproportion in the midpelvis even though 
the pelvic inlet was adequate; in combination with the 
tendency for a parturient to deliver babies of increasing 
weight in successive pregnancies, this results in the infa-
mous “multiparous trap” where the incorrect “assump-
tion of success” delays the correct obstetrical intervention. 
These points must be clarified before the obstetrician takes 
instruments in hand for a forceps delivery.

Assessment of uterine and abdominal forces

Once the question of cephalopelvic disproportion has been 
eliminated, failure to progress in labor—to accomplish 
internal anterior rotation and to descend in the pelvis—
results primarily from weak expulsive forces, stemming 
either from a secondary uterine inertia or inability of the 
abdominal musculature to contribute to the expulsive 

Figure 23.17 Direction of the traction in various forceps procedures. (From Hale R. (ed.), Dennen’s Forceps Deliveries, Washington, 
DC: American College of Obstetricians & Gynecologists,  2001.)

Figure 23.18 Delivery of the head with the use of for-
ceps. In most clinical situations, this maneuver is preceded by 
episiotomy. (From Burger K, Operative Obstetrics, Budapest, 
Hungary: Franklin Co, 1927.)
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efforts. Failure of abdominal expulsive efforts may be the 
result of inborn or acquired conditions (e.g., poliomyeli-
tis, spinal cord transection) or iatrogenic intervention 
(e.g., excessive maternal sedation, conduction analgesia) 
and maternal exhaustion. In such circumstances, stimu-
lation of uterine contractions by an intravenous solution 
of oxytocin, with all of the precautions and stipulations 
ordinarily followed in such cases, is preferable to forceps 
delivery. In most cases, this will accomplish the desired 
results—anterior rotation of the occiput, and descent of 
the vertex in the pelvis—ending either with spontaneous 
vaginal delivery or delivery by outlet forceps with minimal 
rotation.

In some patients, the resistance of the pelvic floor (the 
levatorani muscle) is diminished because of inborn or 
acquired maternal neuromuscular defects, prior over 
distention as in the grand multipara, or injudicious iat-
rogenic intervention. In such patients, full flexion and 
internal anterior rotation of the occiput may be delayed 
until the vertex is at the pelvic floor and crowning. Pelvic 
floor inadequacy, in addition to pelvic architecture, may 
also result in rotation of the occiput into a direct posterior 
position. Delivery by forceps or spontaneously as a direct 
occiput posterior is preferable to any forceps rotation.

Delivery in occipitoanterior position

Delivery from an occipitoanterior position requires 
maneuvers similar to those described under outlet forceps 
(Figures 23.19 and 23.20). Because the vertex is higher in 
the pelvis, the risk to both infant and maternal tissues is 
increased—compression of the vertex resulting from trac-
tion and laceration of un-distended maternal structures. 
The actual delivery will take longer; thus, the fetal heart 
rate must be monitored after each tractive effort. With the 
head above the pelvic floor, it is more difficult manually 
to apply traction in the direction of the pelvis axis (e.g., 
the curve of Carus) consistently. Saxtorph-Pajot’s maneu-
ver, described above under outlet forceps, may not suffice, 
and the utilization of a mechanical method of providing 
axis traction is helpful. Such instruments include the Bill 
handle,8 which can be attached to any standard forceps 
possessing transverse projections at the junction of the 
handles with the shanks; forceps such as the DeWees, in 
which the axis traction handle is a structural part of the 
forceps themselves; or forceps such as the Hawk-Dennen, 
in which the shape of the instrument’s shanks places the 
handles in the axis of the maternal pelvis.

Delivery from an occipitotransverse position

Except when the maternal pelvis has an anthropoid or 
android configuration, the fetal vertex engages in and 
descends through the maternal pelvis most frequently in 
an occipitotransverse position. On abdominal examina-
tion, this position is suggested by the presence of a longi-
tudinal fetal lie, with the vertex at or in the pelvis; the fetal 
back is directed laterally, toward the mother’s flank; the 
fetal small parts are palpable on the opposite side of the 
maternal abdomen; the cephalic prominence (forehead) 

Figure 23.19 Orientation of the forceps before its appli-
cation in the left oblique pelvic diameter. (Adapted from the 
original work of Ernst Bumm.)

Figure 23.20 Actual application of the obstetric forceps in 
the left oblique diameter of the maternal pelvis. The position 
of the fetal head is left occipitoanterior (LOA). (Adapted from 
the original work of Ernst Bumm.)
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is on the same side as the fetal small parts; and the fetal 
heartbeat is heard on the same side of the maternal abdo-
men as the fetal back. On vaginal examination, the sagittal 
suture is in the transverse diameter of the maternal pel-
vis (or within a few degrees thereof). The small posterior 
fontanel is on the same side as the fetal back—toward the 
mother’s left in a left occiput transverse (LOT) position, 
and toward the mother’s right in a right occiput transverse 
(ROT) position. The anterior fontanel and bregma lie on 
the opposite sides of the maternal pelvis. If the vertex is 
well flexed, the occiput is lower than the brow; if flexion is 
poor, the occiput and sinciput lie almost at the same level 
in the pelvis.

The normal evolution of an occiput transverse position 
is a result of the resistance of the pelvic floor to further 
downward descent of the vertex; there is an anterior rota-
tion of the occiput of 90° (clockwise for ROT, counter-
clockwise for LOT), followed by delivery as an occiput 
anterior. Occasionally, no rotation occurs, and the ver-
tex is arrested with the sagittal suture in the transverse 
diameter of the pelvis; infrequently, the occiput rotates 
posteriorly by 90° into an occiput posterior position. The 
diagnosis of transverse arrest can be made when there 
is a failure to rotate from the transverse position and 
to descend further in the pelvis for approximately one 
hour in the primigravida and for 30 minutes in the mul-
tipara. At this point, the patient and the labor must be 
reevaluated.

In patients in whom relative cephalopelvic dispropor-
tion has been ruled out, there are no problems of pelvic 
architecture, and stimulation of uterine contractions 
has not resulted in spontaneous evolution of the trans-
verse position, manual maneuvers may facilitate anterior 
rotation of the occiput. Classically, persistent transverse 
arrest has been the major obstetric indication for forceps 
delivery.

Deep transverse arrest can be managed by any con-
ventional type of forceps. Since rotation must be accom-
plished, instruments with long, overlapping shanks are 
preferable; forceps with separated and parallel shanks 
may unduly stretch or tear the maternal perineal and 
vaginal tissues. An instrument with a sliding lock is use-
ful if any degree of asynclytism is present. The anterior 
forceps blade must be applied first to prevent elevation 
of the fetal vertex, which may result in encroachment of 
the more limited space in the anterior pelvic segment and 
possibly significant loss of station. A cephalic application 
is achieved by wandering the anterior blade over the face, 
and applying the posterior blade directly into the hollow 
of the sacrum. The handles of the forceps then are locked, 
and the application checked against the landmarks of 
the fetal skull. Rotation is performed by sweeping the 
handles in a wide arc of 90° to the symphysis (clockwise 
in the ROT position, counterclockwise in the LOT posi-
tion). Rotation of the forceps handles through this wide 
arc is essential because of the pelvic curve of the conven-
tional instrument. If the handles were merely twisted on 
their axis, the toes of the forceps blades would describe a 

wide and potentially injurious arc; moving the handles in 
a wide arc instead makes the toes of the blades the cen-
tral axis of rotation. Once rotation is accomplished, the 
position of the fetal head must be rechecked to be certain 
that the sagittal suture has remained in the midline of 
the forceps; if necessary, the forceps application may be 
readjusted. Traction and extraction of the infant then are 
carried out as described previously.

Rotation of the fetal vertex must be achieved without 
the use of undue force. A well-molded vertex jammed 
forcefully into the deep pelvis may require slight elevation 
to facilitate easier rotation (Bill’s maneuver), but care must 
be taken not to lose station significantly or to disengage 
the head. Resistance to rotation also may result from lack 
of full flexion of the vertex. Forceful rotation introduces 
shearing forces upon the fetal skull, whose deleterious 
effects are impossible to judge. It is the height of clinical 
acumen and experience to understand when excessive 
force is required for rotation and/or traction, to desist 
from further forced manipulation (trial forceps), and to 
move to delivery by cesarean section.

Special instruments have been designed to deal with 
special problems in transverse arrest.14,42 The Kielland’s 
forceps were designed specifically to facilitate biparietal 
application to the fetal vertex in any pelvic diameter and 
for rotation. Kielland’s design eliminated the pelvic curve 
and provided a sliding lock for correction of asynclytism. 
They are the forceps of choice in cases of deep transverse 
arrest in the patient with a gynecoid or anthropoid pelvis. 
They should not be used in a patient with an android or 
platypelloid pelvis where further descent of the vertex in 
the transverse position is desirable. Kielland’s forceps must 
never be used for traction before rotation in an occipito-
transverse position! In such an instance, the anterior blade 
of the forceps rests directly against the base of the bladder, 
and vesicourethral injuries are easily produced.

The classic inversion technique of applying the anterior 
blade of the forceps was described originally by Kielland 
himself14 and was designed to utilize the advantage in a tight 
pelvis of the triangular space in the lower uterine segment 
between the fetal shoulder and the vertex. The forceps must 
be oriented externally in the final position they will assume 
after application; markers on the forceps handles point 
toward the occiput. The anterior branch then is inverted and, 
with manual guidance, the blade is inserted along the ante-
rior parietal bone inside the cervix and uterus, the cephalic 
side of the blade superior. (Since the blade is inverted, at this 
step the directional marker on the handle points toward 
the anterior fontanel.) The blade is inserted gently into the 
uterus until resistance is met and the forceps branch begins 
to turn spontaneously. Rotation of 180° toward the face, 
taking advantage of the curve of the blade, is performed by 
rotating the handle; the shank of the blade is in the axis of 
rotation. After rotation is completed, the blade drops against 
the anterior parietal bone in cephalic application. The poste-
rior blade is inserted against the hollow of the sacrum, again 
with manual, intravaginal guidance to be certain there is no 
cervix between the blade and the vertex. Once a biparietal 
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application is attained, the branches are locked; in the pro-
cess, any asynclytism present is corrected. The application is 
checked with the landmarks of the fetal skull. Since Kielland’s 
forceps have no significant pelvic curve, rotation can be per-
formed in a limited arc, turning the vertex 90° to an occipi-
toanterior position. Once rotation is completed, Kielland’s 
forceps have fulfilled their primary function, and the deliv-
ery may be completed by removal of the Kielland’s forceps 
and application of a conventional instrument. Traction and 
extraction may be completed with Kielland’s forceps if it is 
recognized that the forceps have no pelvic curve, and that 
extraction from midpelvis requires traction directed 45° or 
more below the horizontal plane of the pelvis.

Potential problems with this classic insertion technique 
include trauma to maternal tissues (especially the lower 
uterine segment), placental insertion site, and the umbili-
cal cord. There must be no attempt to move the forceps 
during insertion against resistance. During the inverted 
insertion and rotation of the anterior blade, the arc tra-
versed by the toe of the blade against the anterior lower 
uterine segment easily is palpable just above the symphy-
sis of the mother. Problems such as this have resulted in 
the preference of some obstetricians for application of the 
anterior blade with the wandering technique (as with con-
ventional forceps). Although this avoids the risks of intra-
uterine insertion and manipulation of the anterior blade, 
it sacrifices the very advantage that Kielland proposed 
in cases of deep transverse arrest which have occurred 
because of reduced transverse diameters of the pelvis.

The remaining problem in the occipitotransverse posi-
tion is the case of transverse arrest in a platypelloid pelvis, 
in which the normal evolution of labor requires descent 
of the vertex in the transverse position to the introitus. 
Barton’s forceps are the only obstetric instrument extant 
that can be used to apply traction to the vertex in a trans-
verse position (Figure 23.21). The anterior blade, which 
is hinged to facilitate application to the anterior parietal 
bone under the symphysis pubis, is introduced into the 
hollow of the sacrum and wandered over the occiput to a 
position over the anterior parietal bone. If there is marked 
posterior asynclytism, the anterior blade may be inserted 
directly over the anterior parietal bone. The posterior 
blade then is inserted, with manual intravaginal guid-
ance, along the hollow of the sacrum, and the branches 
are locked. Traction with Barton’s forceps can be applied 
safely only with the use of Barton’s traction handle, which 

is an integral part of the forceps, and which ensures that 
the resultant forces applied will be in the direction of the 
pelvic axis and not against the base of the bladder. In some 
patients, the vertex actually may deliver in the transverse 
position. Usually, when the vertex is under the pubic arch 
and beginning to crown, spontaneous rotation toward an 
occiput anterior position begins and can be assisted by a 
90° rotation of the forceps handles in a wide arch. At this 
low level in the pelvis, spontaneous delivery usually ensues 
as soon as the forceps blades are removed.

Delivery from an occipitoposterior position 

Occipitoposterior positions occur in about 15% of vaginal 
deliveries. Cephalopelvic disproportion is a frequent and 
serious complicating factor. Persistent occipitoposterior 
position may occur in any pelvis with a reduced transverse 
diameter and may be the normal mechanism of labor and 
delivery in an anthropoid and android pelvis. An occipi-
toposterior position also may result from the presence of 
prominent ischial spines, reduced capacity of the fore-
pelvis, convergence of the lateral

Pelvic side walls, and a straight sacrum—all factors that 
inhibit anterior rotation. On abdominal examination, the 
presence of an occipitoposterior position is suggested by the 
presence of the fetal back in the maternal flank, often not 
clearly defined; fetal small parts filling the anterior maternal 
abdomen; a cephalic prominence which cannot be appreci-
ated clearly; and a fetal heart that is auscultated most clearly 
on the side of the maternal abdomen opposite to the fetal 
back. On vaginal examination, the sagittal suture is in an 
oblique diameter of the maternal pelvis. The small fontanel 
is posterior, either to the right (ROP) or to the left (LOP); the 
anterior fontanel and bregma are in the opposite quadrants 
of the pelvis. Because failure of deep flexion is a concomi-
tant of persistent occipitoposterior positions, the fontanels 
usually are at about the same level in the pelvis. In occipi-
toposterior positions, molding of the vertex results in some 
shortening of the occipitofrontal diameter and lengthen-
ing of the mentobregmatic diameter as the vertex becomes 
elongated. The diagnosis of position on vaginal examina-
tion may be obscured by molding and caput formation that 
mask the landmarks of the fetal skull; confirmation of posi-
tion may require locating and identifying the pinna of the 
fetal ear and perhaps sonography.

The natural evolution of an occipitoposterior position 
in most cases is spontaneous internal anterior rotation of 
135° to an occipitoanterior position, which occurs after 
the pelvic floor is reached and deep flexion established. In 
some cases, the occiput rotates in a small arc of 45° into the 
hollow of the sacrum, becoming a direct occipitoposterior 
position. Spontaneous delivery or extraction by forceps 
can occur from either position.

Indications for intervention in patients with persistent 
occipitoposterior position42,43 of the fetus include absence 
of descent and prolonged second stage of labor. If there is 
evidence of cephalopelvic disproportion, cesarean section 
is indicated. For attempted operative vaginal delivery, the 
adequacy of the bony pelvis must be known, and a plan 

Figure 23.21 Barton’s forceps with hinged anterior blade 
and traction handle.
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for extraction made out in advance. When the transverse 
diameters of the bony pelvis are reduced, as in an anthro-
poid or android pelvis, the vertex should not be rotated 
into or through less favorable pelvic dimensions but should 
be extracted as an occipitoposterior position. Techniques 
of manual rotation of the vertex are useful only when the 
head has reached the pelvic floor and the bony pelvis is 
clinically adequate.

A greater variety of instruments and procedures have 
been devised for the management of occipitoposterior 
positions than for any other malposition; only a few 
remain applicable in a modern context.41–45 The simplest 
procedure is to deliver the vertex in a direct occipito-
posterior position without any attempt at rotation. If the 
head is on the pelvic floor and beginning to distend the 
introitus, conventional outlet forceps may be used. A 
biparietal application of the forceps is accomplished, with 
the concave edges of the blades directed toward the face. 
Forceps with long, tapering blades and an ovoid cephalic 
curve can best accommodate the accentuated molding of 
the skull; Simpson’s or Elliott’s forceps are well suited for 
this purpose. Traction is made posteriorly to draw the sin-
ciput beneath the pubic arch. As the handles of the for-
ceps are raised, the occiput is borne over the perineum by 
increased flexion of the vertex. This is one of the clinical 
scenarios where an episiotomy may be necessary to permit 
passage of the larger diameters of the head which present 
in this position. The nose, face, and chin then are borne 
under the symphysis by extension of the head.

Kielland’s forceps have a special utility as a rotator if 
needed. The directional markers on the handles must point 
toward the fetal occiput, so the forceps are applied in an 
inverted position with respect to the maternal pelvis. The 
blades are inserted with a wandering technique, the poste-
rior blade always being applied first to prevent further pos-
terior rotation of the occiput. The shanks of the blade form 
the axis of rotation, which is accomplished with pronation 
or supination of the forearm. Once an occipitoanterior 
position is attained, delivery may be carried out by sub-
stitution of a conventional forceps or by exerting traction 
with Kielland’s forceps, bearing in mind that the forceps 
have no pelvic curve and that traction must be directed 45° 
or more below the horizontal plane of the pelvis.

Midforceps

Under the modern definitions of forceps deliveries, mid-
forceps are forceps operations in which the leading point 
of the head is above station +2. By implication, since the 
leading point of the unmolded vertex is 3 cm ahead of 
the largest plane of the head, the biparietal diameter, that 
diameter has barely entered the bony pelvic inlet. With 
any significant degree of molding, there exists the prob-
ability that the fetal vertex is not truly engaged, and that 
this represents a “high-forceps” maneuver, which is pro-
scribed. In these cases, the margin for error is very small. 
If any chance of a “high-forceps” situation exists, a more 
prudent course of action is to proceed directly to abdomi-
nal delivery by cesarean section.

Forceps delivery of an aftercoming head in breech 
presentation

The potential problems of vaginal delivery of a breech pre-
sentation in a current context have been reviewed in detail 
elsewhere.46–48

Though almost any obstetric forceps can be employed 
for the delivery of the aftercoming head, classic forceps, 
such as Simpson’s or Elliott’s, lack the advantage of a peri-
neal curve and therefore tend to accentuate extension of 
the fetal body and neck, potentially increasing the risk of 
fetal injury. Forceps that have a perineal curve, such as the 
Hawks–Dennen instrument, or that have a compensated 
pelvic curve, such as Kielland’s forceps, can be employed for 
this purpose. However, since its introduction, the standard 
instrument for delivery of the aftercoming head has been 
the forceps designed by Piper.49,50 This instrument (Figure 
23.22) is longer than the usual forceps, its handles are 
depressed below the arch of the shanks, the pelvic curve is 
reduced, and the shanks are long and curved. The tapered, 
shallow blades, with a spring-like quality, make for an easy 
application and a good fit to the vertex. More recently, the 
modified Piper’s forceps were introduced; the newer instru-
ment is somewhat shorter, and the conventional handles are 
replaced by a pivot lock and finger grips (Figure 23.23).

Forceps can be applied to the aftercoming head of the 
breech only after the shoulders and arms have been deliv-
ered and the head, with chin posterior, is well into the pel-
vis; the forceps must never be applied to a vertex above 
the pelvic brim. The principles of forceps delivery of an 
aftercoming head are three:

1. The forceps are inserted and applied from below upward;
2. The application is pelvic rather than purely biparietal; and
3.  The mechanism of extraction is flexion of the fetal head, 

which is accomplished by elevating the handles of the 
forceps.

Figure 23.22 Piper’s forceps.

Figure 23.23 Piper’s modified forceps.
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Once the shoulders have been delivered, the baby’s body 
is supported by an assistant and elevated slightly, but not to 
an extent that would hyperextend the neck. Vaginal exami-
nation should reveal the vertex deep in the pelvis, with the 
long axis of the head in the anteroposterior diameter of 
the pelvis; the occiput is anterior and the face (mentum) 
is posterior. The lower and upper limbs and the umbilical 
cord are kept out of the way. The left branch of Piper’s for-
ceps always is inserted first; this will permit locking of the 
branches without recrossing. The obstetrician assumes a 
position below the plane of the pelvic outlet, often kneel-
ing on one knee. The handle of the left blade is grasped in 
the left hand, and the right hand is introduced between the 
hand and the left posterolateral wall of the vagina. The left 
blade is then inserted between the head and the fingers into 
a mento-occipital application, with the concave edge of the 
blade toward the occiput and the convex edge toward the 
face. The handle of the left blade is steadied by the assistant. 
The handle of the right blade is grasped in the right hand, 
and the left hand is introduced into the vagina between the 
head and the right posterolateral wall of the vagina. The 
right blade is inserted between the head and the fingers into 
a mento-occipital application. The forceps then are locked, 
and the application checked. Traction is outward and poste-
rior until the nape of the neck is in the subpubic angle. The 
direction of force is then changed to outward and anterior, 
and the face and forehead are borne over the perineum by 
a process of flexion. Delivery usually is completed with the 
forceps still applied as the handles rise above the horizon-
tal plane. Care must be exercised to prevent the head from 
dropping from between the blades as it is extracted.

CONTEMPORARY VIEW OF FORCEPS DELIVERY
Alternatives to forceps delivery

The utilization of obstetric forceps easily can be justified 
in an historic context. When obstetric forceps first were 
introduced, they aided delivery in cases of desultory, 
obstructed, or prolonged labor. They were employed pri-
marily to salvage the mother, often with the recognition 
that fetal injury or demise would result. At that time there 
was no acceptable alternative to vaginal delivery.

Today, the risk of maternal mortality from a cesarean 
delivery is less than the mortality rate associated with 
appendectomy; cesarean delivery is safer the earlier in 
labor it is performed; and it is incontrovertible that the saf-
est method of delivery for the infant is an elective cesarean 
section at term before the onset of labor or rupture of the 
membranes (eliminating iatrogenic errors of prematurity 
with modern diagnostic techniques).51

This fact is confirmed from the outcomes of the trial of 
labor after cesarean section study publications.52,53

Risk of forceps delivery

Maternal risks

The maternal risks of forceps delivery were recognized 
from their inception. Maternal injuries may include 
vaginal lacerations, episiotomy extensions, perineal and 

anal sphincter damage54–56 bladder or urethral injuries, 
cervical tears, uterine rupture, and/or ureteral disrup-
tion. The primary cause of the most severe of these 
injuries was the high-forceps application and extrac-
tion, which has been proscribed for many years. The 
major problem area remains the low-forceps operation. 
Attempts have been made to distinguish in advance 
between “easy” and “difficult” procedures, not always 
successfully.

Fetal risks

The fetal risks of delivery by obstetric forceps are accept-
able only in the context of greater maternal harm from any 
alternative. It is clear that these fetal risks, including facial 
bruising and lacerations, cephalohematomas, facial nerve 
paralysis, skull fractures, and intracranial tears and hem-
orrhages57–70 occur primarily in low-forceps operations 
with rotations and in midforceps operations.

There is a consensus that outlet forceps delivery imposes 
no burden on the infant.24,27 The assumed benefits of rou-
tine prophylactic forceps originally proposed in the past 
are not pertinent in this modern era. In contrast, forceps 
applied to the aftercoming head in breech delivery may be 
conducive to a reduction of perinatal mortality and mor-
bidity,59 probably because traction is applied to the skull 
rather than the shoulders or neck of the infant, and sud-
den decompression injury is prevented by a gradual and 
controlled delivery.

Current status of forceps delivery

Over fifty years ago, a trend toward the elimination 
of delivery by midforceps was already under way.71

Although there have been dissenters to this transforma-
tion in obstetric practice,71,72 the trend continued and has 
increasingly been accepted.73–75 Midforceps operations 
carry significant risks for mother and infant. The risks 
for the mother of abdominal delivery by cesarean sec-
tion probably are not greater and may be reducible by 
earlier intervention and improvements in clinical pro-
cedures. There is no comparison as to the safety of the 
infant at cesarean section. The process is becoming more 
inevitable with the declining opportunities for train-
ing in forceps techniques. Maximum safety for mother 
and infant rests in the hands of experienced providers of 
delivery services. The changing parameters of obstetric 
management in labor must be recognized, and should 
be accepted for the progress they denote. The rational 
application of obstetric forceps today should be reserved 
for the operations of outlet forceps, low forceps without 
rotation, and forceps delivery of the after coming head 
during a breech vaginal delivery.

High-forceps deliveries were proscribed decades ago. 
Midforceps delivery is disappearing from obstetric prac-
tice today. Low-forceps operations involving more than 
45° rotation from the vertical axis may follow into oblivion 
shortly, its disappearance hastened by our litigious con-
temporary society.

  



References 313

In today’s climate, the application of forceps purely as 
a training exercise is not indicated and cannot be counte-
nanced. Even obstetricians already adequately trained in 
forceps delivery will lose their proficiency with the mark-
edly reduced number of opportunities for operative vagi-
nal deliveries unless educational opportunities are made 
available. The development of high fidelity operative deliv-
ery simulators and innovative educational curriculum 
such as developed by the ACOG Simulation Consortium 
may allow for a new generation of obstetricians proficient 
in operative deliveries as well as continued proficiency 
training for obstetricians already trained but needing rep-
etition. In the future, operative delivery simulators may be 
used for primary education of obstetrical residents as well 
as recertification and credentialing.
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24Vacuum-assisted vaginal delivery
ANNA LOCATELLI and ARMANDO PINTUCCI

HISTORY
The use of a vacuum device to assist delivery was first 
attempted by James Yonge1 in 1706, who attached a “cup-
ping glass” to the fetal scalp by creating suction with an 
air pump. Simpson,2 in Edinburgh, constructed a more 
practical suction instrument. His invention consisted of a 
pump that terminated in a metal cup over which a layer of 
leather was fitted. A double-valved piston pump working 
back and forth created the necessary vacuum.

Although this “suction tractor” was used by Simpson 
for both vertex and breech deliveries, it never gained much 
popularity, and it was later abandoned in favor of the 
forceps.

McCahey,3 in Philadelphia, described an “atmospheric 
tractor” in which metal cups were attached to an air pump 
by tubing. Using a rubber suction cup reinforced with 
metal, Kuntzsch4 delivered two infants; he was the first to 
introduce a pressure gauge into the system.

Torpin5 developed a rubber plunger type of suction cup 
with a hollow rubber tube attached leading to a vacuum 
pump. The inner surface of this appliance was studded 
with rubber projections to prevent the fetal scalp from 
being sucked into the tubing and to aid the attachment 

of the rubber hemisphere to the fetal head. Castallo6 pro-
duced a similar working model; however, both Castallo 
and Torpin used the instruments sparingly and never 
achieved great success with them.

Couzigou7 described la ventouse eutocique, which 
used luminum cups ranging in diameter from 40 to 
65  mm. His apparatus included a bottle between the 
vacuum cup and the pump to trap blood and amniotic 
fluid. Finderle’s8 horn-shaped instrument with traction 
handles was introduced in 1955. The cup was inserted 
into the vagina, and a terminal rubber cup was attached 
to the fetal head. Negative pressure of approximately 
6  lbs (2.72kg) was produced by means of a 200- to 
300-mL syringe. Between 1953 and 1957, Malmström 
developed a modification of the device. This device rep-
resents the current standard by which other vacuum 
extractors (VEs) are measured.9,10 Shallow cups, varying 
in diameter, were constructed of stainless steel. The cups 
were flanged outward above the mouth so that the larg-
est diameter was not at the opening proper, but, rather, 
higher in the interior of the cup.

In Malmström’s department, the VE virtually took the 
place of the forceps. The experiences in other Continental 
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European, British, and Australian institutions were 
similar.11–14

Bird15 modified the Malmström system by attaching 
the suction tube eccentrically, at the side of the cup dome, 
to allow for greater maneuver ability and more efficient 
traction by locating the traction chain at the center inde-
pendently. An extensive review of the historical develop-
ment of the VE may be found in Chalmers’16 monograph 
and in Sjostedt’s13 review. Although the metal cup was 
quite successful in effecting vaginal delivery, concerns 
arose regarding the occurrence of serious lacerations to 
the scalp. This decreased the popularity of the VE. The 
development of soft cups was an attempt to decrease scalp 
injuries. Between 1969 and 1973, two plastic cups were 
introduced. The Kobayashi silastic cup is flexible and wide 
and almost completely covers the occiput.17 This device 
does not require the formation of a chignon. The silastic 
cup has been proved to be less injurious to the fetal scalp18; 
however, it is associated with an increased failure rate,19

especially in the setting of a synclitism or severe molding. 
By the end of the twentieth century, due to the high rate of 
failure rate, vacuum cup was manufactured using harder 
plastic. This was continued to be used widely.

COMPONENT INSTRUMENTATION
All current devices are based on Malmström’s instrument. 
The Ventouse,7 or VE, consists of several component parts. 
The cups are disk shaped. The convex surface of the disk is 
fitted with a hollow stem, which in turn communicates with 
the concave cavity (fetal surface) (Figure 24.1). The smooth 
shape of the cup diminishes the risk of trauma to the fetal 
scalp and facilitates sealing and the formation of an artifi-
cial caput succedaneum. This chignon, or button, is maxi-
mal inside the hemispheric walls above the cup edge (Figure 
24.2). Rubber tubing attaches onto the stem located on the 
slightly convex surface of the cup (Figure 24.3). The second 
segment of rubber tubing extends to the inflow connection 

of the suction (trap) bottle. The third (final) section con-
nects the outflows pigot of the suction bottle to the vacuum 
pump (Figure 24.4). A traction chain passes directly from 
the cup and is hooked onto a traction bar. The vacuum 

Figure 24.1 Malmström vacuum cups measure 4, 5, and 6 cm. 
The cups shown are made of stainless steel with the Bird modifi-
cation, that is, eccentric fitting for suction tube attachment. The 
traction handle with hook couples directly to the cup chain.

Figure 24.2 As suction is applied, a chignon, or button of 
scalp, is sucked.

Figure 24.3 The 60-mm (6-cm) vacuum cup is attached 
to the head of a mannequin. The heavy-gauge tubing (left of 
image) is attached to a hollow stem on the convex surface of 
the cup. Traction is applied by the attached traction handle 
and transmitted to the chain and vacuum cup.
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tubing connects independently and eccentrically to a short-
stem outlet built into the cup (Figure 24.3). A glass bottle is 
placed between the suction cup and the pump in order to 
collect blood, amniotic fluid, and other debris.

The bottle is sealed with a rubber stopper. The stopper is 
perforated by a gauge to record negative pressure (Figure 
24.4). Current apparatuses use small hand pumps that 
connect disposable plastic cups and tubing with a filter 
that replaces the glass bottle. The Mityvac® device is an 
example of this (Figure 24.5). The cups could be semirigid 
or soft, mushroom shaped, or bell shaped. A disadvantage 
of this device is that the stem and cup are on a piece that 
is not very flexible, making proper application difficult in 
some cases. The Kiwi OmniCup® is a further modification; 
it is a disposable “all-in-one” instrument (Figure 24.6).

The plastic cup is rigid, mushroom shaped, and connected 
to a handle by tubing and a steel cable that runs through the 
tubing (Figure 24.7). This allows for flexibility and mobility 
of the cup similar to Bird’s modification. The handle is inte-
grated with a trigger that allows the operator to pump to a 
desired negative pressure. The pump on the handle contains 
the gauge and a pressure-release mechanism.

There is no ideal VE. In a randomized trial compar-
ing Kiwi OmniCup and Malmström metal cup, Kiwi was 
associated with the same rate of success and a lower rate of 
subaponeurotic hemorrhage (1.0% vs. 1.2%).20

Some obstetricians use different type of VE according 
to the level of the presenting part, the fetal head position, 
and the level of difficulty of the procedure expected. A soft 
vacuum cup could be appropriate for low level deliveries 
because it is less traumatic for the scalp. Rigid cups may 
be preferable for occiput posterior (OP), occiput transverse 
(OT), and difficult occiput anterior deliveries because they 
are less likely to detach. As a rule of thumb, because the 
procedure is not frequent, a high level of confidence with 
the mean used is desirable, and sometimes our prediction 
of an easy procedure is not confirmed and so we suggest 
the use of the Kiwi OmniCup for all cases.

VACUUM USE
The objective of the operative vaginal delivery and of the 
vacuum use is to anticipate or allow a vaginal delivery 
with the minimum of morbidity. The decision to make an 
instrumental delivery should balance the maternal, fetal, 
and neonatal impact of the procedure against the alterna-
tive options of cesarean birth or expectant management.

The use of VE is largely variable across different coun-
tries and in the same country across hospitals, reflecting 
the assistance to the second stage of labor, including time 
allowed for pushing, use of fundal pressure, and the overall 
percentage of operative vaginal and abdominal delivery. In 
Italy, the rate of vaginal operative delivery is 3.4%, forceps 
use is uncommon, and the rate of cesarean delivery is as 

Figure 24.4 The tubing (see Figure 24.3) attaches to one of 
three fittings on a stopper, which in turn is plugged into a col-
lecting jar. The three metal tubular fittings are as follows: (a) inlet 
that couples with tubing from the vacuum cup; (b) outlet with 
vacuum relief valve that couples with tubing leading to the hand 
vacuum pump; and (c) outlet to the vacuum-recording gauge.
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Figure 24.5 The Mityvac cup system is comprised of the 
reusable Mityvac pump and a variety of cup options. (Courtesy 
of Bacelar Equipamentos Medicos.).

Figure 24.6 The Kiwi device has a Malmström-like cup 
attached to a combination handle and vacuum pump. The 
attachment is by flexible steel cable.
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320 Vacuum-assisted vaginal delivery

high as 38%. In other Europe countries, where the overall 
rate of vaginal delivery is higher, the use of VE is more fre-
quent, e.g., in England the rate of VE is 7%, of forceps 3.3%, 
and of cesarean delivery 23%. In the United States, the 
overall rate of vaginal-assisted delivery is 3.3% (VE 2.7%, 
forceps 0.6%)21 with a relevant decrease in the last years, cor-
responding to an increase of cesarean section (CS). Because 
a timely and reasonable rate of assisted vaginal delivery can 
avoid a CS in multiple clinical scenarios, its use should not 
be neglected by obstetricians and their patients.

PREREQUISITES, INDICATIONS, AND 
CONTRAINDICATIONS
The prerequisites for the use of the VE are listed in Table 
24.1; the indications for the use of the VE are listed in 
Table 24.2.

Maternal indication is related to conditions that limit 
the desirability or ability to maternal effort or to mater-
nal exhaustion that limits the effort and culminates in 
the need of assisted vaginal delivery. Fetal indication:
Nonreassuring or abnormal fetal heart rate is a common 
indication, even if the indication is strictly dependent 
from the interpretation of the pattern and from the prac-
tice in the management of the second stage. Use of vac-
uum offers a shorter delivery with respect to CS, however, 
the obstetrician should consider that the combination 
between trauma and hypoxia is potentially dangerous. 
Dystocia: Time limits in the second stage at which point 
assisted delivery should be considered as not rigid, how-
ever, maternal and perinatal morbidity increase when the 
time is superior to 3 hours and the probability of sponta-
neous vaginal delivery is reduced.

American College of Obstetricians and Gynecologists’ 
(ACOG) defined a prolonged second stage of labor as >2 
hours without epidural analgesia or 3 hours with epidural 
analgesia in nulliparous women; and 1 hour without epi-
dural analgesia or 2 hours with epidural analgesia for 
multiparous women.22 In a document published in 2014 

before diagnosing the arrest of labor in the second stage, 
if the maternal and fetal conditions permit, it is suggested 
to allow for the following: At least 2 hours of pushing in 
multiparous women and at least 3 hours of pushing in nul-
liparous women. Longer durations may be appropriate on 
an individualized basis (e.g., with the use of epidural anal-
gesia or with fetal malposition) as long as progress is being 
documented.22

For a possible practical management of arrest/protrac-
tion of the second stage of labor in nullipara we propose 
the approach reported in a flow chart (Figure 24.8). For 
pluripara the overall time before a decision could be 
2 hours, and oxytocin administered very cautiously if not 
previously used for induction or during the first stage of 
labor.

Contraindications to the use of the VE are listed in Table 
24.3 and are the counterpart of the prerequisites for its 
application. There are no data in the literature that establish 
a safe lower limit of gestational age for use of the vacuum, 
since no trials have enrolled women for less than 34 weeks.

TECHNIQUES AND MANEUVERS
Forceps and vacuum are valid instruments for operative 
delivery and have similar indications.

In particular, forceps is the instrument of choice in face 
presentation (chin anterior) and for the delivery the after 
coming head after breech delivery; vacuum for the not-
engaged second twin.

The choice of instrument is determined by the clinician’s 
expertise. Vacuum delivery is generally less traumatic for 
the mother than forceps delivery, VE is easier to apply, places 
less force on the fetal head, requires less maternal anesthe-
sia, is associated with less maternal soft tissue trauma, and 

Figure 24.7 Same device as shown in Figure 24.6 with the 
cup reversed to show the interior. The cups, other than being 
constructed of plastic, are similar to Malmström cups. The vac-
uum pump handle of the Kiwi assembly is very convenient and 
includes a vacuum relief valve.

Table 24.1 Prerequisites for vacuum extraction.

Full cervical dilation
Ruptured membranes
Cephalic presentation
No cephalopelvic disproportion, estimation of fetal weight
Adequate pelvis
Station +2 or lower (engaged head)
Determination of fetal head position
Presence of experienced operator
Capability to perform a cesarean delivery
Willingness to abandon in case of failure
Empty bladder
Adequate anesthesia

Table 24.2 Indications for the use of the vacuum extractor.

Prolonged second stage of labor
Maternal conditions where voluntary expulsive efforts are 

contraindicated or impossible, such as cardiac, 
cerebrovascular, or neuromuscular disorders, overly dense 
epidural anesthesia

Fetal compromise
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does not compress the diameter of the fetal head. It does not 
take up additional space in the vagina.

It allows the fetal head to “seek its own space” rather 
than forcing its rotation. This “autorotation” can allow the 
fetal head to accommodate to the pelvis where the greatest 
space exists for exit.

The advantages of forceps are that they are unlikely to 
detach from the head during a difficult extraction, can be 
used on premature fetuses or to actively rotate the fetal head, 
result in fewer cases of cephalohematoma and retinal hem-
orrhage, and do not cause bleeding from scalp lacerations.

ACOG classification system for forceps deliveries is 
based on station and amount of rotation, which corre-
lates with the degree of difficulty and risk of the proce-
dure (e.g., lower fetal station and smaller degree of head 
rotation are associated with less risk of maternal and 
fetal injury).23

Vacuum deliveries do not have a separate classification 
system and the same classification can be adapted for its 
use (Table 24.4). A second classification is proposed by 
Vacca and based also on the abdominal evaluation of the 
level of the presenting part (Table 24.5).

Anesthesia

Because maternal cooperation is needed, the best results 
are obtained when uterine contractions and maternal 
bearing down efforts are combined with traction. Spinal 
or epidural anesthesia can be used but have the potential 
disadvantage of blocking maternal bearing-down reflexes. 
Local or pudendal blocks are usually adequate and in emer-
gencies the vacuum can be used successfully in unanesthe-
tized patients.

Standard procedure (with Kiwi OmniCup)

When a valid indication for vacuum delivery exists before 
the application a review of the history of the pregnancy 
and labor for factors that may influence the outcome of 
the vacuum should be made. For practical purposes it may 
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Operative vaginal delivery Cesarean deliverySpontaneous delivery

Figure 24.8 A practical management of arrest/protraction of the second stage of labor in nullipara.

Table 24.3 Contraindications for the use of the vacuum 
extractor.

Operator inexperience
Inability to achieve proper application
Maternal refuse
Fetal prematurity (<34 weeks, although some recommend no 

<36 weeks)
Fetal scalp trauma or suspected fetal coagulation defects
Fetus with bone demineralization conditions
Incomplete cervical dilation
Cephalopelvic disproportion
Uncertain fetal head level and/or position
High station (i.e., higher than +2)
Prior failed forceps delivery

Table 24.4 Classification of operative delivery according 
to the level of the presenting part.

Outlet
The leading point of the fetal skull has reached the pelvic 

floor, and is at or on the perineum, the scalp is visible at the 
introitus without separating the labia.

The sagittal suture is in anteroposterior diameter or a right or 
left occiput anterior or posterior position.

Rotation does not exceed 45°.

Low
The leading point of the fetal skull is +2 cm beyond the 

ischial spines, but not on the pelvic floor (i.e., station is at 
least +2/5 cm)

Two subdivision
—Rotation ≤45°
—Rotation >45°

Midpelvis
The head is engaged (i.e., at least 0 station), but the leading 

point of the skull is not +2 cm beyond the ischial spines  
(i.e., station is 0/5 cm or +1/5 cm)

Source: Modified from Committee on Bulletins Practice—Obstetrics, 
Obstet Gynecol, 126, 1118–9, 2015.

  



322 Vacuum-assisted vaginal delivery

be easy to remember the simple short acronym FORCEPS 
that includes all the variables to analyze.24: F as full cervi-
cal dilatation, O as only 1/5 or 0/5 head palpable abdomi-
nally and at vaginal visit engaged head using as referent 
ischial spines or pubic bone, R as ruptured membranes, 
C as contraction present, E as empty bladder, P as posi-
tion known, and finally S as satisfactory analgesia. Before 
applying the cup, urinary catheters, fetal scalp electrodes, 
pulse oximeters, or any other device should be removed, 
especially if included in the cup. The level of the fetal head 
should be carefully assessed and the position of the fetal 
back and sinciput identified. Continuous fetal heart rate 
monitoring with external electrode is mandatory.

Before applying the vacuum, the position of the occiput 
and the exact localization of the flexion point should be 
achieved. The first step to identify the flexion point is to 
locate the posterior fontanel by moving the examining fin-
ger forward approximately 3 cm along the sagittal suture, 
so that the point can be marked. Figure 24.9 shows the cor-
rect application of the vacuum, while Figure 24.10 shows 
an incorrect application where the vacuum is located too 
anterior.

The cup insertion distance can be estimated by means 
of the first distance from the tip of the middle finger to the 
proximal interphalangeal joint and the second distance to 
the metacarpophalangeal joint. Prominent lines have been 
stamped on the suction tube of the Kiwi OmniCup at 6 and 
11 cm, which corresponds, respectively, to the first and the 
second distance. The operator will find this information 
helpful to give an accurate indication of how far to insert 
the cup. At the time of insertion, the operator can lightly 
smear the outside of the cup with obstetric cream or oil, then 
should insert gently the cup through one single movement, 
retracting the perineum with two fingers to form a space 
into which the cup can be placed. Once the cup has passed 
through the introit it will automatically be pushed up against 
the fetal head by the maternal perineum. If the flexion point 
is displaced from the introitus region, as it could happen in 
OT or OP positions, a considerable additional maneuver 
should be required to achieve a correct application over the 
flexion point. The check if there is maternal tissue trapped 
between the cup and the scalp should be done later by mov-
ing the index finger around all the periphery of the cup.

When the operator has maneuvered the cup over the 
flexion point, the recommended vacuum pressure of 
60–80 kPa (450–600 mmHg) may be attained in one step. 
The traction with the vacuum should be regarded as an 
adjunct to expulsive forces of labor and not as the primary 

mean of overcoming resistance to descent. Therefore, the 
traction should be started at the onset of a mother’s con-
traction and be maintained smoothly for the duration, 
synchronously with the mother’s expulsive efforts.

The traction should be performed as two-handed exer-
cise with both hands working in unison, one providing 
the traction (the “ pulling hand”) and the other monitor-
ing the progress (the “nonpulling hand”) (Figure 24.11). 
Moreover, the “nonpulling hand” can be useful to prevent 
complete detachment of the cup by exerting counterpres-
sure with the thumb on the cup and mainly to monitor 
the completion of autorotation of the fetal head during the 
maneuver as it happens in OP and/or OT positions.

At the beginning of the procedure, the direction of the 
traction should be parallel to the birth canal with the han-
dle of the cup as straight as possible. Subsequently, when 
the head advances down the birth canal the direction 
should be more anterior as far as possible to keep the head 
moving along the axis of the pelvis. Finally, when the head 
begins to crown, the direction should be changed to an 
upward direction with an angle of 45° to the horizontal line 
to enable extension of perineum’s muscles and the birth.

Restriction in the number of pulls has been the princi-
pal safety mechanism recommended for avoiding injury 
to the new born during the vacuum extraction. The limit 
of “three pulls plus three pulls”: three pulls for the descent 
phase and three pulls for the perineal phase have been 
adopted as a general, acceptable, and safety rule. The signs 
of a successful progression are descent of the presenting 
part, flexion of the head, and correction of asynclitism, 
autorotation in OP and OT positions. After delivery of the 
head, the vacuum is released, the cup is eased off the scalp, 
and the birth is completed in the classic normal manner.

All infants will retain a characteristic chignon or caput 
(Figure 24.12). As soon as possible after the birth the oper-
ator should palpate the area over the chignon to exclude 
subgaleal by tapping the scalp with the finger tips. With 
a check to the position of the chignon the operator can 
evaluate if the application of the vacuum was correct and 
is mandatory to evaluate for cervical or vaginal or fourth-
degree lacerations. The documentation of the details of 
the procedure should be done, and the form proposed by 
RCOG can be used as a guide (Appendix I).25

The day after the delivery the operator should reexam-
ine the baby in the mother’s presence to answer questions 
and discuss the procedure. About 5% of women who have 
an operative vaginal delivery will have a second operative 
vaginal delivery.26,27

Table 24.5 Classifying vacuum deliveries according to station and level of the head and visibility of the scalp.

Station of head
Level of the head respect to 
ischial spines Fifths palpable abdominally Visibility of the scalp

Mid-cavity vacuum 0 cm, +1 cm 1/5 Not visible
Low vacuum (a) +2,+3 cm 0/5 Not visible
Low vacuum (b) +3/+4 cm 0/5 Visible at introitus
Outlet +5 0/5 Visible and distending introitus

Source: Modified from Vacca A, Handbook of Vacuum Delivery in Obstetrics Practice (3rd edition), Brisbane, Australia: Vacca Research, 2009.
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THE POSTERIOR CUP STANDARD PROCEDURE
Assisted vaginal delivery starting from an OT and/or OP 
fetal head position requires the finest clinical judgment.24,28

The necessary rotation of OT and OP position increases 
the risks of maternal and fetal trauma. The technique for 
insertion of the vacuum is the same as for occipito- anterior 
position, but there are some differences on the techniques 
of applying the cup and exercising traction. Vaginal exam-
ination is similarly performed to confirm the flexion point 
and to estimate the cup insertion distance. In OP and OT 
positions, the fetal head is not visible. As a general rule, 
the operator should remember that the flexion point is at 
least 8 cm from the posterior furchette. Furthermore, in 
an obliquely OP position where the deflexion may be pro-
nounced the insertion distance may be as much as 10 or 
11 cm, therefore the operator should achieve during the 
insertion the maximum distance (Figure 24.13). When the 
cup has been applied a perpendicular direction of traction 
is frequently not possible to achieve with the initial pulls. 
For this reason, the operator should remember to apply an 
oblique angle to the cup in order to gain the axis traction. 
The oblique traction increases the risk of cup detachment; 
therefore, to prevent this complication the operator’s 
thumb alone should be inserted into the vagina to press 
against the dome of the cup and obtain a counterpressure 
when the traction is applied.

The right application will result in the rotation of the 
head descending (autorotation) and at this time the trac-
tion should be directed in the line of the axis of the pelvis 

(Figure 24.14). No attempt should be made to complete the 
rotation of the cup manually or moving around because 
such maneuvers could dislodge the cup causing the detach-
ment and increasing the risk of severe scalp lacerations. 
Another mistake could be to pull upward prematurely. 
In these fetal head positions the midpoint of the head is 
trailing approximately 6 cm behind the cup, so the fetal 
head will pivot around this point upward, and the traction 
should be delayed until the point emerged from beneath 
the pubic arch to maintain the correct axis of traction. The 
operator can observe the autorotation noting the shift in 
position of the groove on the surface of the OmniCup.

TRACTION FORCE AND DURATION OF THE PROCEDURE
When the fetal head passes through the birth canal, in a 
normal labor, the compression force acting depends on the 
friction between maternal tissues, the size of the baby, and 
the strength of the expulsive force. During the expulsive 
phase of a spontaneous labor, forces acting on the fetal 
head have been calculated to be between 8.4 and 15 kg. 
Many authors have tried to define what force constitutes 
a safe level of traction during an operative vaginal deliv-
ery and how long it should be applied but the difference 
between excessive, average, or minimum forces and limits 
in duration of traction actually depends on obstetrician’s 
subjectivity. Petterson et al. suggested that obstetricians 
tend to underestimate the actual traction force applied 
and evaluated that no more than 2.5% of the operators, 
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Figure 24.9 The cup is placed in the midportion of the sagittal suture and overlaps the posterior fontanelle. The center of the 
cup is two finger breadths forward of the posterior fontanelle. If the cup is properly positioned, traction will automatically produce 
flexion of the fetal head.
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regardless of experience, claimed to be aware of a maxi-
mum limit of the traction force to be used. A traction force 
of 225 N (corresponding to a mass equivalent of 23 kg) 
has been suggested as an upper safe limit for an operative 
vaginal delivery.29

Vacca et al. reported that a peak traction force <11.5 kg 
(equivalent to 113 N) would be sufficient in 80%–86% 
of vacuum extractions and instead reported a rate of 
12% (3/24) of neonatal scalp abrasion and 16% (4/24) of 
cephalohematoma in infants delivered with traction that 
exceeded that limit, but there is no clear evidence of a rela-
tion between adverse neonatal outcome and high traction 
force employed. Vacca showed a high proportion of exces-
sive traction force during the outlet phase.30

Petterson showed a decrease of force in the traction 
force employed with each successive pull.29

It is perhaps simplistic to talk about maximum traction 
force in isolation and not related to the duration of traction 

and the number of pulls. Many factors can be related to 
traction force and duration of the procedure: characteris-
tics of the uterine contractions, epidural analgesia, opera-
tor’s experience, parity, station, and position of fetal head. 
A significant increase in peak traction was noted in pri-
miparous (209 N; confidence interval [CI] 63–452 N, p < 
.05) and in the case of OP position (335 N; CI 61–857 N, 
p < .05). Moreover, in the case of OP position there was 
an increased number of traction of pulls compared with 
those for occipital anterior (8 vs. 2). The average reduc-
tion of force is greater for minimum and average extrac-
tion compared with excessive vacuum extraction, and also 
the average time needed to reach the extraction is greater 
in the excessive compared with the average or minimum 
traction during the vacuum. If the duration of procedure is 
restricted to 15 minutes and the number of pulls is limited 
to three for descent phase and three for the perineal phase 
the vacuum-assisted vaginal delivery should be considered 
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Figure 24.10 A cup placed too far anteriorly either in the midsagittal suture or farther toward the anterior fontanelle will with 
traction result in a deflexed or extended head.
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relatively safe.29,30 Unless the delivery is imminent, if the 
duration extends to or beyond 20 minutes the procedure 
should be discontinued and the baby delivered by CS.24

SPECIAL SITUATIONS
The vacuum instrument has special advantages, particu-
larly for selected obstetric circumstances, including malpre-
sentation, delivery of the second twin, and delivery at CS.

Malpresentation

Persistent OP position is the most common malposi-
tion of fetal head with an incidence ranging between 
2% and 13%.31 In a large series of OP and OT positions 
delivered by VE, the failure rate was 4% in each group.32

OP positions rotated to the anterior in 96% of the cases 
and persisted in the remaining ones. For OT positions, 

96% also rotated anteriorly, 2% delivered faceup, and 2% 
persisted in the transverse. In a few cases, after VE rota-
tion, forceps were used for delivery. The VE imposes no 
constraint to rotation, especially in the anthropoid pel-
vis. In the anthropoid pelvis, approximately one-third of 
the head rotates posteriorly when the traction is applied. 
While some authors do not view the vacuum favorably 
and prefer Barton’s or Kielland’s forceps formal positions 
of the fetal head,33 others report that, if strict criteria are 
followed, the complication rate should approach zero 
when the VE is used.34

Figure 24.11 Prevention of cup detachment. (From Vacca A, 
Handbook of Vacuum Delivery in Obstetrics Practice (3rd edition), 
Brisbane, Australia: Vacca Research, 2009. With permission.)

Figure 24.12 The cup has been removed. The cord has 
been released from around the baby’s neck. Note the caput. 
The mother should be informed that the button is an expected 
result of the use of the vacuum device and will rapidly recede 
over 2–3 days.

10–11cm

Figure 24.13 Insertion distance in posterior cup proce-
dure. (From Vacca A, Handbook of Vacuum Delivery in Obstetrics 
Practice (3rd edition), Brisbane, Australia: Vacca Research, 2009. 
With permission.)

Direction of traction

Axis of pelvis

M

Figure 24.14 Rotation of the descending head in poste-
rior procedure. (From Vacca A, Handbook of Vacuum Delivery 
in Obstetrics Practice (3rd edition), Brisbane, Australia: Vacca 
Research, 2009. With permission.)
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Cesarean section

The VE can be an effective adjunct to difficult extraction 
during cesarean delivery, e.g., in the presence of malpresen-
tation or high presenting part or large myoma. The resis-
tance of the uterine wound is less than that of the tissues 
of the birth canal, and the device takes less space than the 
operator’s hand or the forceps blades. This approach could 
minimize in some cases the extension of the uterine incision.

Twins

For the delivery of the second twin, the VE may be use-
ful in the presence of cord prolapse, delayed delivery with 
head not engaged, and nonreassuring fetal heart rate; VE 
should be the first choice if the obstetrician is not confi-
dent with internal version and breech extraction.

ULTRASOUND (US) AND INSTRUMENTAL DELIVERY
Correct diagnosis of fetal head position is a prerequisite 
for safe instrumental vaginal delivery. Suboptimal instru-
mental placement is associated with postpartum hemor-
rhage (odds ratio [OR] 1.94), increased risk of prolonged 
hospital stay (OR 2.28) and neonatal trauma (OR 4.25), 
and a greater use of sequential instruments (OR 3.99) and 
CSs after a failed attempt of instrumental delivery (OR 
3.81).35 Factors associated with suboptimal placement are 
fetal head malposition and mid-cavity station. Diagnosis 
of fetal malposition will determine the skill required of 
the operator, the place of delivery, the choice of delivery, 
and the success or failure of the procedure. However, 
even among experienced clinicians there is a substantial 
variability in the interpretation of the fetal head station 
and position, reflecting how difficult and unreliable this 
clinical evaluation can be, especially when caput and/
or molding are present. The accuracy of fetal head posi-
tion determination by vaginal digital examination ranges 
between 25% and 75%. Determination of fetal head posi-
tion with US in labor is easier to learn. Indeed 82 digital 
vaginal examinations were necessary in order to obtain 
a low error rate, whereas this was achieved with only 32 
examinations, all performed by a student who was in his 
learning curve.62 US can decrease the rate of errors >45°, 
which has been reported in 53% of vaginal examinations 
during active labor.

In Table 24.6, a practical approach to US determina-
tion of the fetal head position is reported. A recent mul-
ticenter randomized trial shows that US assessment prior 
to instrumental delivery reduces the incidence of incorrect 
diagnosis of position without delaying the delivery.36 On 
the contrary, US assessment of the OP of the fetal head or 
the level of the presenting part should neither be used to 
predict the mode of delivery nor should be used alone in 
the decision to perform vaginal operative delivery or not. 
Vaginal and abdominal evaluations are essential elements 
for a safe operative vaginal delivery. However, a US assess-
ment prior to operative vaginal delivery can enhance the 
accuracy of diagnosis of fetal head position, then reducing 
the suboptimal instrumental placement which is an impor-
tant factor related to maternal and/or neonatal morbidity.

EPIDURAL ANALGESIA (EA) AND INSTRUMENTAL 
DELIVERY
Labor EA is an increasingly used technique as the most 
effective for pain relief during labor. Since its introduction, 
the controversy about the relation between its effect and pro-
longed labor, instrumental delivery, and CS has continued.

During the second stage of labor, the fetal head descends, 
flexes, and rotates anteriorly. These cardinal movements 
are accomplished by effective uterine action and maternal 
expulsive efforts. After the first passive phase when uter-
ine action causes the descent of the fetal head to the pel-
vic floor, the maternal effort is added to the active phase. 
Epidural analgesia blocks the Ferguson’s reflex that is a 
normal endogenous source of oxytocin in the second stage 
of labor; moreover, the concomitant sensory blockade can 
diminish a women’s urge to push.28 The prevalence of pro-
longed second stage of labor occurs in 9.9% of nulliparous 
and 3.1% of multiparous with epidural analgesia in labor.37

Compared with women who had spontaneous labor with-
out epidural analgesia in the Consortium on Safe and 
Labor Study, nulliparous women who had epidural anal-
gesia had a median duration of 66 minutes while those 
without had a median duration of 36 minutes.38

In addiction, some studies suggest that EA may be associ-
ated with fetal malposition such as OP or OT position as a 
result of fetal occiput malrotation during labor. A retrospec-
tive study which included 398 women found out that epidural 
analgesia applied when the fetal head is still “high” is associ-
ated with an increased rate of malposition during labor.39

Recently, a retrospective cohort of 1404 nulliparous 
women with spontaneous labor and EA did not show a 
clinically significant increase in the frequency of fetal head 
malposition at vaginal delivery compared with 1255 nul-
liparous with spontaneous labor without EA.40

A recent Dutch 10 years’ population study found that 
EA was triplicated in 10 years but the rate of instrumental 
deliveries was relatively stable. Therefore, in the last years 
the relation between EA and operative vaginal delivery 
seems weaker than in the past.41

On the other side, in Netherlands, a randomized non-
inferiority trial on 488 women randomly allocated two 
groups: routine use of EA vs. use of EA on request showed 
a statistically significant difference in the rate of operative 
deliveries (difference 8.9%; 95% CI 0.4–17.4).42

Regarding the type of analgesia techniques there is no 
differences between the rate of operative vaginal deliv-
ery for combined spinal–epidural analgesia and standard 
techniques (OR 0.82; 95% CI 67–1.00) and the spontane-
ous delivery rate between patient controlled EA and con-
tinuous EA infusion.25

A retrospective case–control study on 3093 EA during 
labor using epidural bolus of 10–15 mL of bupivacaine 
with fentanyl followed by continuous infusion of bupiva-
caine with fentanyl at 7–10 mL/h found that women who 
requested for EA had need of oxytocin significantly more 
often: 80.3% vs. 58.3%, but there were no differences in the 
rate of instrumental delivery and in neonatal outcomes 
such as Apgar score and pH.43
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The impact of EA on and in assisted vaginal delivery is 
still controversial probably because it influences maternal 
and fetal physiology, the course of labor, the duration of 
second stage, and affects the overall assistance and deci-
sion making during delivery.

Vacuum failure

There are two reasons to define the failure of vacuum pro-
cedure: continued detachment of the cups and/or lacking 
of fetal head descent. The rate of failed operative vaginal 
delivery has been reported to be 2.9%–6.5%.23 The most 
common clinical factors associated with failed operative 
vaginal delivery are OP position (OR 12.7), macrosomia, 
nulliparity, higher station, excessive molding of the fetal 
head, protracted labor, and maternal obesity.44

In an analysis of 3798 cases, only birth weight and 
second-stage labor duration were significantly associated 
with failure, after controlling for operator experience.54

In case of a borderline cephalopelvic disproportion, 
excessive traction is likely, resulting in the detachment of 
the cup, and could be a protective mechanism of the VE.

The suboptimal placement of the primary instrument 
is associated with the greater use of sequential instru-
ments (OR 3.20; 95% CI 1.71–5.95; p < .001), leading to 
longer delivery time and higher risk of an emergency CS. 
The incidence of suboptimal placement is in turn higher 
in case of fetal malposition (OR 2.44) and in case of mid-
cavity station (OR 1.68) and twice as high if forceps were 
used as the primary instrument.35

Failure is more likely to occur with soft than with rigid 
vacuum cups (10% vs. 22%) even though the soft cups are 
associated with less fetal trauma.44 The higher failure rate 
of soft cups is due to easy detachment usually in OP, asyn-
clitic, and/or deflexed presentations.

Women who underwent cesarean delivery after an 
attempt of operative vaginal delivery are more likely to 
have wound complications and to undergo general anes-
thesia, and neonates had an increased incidence of an 
Apgar score less than 3 at 5 minutes and/or umbilical 
artery pH less than 7.46 In a report of 1360 nulliparous 
women undergoing operative vaginal delivery, the use of 
sequential instruments was associated with increased anal 
sphincter tears and low umbilical artery pH.47 Therefore, 
the sequential use of vacuum and forceps has been asso-
ciated to increased neonatal complications and should be 
not routinely performed. A trial of a second attempt to 
operative vaginal delivery is an appropriate option only 
in the situation where the obstetricians feel the chance of 
success and where they must be ready to abandon faster 
the attempt and go to an emergency CS; i.e., proceeding to 
forceps after VE is feasible when there is a technical prob-
lem with the equipment, or where the fetal head is at the 
perineum and no macrosomia is suspected.

Episiotomy

Delivery may be controlled with the VE and be assisted 
over an intact perineum or may proceed after episiotomy. 
The use of episiotomy is controversial and should not be 

considered as routine as it does not appear to be always 
beneficial and may increase maternal morbidity.48

A large population-based study demonstrated that 
mediolateral episiotomy was protective against anal 
sphincter injury for both forceps and vacuum extrac-
tion and recommended that it should be used routinely 
to protect the anal sphincters.49 Another study demon-
strated that the incidence of sphincteric damage was 3.5% 
if mediolateral episiotomy was performed during VE and 
15.6% if it was not.50,51 A recent meta-analysis, however, 
suggests that only lateral episiotomy is protective.

If the decision to proceed to episiotomy has been done, a 
mediolateral or lateral incision should be preferred because 
a midline episiotomy is associated with higher probability 
of vaginal or anal sphincter injuries, and the direction of 
the incision is relevant.52 A cooperation between obstetri-
cian and midwife is essential.

Episiotomy could be protective in specific conditions:

• Nulliparity
• Delivery of a large baby (above all in a nullipara)
• Delivery of a baby in OP position
• Arrest of the descent at the outlet of the pelvis
• Detachment of the cup at the outlet
• High traction forces needed on the perineum
• Spontaneous tearing of the vagina or perineum for 

excessive stretching
• Incorrect cup application

If vacuum extraction is made without an episiotomy the 
operator should avoid excessive traction and perform one 
or two extra tractions for the perineum to distend over the 
head as it descends.

MATERNAL INJURIES AND MORBIDITY
Maternal complications associated with the use of the 
VE are rare,23 nevertheless serious injuries have been 
reported, often occurring in mothers with predisposing 
factors. When we consider maternal complications we 
need to take into account that second-stage cesarean deliv-
ery is also associated with more complications than those 
performed in the first stage of labor.53 Maternal complica-
tions include cervical and/or vaginal lacerations, vaginal 
hematomas, third or fourth degree lacerations, with con-
sequent hemorrhage, pain, or infection. Established risk 
factors include nulliparity, high body mass index, high 
birth weight, difficult or obstructed labor, high station of 
fetal head, malposition of fetal head, incompleted dilated 
cervix, or failure of the procedure.24,54,55 Cervical and/or 
vagina injury could be related to the procedure itself or 
caused by entrapment of the tissue under the suction cup.

Demisse et al.56 reported severe perineal lacerations in 
5.8% spontaneous delivery, 22% with forceps, 15% with 
vacuum, and 29% with forceps after failed vacuum. More 
recently Landy reports that VE is independently associated 
with a 2.7-fold and forceps with a 3.6-fold higher risk of third 
and fourth degree lacerations. Therefore an operative vagi-
nal delivery has been recognized as a risk factor for perineal 
tears and anal sphincter injury, but it is difficult to separate its 
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contribution to these injuries from other clinical factors asso-
ciated to its use, such as prolonged second stage of labor, fetal 
size, fetal malposition, shoulder dystocia, and episiotomy.48

Fetal malposition has been shown to increase the risk of 
perineal trauma. A study of 1481 women found that any 
fetal position other than occipito-anterior was associated 
with a significant risk of perineal trauma (OR 1.30; 95% CI 
1.14–1.48; p < .005).45 Anal sphincter tears are more preva-
lent in case of fetal malposition, which is in turn an inde-
pendent risk factor for failure of instrumental delivery.44

If anal sphincter lacerations happen with operative vaginal 
delivery, anal incontinence rates at 5–10 years after delivery 
are similar to those women who had a spontaneous deliv-
ery and the risk of recurrence rate of sphincter and/or anal 
sphincter tear is 3.2% but it could be increased if the second 
delivery requests another operative vaginal delivery.49,53,61

An inspection for lacerations after every instrumental 
delivery57 is mandatory. Instrumental delivery does not 
seem to be associated per se with increased risk of persistent 
postpartum urinary incontinence compared with sponta-
neous vaginal delivery and does not appear to promote pel-
vic organ prolapse. Anyway, the presence of several perineal 
lacerations increases the risks of perineal diseases such as 
perineal pain, dyspareunia, and sexual diseases when com-
pared with spontaneous vaginal delivery.55 Unsuccessful 
attempt of instrumental delivery is associated with a higher 
risk of psychological maternal trauma. Women who have 
experienced a previous failed attempt are likely to opt for an 
elective CS rather than another attempt of vaginal birth.54

NEONATAL INJURIES AND MORBIDITY
Neonatal complications associated with the use of VE are 
more recurring, although in many cases these may be due 
to the complication of the labor that led to the necessity for 
the use of an instrumental vaginal delivery rather than to 
the procedure itself.

Alexander et al. reported data from a cohort of 3189 
women disclosing that in the absence of a nonreassuring 
fetal heart rate tracing, an attempt at operative vaginal 
delivery before performing a caesarean delivery was not 
associated with adverse neonatal outcome. For this rea-
son it could be better to classify neonatal complications 

according to clinical issue rather than a statistical issue. 
The neonatal complications should be classified24:

• Cosmetic scalp effects: Chignon (Figure 24.15), cup dis-
coloration, and brushing.

• Clinically nonsignificant injuries: Retinal hemorrhage, 
blisters, superficial scalp abrasions, cephalohematoma, 
subcutaneous hematoma, and mild jaundice.

• Clinically significant injuries: Extensive or deep scalp 
lacerations, subgaleal hemorrhage, intracranial hemor-
rhage, and skull fracture.

• Indirect and coincidental effects: Brachial plexus injury 
and fracture of the clavicle associated with shoulder 
dystocia, neonatal respiratory depression.

The majority of neonatal effects are cosmetic, transient, 
and without any significance. These effects include the 
artificial caput succedaneum, named chignon, that devel-
ops inside the cup when the vacuum is induced. The chi-
gnon, which can be different in size, extension, and color 
due to the type of cup and the amount of traction decreases 
rapidly to become a diffuse swelling within 1 hour of birth 
and then behaves like a normal caput until 24–48 hours. 
According to Malmström,58 ecchymoses are present on 
the fetal scalp 24 hours after delivery in 17% of the cases.

Scalp abrasion occurs in about 11% of vacuum, and the 
lesion always heals rapidly over a week without leaving 
any signs. Therefore, parents should be reassured the baby 
head does not show any residual markings on the scalp. 
The factors which could influence these lesions such as 
abrasion, ulceration, necrosis are prolonged traction, cup 
detachments, and failure of the procedure.

Retinal hemorrhage is a feasible manifestation that 
occurs in neonates after vaginal delivery, it is more com-
mon after instrumental delivery. The mechanism is still 
not well known but the low incidence in babies born after 
caesarean section suggests that forces associated with the 
passage of the fetal head through the birth canal predis-
pose to the lesion. The lesions solve within 2–3 weeks in 
the easier cases or within 6 months in the more serious 
cases, leaving no residual effects. Evidence from random-
ized trials suggests that vacuum extraction is associated 
with more retinal hemorrhages than forceps delivery.24
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Figure 24.15 (a) Subgaleal hematoma is a serious injury. Blood collects between the galea and the table of the skull. Large 
volumes of blood can accumulate, leading to hypovolemia. (b) In contrast, cephalhematoma occurs under the tough, well-attached 
periosteum and is therefore self-limited.
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Cephalohematomas (Figure 24.15) are collections of 
blood under the periosteum of skull bone and are limited 
to the confines of a cranial bone, usually the parietal. It is 
more likely to occur as the duration of vacuum application 
increases. One study found out that cephalohematoma was 
diagnosed in 28% of neonates when the time from applica-
tion to the delivery exceeded 5 minutes. Its incidence var-
ies from 4% to 7% due to the type of cup, rising in the case 
of a rigid, metallic vacuum cup.

Resolution of subcutaneous hematoma occurs rapidly 
over a week. Clinical injuries such as subgaleal or intra-
cranial hemorrhage are more severe complications. The 
subgaleal hemorrhage (Figure 24.15) is one of the most 
serious and potentially life-threatening complications of 
vaginal delivery, due to a bleeding which develops in the 
space between the periosteum and the galea aponeurotica. 
The hemorrhage can occur over several hours following 
delivery and unless careful observations are made, the 
bleeding may not become obvious until the hematoma 
is extensive. The subaponeurotic space has a capacity of 
about 250 mL; therefore, the symptoms of this condition 
are similar to a circulatory collapse characterized by pal-
lor, hypotension, raised pulse, and fall of the hematocrit. 
The incidence of subgaleal hemorrhage is 1 in 2000–3000 
spontaneous deliveries and 1 in 150–200 vacuum-assisted 
deliveries. The occurrence is the same for vacuum-assisted 
delivery with both rigid and soft cup and is likely to be 
increased with improper placement or with failed pro-
cedure.28 The risk of rare intracranial hemorrhage rises 
after failed vacuum extraction mainly if it is followed by 
a forceps-assisted delivery. Clinical manifestations of seri-
ous intracranial bleeding are variable but neonates always 
show abnormal neurological signs such as increasing irri-
tability, depression of breathing, apnoea, or convulsions. 
Estimates from large cohort studies have indicated that 
intracranial hemorrhage occurs in one of every 650–850 
operative vaginal deliveries and neurologic complications 
occur in one of every 220–385 infants delivered using for-
ceps or vacuum extraction.

Indirect and coincidental effects such as shoulder dysto-
cia, brachial plexus injury, fractures of the clavicle, and/or 
humerus are more common after vacuum-assisted delivery, 
although in many cases these may be mainly due to fetal 
characteristics and related to a mild pelvic vacuum applica-
tion. A recommendation is necessary for selective cases in 
which the fetal weight size was estimated to be above 4 kg 
and where there was an abnormal progress in labor.

Operative vaginal delivery was associated with a rate 
of neonatal encephalopathy of 4.2 per 1000 term neonates 

compared with 3.9 per 1000 delivered by cesarean deliv-
ery.59 ACOG guidelines highlight that there are few data 
to assess the long-term consequences of operative vaginal 
delivery but the evidence indicates that they are equivalent 
to those of spontaneous vaginal delivery.

In another study no differences were seen in scholastic 
performance, speech, or neurologic abnormality between 
295 children delivered by vacuum extraction and 302 chil-
dren in the control group.60

TRAINING
VE has become the instrument of choice in vaginal-
assisted delivery for many obstetricians. When utilized 
properly, it is an effective and important tool in the arma-
mentarium and could contribute to reduce the rate of 
cesarean delivery. The danger of instrumental deliveries 
depends more on the operator’s skill than on the instru-
ment itself. As with any medical and obstetric devices, 
the following established guidelines minimize the risk 
of injury to mother and the infant. Training must ensure 
that obstetricians can identify indications and contrain-
dications, knowledge of the instrument, of the technique, 
and correct use. Moreover, nontechnical skills are relevant 
like in other procedures, with more emphasis on situa-
tional awareness, relationship with the women, and cross- 
monitoring of performance. The usual training between 
teacher and trainees in the delivery room can be accompa-
nied by simulations with mannequins that can reduce the 
problem that is experienced in a large number of proce-
dures. The involvement of teachers and trainees obstetri-
cians in these sessions may improve practice for both.

As sufficient experience is gained, more difficult proce-
dures may be attempted, including use for malpositions, 
emergency deliveries, extraction at CS, and delivery of the 
second twin. In the case of forceps, it would be inappropri-
ate to do rotational procedures before acquiring expertise in 
outlet techniques. The same logic should apply to the VE. 
Understandably, the complications occur early in training 
or, on the contrary, when a high confidence with the instru-
ment can bring the operator to underestimate the relevance 
of the procedure.

We could summarize the vacuum operative delivery 
in 10 actions which include all the things to remember 
before, during, and after the procedure.

TEN ACTIONS TO DO IN VACUUM OPERATIVE DELIVERY
Before the procedure

1. Assessment of the indications and/or contraindica-
tions of the procedure.

Table 24.6 Ultrasound for determination of fetal position (transabdominal or suprapubic axial scansion).

Fetal head position Image under symphysis Occiput at “clock-face”

Occiput anterior Cerebellum, cervical column 9:30/2:30
Occiput posterior Nose, eyes 3:30/8:30
Occiput transverse Midline On the left 2:30/3:30

On the right 8:30/9:30
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2. Assessment of maternal–fetal conditions: Identi-
fication of any historical risk factors, preliminary 
analysis through semeiotic obstetric maneuvers, 
assessment of cervical dilatation.

3. Assessment of fetal head station and position.
During the procedure

4. Empty bladder, mother informed.
5. Application of the vacuum following the standard 

rules.
6. Check of gradual progression of fetal head during 

the procedure.
 7. No more than three tractions: Possible fourth 

traction only if the head station is at perineum 
level.

 8. No more than two applications if there is vacuum 
pop-off. In the second attempt involvement of a 
skilled operator.

 9. No more than 15–20 minutes to conclude the 
procedure.

After the procedure.
 10. Documentation of the procedure and assessment of 

the maternal and neonatal outcomes, remembering 
to reassure parents.

APPENDIX I*

Documenting operative vaginal delivery.
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25Fetal malpresentations
PIERRE F. LESPINASSE

The labor process usually involves passage of the fetus 
through the birth canal in vertex presentation. In 2%–3% 
of pregnancies, the presenting part is the breech.1 However, 
in about one in 300, the fetus is in transverse lie or presents 
by the shoulder. Malpresentations are pathologic, since 
they make vaginal delivery difficult or impossible. They 
are also associated with an increased incidence of birth 
injuries.

BREECH PRESENTATION
Breech presentation is common in early gestation, but its 
incidence decreases at term. The rate of breech presenta-
tion is still in the range of 7%–10% among fetuses weigh-
ing less than 2500 g. Therefore, factors that cause preterm 
labor increase the incidence of breech delivery.

Breech presentations may be subdivided into three cate-
gories: Frank breech, complete breech, and footling breech 
(Figure 25.1). The most common type is frank breech. 
Footling breech is seen relatively frequently in multiparas 
and in association with preterm labor.

The incidence of congenital malformations is about 
threefold higher among fetuses in breech presentation than 
those in cephalic presentation.2 Malformations frequently 
associated with breech presentation include anencephaly, 
hip dislocation, hydrocephaly, spina bifida, trisomies 13, 
18, and 21, and meningomyelocele.

Breech presentation can be diagnosed with abdominal 
palpation or pelvic examination during the third trimes-
ter.3 In all suspected cases, an ultrasound examination 

should be performed to confirm the presenting part, the 
attitude of the fetal head, and the type of breech. It will also 
help determine the location of the placenta, the estimated 
fetal weight and gestational age, the amount of amniotic 
fluid, and the presence or absence of pelvic masses that, by 
obstructing the birth canal, may have caused the abnor-
mal fetal presentation.

Previously virtually all breech presentations were man-
aged by vaginal delivery,4,5 the perinatal mortality rate for 
breech deliveries was three to five times higher than for 
vertex deliveries.6,7 The main causes of fetal mortality and 
morbidity were prematurity, congenital malformations, 
intrapartum hypoxic insult, and birth trauma. Prolapse 
of the cord was and still remains a major problem with 
breech presentation. Whereas the incidence of cord pro-
lapse is about 0.3% with cephalic presentation, it is in the 
range of 3%–5% with breech presentation. This risk is par-
ticularly high in footling breech. However, with a frank 
breech presentation, the incidence is close to that observed 
in cephalic presentation.

The gravest danger associated with breech delivery is 
arrest of the aftercoming head either by the pelvis or by the 
incompletely dilated cervix. The latter alternative is most 
threatening in premature deliveries, when the relatively 
small fetal body fails to dilate the cervix sufficiently for the 
passage of the head. It should be remembered that, whereas 
the progress of the head through the pelvis may take hours 
in cephalic presentation, the same must be accomplished 
within 2–3 minutes when the delivery of the head follows 
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that of the body. Passage of the head may be hindered fur-
ther by deflexion of the head or by a nuchal arm or arms. 
This latter complication may occur as a result of either too 
rapid descent of the fetal body in the birth canal or traction 
applied upon the lower extremities by the accoucheur.

Traumatic fetal injuries associated with vaginal breech 
delivery include spinal cord laceration and even transec-
tion; intraventricular hemorrhage; tentorial tear; fracture 
of the skull, vertebrae, ribs, or long bones; rupture of the 
spleen or the liver; and bleeding in the adrenals.8,9 Injuries 
may also involve the muscles, the scrotum, and the testes. 
The latter may lead to testicular atrophy.

The relatively high perinatal mortality and morbid-
ity rates10 attributed to vaginal delivery have resulted in 
the introduction of restrictions to elective breech vaginal 
delivery. The following factors have long been considered 
contraindications to attempted vaginal breech delivery:

 1.   Contracted pelvis11

2.   Estimated fetal weight exceeding 3600 g
 3.  Poor obstetric history
 4.   First pregnancy in a >35-year-old woman
 5.   Placenta previa
 6.   Dysfunctional labor
 7.   Prolapse of the umbilical cord
 8.   Prolonged premature rupture of the membranes
 9.   Footling breech
 10.   Less than 32 weeks’ gestation
 11.   Hydrocephaly
 12.   Scarred uterus
 13.   Deflexed fetal head

In recent decades, cesarean section has become the 
preferred method of delivery by most obstetricians. Some 
physicians and even medical organizations categorically 
reject the option of elective breech vaginal delivery cur-
rently and consider elective cesarean section the method 
of choice.12,13 Others restrict elective breech deliveries to 
cases that fulfill certain specific criteria.6,14–16

CONTEMPORARY MANAGEMENT
Since opinions vary with regard to the place of vaginal 
breech delivery in contemporary obstetric practice,17–21

elective cesarean section for breech presentation is always 
an acceptable management choice. It is advisable to inform 
the patient about the differing opinions about the mode of 
delivery and involve her in the decision making. In order 
to give informed consent, the patient should be told that 
intrapartum complications may necessitate abandonment 
of a planned vaginal delivery.

Irrespective of the contemplated management, patients 
with breech presentation need close follow-up during the 
antepartum period. They should be advised about the 
risks of premature rupture of the membranes and preterm 
labor. When the breech presentation persists, the patient 
should undergo ultrasound examination to exclude condi-
tions conducive to persistent malpresentation, such as pel-
vic tumors or fetal malformations. In the absence of such 
abnormalities, external version around 35–36 weeks is the 
recommended contemporary management.22,23

Patients selected for a trial of labor need to be hospital-
ized early. The presentation of the fetus and the absence of 
deflexion of the head should be confirmed by ultrasound 
at the time of admission. It is important to remember that 
any degree of pelvic contraction is a contraindication to 
vaginal breech delivery. Computer tomography and mag-
netic resonance imaging can be used for pelvimetry, but 
their usefulness is disputed.24 Before and after the pro-
cedure, the parturient must be monitored electronically. 
Rupture of the membranes must be avoided. Evidence of 
nonreassuring fetal heart rate or abnormal progress of 
labor is an indication for cesarean section.

Abdominal breech delivery can be performed under 
regional or general anesthesia. One should remember that 
extraction of the aftercoming head through a small incision 
can be as difficult as a complicated vaginal breech deliv-
ery. Fetal injuries, similar to those observed in connection 
with vaginal breech deliveries, can also occur with cesarean 

Frank breech Complete breech Footing breech

Figure 25.1 Various types of breech presentation. (Courtesy of Drs. Alvin Langer and Kay W. Kennedy, from Iffy L and Kaminetzky 
HA, eds., Principles and Practice of Obstetrics & Perinatology, p. 1521, New York, NY: Wiley, 1981. With permission from Leslie Iffy.)
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section. Complications such as extension of the uterine inci-
sion to the cervix or laterally to the uterine vessels may occur.

BREECH DELIVERY
Traditionally, the primary mode of delivering the breech 
fetus was through the vagina by a wide variety of techniques 
and maneuvers.15 Maternal safety was the overwhelm-
ing concern, given the fact that modern antibiotics, blood 
banking, and safe anesthesia did not exist. In addition, 
techniques and facilities to sustain premature infants or 
those with congenital anomalies were not readily available.

To improve perinatal outcome, Hall and Kohl25 sug-
gested, in 1956, the routine use of cesarean section for 
breech presentation. Based on an analysis of 1456 breech-
presenting fetuses, they concluded that cesarean section 
produced a lower perinatal mortality rate than vaginal 
delivery.26 Since then, the rate of cesarean sections for 
breech presentation has risen from 5%–10% up to 80%–
100%. On the ground of a large international study which 
involved a variety of obstetric centers with differing pro-
fessional standards, Hannah et al.27 in 2000 concluded 
that elective vaginal breech delivery involved unaccept-
able fetal risks.21 Their view was endorsed virtually imme-
diately by British authorities.28 Although the protocol on 
which the findings of the investigators rested incorporated 
management patterns that had been considered unac-
ceptable in the United States for decades, the American 
College of Obstetricians and Gynecologists soon followed.

The turnaround did not go unchallenged. Several 
authorities have presented the view that Hannah et al.’s 
data excluded reference to the effect of cesarean sections 
upon subsequent pregnancies and, thus provided inad-
equate evidence for the support of their far-reaching con-
clusions.6,14,15,29 The perinatal mortality rate associated 
with breech presentation has decreased since the wide-
spread application of cesarean section; however, there has 
been a concomitant concern about the maternal risks of 
cesarean section, including infectious morbidity and the 
danger of rupture of the uterus in subsequent pregnancies. 
Maternal death from elective cesarean delivery (CD) for 
breech has been reported. The latter complication along 
with a variety of others that occur with increased fre-
quency after abdominal deliveries, such as placenta previa, 
placenta accreta, premature labor, and in utero fetal death, 
imposes substantial risks upon future siblings of babies 
delivered by the abdominal route.

In 2004, a follow-up study evaluating the outcome of chil-
dren with the term Breech trial did not find that a planned 
CD was not associated with a reduction in fetal death or neu-
rodevelopmental delay. Despite these findings the authors 
maintained their recommendation for a planned CD.

One alternative to abdominal delivery is external ver-
sion.23 Another alternative is selective trial of labor for 
breech fetuses. A randomized study which compared 
elective cesarean section with protocol-managed labor 
in frank breech fetuses at term found significant mater-
nal morbidity when breech infants were delivered by 
cesarean section, with no dramatic improvement in the 

neonatal outcome.30 Nonetheless, cesarean section is likely 
to remain the most frequent modality of delivery in breech 
presentation. When the opportunity arises for a selective 
trial of labor, the obstetrician must possess the skills nec-
essary to conduct delivery vaginally. It is advisable to dis-
cuss the risks and benefits of the available options with the 
patient before any relevant decision making.

Although usually less conducive to birth trauma than a 
vaginal breech delivery, abdominal extraction of the fetus 
presenting by the breech can involve considerable technical 
difficulties. Since the lower uterine segment is often unef-
faced, it may be difficult to cut a long enough transverse uter-
ine incision for the delivery of the aftercoming head. Delay 
in completing the delivery process may cause fetal hypoxia, 
and undue force used during traction may result in traumatic 
injury.31 In the same process, the incision may extend either 
laterally, involving the uterine blood vessels, or in the direc-
tion of the cervix, causing laceration that is difficult to repair. 
For this reason, careful inspection of the contemplated inci-
sion site is important. When necessary, there should be 
no hesitation to apply a lower segment vertical incision in 
order to minimize the risks of these complications and the 
incision can extend toward the fundus as necessary. If this 
opportunity has been forfeited, extension of the incision 
in an inverted “T” fashion may resolve the problem at the 
expense of leaving behind a weak and vulnerable scar in case 
of future pregnancy. Development of Bandl’s ring secondary 
to protracted labor may make the extraction of the fetus vir-
tually impossible. Extension of the incision into a long clas-
sical incision may be the only solution in such instances. In 
cases of premature cesarean breech delivery, when the lower 
uterine segment is not developed, a lower segment transverse 
incision may be insufficient to deliver the head. In such cases, 
a vertical lower segment incision may be preferable.

The manipulative procedures to be described evolved 
decades and even centuries ago as a result of extensive appli-
cation in everyday practice. With regard to elective breech 
delivery, one must remember the importance of certain pre-
cautionary measures6: (1) labor should not be induced, (2) 
oxytocin should not be used for uterine stimulation, (3) the 
second stage should not extend beyond 60 minutes, (4) the 
estimated fetal weight should not exceed 3600 g.

Vaginal breech delivery may occur spontaneously or may 
require partial or complete breech extraction. Personnel crit-
ical to a safe vaginal delivery in breech presentation include: 
(1) an obstetrician skilled in the appropriate techniques; (2) 
an assistant to support the weight of the fetal body as the 
aftercoming head is delivered or, when needed, provide 
suprapubic pressure on the descending fetal head to main-
tain flexion; (3) a pediatrician to resuscitate the neonate if 
required; (4) an anesthesiologist to provide pain relief during 
the delivery; (5) appropriate nursing support; and (6) operat-
ing room personnel scrubbed and gowned for instant cesar-
ean section. Based solely on the mode of vaginal delivery, the 
best perinatal outcome has been found in association with 
spontaneous birth. The more complicated the procedure and 
manipulation needed for vaginal breech delivery, the greater 
the perinatal morbidity and mortality risk.4
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Spontaneous breech delivery

The only function of the obstetrician in spontaneous 
breech delivery is to support the body of the fetus as the 
uterine contractions and the bearing-down efforts of the 
mother effect vaginal birth. The expulsion of the legs pre-
cedes the emergence of the buttocks in partial or com-
plete breech presentations. As the fetal buttocks distend 
the perineum, episiotomy usually is required to prevent 
undue delay and maternal perineal lacerations. As the fetal 
body descends to the umbilicus, the physician supports, 
but does not place traction on, the fetal torso. With a few 
additional contractions, the fetal arms and shoulders are 
delivered. It is important to allow sufficient time for spon-
taneous delivery, bearing in mind, however, that once the 
body is expelled to the scapula, the umbilical cord becomes 
compressed between the head and the bony pelvis.

Assisted breech delivery

In the process of birth, the delivery of the fetal body occurs 
relatively quickly once the breech has emerged through the 
pelvic outlet and the trunk has begun its rotation. In  the 
presence of adequate uterine contractions, reflected by 
the fact that the process of labor has followed Friedman’s 
curve,32 not more than one or two contractions are required 
for the delivery of the trunk up to the level of the scapula. 
The accomplishment of this process requires unimpeded 
uterine action and is facilitated by the parturient’s abdomi-
nal and pelvic muscles. This important factor is bound to be 
lost or reduced if conduction or general anesthesia is used.33

When, prior to the delivery of the breech, cervical dilation 
and descent of the presenting part have been progressing at 
the normal rate, spontaneous delivery of the body up to the 
level of the shoulders occurs rather predictably without need 
for intervention on the part of those attending. Such a devel-
opment provides the most favorable outcome. Interference 
prior to the delivery of the trunk, whether elective or indi-
cated, increases the risks involved with the delivery of 
the head.6,34 It is at the time of the birth of the fetus up to the 
shoulders that the greatest diameter of the head reaches the 
level of the pelvic inlet. In most instances, the need exists 
for providing assistance with the delivery of the aftercoming 
head. The various maneuvers that facilitate this process will 
be discussed in some detail in the following sections.

Despite favorable cephalopelvic proportions, the prema-
ture fetus is liable to be stressed excessively or suffer birth 
injuries due to its fragile physical structure. Additional 
risks are introduced by the fact that the relative diameters 
of the breech, as compared with the head, are small, and 
the presenting part can pass through the cervix at a lesser 
degree of dilation than that required for the passage of the 
head. Thus, chances are high that the powerful muscula-
ture of the cervix will prevent delivery of the caput for a 
prolonged period of time. The delay is conductive to fetal 
hypoxia, and the physician’s effort to overcome the resis-
tance of the cervix and may cause birth injuries.

On rare occasions, the normal rotation of the fetus is 
reversed and the chin instead of the occiput rotates toward 

the symphysis after the delivery of the body. In this situa-
tion, the chin interlocks with the symphysis; a collision 
which is bound to deflex the head. The end result is an 
almost insurmountable impasse. Ideally, the malrotation 
should be prevented by facilitating the anterior rotation of 
the back before the full delivery of the trunk. Alternatively, 
an attempt should be made to correct the malrotation. This 
can be begun by an external maneuver; a fist over the sym-
physis displaces the chin toward one side. The effort is to be 
completed internally; a hand inserted into the vagina tries 
to rotate the occiput toward the desired direction. If this 
maneuver fails, as it often does, the “reverse Prague maneu-
ver” is the last resort. One hand grasps the fetal extremities 
and brings them, with gentle force, toward the abdomen of 
the mother. The other hand grasps the neck much in the 
same manner as in Mauriceau’s maneuver, and traction is 
applied in an upward direction. If the effort succeeds, the 
fetus is born as if it turned a somersault. Since the use of 
some force is likely to be required under these exceedingly 
unfavorable circumstances, the maneuver involves consider-
able fetal risks. Therefore, it is more of historical than clini-
cal interest. In contemporary practice, “abdominal rescue”35 
seems to be the preferable approach.

Partial breech extraction

Partial breech extraction involves the spontaneous delivery 
of the fetus to the umbilicus and the employment of obstet-
ric maneuvers thereafter for delivery of the upper torso, 
shoulders, arms, and aftercoming head.9,36 When spontane-
ous delivery of the fetus to the umbilicus is accomplished 
by the uterine contractions and maternal bearing-down 
efforts, the obstetrician places both hands around the fetal 
thighs with both thumbs over the sacrum and parallel to the 
fetal lumbar spine (Figure 25.2). The key to success is steady, 
gentle, sharp downward traction at the time of contraction 

Figure 25.2 The initial step for partial breech extraction. 
(From Burger K, Obstetric Surgery, Budapest, Hungary: Franklin 
Társulat, 1927.)
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at about a 60° angle with the back in the transverse diam-
eter until the scapulae are outside the vulva. Care must be 
taken to avoid the birth injuries ascribed to this procedure. 
Although partial breech extraction may be necessary in 
some instances, the advisability of waiting until spontane-
ous delivery of the body up to the shoulder blades has been 
accomplished cannot be overemphasized.

Delivery of the shoulders and arms

Continuous traction upon the fetus is likely to entail 
unimpeded delivery of the shoulder girdle and arms, a 
mechanism traditionally attributed to Müller. An alterna-
tive, highly effective, and time-proven maneuver is some-
what more involved and requires careful observance of a 
series of steps.9,34

The classical method emphasizes the fact that there is 
more room in the space provided by the sacrum than under 
the symphysis. This approach stipulates that: (1) extraction of 
the retained arm should be carried out in the space provided 
by the sacrum; (2) the right arm should be extracted with the 
right hand and the left arm with the left hand; (3) the arm 
should be brought out in front of the fetus and never behind 
the body; and (4) any traction or pressure exerted upon the 
arm must be directed against a joint, usually at the elbow.

The procedure itself is carried out as follows. When the 
tendency of the rotation is such that the left shoulder is 
anterior and the right one is posterior, the legs of the fetus 
are grasped with the left hand, and, with a semicircular 
swing, they are lifted up to rest against the right inguinal 
area of the mother. The index and middle fingers of the 
right hand are inserted into the vagina over the perineum 
in such a manner that they follow the shoulder and upper 
arm and reach out for the elbow joint of the right arm. 
With pressure and traction upon the joint, the arm is swept 
out under the body in the space provided by the curve of 
the sacrum. The arm having been delivered, the limbs are 
grasped now with the right hand and brought with a broad 
270° downward swing to the opposite inguinal area of the 
mother (Figure 25.3). Now the left hand is introduced into 
the vagina and the index and middle fingers sweep out 
the left arm in the same manner as described before. The 
delivery of the arms having been completed, that of the 
head follows. This procedure is highly useful for the pre-
vention, as well as for the correction, of extension of the 
arm above the head. By the same token, rotation of the 
body in the wrong direction is likely to result in extension 
of the arm and difficulties with delivery of the head.38

Delivery of the head

Delivery of the head is a routine procedure required in 
most cases of breech delivery. It should be attempted with-
out awaiting spontaneous birth. Thus, by definition, this 
is “assisted breech delivery”, part of the expected process 
when breech delivery is an elective procedure. Several 
excellent methods are available, probably equally satisfac-
tory in experienced hands.

Mauriceau’s maneuver. Interestingly, the maneuver 
was described, but not practiced, by Mauriceau. It was 

through the contributions of Levret, Smellie, and Veit that 
it achieved great popularity during the last three centuries. 
In the absence of spontaneous delivery up to and includ-
ing the shoulders and the arms, the Mauriceau maneuver 
(as well as the other comparable techniques) follows the 
extraction of the arms immediately. The body of the fetus 
rests upon one arm as if the fetus was riding upon the fore-
arm of the surgeon (Figure 25.4). The other arm holds the 

Figure 25.3 The classical method of extracting the 
arm during assisted breech delivery. (From Burger K, 
Obstetric Surgery, Budapest, Hungary: Franklin Társulat, 1927;  
Hourihane MJ. Obstet Gynecol 1968; 32: 512–9.)

Figure 25.4 Extraction of the fetal head by the Mauriceau–
Smellie–Veit maneuver. Note that the left hand simply supports 
the body of the fetus while the right one is used for traction. 
(From Burger K, Obstetric Surgery, Budapest, Hungary: Franklin 
Társulat, 1927; Hourihane MJ, Obstet Gynecol 1968; 32: 512–9.)
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shoulders with the index and middle fingers surrounding 
the neck of the fetus. One finger (usually the index) of the 
supporting hand is inserted into the mouth of the fetus 
(Figure 25.5). The purpose of this hold is not traction (in 
fact, traction should be avoided very carefully), but flex-
ion of the fetal head in order to permit the passage of the 
most favorable diameter of the vertex through the pelvis. 
Traction is exercised only by the upper hand and invari-
ably in a downward direction, in the axis of the fetal spi-
nal column, as depicted in Figure 25.4. With flexion of the 
fetal head carefully maintained throughout the traction, 
as the occiput is felt to clear the resistance offered by the 
symphysis, the direction of the pull is changed gradually 
until, in the course of upward traction, the nose, forehead, 
and cranium are borne over the perineum.

The performance of episiotomy usually precedes the 
delivery of the breech. Alternatively, when the perineum 
does not offer resistance, it may precede the delivery of the 
head. Occasionally, in cases of multiparous women with 
lax perineal structures, breech delivery may be done with-
out perineal incision. The considerations that are applica-
ble to Mauriceau’s maneuver are equally pertinent to other 
methods of breech delivery.

Bracht’s maneuver. A simple and effective method for 
the delivery of the head is that recommended by Bracht. 
Even more than other procedures, this one mandates that 
the bladder be emptied immediately before the delivery. 
The technique requires the cooperation of two persons, one 
who handles the fetus and another who exercises pressure 
over the lower abdomen of the mother upon the fetal head. 
In Germany, where the technique enjoys particular popu-
larity, the role of the person exercising pressure above the 
symphysis is perceived as the crucial one. Therefore, it is 

generally the attending physician who applies the pressure 
and the assistant, or assisting midwife, who holds and deliv-
ers the fetus. In general, the procedure is considered suit-
able for the completion of spontaneous birth, but not for one 
that requires partial or complete extraction. Accordingly, 
those attending should refrain from any action until the 
fetus is delivered up to the neck. If necessary, the arms are 
brought down with one of the earlier discussed methods. 
The assistant simply supports the body of the fetus in such 
a manner that with the birth of the upper body, the trunk is 
lifted up first to the level of and then above the symphysis. 
When the full delivery of the body is accomplished, with 
two fists placed over the symphysis, the physician applies 
firm, continuous pressure against the head of the fetus. The 
latter is felt distinctly at this point immediately above the 
pubic bone. Under constant pressure and elevation of the 
body by the attending physician or the assistant, the fetus is 
delivered finally in a head-down position.2 Undue pressure 
should be avoided, since it may result in “cannonball”-type 
extrusion of the head from the pelvis, a high-risk situation 
for the sudden changes in intracranial pressure and their 
sequelae. In the practice of many European obstetricians, 
the Bracht maneuver is the first-line procedure. They resort 
to the Mauriceau maneuver on those rare occasions when 
the procedure fails.

Delivery by Piper’s forceps. Instead of manual extraction, 
forceps may be applied to the aftercoming head. Piper’s 
forceps40 are used because of their wide shanks, fenestra-
tions, cephalic curve, and reverse handle angle. Before the 
application of forceps to the aftercoming head, the fetus 
must be held by an assistant with some degree of extension 
at the neck. The feet are elevated upward above the plane 
of the abdomen and the arms are held by the assistant’s 
other hand behind the back of the fetus. Some operators 
prefer to assume a kneeling position before introducing 
the left blade upward and diagonally across the introitus 
along the mento-occipital line of the fetal head. A large 
episiotomy is essential so that during the introduction of 
the forceps blade, extension of the head is avoided. Before 
locking the forceps, it is important to be certain that the 
blades have been inserted with sufficient depth to have a 
good purchase on the fetal head. Traction is then made in 
a downward curve and in a continuous fashion until deliv-
ery is completed, with the forceps shanks not rising above 
the horizontal plane, as in the case of a reverse-curved 
Kielland’s forceps delivery.

Piper’s forceps were developed in 1924 for delivery of 
the aftercoming head. These forceps are designed to pre-
vent injury to the fetal neck, to decrease compression of the 
fetal head, and to give the needed axis traction. Because of 
the absence of pelvic curve, one may encounter injury to 
the perineum.

HEAD ENTRAPMENT
In premature fetus the head maybe entrapped by an insuf-
ficient dilated cervix. In order to expedite delivery it 
maybe necessary to perform cervical incisions at 2, 10, and 
6 o’clock as described by Duhrsen.

Figure 25.5 Lateral view of the extraction of the fetal head 
by the technique of Mauriceau. The index finger of the inside 
hand ensures flexion of the head and is not used for traction. 
(From Burger K, Obstetric Surgery, Budapest, Hungary: Franklin 
Társulat, 1927.)
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Nuchal arms

Nuchal arms are a significant complication during breech 
delivery that may be prevented to a large degree. Rapid 
extraction of the fetal body should be avoided. It has been 
shown that umbilicus-to-mouth delivery times of up to 240 
seconds (4 minutes) are usually associated with 5-minute 
Apgar scores of 7 or greater. If nuchal arms are present, the 
infant should be raised or lowered in the direction oppo-
site to the nuchal arm and flexed over the opposite groin 
or buttocks of the mother. The operator’s fingers should 
then be inserted along the humerus to the elbow, avoiding 
hooking the fetal arm, and, with the fingers as a splint, 
sweep the arm downward through the vulva. The trunk 
is then rotated so that the opposite nuchal arm is swept 
along the chest wall and the splinting maneuver repeated. 
The rule of delivering left arm with left hand and right arm 
with right hand must be remembered.

TOTAL BREECH EXTRACTION
Total breech extraction is associated with a significant 
incidence of hypoxic and traumatic fetal injury. It should 
be performed only when the child is in jeopardy and CD 
is not immediately available. During this procedure, no 
part of the fetal body other than the leg is delivered spon-
taneously. The operator places a hand in the birth canal, 
locates by palpation both or at least one of the fetal feet, 
and delivers the lower extremities by gentle traction. The 
fetal thighs are next grasped as in partial breech extrac-
tion and the fetal torso is delivered to the scapulae. The 
shoulder, arms, and aftercoming head are delivered as in 
partial breech extraction (Figure 25.2).

The anesthesiologist in the delivery room may be called 
upon to administer general anesthesia during total breech 
extraction in the absence of sufficient maternal pain relief. 
Hardly ever used in connection with elective delivery of 
singleton fetuses presenting by the breech, the technique 
is favored by some obstetricians for the delivery of the sec-
ond twin, sometimes after the performance of an internal 
version.

INTERNAL VERSION
In contemporary obstetrics, the procedure of internal 
version is no longer an acceptable maneuver except for 
the delivery of the second twin. Although, even relatively 
recently, internal version and extraction have been used 
widely for the delivery of the second twin presenting 
as a vertex, such a stressful fetal manipulation is rarely 
justifiable. Spontaneous vertex delivery usually follows 
artificial rupture of the membranes; if not, delivery can 
be accomplished with the vacuum extractor. Thus, trans-
verse lie of the second twin is probably the only good 
reason for internal version and extraction in modern 
obstetrics.41

The procedure requires general or conduction anesthe-
sia. It consists of three steps: (1) introduction of the hands, 
(2) grasping the lower extremity or extremities, and (3) 
version of the body.

Ideally, the membranes are intact until the hand is 
introduced to effect internal version of the body; then, 
they must be ruptured. The hand to be introduced is the 
one that corresponds with the side of the fetal legs—the 
left hand if the lower limbs are on the mother’s right 
side, and the right hand if they are on the mother’s left. If 
there is a choice, the upper foot is to be grasped when the 
fetal abdomen or chest is presenting, whereas the extrac-
tion of the lower limb is preferable when the presenting 
area is the fetal back. This promotes anterior rotation 
of the back and prevents anterior rotation of the chin 
and its earlier mentioned sequelae. In the absence of a 
choice, the leg that can be reached easiest is to be used 
for traction. Occasionally, it is possible to grasp both 
lower limbs, a circumstance that facilitates the proce-
dure. While one hand is being introduced, the assisting 
hand holds the uterine fundus in order to prevent col-
porrhexis (Figure 25.6a).

The limb having been reached, traction is exerted 
upon it. The direction of the pull is toward the midline. 
Meanwhile, the external hand may divert the head from 
its lateral position toward the middle part of the fundus 
(Figure 25.6b).

The conclusion of internal version is identical with that 
of breech extraction as described earlier in this chapter. 
Internal uterine manipulations carry the risks of uterine 
rupture and cervical damage as well as that of colpor-
rhexis. Therefore, exploration of the uterine cavity after 
the delivery of placenta and thorough inspection of the 
cervix and the vaginal vault are integral parts of the total 
operative procedure.

EXTERNAL VERSION
External version can result in up to 70% reduction in the 
incidence of breech presentation at term.42–45 Since many 
physicians favor the use of tocolysis, in order to facilitate 
the performance of this procedure, it should be remem-
bered that major cardiac disorders and arrhythmia rep-
resent contraindications to the use of tocolytic agents.21

Hibbard and Schulmann46 effectively practiced pro-
phylactic external version at week 34.47–48 Van Dorsten  
et al.49 conducted a randomized, controlled trial in which 
the external version was performed under terbutaline 
tocolysis at 37–39 weeks’ gestation. It was successful in 
68% of the cases, and all of these presented in labor sub-
sequently with vertex presentations. Nulliparity, maternal 
obesity, engagement of the breech, and uterine anomaly 
tended to reduce the success rate of external version. In 
the control group, only 18% of the presenting breeches 
converted to vertex beyond week 37 of the pregnancy. 
Transient fetal heart rate decelerations were noted during 
version in 36% of the attempts (24% of successes and 63% 
of failures). These decelerations responded to cessation of 
manipulation. External cephalic version is less success-
ful in cases of frank breech, where the splinting action of 
the extended fetal legs makes version difficult to perform. 
Studies have shown that regional anesthesia increase the 
success rate of version.
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Successful version is associated with an increased need 
for cesarean section on account of dystocia.46 There is a 
relative contraindication in Rh-negative women because 
of the risk of accidents leading to fetomaternal transfusion. 
Other complications of external version include fetal dis-
tress; twisting, knotting, or laceration of the cord; placental 
separation; uterine rupture; premature labor; premature 
rupture of the membranes; and spinal cord transection  
in utero. For reasons mentioned above, Rh-negative 
mothers should be have a Kleihauer–Betke test ordered 
after the procedure and should receive RhoGAM if evi-
dence of fetomaternal transfusion is documented. Parity, 
sufficient amniotic fluid, and unengaged presenting part 
are conducive to a successful version. Previous cesarean or 
other penetrating uterine scar is a contraindication.

It is recommended that the external version procedure 
be carried out according to a prearranged protocol.47,48

Although it can be attempted at any time before the occur-
rence of labor,49 it is best to wait until the fetal lung has 
achieved maturity, yet the amount of the amniotic fluid 
has not decreased to such an extent as to hinder the manip-
ulation of the fetus. This optimum time is probably the 
weeks 35–36 of gestation. It is necessary to have facilities 
for electronic monitoring, ultrasound, and easy access to 
the operating room for CD if circumstances require. The 
availability of at least one assistant for the performance of 
the procedure is considered essential.

For the performance of external version, the patient 
should take nothing by mouth for at least 6 hours before 
the procedure. The blood indices should be tested in antic-
ipation of the procedure. The bladder must be empty. The 
placement of the patient into a head-down Trendelenburg 
position (about 15°) is conducive to the disengagement 
of the presenting breech from the pelvis. It is considered 
advantageous by some to spread fine talc powder over 
the abdomen in order to facilitate the maneuver. As men-
tioned earlier, the performance of a nonstress test at the 
end of the procedure is indicated in order to avoid over-
looking fetal distress resulting from the version.

After the exact position of the fetus has been established 
by ultrasound, the physician performing the procedure 
positions himself/herself in such a manner that he/she faces 
the fetus. The procedure itself begins with the operator lift-
ing out the presenting breech from the pelvis and elevat-
ing it as high as possible without the use of undue force. 
Thereafter, the breech is displaced toward the direction of 
the fetal back, away from the pelvic inlet. At the same time, 
the other hand of the operator attempts to drive the head 
forward and downward as if encouraging the fetus to do a 
somersault. A useful alternative approach is to entrust the 
assistant with the elevation and displacement of the breech 
in order to permit the operator to use both hands for driv-
ing the head through 180° into the pelvic inlet while the 
breech is moved gently upward in the opposite direction. 
It is to be remembered that the direction of version is coun-
terclockwise in case of first breech presentation (fetal back 
turned to the mother’s left side) and clockwise when the 
presentation is second breech (fetal back turned to the right 

(a)

(b)

Figure 25.6 Internal version for the correction of trans-
verse lie. (a) Introduction into the uterus of one hand while 
counterpressure is exerted by the assisting (outside) hand of 
the operator. (b) Traction applied toward the midline. (A clas-
sical nineteenth-century illustration by Halban-Seitz, repro-
duced from Iffy L and Kaminetzky HA, (eds.) Principles and 
Practice of Obstetrics & Perinatology, New York, NY: Wiley, 1981. 
With permission from Leslie Iffy.)
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side of the mother). It is axiomatic in good obstetric practice 
not to force the version in the absence of success with one 
or two attempts or when, after what appears to have been an 
accomplished external version, the fetus repeatedly returns 
to its original position. It is to be remembered, furthermore, 
that a breech presentation carries less risk than a transverse 
lie. Accordingly, care must be taken not to leave the fetus, 
initially presenting by the breech, lying in transverse or 
oblique position.

Contrary to what one might expect, external version 
in the case of transverse lie is more difficult than when 
the presentation is breech. Particularly, when permitted 
to prevail until the late third trimester, the shape of the 
uterus adjusts to the transverse lie of the fetus. Thus, when 
the axis of the body changes from transverse to longitudi-
nal, it hinders the maintenance of the desired presentation. 
Whereas after a successful external version from breech 
presentation the fetus usually remains in vertex presenta-
tion, it tends to return to transverse hours or days after the 
procedure when version is attempted from a transverse lie.

If external version is employed, a number of rigid criteria 
must be met. The fetus must be judged normal, with no oli-
gohydramnios or placenta previa demonstrated by standard 
sonography. External fetal monitoring should be utilized 
before and after the procedure. The breech should prefer-
ably be unengaged. It is performed at a gestation of 35–36 
weeks so that, in the event of an accident requiring delivery, 
the fetal outcome will not be compromised by prematurity. 
The uterus must be nontender and not irritable. This is best 
ensured by a tocolytic agent,50 such as 0.25 mg terbutaline 
administered 15–30 minutes before the attempt.

That difficulties arising during the labor process can 
be resolved by cesarean section is an old concept. On the 
other hand, it was accepted up to the last decades of the 
twentieth century that difficulties leading to the demise 
of the child may arise during the process of delivery in a 
variety of clinical situations. The latter include shoulder 
dystocia in the process of delivering a fetus presenting by 
the vertex, interlocking of the heads of twins (thus pre-
venting the delivery of the first one), arrest of delivery of 
conjoined twins, and inability to deliver the aftercoming 
head in breech presentation. Fetal death or catastrophic 
injury deriving from these complications has generally 
been considered inevitable by obstetricians until recently.

The double-setup for delivery of breech presentations 
and twin deliveries along with the development of some 
contemporary techniques discussed elsewhere in this 
volume provides an opportunity for overcoming some 
difficulties during the vaginal delivery process that had 
previously led to fetal death or gross injury in the past. 
Relevant to breech presentation, “abdominal rescue” rep-
resents a desperate, last-ditch effort to save fetal life in a 
situation when extraction of the aftercoming head or 
upper body appears impossible without potentially cata-
strophic fetal injury.35,51 This maneuver requires the eleva-
tion of the body of the fetus by an assistant in order to 
improve circulation in the brain, and quick performance 
of a hysterotomy, typically by a vertical uterine incision, 

followed by extraction of the head, and the rest of the body 
abdominally. Under double setup, the same technique may 
be a practical solution whenever delivery of the aftercom-
ing head becomes impossible for some unforeseen reason, 
such as deflexion of the fetal head during the process of 
delivery, resistance offered by an incompletely dilated cer-
vix,52 or interlocking of the heads of twins.

GENERAL CONSIDERATIONS
Some experts believe that cesarean section offers improved 
outcome for the premature breech fetus weighing less 
than 1500–2000 g. It is thought that the vaginal delivery 
of the premature breech fetus creates an increased risk of 
brain damage due to intracranial hemorrhage and birth 
trauma.53 The studies result are contradictory. A random-
ized control trial done in Great Britain was closed because 
it failed to recruit enough participants. For fetuses above 
2000 g, the benefit of cesarean section is less apparent.30,54,55

However, for a term fetus, a specific protocol must be 
implemented for selection of patients for vaginal breech 
delivery. This should include (1) frank breech position; 
(2) immediate availability of cesarean section (including 
anesthesiologist and nursing staff); (3) estimated fetal 
weight 2000–3600 g; (4) adequate clinical pelvimetry, (5) 
absence of hyperextension of the fetal head; (6) absence 
of fetal distress; (7) absence of postmaturity; (8) normal 
progress of labor; (9), in case of second twin presenting 
by the breech, absence of a difference exceeding 3–4 mm 
between the biparietal diameters in favor of twin B.

It is an important principle that the membranes in breech 
labor must be left intact as long as possible. Since the small 
presenting parts permit the escape of much of the amniotic 
fluid after their rupture, breaking the membranes artifi-
cially is an invitation for cord-related complications.

The establishment of a plan with regard to the method 
of delivery by term (i.e., week 38) is of utmost importance. 
Labor frequently is preceded by rupture of the membranes, 
an event that carries the risk of prolapse of the cord and its 
dire sequelae. Since no tangible improvement in prenatal 
mortality and morbidity rates derives from continued fetal 
maturation beyond completed week 38, the risk/benefit 
ratio of procrastination beyond this time, in cases where 
vaginal delivery in contraindicated, is bound to be unfa-
vorable. Accordingly, the recommended time for elective 
abdominal delivery is completed week 38 of gestation.

TRANSVERSE LIE
When the long axis of the fetus is perpendicular to the axis 
of the mother, the technical term of transverse lie applies. 
The head or the breech occupies the iliac fossa. The shoul-
der presents and it is the point of designation. With regard 
to the definition of the position of the fetus, it needs to be 
determined whether the fetus is in a dorsoanterior or dor-
soposterior position.

The incidence of transverse lie is about one in 300 
pregnancies. Those risk factors known to be conducive to 
breech presentation are also conducive to this entity.56–62

Transverse lie can be easily detected by the Leopold 
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maneuvers alone. On palpation, the maternal corpus is 
wide and the fundal height is shortened. The fetal head 
is palpated in one of the maternal flanks or iliac fossae. 
On pelvic examination, no presenting part is felt. A sus-
picion of transverse lie requires careful evaluation. The 
risks of early labor or rupture of membranes need to be 
brought to the attention of the patient. The exact presen-
tation should be confirmed by ultrasound with the same 
considerations in mind that have been described for 
breech presentation.

It is advisable to attempt the external version maneuver 
earlier with a transverse lie than in breech presentation 
since it becomes extremely difficult, if not impossible, by 
the last few weeks of gestation. By that time, the shape of 
the uterus has adjusted to the position of the fetus, and 
with the amount of amniotic fluid reduced, it can no lon-
ger accommodate the child in the longitudinal lie. For the 
same reason, versions that appear to be successful initially 
may often prove to be a failure a few days later.

Presumably on account of the loss of most of the amni-
otic fluid, fetuses in transverse lie fare poorly after the 
membranes have ruptured. For this reason, prolonged 
observation in connection with premature rupture of the 
membranes is not a viable option in transverse lie.

Because of the high risk of prolapse of the cord (10%), 
elective delivery at week 37 by cesarean section is recom-
mended. If the fetal back is turned downward, a lower ver-
tical or classical incision is needed. If the back is turned 
upward, the technique of abdominal delivery is essentially 
the same as in breech presentations.
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26Delivery of twins and higher-order 
multiples
ISAAC BLICKSTEIN 

Changes in the epidemiology of multiple gestation influ-
ence the decision of how and when to deliver twins. The 
dramatic increase in the frequency of multiple birth has 
affected preterm deliveries.1 The 2002 U.S. vital statistics 
show that the twin birth rate reached a remarkable 3.1% 
of all live births; a 65% increase over the past two decades 
and a 38% increase since 1990.2 In 2002, the incidence of 
triplets and higher-order multiples was 1.84 per 1000 live 
births compared with about 1:10,000 births after sponta-
neous conceptions.2

This trend continues over the years. In 2013, the U.S. 
national Vital Statistics Reports indicated that the birth 
rate increased to 3.37%, a U.S. record, for a 76% increase 
from 1980 to 2009, a steady state between 2009 and 2012.3

Data from the 2010 European Perinatal Health Report4 
clearly show that in all but three European countries par-
ticipating in the Euro-Peristat project, the incidence of 
multiple birth rate increased from 2004 to 2010.

The increased rates of multiple birth inevitably increase 
those of preterm deliveries because 12% of twins, 36% of 
triplets, and 60% of quadruplets are born before 32 weeks’ 
gestation.2 According to the U.S. Centers for Disease 
Control, the main reason for the increase in preterm births 
is multiple gestation secondary to assisted reproductive 
technologies (ART), with 16% of all preterm deliveries in 
the United States (79,684 in 2002) being due to multiple 

births.2 Tul et al.5 found a twofold increased incidence 
of twins from 1987 to 2010, and a threefold increased 
 incidence of twins born after ART. Twins after ART born 
at <32 weeks comprised 0.05% of all births (range 0.004%–
0.11%) and increased 27-fold from 1987 to 2010.

Another important change is the increasing age of the 
mothers of multiples.6 U.S. data indicate that fewer moth-
ers in the age group 15–29 years delivered their firstborn 
in 2002 than in 1990, whereas the first birth rate increased 
25%–30% in the age group 30–44 years.2 In the past, 
pregnancies at older age were primarily unintended, and 
women usually delivered their last baby at an earlier age. 
At present, however, many women intentionally postpone 
childbirth until they achieve personal milestones. Because 
of the reduced fecundity associated with older age, there 
is a significant need for ART to achieve the desired preg-
nancy. Thus, social trends and available therapy act in 
concert to increase the risk of multiple births. Loos et al.,7
using data from the East Flanders Prospective Twin Survey, 
noted that in 1976 there was one induced twin maternity 
for every 32 spontaneous twins. In contrast, by 1996, this 
ratio was 1:1.02. With increasing frequencies of iatrogenic
pregnancies, the proportion of previously infertile women 
delivering twins is increasing, leading to higher rates of 
“premium pregnancies,” for which any mode of delivery 
except a cesarean (justified or not) may be declined.8

CONTENTS
Cesarean section for all twins 346
Vaginal delivery of twins 346

Malpresentation 346
Vertex–vertex 346
Vertex–nonvertex 347
Nonvertex first twin 349
Combined twin delivery 349
Vaginal birth after cesarean section 350

Special circumstances related to multiple births 350
Delivery of small twins 350
Delayed interval delivery 350
Delivery of discordant twins 351
Delivery of monochorionic twins 351
Labor induction and augmentation 352
Defining “term” for twins 352
Delivery of triplets 353

Epilogue 354
References 354



346 Delivery of twins and higher-order multiples

The decision of how to deliver multiples may be further 
modified by recent publications demonstrating the reduced 
risk of elective cesarean, mainly in terms of maternal mor-
tality, and describing the potential benefits of elective cesar-
ean for both mothers and children in terms of reduced 
morbidity.9 It could be inferred that if a cesarean section 
upon a woman’s request is medically9 and ethically10 per-
missible (although not necessarily advisable), it would be 
logical to opt for a cesarean delivery of multiples, although 
the indication may seem subtle or unfounded by evidence.

The second consideration comes from a study document-
ing the advantage of a planned cesarean section for the term 
fetus in breech presentation without increasing the maternal 
complication rate compared with vaginal breech delivery.11 
As a result of this study based on singletons, many centers 
extrapolated its conclusions to twin births with any presen-
tation other than vertex–vertex, and no longer undertake 
breech deliveries by the vaginal route irrespective of plu-
rality. Consequently, many young residents presently lack 
the training, experience, and manual dexterity required for 
breech delivery. Indeed, a secondary analysis of the Term 
Breech Trial cited the presence of an experienced clinician 
at delivery among the significant factors that reduced the 
risk of adverse perinatal outcome among vaginal breech 
deliveries.12 Because twin pairs include at least one breech 
or transverse lying twin in 50%–60% of cases, assisted or 
operative deliveries are the rule rather than the exception. 
Indeed, a direct relationship exists between the cesarean 
section rate in twins and the combined delivery rate, sug-
gesting that those who perform more abdominal deliveries 
in twins and are, thus, less experienced in vaginal deliveries 
of twins, are more likely to decide on a cesarean for the sec-
ond twin.13 In summary, because twin gestations frequently 
involve maternal and fetal complications, and are quite 
often considered “premium” pregnancies, many clinicians 
prefer to deliver twins by the abdominal route for subtle rea-
sons rather than clear-cut indications.8

CESAREAN SECTION FOR ALL TWINS
The U.S. cesarean delivery rate increased by 13% between 
1989 and 1991 and 1997 and 1999 among twins delivered 
at >22 weeks and weighing >500 g.14 This value represents 
average increases of 52%, 28%, and 9%, among twin preg-
nancies delivered at 22–27, 28–33, and >34 weeks’ gesta-
tion, respectively. Although the rates increased to a greater 
extent at earlier than at later gestational ages, the absolute 
number of cesareans was much higher at later gestational 
ages.14 These rates are quite similar to the commonly cited 
rates of 50%–60% abdominal births among twins and 
nearly 100% among triplets.8 In the United Kingdom, the 
2001 cesarean rate for twin deliveries was 59%.15 Barber 
et al.16 found that the indication for cesarean section in the 
United States for multiple gestation increased at a much 
faster rate than the incidence of multiples in the popu-
lation, with an estimate of 200% higher than would be 
expected based on population figures. However, the clini-
cian’s problem is not reduction of the overall cesarean rate 
but avoiding unnecessary operations. In this respect, one 

addresses two important questions. First, are there spe-
cific maternal risks associated with abdominal delivery of 
twins?17 Second, is there any solid evidence that cesarean 
section is safer for twins than vaginal delivery?

Regrettably, the first question has not been addressed 
in the literature adequately. On the other hand, the poten-
tial beneficial effect of cesarean section for twins has been 
studied extensively by case–control methodology. Hogle 
et al.18 recently reported their systematic review and meta-
analysis aimed to determine whether a policy of planned 
cesarean section or vaginal delivery is favorable for twins. 
Their literature research ranging from 1980 through 2001 
included studies that compared planned cesarean section 
to planned vaginal birth for babies weighing >1500 g or 
reaching at least 32 weeks’ gestation. Only four studies 
with a total of 1932 infants were included in the analysis. 
A low, 5-minute Apgar score occurred less frequently in 
twins delivered by planned cesarean section (odds ratio 
[OR] 0.5; 95% confidence interval [CI] 0.3, 0.9) principally 
because of a reduction among pairs with twin A in breech 
presentation. Twins delivered by planned cesarean sec-
tion spent longer time in the hospital, but, there were no 
significant differences in perinatal or neonatal mortality, 
neonatal morbidity, or maternal morbidity.

It follows that the decision for a cesarean in twins, 
intentionally or not, is based on qualitative variables. The 
quantitative variables suggest no advantage for abdominal 
delivery in the majority of cases.8

VAGINAL DELIVERY OF TWINS
Malpresentation

Each twin may present as vertex or breech, or assume a 
transverse lie. To simplify the discussion, twins are vertex/
vertex roughly 40% of the time; vertex/nonvertex 30% of 
the time; nonvertex/vertex 20% of the time; and nonver-
tex/nonvertex 10% of the time.19 In many ways, decision 
making related to fetal presentation seems to be the easy 
way to deal with the optimal manner to deliver twins.

Vertex–vertex

Vertex–vertex pairs are generally considered suitable can-
didates for vaginal delivery albeit with a few exceptions 
related to size and/or gestational age. During the labor and 
delivery process of the first twin, the only sure thing to say 
is that twin B is likely to remain in the vertex presentation. 
This reservation emerges from the observation that what 
appears to be vertex twin B is, in fact, more similar to an 
oblique presentation, because the position of twin A in the 
pelvis does not allow a true vertex presentation of twin B. 
Moreover, when twin B is surrounded by polyhydramnios, 
it might easily revert to a transverse lie after the delivery of 
its firstborn co-twin.

In the optimal setting, labor is allowed to progress 
under dual external monitoring of the twins. Most mod-
ern cardiotocographic machines can distinguish simulta-
neous signals from the two fetuses and record an adequate 
dual fetal heart rate tracing. However, this frequently 
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necessitates the use of three belts on the maternal abdo-
men. Therefore, once the membranes of the presenting 
twin are ruptured, an internal (scalp) electrode is often 
used to replace one external Doppler electrode. The dual 
fetal heart rate tracing enables individual attention to the 
well-being of each fetus.

The preferred method of pain relief is regional anes-
thesia by epidural block.20,21 Lumbar epidural anesthesia 
is recommended when vaginal delivery is anticipated. It 
also provides adequate anesthesia for interventions such 
as instrumental or cesarean delivery.

Once the first twin is delivered, the clamped umbilical 
cord should be marked in order to recognize it as belong-
ing to twin A when the placenta is examined postpartum. 
Arguments favoring cord clamping in singletons suggest 
that this procedure enhances the separation of the pla-
centa, an undesirable event before the delivery of twin B. 
To our knowledge, the practice of cord clamping for twin 
A has not been studied vis-à-vis the documented higher 
frequency of intrapartum placental abruption in twins.22

A supporting argument of cord clamping of twin A refers 
to the possibility of blood loss from twin B via open vas-
cular connections that are invariably found in monocho-
rionic placentas. Cord clamping in this circumstance may 
avoid acute intrapartum twin-to-twin transfusion. For the 
same reason, umbilical cord-blood gases should be sam-
pled from a segment of the cord distal to the clamp.

Immediately after the birth of twin A, the uterus often 
undergoes a strong, but brief, contraction. This is usually 
followed by a period of uterine quiescence, lasting a minute 
or two, before contractions resume for the delivery of twin 
B. This short period provides a window of opportunity for 
external manipulation of twin B, if necessary. In the case 
of vertex–vertex presentation, this may be used to perform 
external semiversion from oblique lie into longitudinal lie. 
To be able to do this, however, one needs three hands: one 
to perform a vaginal examination to establish the station of 
the presenting part, another to palpate the uterine fundus 
to determine the period of uterine relaxation, and a third 
one to hold a bedside ultrasound transducer to establish the 
correct presentation. Obviously, assistance is needed. When 
twin B is in the vertex position, a diluted solution of oxyto-
cin should be administered via an infusion pump to ensure 
the resumption of uterine contractions. Amniotomy is 
expected to reduce the time interval between the deliveries 
of the twins. However, with a high station of the head, pro-
lapse of the umbilical cord may occur if the membranes are 
ruptured intentionally or inadvertently. In one study, 26% 
of emergent cesareans for twin B, when both twins were in 
vertex presentation, resulted from cord prolapse of twin B.23 
It is, therefore, recommended that amniotomy be deferred 
until the head of twin B becomes engaged or a presenting 
umbilical cord is excluded.

At times, the head of twin B remains high above the 
pelvic inlet. This circumstance makes it clear that after 
the delivery of twin A, one is not dealing with an other-
wise usual vertex delivery of a (remaining) singleton, but 
with the delivery of twin B. It is debatable whether the 

interdelivery interval should be more than the tradition-
ally recommended 20 minutes. Leung et al.24 found that 
umbilical cord blood values of pH, pCO2, and base excess 
deteriorate with increasing twin-to-twin delivery interval. 
In their series, none of the second twins delivered within 
15 minutes of the birth of twin A had a pH value under 
7. However, 5.9% had such a value when delivered within 
16–30 minutes, and 27% had this low pH value when deliv-
ered after an interval of over 30 minutes. Importantly, 73% 
of the twins with an interval of over 30 minutes had signs of 
fetal distress that required operative delivery. Erdemoglu 
et al.25 found a linear relationship between the delivery 
interval and the 5-minute Apgar score. Pons et al.26 com-
pared expectant to active management in the delivery of 
the second twin and found similar neonatal results. These 
data support the concept that prevailed before the 1980s, 
namely, that the time interval between the deliveries of the 
twins should not exceed 20 minutes. Therefore, extension 
of this time limit to a maximum of 30 minutes should be 
subject to documentation of reassuring heart rate pattern 
of twin B by close electronic or ultrasonic surveillance.

Because twins are smaller than singletons, absolute 
cephalopelvic disproportion is rarely present. More com-
monly, relative disproportion is seen as a result of com-
pound presentation. This is managed, as in the case 
of singleton birth, by gentle sweeping of the forelying 
extremity backward.

Delayed birth due to inadequate uterine contraction 
should be rare with the judicious use of oxytocin. After 
decompression caused by the expulsion of the presenting 
twin, abruption of the placenta of the second twin may 
occur.22,23 This needs emergency intervention by either the 
vaginal or the abdominal route.

Throughout the interval between births, the heart rate 
of twin B should be carefully monitored, and any sign of 
fetal distress should be effectively assessed. In the com-
mon scenario, the most relevant question is how soon 
the delivery of twin B is anticipated. When the cervix is 
fully dilated and the head is engaged, a vacuum extrac-
tion is a good option. Delivery of the second twin is the 
only circumstance where high-station vacuum extraction 
is permissible. However, this procedure should be reserved 
for special circumstances because the unengaged head of 
twin B has not undergone the necessary molding, and it 
may be difficult to place the vacuum cup on an unengaged 
head. Alternatively, internal podalic version (see below) 
and breech extraction can sometimes be performed. Thus, 
if prompt delivery of twin B is necessary, skillful instru-
mental delivery or internal version may be the first option, 
rather than abdominal delivery. If worst comes to worst, 
however, a combined twin delivery should be performed 
(see below).

Vertex–nonvertex

Vertex–nonvertex pairs were always considered possible 
candidates for vaginal delivery, with many exceptions 
related to size and/or gestational age.27 The ultimate goal is 
the safe delivery of twin B in breech presentation.12 When 
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twin B is in a transverse lie, it must first undergo version 
into the longitudinal lie (usually breech). Historically, this 
combination of presentations was subject to innumerable 
studies. Delivery of vertex–nonvertex twins is one of the 
highest challenges in manual dexterity (Figure 26.1).

When twin B presents by the breech, birth can be 
accomplished either by assisted breech delivery or by total 
breech extraction. In the former, amniotomy is delayed as 
much as possible to use the pressure effect of the amniotic 
sac on the cervix. Quite often, episiotomy is performed, 
and the breech presentation of twin B should be recon-
firmed. It has been found that 52% of cesarean sections 
performed for twin B in the “safest” configuration (vertex 
A–vertex B) were done for change in presentation of twin 
B, with inability to perform version and extraction.23

Quite often, cervical dilation decreases after the deliv-
ery of twin A. This “clamping down” of the cervix is attrib-
uted to the sudden decompression of the uterine cavity. 
However, the cervix in this case is different from a cer-
vix with the same dilation in the active phase. Here, when 
“clamping down” occurs, the time required to achieve 
again full dilation is relatively short. With adequate uter-
ine contractions, the cervix will usually regain its previous 
dilation within 5–15 minutes.

Alternatively, the feet of twin B are grasped with intact 
membranes, and then the membranes are ruptured, and 
the fetus is delivered by total extraction. Another alter-
native approach applies external version (EV) to the ver-
tex. The pros and cons for each method are related to the 
size of twin B. Some authors recommend that the non-
vertex second twin over 24 weeks’ gestation and under 
1700 g estimated fetal weight should undergo external 
cephalic version (ECV). If unsuccessful, a cesarean sec-
tion should be performed. In contrast, in the nonvertex 
twin B over 1700 g, either EV or assisted breech extrac-
tion might be appropriate.28 Others use a weight cutoff of 
1500 g to select cases for vaginal birth.29 It follows that 
breech delivery should not be performed on premature 

or growth-restricted twins with estimated weight under 
1500 g.

When the nonvertex second twin is much larger than 
the firstborn twin, delivery in breech presentation may 
prove difficult. According to various sources, the upper-
most tolerable difference ranges between 2 mm, as stated 
in the second edition of this volume, and 4 mm30 in terms 
of bipariatal diameter.

Numerous case series have developed methods of deliv-
ery of the nonvertex twin B. While failing to reach a solid 
conclusion, the majority of authorities favor total breech 
extraction of the nonvertex second twin over external 
cephalic version.31–34 It is crucial to know the exact presen-
tation of twin B immediately after the vaginal delivery of 
twin A. Bedside sonography can establish the relationship 
of the fetal back to the maternal pelvis. In addition, the 
position of the fetal head (right or left) should be known.

When twin B is in transverse lie, the fetus should be 
turned into a longitudinal lie. This may be performed 
either by EV or by internal podalic version. Both maneu-
vers are easiest accomplished under adequate anesthesia. 
This may mean that an anesthetist should be present in the 
delivery room for any emergency.

A transverse lie is either dorsoinferior or dorsosuperior 
when the back is directed downward toward the pelvis 
or upward, respectively. A dorsosuperior transverse lie 
requires a 90° version; a dorsoinferior lie may necessitate 
either a 270° somersault or a 90° version (backward som-
ersault). Without ultrasound, neither maneuver is easy. 
Ideally, this procedure should be performed within the 
short period of uterine quiescence following the delivery 
of twin A. One may facilitate external or internal versions 
of the second twin by using intravenous nitroglycerin 
for uterine relaxation.35 In one study, high-dose (0.1– 
0.2 mg/10 kg pregnant weight) intravenous nitroglycerin 
was used for internal podalic version of the second twin 
in transverse lie with intact membranes. Twenty of the 22 
attempts were successful.35

Vx

NVxBreech Transverse

DorsoinferiorDorsosuperior

ECV

Vertex delivery

Cesarean section

Failed

IPVBreech

• ABD
• TBE

Figure 26.1 Options for vaginal birth of vertex–nonvertex (Vx–NVx) twins. ECV, external cephalic version; IPV, internal podalic 
version; ABD, assisted breech delivery; TBE, total breech extraction.
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Internal podalic version refers to the introduction of the 
operator’s hand into the birth canal in order to grasp the 
fetal legs after amniotomy and adequate episiotomy. In the 
past, this procedure was dependent on transabdominal 
palpation of the fetus. Currently, it is best performed under 
sonographic guidance. Once the legs are grasped, the fetus 
is gently turned into the breech presentation and delivered 
by total breech extraction. Like EV, internal podalic ver-
sion is easier and might prove less traumatic in the dorso-
superior lie. Uterine manipulation of the second twin does 
not increase the risk of postpartum metritis or neonatal 
sepsis, nor does the time interval between the deliveries 
of the twins. The rate of endometritis has been reported to 
be higher with twins delivered by cesarean section than in 
the general population of cesarean deliveries.36,37

Following numerous studies, none of which randomized, 
the question of how to deliver a vertex-first twin gestation 
seems to be settled.38 This study showed that between 32 + 0 
and 38 + 6 weeks’ gestation, the rate of cesarean delivery was 
90.7% in the planned-cesarean delivery group (i.e., some 
10% delivered before the planned cesarean) and was 43.8% 
in the planned-vaginal delivery group (i.e., 56% of planned 
vaginal births ended vaginally). Planned cesarean delivery 
did not significantly decrease or increase the risk of fetal or 
neonatal death or serious neonatal morbidity, as compared 
with planned vaginal delivery. On the other hand, planned 
cesarean delivery did not significantly increase the risk of 
maternal morbidity, as compared with planned vaginal 
delivery. Thus, this prospective randomized multicenter 
trial pleases those who advocate vaginal birth as well as 
those who advocate planned abdominal delivery.

Nonvertex first twin

Cesarean section is almost universally performed when 
the first twin presents as nonvertex.39 A multicenter 
study of a large sample of breech-first twin pairs deliv-
ered in 13 European centers indicated that when the twins 
weighed under 1500 g, there was a 2.4-fold increased risk 
of depressed (<7) 5-minute Apgar scores and a 9.5-fold 
increased risk of neonatal mortality among pairs deliv-
ered vaginally compared with those delivered by cesar-
ean section. However, when the breech-first twin weighed 
>1500 g, there was no difference in outcome.40 As a rule of 
thumb, the criteria for singleton breech delivery could and 
should be applied to twin breech delivery also.

The potential complication of “locked twins” (also known 
as “entangled twins” or “interlocking twins”) is often cited as 
an argument against vaginal births of breech–vertex pairs. 
In this rare presentation, the chin of the breech-first twin is 
above the chin of the vertex-second twin. When the breech-
first twin starts its descent, the chins become “locked” and, 
with further descent, the heads become entrapped above or 
within the pelvis. Some ambiguity exists about which pairs 
are indeed “locked.” For instance, twins that appear to be 
interlocking on imaging are not, in fact, locked but have the 
potential to become locked (Figure 26.2). The term “locked 
twins” should be reserved for those cases where the breech 
of the first twin has been delivered halfway, and locking 

obstructs further descent of both twins. This devastating 
situation is rare, with an estimated prevalence of about 
0.1%. It is not entirely clear whether the cited frequencies for 
cesarean births for “locked twins” refer to twins that were 
actually “locked,” or whether imaging (probably radiogra-
phy) led to an assumed “dangerous” proximity between the 
chins. Because size matters in such an event, entrapment of 
the fetal heads is more likely in premature (and small) twins. 
Interestingly, no case of “locked twins” was encountered in 
the large cohort compiled by Blickstein et al.40 In Sweden, 
Rydhstrom and Cullberg41 identified 29 cases in 26,428 
(0.15%) twin pregnancies. Interlocking was attributed to 
growth restriction, birth weight under 2000 g, and antena-
tal fetal death. The intrapartum mortality was high: 38.9%. 
In order to facilitate unlocking, uterine relaxation may be 
achieved by beta-mimetic drugs42 or nitroglycerin.43 There 
is no generally accepted procedure to alleviate this obstetric 
emergency or that deriving from the accoucheur’s inabil-
ity to extract the aftercoming head arrested by entrapment 
by the cervix, deflexion of head, or absolute cephalopelvic 
disproportion. A modification of the Zavanelli maneuver 
employed in shoulder dystocia has been described to over-
come this potentially catastrophic situation.44 This involves 
pushing the partially delivered fetus back into the birth 
canal and then prompt classical cesarean section to effect 
emergent “abdominal rescue” of the arrested first twin. 
Thereafter, the second twin is extracted in the usual man-
ner. This new technique has gained some acceptance since 
its introduction almost two decades ago.45

Combined twin delivery

This term refers to cesarean section performed for twin B 
after the vaginal delivery of twin A. In its purest sense, com-
bined twin delivery should thus be discussed under the sub-
heading of cesarean delivery.13 Jill Walton described this 
situation as “the worst of both worlds—a tiring and often 
risky pregnancy, a tiring labour, a major abdominal opera-
tion, two lots of stitches and two new babies to care for” 
(British Medical Journal, November 5, 2002). It is safe to 

Figure 26.2 The mechanism of interlocking of fetal heads 
in breech–vertex combination in the course of attempted twin 
delivery.
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assume that no one intentionally plans a combined delivery. 
In a typical case, it occurs unexpectedly after the delivery 
of twin A, when an emergent situation is recognized, and 
the operator, in his/her best clinical judgment, considers an 
emergency cesarean for twin B as the safest option.

In the United States, the frequency of combined twin 
delivery is estimated to be 9.5%.46 Interestingly, but not 
surprisingly, a direct, linear correlation was found between 
the frequency of cesarean section in twins and that of 
combined delivery.13 When more cesareans are performed 
for both twins, less experience is gained in managing the 
often complicated delivery of twin B, and, thus, more com-
bined twin deliveries are performed. Other investigators47

demonstrated a statistically significant increase in com-
bined vaginal cesarean and elective cesarean deliveries, 
with a decrease in the rate of vaginal deliveries.

Combined twin deliveries may occur in all combina-
tions of presentation in which vaginal delivery is appro-
pritate.13 Using data from the large U.S. multiple birth 
file, Wen et al.46 found that the cesarean rate for twin B 
increased when the mothers had medical or labor and 
delivery complications. Breech and other malpresentations 
were the most important predictors of emergent combined 
deliveries (population-attributable risk 33.2%). The need 
for emergent cesarean delivery of the second twin after 
vaginal delivery of the first twin was increased four-fold 
in such combinations. Operative vaginal delivery of the 
first twin was associated with a decreased rate of cesarean 
delivery for the second twin. In one study, the frequency 
of cesarean section for the second twin increased 7.6-fold 
if twin A was in vertex rather than breech presentation.23

It is important to remember that a prolonged interval 
between the vaginal delivery of twin A and the abdominal 
delivery of twin B may cause the uterus to contract around 
the malpresenting fetus, leading to difficult extraction dur-
ing cesarean section. In this situation, nitroglycerin is the 
agent of choice in managing the “entrapped” second twin.

In summary, it is not possible to avoid combined deliv-
eries entirely unless cesarean section is performed in all 
twins. The operator must acknowledge the limits of his/
her manual dexterity in what deserves to be included 
among the most formidable obstetric situations. If—for 
whatever reason—safe vaginal delivery of twin B cannot 
be expected, there is no need to test one’s ability to handle 
cataclysmic situations. To avoid addition stress and dis-
tress, the operator may choose to perform a twin delivery 
under double setup, in an operating room fully prepared 
for an abdominal operation on 1- to 2-minute notice. All 
personnel required for the operation must be scrubbed 
and gowned before the attempted vaginal twin delivery.

Vaginal birth after cesarean section

As a result of the currently high cesarean rates, there is a 
1:3–1:6 chance that a given multipara carrying twins had a 
previous cesarean. The combination of a uterine scar with 
a multiple pregnancy and its associated uterine overdis-
tention and fetal malpresentation constitutes a contra-
indication for a vaginal birth after cesarean (VBAC) in 

the opinion of most clinicians, even if the evidence does 
not entirely support this policy.48–50 Therefore, when the 
patient is well motivated and is willing to accept the rec-
ognized risks of an attempted vaginal delivery,29 and after 
the patient gives informed consent, VBAC can be accom-
plished in carefully selected cases. Both vertex–vertex and 
some vertex–nonvertex pairs may be candidates for vagi-
nal delivery. However, when manipulations to deliver the 
second twin are anticipated, cesarean section is probably 
a better choice. The frequency of combined deliveries is 
likely to be higher than in the general population. This fact 
should be included in the counseling process.

SPECIAL CIRCUMSTANCES RELATED TO MULTIPLE 
BIRTHS
Delivery of small twins

Currently, no prophylactic measure can reduce prematu-
rity in multiple gestations, except fetal reduction. Generally, 
twins are delivered earlier and are smaller than singletons. 
Two-thirds of all twins are delivered before week 36 of ges-
tation (14% under 33 weeks), and half of them weigh less 
than 2500 g (10% weighing under 1500 g).2 Any planned 
mode of delivery should take these facts into consideration. 
One population-based study found that the overall chances 
of one or both twins weighing less than 1500 g were 10.8% 
and 5.9%, respectively. There was a significantly higher inci-
dence of low-birth-weight (LBW) twins among nulliparous 
than among multiparas (16.1% vs. 7.5%).51

The presence of small twins, especially when they weigh 
under 1500 g and are before week 32, is a frequent argu-
ment against vaginal delivery. While ample data support 
the safety of vaginal deliveries of small singletons in the 
vertex presentation, few studies describe outcomes for 
small, vertex-presenting twins. Thus, decisions are fre-
quently based on extrapolation from singleton series.

Recent population-based studies of very LBW infants 
compared the outcomes of singletons, twins, and triplets52

and those of twins A and B.53 In this large Israeli data-
base, the mode of delivery (vaginal vs. abdominal) did not 
significantly influence the neonatal outcome. Importantly, 
the mode of delivery had no effect on the neurologic find-
ings in the neonates.52 In contrast, a French hospital-based 
study found a significantly higher incidence of periven-
tricular leukomalacia among vaginally delivered LBW 
twins than among twins delivered by cesarean section.54

It should be realized that the data on outcomes of pre-
term or LBW twins come from retrospective studies, some 
of which with unexcluded confounders, and the results are 
at best conflicting. Yet, many neonatologists prefer to get 
premature twins “intact” by the forces of labor, even with-
out solid evidence.

Delayed interval delivery

At times, one of the members of a multiple pregnancy is 
completely aborted or delivered remote from term. The 
uterus occasionally spontaneously ceases to contract 
after the birth of one or more grossly premature infant or 
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infants. At this stage, one must decide whether to termi-
nate the entire pregnancy or to perform the initial steps 
for a delayed interval delivery (also termed “asynchro-
nous delivery”). Such a procedure involves ligation of the 
umbilical cord as high as possible, preferably at the level 
of the external cervical os, and leaving the placenta of 
the aborted/delivered fetus in situ. The cervix then usu-
ally contracts while the pregnancy continues under close 
supervision.55

This heroic intervention is primarily used to salvage the 
remaining fetus(es) from the dismal outcome associated 
with extreme prematurity. The most serious concern is the 
fear of infection that may have caused the expulsion of the 
first fetus. Nevertheless, the literature is replete with cases 
and small series describing prolongation of the pregnancy 
after expulsion of the first fetus.

The following three points have been raised since the 
first reports on delayed interval delivery.

First, in selected cases, the attempt to prolong the rest of 
the pregnancy may be justified,56 since even modest pro-
longation at critical gestational ages can improve neonatal 
survival.57 Yet, the selection criteria remain unclear and 
obviously, this daring intervention is better reserved for 
“premium” pregnancies or for women with a history of 
infertility.56

Second, the prognosis is not bright. Although some 
studies show favorable outcome, this may reflect “report-
ing bias,” whereby failures remain unpublished.58 Even if 
pregnancy is prolonged by several weeks, the outcome, in 
terms of risk of neurologic disability, is not favorable if 
the first twin was delivered at around 20 weeks. In other 
words, the time gained may save the retained fetus from 
mortality, but not from prematurity-related morbidity.59,60

In a retrospective analysis of 80 multiple pregnancies with 
the birth of one child at a gestational age of 16–31 weeks, 
van Doorn et al.59 were able to postpone the delivery of the 
second (and third) infant in 10 out of 15 attempts, with a 
mean delay of 12 days, and a mean gestational age at the 
delivery of the remaining fetuses of 27 5/7 weeks. There 
was no difference in outcome between the first-born and 
the retained infant when the procedure was performed 
after 28 weeks. A recent U.S. study found that asynchro-
nous delivery occurred at a rate of 0.14 per 1000 births, 
mainly (86%) as a result of second-trimester rupture of 
membranes. The mean gestational age of the first delivered 
fetus was 21 ± 2.0 weeks and the median latency was 2 
days (range <1–70 days). Of the 19 retained fetuses, 2 died 
in utero, 10 died between birth and day 57 of life, and 7 
(37%) survived until hospital discharge. Six of the survi-
vors had major prematurity-related sequelae, and only one 
(5%) was discharged without major consequences. More 
than half of the mothers suffered infectious morbidity, 
including one case of septic shock.60

Thirdly, the exact protocol for delayed deliveries has 
not been established. After the birth of the first infant, 
most practitioners keep the patient on bed rest until the 
pregnancy is completed, under close observation for 
signs of impending infection. Prophylactic antibiotics 

and tocolysis are the mainstay of therapy. There is dispute 
about the role of cervical cerclage. A survey of seven case 
series that previously identified all delayed interval deliv-
eries found that despite routine prophylactic use of broad-
spectrum antibiotics, intrauterine infection occurred 
after the first delivery in 36% of the cases. The incidence 
of maternal sepsis was 4.9%. The survey further indicated 
that cerclage was associated with a longer latency period 
than in cases without cerclage (median, 26 vs. 9 days). The 
cerclage did not significantly increase the risk of intrauter-
ine infection.61 Interestingly, patients who already had a 
cerclage had shorter latency intervals.

In summary, the data indicate that delayed interval 
delivery is a feasible procedure and may prolong preg-
nancy beyond the limit of viability. Naturally, it should not 
be attempted without full disclosure to the patient of the 
serious maternal and fetal risks. These should be included 
in the patient’s written informed consent in considerable 
detail.

Delivery of discordant twins

Significant intertwin size differences, per se, do not indicate 
cesarean section.62 Nonetheless, as discussed elsewhere, 
discordance is an argument against vaginal delivery of 
vertex–nonvertex twins in whom twin B is significantly 
larger than twin A.

Delivery of monochorionic twins

Monochorionic (MC) twins deserve special consideration 
for three reasons. The first concerns the MC-diamniotic 
variety with or without the twin–twin transfusion syn-
drome (TTTS). To date, despite extensive research on 
antepartum management of TTTS, the preferential mode 
of delivery has not been determined. In the case of treated 
or untreated TTTS, it would seem that the burden of 
labor and delivery should not be imposed on these twins, 
who may be either seriously anemic (as part of the twin 
anemia–polycythemia sequence) or have decompensated 
cardiac function.

Another concern is the association of MC twinning 
with bizarre anomalies. One example is the delivery of 
the acardiac, acephalic twin (the so-called twin reversed 
arterial perfusion sequence [TRAP]) (Figure 26.3). The 
umbilical cord of the acardiac, acephalic twin is usu-
ally very short, and the diameters of this ovoid-shaped 
mass often are larger than the pelvic outlet or the 10- to 
12-cm uterine incision performed at cesarean section. 
Accordingly, because extraction might prove traumatic 
and cause rupture of cord and exsanguination of the nor-
mal (pump) twin, it seems reasonable to seek the welfare 
of the normal twin first. This may be accomplished only 
through cesarean section. Thus, after the uterine incision 
and the delivery of the normal twin, there is no rush to 
deliver the acardiac, acephalic mass. Sometimes, despite 
the elastic nature of the mass, extraction through a narrow 
incision may be difficult. It is advisable to have a good grip 
on the mass in order to perform a controlled, slow deliv-
ery. Care must be taken to avoid lateral extension of the 
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uterine incision toward the uterine arteries. One may use 
a “corkscrew” device attached into the mass in order have 
a firm grasp and a safe extraction. The cutting of a “smile” 
incision into the lower uterine segment is often warranted.

Another problem is the delivery of conjoined twins. In 
such rare circumstances, and particularly if the twins are 
to be spared a traumatic and destructive birth, cesarean 
section is preferred. Often, a classical incision is required 
for a safe dual delivery.

A matter of concern is the delivery of MC-monoamniotic 
(MA) twins. Before the era of sonography, very few MA 
twins survived, because the diagnosis was not made in a 
timely manner. Cord entanglement is almost invariably 
present and may occur as early as week 12 of pregnancy. 
When such entanglement becomes sufficiently tight, one 
or both twins die (Figure 26.4). For many authorities, this 
“ticking bomb” situation warrants delivery at 32 weeks, 
even without proving lung maturity. The wisdom of this 
protocol was questioned57 by a series of 17 sets of MA twins 
delivered after 30 weeks with at least one twin still alive. 
The risks of early delivery in these pregnancies appear to 
outweigh the risk of fetal death. The argument used in 
defending this latter view is that twins of over 30 weeks’ 
gestational age are too large to move around in the uterine 
cavity and are therefore unlikely to tighten the entangled 
cords. Most authors hold that the balance of the risks is 
in favor of delivery when pregnancy reaches 32 weeks.63,64

Labor induction and augmentation

About 20% of twin gestations may require induction of 
labor for fetal and/or maternal reasons. However, the over-
distended uterus is a relative contraindication for labor 
induction by means that may cause uterine hyperstimula-
tion. Although pregnancy is often terminated by cesarean 
section, it seems that unfavorable cervical condition is no 
impediment for trial of labor in appropriate candidates. 
There is a report describing the effective use of an intrauter-
ine balloon catheter for the induction of labor in carefully 

selected cases.65 Likewise, Simões et al.66 evaluated the use 
of oral misoprostol in near term (≥35 weeks) twin pregnan-
cies in nulliparous. Compared with nulliparous delivered 
by planned cesarean section, the two groups were com-
parable in most aspects, except for fetal malpresentation, 
which was the major reason for avoiding induction. A total 
of 76.8% had a vaginal birth, 4.3% had a combined twin 
delivery, and 18.8% had a cesarean during labor.

The conflicting results in the older literature related 
to oxytocin induction or augmentation67,68 were ques-
tioned in a recent study of 62 twin gestations matched 
with singleton controls.69 Women with twin pregnancies 
and those with singletons responded similarly regarding 
maximum needed oxytocin dosage, time from oxytocin 
administration to delivery, and successful vaginal deliver-
ies (90% in both groups). It is clear from these studies that 
labor induction in twins is not contraindicated and might 
be used in carefully selected cases.

Defining “term” for twins

The discussion about the definition of “term” in twins has 
been revitalized in the last few years. Since “term” occurs 
earlier in twins than in singletons, one may argue that 
twins delivered later are exposed to risks associated with 
post-term pregnancy. This concept explains the increased 
risk of cerebral palsy observed in twins weighing more 
than 2500 g or delivered after 37 weeks.70 The following 
lines of evidence suggest that “term” occurs in twin preg-
nancies at 37–38 weeks70: (1) statistical deductions shows 
that the proportion of twins born after 38 weeks is simi-
lar to that of singletons born after 40 weeks; (2) growth 
curves of twins do not demonstrate a significant increase 
in size after 37 weeks (Figure 26.5); (3) fetal pulmonary 
and neurologic maturity appears to be achieved by com-
pleted week 37; and (4) perinatal mortality and morbidity 
rates decrease until 36 weeks but increase again thereafter.

In the last decade, a series of studies attempted to quan-
tify the excess risk of intrauterine fetal demise (IUFD) in 
monochorionic–diamniotic (MCDA) twins despite being 

Figure 26.3 Acardiac, acephalic twin. The shortest diam-
eter may be larger than the uterine incision, causing difficult 
extraction during cesarean section.

Figure 26.4 Cord entanglement in case of monoamniotic 
twins seen at cesarean section.
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apparently “uncomplicated.” In general, the numerous stud-
ies showed a risk of 1.5%–2% per pregnancy after 33 weeks’ 
gestation. This alarming incidence, however, seems to be 
higher in population-based datasets72 compared with data 
coming from dedicated centers with specific interest in 
monichorionicity.73–75 Simply put, a significant excess risk of 
unexpected deaths in monochorionic biamniotic (MCBA) 
twins exists and might indeed outweigh the risks of prematu-
rity, and hence be an indication for elective preterm delivery. 
The ample circumstantial evidence supports the contention 
that bichorionic twins should be delivered during week 38 of 
gestation76 and monochorionic twins at 36–37 weeks.

Delivery of triplets

Triplet delivery is more complex than that of twins. Therefore, 
the abdominal route is generally preferred.50 However, it 
should be realized that in some centers the option of vaginal 
delivery of triplets has never been discarded.77

As the number of triplets increased worldwide due to 
the epidemic of multiple births,1 and with the advent of 
sonography, fewer cases of triplets were misdiagnosed, 
and more centers gained experience with more triplets in 
a shorter time span77–85 (Figure 26.6).

Delivery of triplets, by either route, is a logistic endeavor. 
As each of the infants deserves its own immediate post-
partum care, there must be three neonatology teams. The 
obstetric team must include at least two operators, sup-
ported by an anesthesiologist. Including the midwives and 
nurses, a triplet delivery may require as many as 15–20 

persons. The logistics involved in recruiting the necessary 
staff may be difficult. As the time of spontaneous birth 
cannot be predicted, a planned, daytime, elective cesarean 
section offers the simplest solution to the logistic problem.
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Figure 26.5 The average rate of growth of twins during the third trimester of gestation. Horizontal line: gestational age in 
weeks; vertical line: birth weight in grams. (Adapted from Bazsó J et al., Magy Noorv Lapja, 32, 248, 1969; Bazsó J et al., Zentralbl 
Gynakol 1970; 92: 628–33.)

Figure 26.6 Demonstration of triplets by sonographic 
examination at 17 weeks’ gestation.
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EPILOGUE
“And it came to pass in the time of her travail, that, behold, 
twins were in her womb. And it came to pass, when she 
travailed, that the one put out his hand: and the midwife 
took and bound upon his hand a scarlet thread, saying, 
This came out first. And it came to pass, as he drew back 
his hand, that, behold, his brother came out: and she said, 
How has thou broken forth? This breach be upon thee . . . 
And afterward came out his brother, that had the scarlet 
thread upon his hand” (Genesis 38:27–30).

The description of the delivery of Pharez and Zarah is a 
vivid documentation of the complexity of twin birth.86 The 
midwife must have been experienced since she made the 
diagnosis of twins intrapartum; otherwise she could not 
have been ready to apply the scarlet thread to the firstborn. 
This biblical narrative summarizes the concept of the 
delivery of multiples: good clinical judgment and skills.

Generally speaking, cesarean section is the simplest and 
most efficient way to deliver multiples. This statement is 
especially true for a “premium” pregnancy. A recent study 
from Germany87 indicated that cesarean rates changed 
from 63.6% (<28 weeks), 88.9% (28–31 weeks), 59.6% (32–
36 weeks), and 40% (>36 weeks) in 1990 to 74.2%, 95.5%, 
76.9%, and 68.7% in 2012, respectively. The lowest increase 
(16.8%) was found in university hospitals with perinatal 
units and the highest (22.1%) was noted in smaller hospi-
tals without perinatal units. As already predicted in 1991 
by Blickstein et al.,13 this dramatic increase of nearly 25% 
in abdominal births for twins was associated with almost 
doubling of combined twin deliveries, from 3.9% in 1990 
to 7.0% in 2012.

These data reiterate the idea that in any particular case, 
the fact that vaginal delivery is permissible makes little 
sense if the operator is inexperienced in breech delivery. 
With training opportunities diminishing, the admission 
of lack of expertise should cause no embarrassment even 
for fully qualified obstetricians.

Indeed, the results of the Twin Birth Study38 suggests 
that even in centers skilled enough in the art of vaginal 
twin birth, the chance to complete a vaginal twin birth 
was roughly 50%. Even so, some women might enjoy the 
freedom of choice between vaginal and cesarean births 
that is provided by the results of these studies.88 
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A substantial risk to the mother always existed at par-
turition. In the not-too-distant past, parturition was 
a very dangerous event in a woman’s life, and many 
babies lost their mothers at birth. With the improve-
ment of obstetric services, availability of blood trans-
fusions, antibiotics, modern anesthetic methods, and 
the increasing popularity of hospital deliveries, mater-
nal death has almost disappeared. There is a tendency 
today to abandon potentially traumatic vaginal deliv-
eries and use cesarean sections whenever difficulties 
are expected, for the sake of both mother and fetus. 
However, maternal morbidity and injury during labor 
unfortunately still exist, especially in underdeveloped 
parts of the world where medical surveillance of deliver-
ies is less effective than in the more developed countries. 
Iatrogenic or elective injury, such as episiotomy, may be 
still needed, sometimes in order to avoid more extensive 
birth trauma.

PROCEDURES
Episiotomy

Although its popularity has been declining, episiotomy is 
described at length in another chapter, and it is not dis-
cussed here any further.

Symphysiotomy

Symphysiotomy is also very rarely performed in modern 
obstetrics, and mainly in low- and middle income coun-
tries. First used by Sigault in Paris in 1777, this operation 
consists of division of the symphysis pubis in order to 
increase the pelvic diameters and allow vaginal delivery in 
minor degrees of cephalopelvic disproportion.1 The opera-
tion is performed with the patient in the lithotomy posi-
tion, with both legs supported by an assistant on each side, 
limiting abduction and external rotation to avoid further 
accidental trauma to the pelvis. The bladder is emptied, 
and the catheter is left in place during the operation. 
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After infiltration with 1% lidocaine solution, a short mid-
line longitudinal incision of the skin over the symphysis 
is made, and the symphysis pubis is divided with a long, 
solid scalpel from behind forward and from above down-
ward, introducing the knife behind the symphysis pubis at 
its upper border and keeping strictly to the midline. The 
surgeon uses a finger in the vagina to displace the urethra 
and the bladder neck laterally well to one side of the sym-
physis before cutting. The assistants continue to support 
the legs during the assisted delivery. A large episiotomy 
is performed. Traction is always directed away from the 
symphysis. A firm strapping or binding of the legs is 
applied for the support of the pelvis for 1 week.

In the majority of cases, proper healing takes place and 
the pelvis regains its former stability. However, complica-
tions such as injury to the urethra, stress incontinence, 
infection, hemorrhage, and pelvic instability have been 
reported.

Data on long-term problems after 40 years, in patients 
undergoing symphysiotomy were reported in 37 Irish 
women. The most common problems were back problems 
(94/6%), bladder problems (78.4%), hip (77.8%), and psy-
chological problems (75.7%). Bowel and kidney problems 
were also reported, however to a lesser degree.2 An attempt 
to issue a Cochrane review on symphysiotomy yielded no 
randomized controlled trials (RCTs).3

This operation probably has no place in developed 
countries nowadays when operating room facilities and 
personnel are readily available whenever necessary. 
However, it is still performed in rural areas in Africa and 
other underdeveloped regions. It has, in these cases, the 
advantages of avoiding a cesarean section for a moder-
ately contracted pelvis and not weakening the uterus for 
future pregnancy. It also permanently increases the pel-
vic dimensions at all levels, allowing easier subsequent 
vaginal delivery.4,5

INJURY TO THE PERINEUM AND VULVA
Some degree of injury to the soft tissues of the external 
part of the birth canal is almost inevitable in primiparas 
and sometimes even in multiparas. The reasons for the 
injury of the perineum and vulva are, in general, quite 
similar:

1. Large fetal measurements, such as a large head or 
broad shoulders, occipitoposterior rotation, and face 
presentation

2. Precipitated labor and delivery, which do not allow 
gradual dilation of the tissues

3. Narrow bony passage due either to narrow subpubic 
angle or to a straight sacrum

4. Narrow soft tissue passage, as in very young parturi-
ents, or extremely high perineum, whether primary or 
due to previous repair

5. Hasty or otherwise improper use of instrumentation or 
manual techniques

6. Insufficient control of the delivery due to an uncoopera-
tive patient or technical difficulties

Injury to the vulva

The most frequent lacerations of the vulva are longitudi-
nal on either side of the labium minor. They are usually 
shallow and bleed only slightly. Poor wound approxima-
tion has been demonstrated in women who had not been 
sutured.6 Therefore, it is preferable to close even a small 
superficial wound with a few stitches of rapidly absorbed 
polyglactin (Vicryl Rapide) 2-0, threaded on an atrau-
matic needle.

Periurethral lacerations are another variety of vulvar 
injury. These should always be sutured after inspection of 
the urethral orifice. In deeper lacerations, care has to be 
taken not to damage the urethra during repair. This can be 
done by the insertion of a catheter. Longitudinal laceration 
of the upper part of the vulva may include the clitoris or 
its preputium. Such a tear is often accompanied by bleed-
ing. The ligation of all actively bleeding vessels is essential 
before the repair of the tear itself; otherwise, a hematoma 
will arise or continuous bleeding will require a secondary 
repair. Proper analgesia and use of very fine suture materi-
als of Vicryl Rapide are important in this particular area 
due to its extensive vascularization and innervation.

Another site of vulvar lacerations is along the edge of 
the perineum in a transverse direction. These are not very 
common by themselves and sometimes represent a con-
tinuation of labial lacerations. More frequent is damage to 
this part of the vulva in combination with either a vaginal 
or a perineal tear. In most cases, its direction is longitudi-
nal into the vagina, down to the perineum, or both.

Injury to the perineum

Tears of the perineum are longitudinal, extend from the 
vulva, and can reach the rectal canal.7 It is of major impor-
tance to recognize the full extent of the damage, since the 
repair must be meticulous in order to avoid unnecessary 
complications. They are classified into four grades accord-
ing to their extent8:

 1. First-degree tear. This is a short tear involving only the 
upper portion of the perineal body and the superficial 
tissues.

 2. Second-degree tear. This involves the whole length of the 
perineum and includes the perineal body. It reaches the 
sphincter ani, but does not involve it.

 3. Third-degree tear. This includes the anal sphincter, but 
does not extend into the anorectal canal.

 4. Fourth-degree tear. Sometimes called a complete peri-
neal tear, this tear extends into the anorectal canal.

As this classification does not include the depth of 
external anal sphincter rupture or the involvement of 
the internal sphincter, it has been modified9 as follows 
to allow differentiation between injuries to the external 
anal sphincter, the internal anal sphincter, and the anal 
epithelium:

 1. First: Injury to the skin only
 2. Second: Injury to the perineum involving perineal mus-

cles but not the anal sphincter
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3. Third: Injury to perineum involving the anal sphincter 
complex
a. Less than 50% of external anal sphincter thickness 

torn
b. More than 50% of external anal sphincter thickness 

torn
c. Internal anal sphincter torn

4. Fourth: Injury to perineum involving the anal sphincter 
complex and anal epithelium

This classification has been adopted by the International 
Consultation on Incontinence and the Royal College of 
Obstetricians and Gynaecologists (RCOG).10 The term 
Obstetric Anal Sphincter Injuries (OASIS) encompasses 
both third- and fourth-degree perineal tears.

Following vaginal delivery, anal sphincter and anorectal 
mucosal injury cannot be excluded without performing a 
rectal examination. Visual assessment of the extent of per-
ineal trauma to include the structures involved, the apex 
of the injury and assessment of bleeding should be fol-
lowed by a rectal examination to assess whether there has 
been any damage to the external or internal anal sphincter 
or if there is any suspicion that the perineal muscles has 
been damaged.10

The following are principles of repair10:

• Suture as soon as possible after delivery to reduce bleed-
ing and risk of infection.

• Check equipment and count swabs prior to commenc-
ing the procedure and count again after completion of 
the repair.

• Good lighting is essential to visualize and identify the 
structures involved.

• Ask for consultation if in doubt regarding the extent of 
trauma or structures involved.

• Repair of third- and fourth-degree tears should be con-
ducted by an appropriately trained clinician or by a 
trainee under supervision.

• Repair should take place in an operating theatre under 
regional or general anesthesia.

• Insert an indwelling catheter for 24 hours to prevent 
urinary retention.

• Ensure good anatomic alignment of the wound and give 
consideration to cosmetic results.

• Rectal examination after completing the repair will 
ensure that suture material has not been accidentally 
inserted through the rectal mucosa.

• After completion of the repair, inform the woman 
regarding the extent of trauma and discuss pain 
relief, diet, hygiene, and the importance of pelvic floor 
exercises.

The repair of a first-degree tear is simple since the dam-
age is superficial. After the wound is cleansed, hemostasis 
is ensured, and the edges of the wound are approximated 
with rapidly absorbed polyglactin (Vicryl Rapide) 2-0.

In second-degree tears, after hemostasis is secured, the 
torn perineal body exposes the edges of the two pillars of 
the pubococcygeal portion of the levator ani, and often the 

outer wall of the rectum becomes visible. The repair includes 
three or four interrupted sutures of rapidly absorbed poly-
glactin (Vicryl Rapide) 2-0, approximating the two sepa-
rate portions of the levators. If the rectum is exposed, these 
sutures have to include its outer layer. Special care has to 
be taken not to enter the rectal cavity. After the tying of 
these sutures, the perineal body is approximated with inter-
rupted sutures. Finally, the skin is closed with another layer 
of absorbable sutures (Vicryl Rapide 2-0). In patients with 
a thin subcutaneous layer, the two external layers, namely, 
the perineal body and fascia, and the skin may be sutured 
in one layer. The proper closure of the separated levators is 
important, since inadequate repair may be followed by rec-
tocele at a later stage of the patient’s life.

The first step in the repair of a fourth-degree tear is 
the suturing of the rectal mucosa. This is performed by 
approximating the torn edges of the rectal mucosa by 
sutures using either the continuous or interrupted tech-
nique. With interrupted sutures the knot can be tied either 
within or outside the anal canal. Polyglactin (Vicryl) 3-0 is 
usually used. Whichever technique is used for the repair, 
figure of eight sutures should be avoided during repair of 
the anal mucosa as they may cause ischemia.10

The repair of a third-degree tear preceded by the repair 
of the anal mucosa and followed by the stages of a second-
degree repair. In order to reunite the external anal sphincter, 
its two edges have to be exposed. This is not always an easy 
task, since the torn edges usually retract. Nevertheless, they 
have to be pulled out from their retracted position on the 
sides of the anus in the direction of the retracted end, which 
is then elevated into view. It is essential to recognize the tis-
sue and hold its whole thickness to achieve a good result.

The repair of a third-degree perineal tear, according to 
the RCOG classification,10 requires the following steps. 
The internal anal sphincter, which appears as a glistening, 
white, fibrous structure between the rectal mucosa and the 
external anal sphincter, should be closed separately with 
interrupted or mattress sutures without any attempt to 
overlap.11 Monofilament sutures such as 3-0 PDS or 2-0 
polyglactin (Vicryl) can be used with equivalent outcomes. 
The external anal sphincter, which appears as a band of 
skeletal muscle with a fibrous capsule, can be sutured in 
an end-to-end manner. Alternatively, it can be repaired by 
overlapping the edges of the torn sphincter, using larger 
surface area of tissue contact between the two torn ends.12 
The overlap technique can only be used for full thickness 
external sphincter tears to allow the torn ends to be over-
lapped without tension. As two free ends of the muscle are 
needed for a proper overlap repair, overlapping of partial 
thickness external anal sphincter tears would exert undue 
tension on the repair. Therefore, an end-to-end repair 
should be performed in a partial thickness external anal 
sphincter tear; tear grades 3a (less than 50% of external 
anal sphincter thickness), and some of 3b (more than 50% 
of external anal sphincter thickness).13 Although colorectal 
surgeons prefer to use the overlapping method to repair the 
sphincter remote from delivery, a recent Cochrane review 
demonstrated no difference in outcomes between an 
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end-to-end and an overlap repair.14 This Cochrane review 
on the method of repair for third- and fourth-degree tears 
examined six trials involving 588 women. It was recom-
mended to use monofilament sutures such as 3-0 PDS or 
2-0 polyglactin (Vicryl) with equivalent outcomes10 The 
repair of the sphincter is followed by that of the perineum, 
as described in the second-degree tear repair.

Many deliveries are performed under epidural anes-
thesia, and this is also efficient for perineal repair. 
Alternatively, local anesthesia can be used in first and 
second-degree tears, while general anesthesia is pre-
ferred in the more extensive variations. Postoperative care 
includes analgesics, prophylactic antibiotic therapy, sitz 
bath, and stool softeners, which are continued for about 
two weeks after the repair. Diet is normal, and no special 
local care is given except for the sitz bath. The patient is 
discharged when full anal control is ensured. Some stool 
softeners may be needed for a few weeks.

All women who have had a third- and fourth-degree tear 
repaired should be offered a follow-up examination at 6–12 
months by a gynecologist or a colorectal surgeon. Endoanal 
sonography and anorectal manometry may prove useful as 
additional means for diagnosis and follow-up.10

Prevention of perineal tears

Many authors believe that the repair of an episiotomy, like 
that of any other surgical incision, is simpler than that of an 
uncontrolled tear. This classical belief has been challenged 
recently.15 The preventive measures include allowance of 
gradual dilation of the tissues, controlled use of instru-
ments, and, last but not least, assurance of good coopera-
tion of the patient during delivery. Two meta-analyses of 
RCTs of perineal protection techniques16,17 found no dif-
ference in the incidence of OASIS between “hands-on” 
and “hands-off” approaches. The Cochrane review found 
no significant difference when the Ritgen maneuver was 
also used.16 However, warm perineal compresses were 
beneficial in reducing the incidence of OASIS. Although 
the mechanism of action remains uncertain, this approach 
may well reduce perineal edema.16

Several studies in Norway compared the impact incorpo-
ration of manual perineal protection/“hands-on” technique 
versus hands-off approaches in time series analyses.18–21 The 
perineum protection program consisted of four components 
when the baby’s head is crowning: (a) slowing the delivery 
of the baby’s head with one hand, (b) supporting perineum 
with the other hand and squeezing with fingers (first and 
second) from the perineum lateral parts towards the middle 
in order to lower the pressure in middle posterior perineum, 
(c) asking the delivering woman not to push, and (d) per-
forming correct episiotomy only when indicated. A signifi-
cant reduction in the incidence of OASIS was observed in all 
women after implementing the training program for peri-
neal protection.20,21 Nonetheless, the “hands-on” technique 
was associated with no benefits in the meta-analysis of stud-
ies on this issue.17

A variety of other preventive measures have been sug-
gested by midwives in an attempt to protect against 

perineal trauma.22 Kegel exercises, taking vitamins C and 
E to improve skin elasticity, avoiding the use of soap on the 
perineum during the last few weeks to avoid dryness of the 
skin’s natural emollients, and prenatal perineal massage 
are all of questionable value. The Cochrane review of four 
trials (2497 women) showed that perineal massage under-
taken by the woman or her partner was associated with 
an overall reduction in the incidence of trauma requiring 
suturing, but there was no differences in the incidence 
of third-/fourth-degree perineal trauma.23 Warm packs 
placed on perineum during the second stage have also 
been associated with decreased incidence of OASIS.16

Subsequent vaginal delivery may worsen anal inconti-
nence. All women who had a third- and fourth-degree tear 
in their previous pregnancy should be counseled regard-
ing the risk of developing anal incontinence or worsening 
symptoms with subsequent vaginal delivery.24

VAGINAL LACERATIONS
During labor and delivery, the vaginal tissues are under 
strain, as they are stretched and compressed at the same 
time or alternately. This is a natural occurrence, and if labor 
progress is normal, acute or permanent damage to the tis-
sues is minimal. However, the following obstetric situa-
tions or interventions predispose to damage of the vagina:

 1. Overt lacerations at different locations often com-
bined with tears of other adjacent structures (cervix, 
perineum, and vulva)

 2. Hematoma formation due to submucous tear of blood 
vessels

Lacerations of the vagina occur more often with pre-
cipitated labor when gradual dilation of the tissue cannot 
occur, in cases of difficult vaginal delivery combined with 
a large fetus or pathologic presentations, in cases of instru-
mental delivery, and in prolonged labor when prolonged 
pressure on the tissues makes them edematous and brittle.

One of the rarest forms of vaginal laceration, namely, 
colporrhexis, or vault rupture, is a tear of the posterior 
cul-de-sac, with protrusion of intestines into the vagina. 
Colporrhexis necessitates careful repair under general 
anesthesia and excellent visualization. The intestine has to 
be carefully cleansed before replacing it into the peritoneal 
cavity, and the vaginal opening is then sutured with rap-
idly absorbed polyglactin (Vicryl Rapide) 2-0.

Longitudinal tears of the vagina are common. They 
follow the axis of the vagina, more frequently at the pos-
terior wall. They can occur at normal spontaneous deliver-
ies, but are more frequent in instrumental deliveries and 
prolonged and difficult labors. All detectable tears should 
be carefully visualized and sutured, care being taken for 
good hemostasis. The initial stitch must be taken well 
above the upper edge of the tear in order to include any 
retracted vessel that may bleed later if not closed. Vaginal 
tears combined with laceration of other structures may 
occur at both ends of the vagina.

Cervical tears may extend laterally and include the lat-
eral fornix. This form may cause severe bleeding, since a 
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branch of the uterine artery may be included. Repair of 
tears in this variety needs full operative conditions—
anesthesia and perfect exposure by assistants and lights. 
Possible occult bleeding into the parametria has to be kept 
in mind. The vaginal tear is sutured from the side toward 
the cervix, followed by full repair of the cervical tear. Care 
must be taken not to damage the ureter, which can be in 
close proximity to an extensive tear.

Spontaneous vulvovaginal and combined perineo-
vulvo-vaginal tears, and vaginal tear as an extension of 
episiotomy are another variety of vaginal lacerations. The 
same principles of treatment already described are applied.

Rarely, multiple vaginal abrasions and lacerations occur. 
Some of these can be sutured, but the mucosa can be so 
extensively damaged that suturing is impossible. In such 
cases, the best way to overcome the problem is tight tam-
ponade of the vagina after inspection of the cervix and the 
fornices. The packing remains in place for up to 24 hours. 
Usually, good healing follows. A Foley catheter can be left 
in the uterine cavity to facilitate drainage.

Most vaginal lacerations heal quickly to full anatomic 
and functional integrity. One less noticed complication 
which can disturb the patient during the puerperium or 
later is granulation tissue formation. This tends to form at 
the edges of mucosal surfaces that have not been united. Its 
symptoms are spotting, contact bleeding, discharge, and, 
when sexual activity is resumed, dyspareunia. This minor 
complication can cause much discomfort. At the postnatal 
examination, small foci of granulation may be overlooked. 
Symptomatic patients are treated for vaginitis, bleedings 
are attributed to cervical erosion or uterine dysfunction, 
and the dyspareunia is often accepted as a “normal” result 
of childbirth.

Careful search for granulation tissues must be a part of 
any postpuerperal examination. The vaginal parts of an 
episiotomy, sutured vaginal tears, and the complete sur-
face of the vagina, even where no suturing was performed, 
must be examined. The treatment is simple; electrocautery 
as an office procedure, without the need of anesthesia, 
gives excellent results.

Hematoma formation

Hematomas may occur in the vulva, vagina, and, much 
less frequently, subperitoneally above the pelvic floor. 
Most hematomas become evident after delivery; however, 
rarely, the vaginal type may start during labor and disturb 
the progress of childbirth. If this is the case and correct 
diagnosis is made, incision and drainage of the hematoma 
may enable birth, but the lacerated vessels must be sutured 
immediately afterward.25

As stated, hematomas usually become evident after 
delivery, but since their symptoms and signs develop 
slowly, most of them are discovered only hours later. 
The exception to this is the very rare instance of hema-
toma caused by laceration of a large vessel, often above 
the pelvic floor, which leads to blood volume decrease of 
significant degree, causing anemia and shock before giv-
ing any local signs or symptoms. The diagnosis of this 

situation is based mainly on the blood loss evident in 
progressive anemia and development of hypotension and 
shock, without any external loss through the birth canal. 
Sometimes some bulging of the fornix or parametria 
on the affected side may be detectable on vaginal palpa-
tion, accompanied by tenderness. Hematoma of this kind 
should be promptly treated, since the blood vessels must 
be tied. This can be best achieved by laparotomy by the 
retroperitoneal approach. In cases when the development 
of the hematoma is slow, it is sometimes self-limited and 
resolves spontaneously. This is often accompanied by fever 
due to resorption or infection; therefore, antibiotic treat-
ment is indicated. Persistent fever during the puerperium 
in the presence of a parametrial mass is an indication for 
incision and drainage, which is preferentially performed 
abdominally. A parametrial hematoma may also evolve 
after cesarean section due to insufficient hemostasis and 
extravasation of the blood into the parametria.

Vulvar hematomas of smaller extent appear a short time 
after the completion of delivery. They usually result from 
incomplete hemostasis at suturing vulvar damage or from 
pricking of a vein during the procedure of repair. They are 
usually mild, cause little discomfort, and resolve sponta-
neously. Less frequently, vulvar hematoma results from a 
vaginal hematoma which dissects through the loose tissue 
into the vulvar region. These hematomas are usually uni-
lateral and may reach considerable size if left untreated. 
They require surgical incision and drainage, and, most 
important, the torn vessels in the vagina have to be ligated.

The vaginal tissues, including the blood vessels, are 
under considerable strain during delivery. The tissues 
are stretched and compressed by the forces of labor and 
by the passage of the fetus. The congested blood vessels 
burst easily by pressure or tear in spontaneous delivery, 
but more often, at instrumental delivery. The hematoma 
formation usually starts during the second stage of labor, 
since, at this stage, the vessels are under maximal strain. 
However, even if ruptured, they are compressed, and blood 
effusion is slow or nil. After delivery, the intravaginal pres-
sure decreases, and the open vessels, more often veins, 
start bleeding and cause hematoma formation. The extent 
of the hematoma and the rate of its growth depend on the 
location of the torn vessel and its size. Most hematomas 
remain undetected for a few hours after delivery, until the 
patient complains about intense pain and a tearing sen-
sation in the vagina, about the rectum, and the perineal 
region. The pain increases, tenesmus can be felt, and, if the 
hematoma dissects its way under the bladder, difficulty in 
urination can be a symptom.

One must be attentive to the patient’s complaints and 
be aware of the possibility of a hematoma formation at any 
stage of the puerperium. The diagnosis can then be made 
easily by vaginal and rectal palpation, and immediate 
treatment implemented. Surgical incision, under anesthe-
sia with good exposure and illumination, facilitates clear-
ing of the clots, after which the wound must be carefully 
searched for the bleeding vessels. All detectable bleeders 
must be ligated; however, this is sometimes a difficult 
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task since the damage done by the hematoma itself causes 
secondary injury to capillaries, leading to diffuse oozing. 
Electrocoagulation can sometimes be used to overcome 
some of the difficulty. In some cases, tight vaginal packing 
for 24 hours may prove the only effective way to overcome 
the difficulties. Drainage of the wound is usually helpful.

Two additional types of vaginal hematomas must be 
kept in mind. First, a hematoma may develop in a repaired 
vaginal tear or episiotomy when hemostasis was inad-
equate. The open bleeding vessel can be anywhere in the 
wound, but the most probable site is a retracted vessel at 
its upper edge. Hence, it is most important to start any 
vaginal repair (tear or surgical incision) above the upper 
end of the wound. The usual pitfall causing delay in the 
diagnosis is that the pain arising from it is attributed to the 
sutured wound, and patients are given pain relievers and 
not examined sufficiently.

Second, a rather late form of hematoma formation 
is due to the delayed burst of a vessel, damaged by pres-
sure necrosis during labor or delivery but bleeding only 
at a later stage. The symptoms are the same as in the other 
forms, but their onset is delayed. Thus, hematoma has to 
be thought of, even if previous vaginal and rectal examina-
tions were normal.

The obstetrician is aware of the dangers of overt bleed-
ing, searches for its cause, and applies treatment. Although 
occult bleeding is less frequent, the same awareness is nec-
essary, since, if not discovered and treated, it may compli-
cate an otherwise normal childbirth.

Attention is called to any complaint of pain in the 
vagina, rectum, or perineum, or pressure on the bladder—
in cases of both a repaired wound and a woundless 
delivery—at any stage of the puerperium. Such pain must 
not be attributed to any cause before a thorough examina-
tion of the patient is performed.

CERVICAL TEARS
In normal labor, the cervix is gradually dilated, and the 
passage of the newborn causes only minimal damage that 
changes the appearance of the cervical os after involution. 
More severe tears occur when dilation is rapid or forceful, 
often accompanied by premature pushing of the newborn 
through an incompletely dilated cervix, as is sometimes 
the case in breech presentation or with an uncooperative 
patient. Manual displacement of the cervical edge dur-
ing labor also causes cervical damage, as does an attempt 
at instrumental delivery before the cervix is completely 
dilated.26

Scarring due to previous operations or cervical rigid-
ity may also predispose to cervical tears. Special attention 
must be paid to parturients who had a cervical cerclage dur-
ing pregnancy. It is customary to remove the McDonald-
type cerclage at 37 weeks in order to enable healing of the 
cervix until labor starts. However, sometimes labor starts 
before the suture is removed, and the damage may become 
serious if the suture is not removed instantly. Many cer-
vices are cicatrized or torn after cerclage, and the more 
worn off they are, the more they tend to tear. In such cases, 

abdominal delivery may be considered in order to prevent 
extension of a tear into the uterus or parametria.

Prolonged labor can weaken the cervical structure, and 
pressure necrosis occurs if a part of the cervix is com-
pressed between the fetal head and the pelvic wall. In 
modern obstetrics, care is taken to prevent vaginal deliv-
ery in unfavorable conditions; thus, this type of injury is 
rare. Nonetheless, one must be acquainted with its symp-
toms and treatment.

In most cases, the injury is limited to the vaginal portion 
of the cervix; however, in some instances, the laceration 
may extend higher into the isthmic part of the uterus and 
thus form one of the variants of uterine rupture. Another 
possible extension is into the vaginal fornix.

The usual direction of a cervical laceration is longitudi-
nal; however, a few cases of circular damage with complete 
ablation of the cervical ring have also been described. In 
such a case, if bleeding occurs, an attempt must be made 
to reconstruct the cervical lip along its entire circumfer-
ence by approximating the endo- and exocervical muco-
sal lining, preferably with a continuous buttonhole stitch. 
However, although the damage is considerable since it 
usually results from prolonged compression, the lesion 
may not bleed at all and can be left to heal spontaneously.

Another unusual type of cervical damage can result 
from careless use of forceps, or of the vacuum cup when it 
is applied on an elongated part of the cervix and that por-
tion is torn out at the delivery. The repair of such a lesion 
is a variation or a combination of the repairs of a circular 
ablation and a longitudinal tear; the tendency to one direc-
tion or the other depends on the extent of the absent tissue.

The most common cervical laceration is longitudinal, or 
radial; it can be single, or even multiple. The frequency of 
these lesions is higher than those diagnosed after delivery; 
since some do not bleed, their edges heal spontaneously 
and are discovered only later at a postnatal examina-
tion. The usual location of the radial cervical tear is lat-
eral, although anterior or posterior locations are possible. 
These are usually connected with instrumental deliveries.

Cervical tear (and/or another lesion of the lower birth 
canal) should be suspected in any case of persistent 
bleeding in the presence of a well-contracted uterus. The 
vaginal canal and the whole circumference of the cervix 
must be visually explored. At least one but preferably two 
assistants should be available. In all delivery units, pre-
pared sets containing the necessary instruments should be 
ready: four broad-bladed retractors at least 10 cm long, six 
ring forceps or sponge holders, two long needle holders, 
and two long, surgical tissue forceps.

The retractors are carefully inserted in the vagina and 
pushed up toward the fornices under visual control. The 
edge of the cervix is gripped by a ring forceps, and then 
another is applied about 60° in one direction and one more 
in the opposite one. The rest are applied successively in the 
same way; thus, the whole circumference of the cervix is 
held by the instruments. Any tear thus must become visu-
alized between two forceps, and repaired immediately. The 
remaining forceps are taken off. The tear is well exposed 
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by pulling the cervix to the opposite direction and toward 
the vaginal outlet. The suturing must start above the apex 
of the tear in order to include all retracted blood vessels 
and muscular tissue. We prefer one layer of interrupted, 
rapidly absorbed polyglactin (Vicryl Rapide) 2-0 sutures 
for this kind of repair. Interrupted suturing takes more 
time but enables good adaptation of tissues and prevents 
tension (Figure 27.1). Continuous and especially button-
hole sutures are usually too tight and often cause necro-
sis, which interferes with unification of the wound edges, 
resulting in a residual defect that has to be repaired later.

UTERINE RUPTURE
Etiology, classification, and prophylaxis

Rupture of the uterus is one of the major catastrophes seen 
in obstetric practice (Figure 27.2). It carries a high rate of 

fetal and maternal mortality, of which it still is a major 
cause in developing countries. In a large series, the rate 
of uterine rupture was reported as 1:2900–1:4300 deliv-
eries.11,27,28 Rupture of an unscarred uterus is a rare event 
involving 1:17,000 deliveries.29 In contrast, the reported 
rate of symptomatic uterine rupture of the scarred uterus 
in prospective cohort studies was 3.8 per 1000 trials of 
labor.30 In a large series of ruptured uteri reported in 1980, 
there was a distinct difference in both fetal and maternal 
outcomes between the group with a previously scarred 
uterus, usually a previous cesarean section scar (approxi-
mately one-third of all uterine ruptures), and the group 
with no previous scarring31 (Table 27.1).

The majority of reports of unscarred uterine ruptures 
come from rural areas in developing countries where poor 
antenatal care and obstetric facilities contribute to the 
occurrence of this grave complication. Common incrimi-
nating factors in previously unscarred uteri are cephalo-
pelvic disproportion and grand multiparity (Table 27.2), 
but uncontrolled use of oxytocin is probably the leading 
etiologic factor these days. Special care should be exercised 
when oxytocin is used in the presence of any predispos-
ing factor, such as grand multiparity, malpresentation, or a 
previous cesarean section scar, conditions that are relative 
contraindications to the use of oxytocin. Cephalopelvic 
disproportion is a major contraindication.

Abruptio placentae and, in particular, Couvelaire 
uterus, with its extravasation of blood in the stretched 
and disrupted uterine wall, may predispose to uterine 
rupture. In our series, as many as 18% of the unscarred 
uterine ruptures were associated with abruptio placentae. 
The use of oxytocin in these patients may be particularly 
hazardous. One must realize that a patient with shock and 
tender abdomen, and without audible fetal heart sounds, 
diagnosed as having abruptio placentae, may have a rup-
tured uterus.

In Golan’s et al.31 series, about one-third of uterine rup-
tures occurred after previous cesarean section. A small 
number of these involved classical cesarean section scars. 
The incidence of rupture in these longitudinal, upper-
segment scars was reported as 2.2%–13% as compared to 
0–0.5% in lower-segment scars.32,33 The rupture of the lat-
ter usually takes place in labor, whereas a classic scar may 
rupture during pregnancy.

Uterine rupture after previous scarring due to hysterot-
omy or uterine perforation at operative hysteroscopy and 
dilation and curettage has been reported but is uncom-
mon. The same is true of uterine rupture during difficult 
operative deliveries, malpresentations, and destructive 
operations, which are hardly seen these days.

Prophylaxis is the main way to fight this catastrophic 
obstetric complication. Improving medical facilities and 
antenatal care in rural areas and in developing countries, 
and implementation of family planning programs will 
probably lower the incidence of rupture of the uterus. Great 
effort must be made in any obstetric unit in diagnosing 
even minor degrees of cephalopelvic disproportion or mal-
presentation, and in treating the grand multipara and all 

Figure 27.1 Repair of a cervical tear.

Figure 27.2 Ruptured uterus: unscarred, longitudinal tear.
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patients with suspected abruptio placentae as very high-risk 
patients. They should be attended and treated in a special 
high-risk intensive care zone in the labor ward by specially 
trained personnel. Difficult operative deliveries should be 
abandoned and replaced by cesarean sections. Vaginal birth 
after cesarean delivery (VBAC) should be attempted only on 
a patient who has had a previous transverse, lower-uterine-
segment cesarean section, and after a careful assessment 
was favorable for delivery by the vaginal route. Previous 
postcesarean section sepsis can be an indicator of poor scar 
healing. Routine hysterosalpingograms in women who had 
cesarean sections demonstrate relatively often deficien-
cies of the uterine scars.34 High correlation has been found 
between measurements of the lower uterine segment thick-
ness by ultrasound preoperatively and by inspection intra-
operatively.35,36 However, such radiography or sonographies 
provides no absolute reassurance for the future resistance 
of the scar under the stress of labor; thus, each case should 
be assessed carefully and the management individualized. 
When vaginal delivery is decided upon, careful monitor-
ing of labor is required along with adequate analgesia for an 
assisted second stage, if required.

A previous classical cesarean section should always be 
followed by a repeat section, and the same should be the 
case after repair of a uterine rupture.

Induction of labor is a common obstetric practice and 
is often performed in women with an unfavorable cervix. 
Although vaginal birth after cesarean section is associ-
ated with a low risk of uterine rupture, its management 
is controversial. A recent review of eight studies, exam-
ined pregnancy outcome in induced versus spontaneous 
labor in women with previous cesarean section. Uterine 
rupture/dehiscence has occurred in 136 out of 17,412 
women attempting vaginal birth after previous cesarean 
section, with a 0.7% incidence. Women with induction 
of labor were more likely to experience uterine rupture/
dehiscence compared with spontaneous labor (46/4,038, 
1.1% and 90/13,374, 0.6%, respectively [odds ratio {OR}: 
1.62; 95% confidence interval {CI}: 1.13–2.31]).37

In a review comparing single versus double layers for 
uterine closure of low transverse cesarean incision, two 
RCTs studies reported no significant difference between 
single- versus double-layer closure for uterine dehiscence 
(relative risk: 1.86; 95% CI: 0.44–7.90; p = .40) or uterine 
rupture (no case).38

Clinical presentation, diagnosis, and pathology

Vaginal bleeding, lower abdominal pain or tenderness, 
fetal distress, and shock are the most common clinical fea-
tures. The rupture of a previously scarred uterus is a less 
dramatic event. Shock appears to be rare, vaginal bleed-
ing and abdominal tenderness and pain being the main 
features. Obviously, less bleeding occurs from a separated 
uterine scar than from the fresh, torn edges of a primary 
uterine rupture. Other reported signs and symptoms 
include tachycardia, hematuria, cessation of contractions, 
change in fetal position, and disappearance of fetal heart 
sounds (Table 27.1).

The diagnosis of rupture of the uterus is usually a clini-
cal one. Awareness of the risk of this condition is impor-
tant in all high-risk patients. VBAC deserves special care 
and awareness. The clinical acumen of the obstetrician is 
of prime importance. Suspected rupture of the uterus is an 
indication for surgery.

Table 27.1 Clinical features of uterine rupture.

Clinical features
Previously scarred uterus 
(n = 32) Unscarred uterus (n = 60) Total

Tachycardia only  1  4  5
Shock  3 (9%) 24 (40%) 27
Scar (or abdominal) tenderness or pain  9 (28%) 14 (23%) 23
Uterine bleeding 13 (40%) 40 (66%) 53
Hematuria  1  1  2
Cessation of contractions  4  4
Change in fetal position  2  6 (10%)  8
Disappearance of fetal heart sounds  3 17 (28%) 20
Routine examination of scar  9 47 (28%) 15

Source: Reproduced from Golan A et al., Obstet Gynecol, 56, 549–54, 1980. With permission from Lippincott Williams & Wilkins.

Table 27.2 Etiologic factors involved in uterine rupture.

Unscarred uterus Cephalopelvic disproportion
Oxytocin misuse
Grand multiparity
Abruptio placentae
Malpresentations (face, brow, 

shoulder)
Operative deliveries (forceps, 

internal version)
Destructive operations

Previously scarred uterus Cesarean section scar
Hysterotomy scar
Uterine perforation scar
Myomectomy or metroplasty 

scar
Previous repair of a ruptured 

uterus
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The uterine tear may be complete, penetrating through 
the serosal layer of the uterus and communicating with 
the peritoneal cavity, or incomplete (dehiscence), leav-
ing the serosa intact. It can be longitudinal, transverse, 
or compound. The most common type of tear in the 
unscarred uterus is the longitudinal one, which is usu-
ally complete. Rupture of the previously scarred uterus is 
usually transverse and incomplete, as most ruptures are 
in fact dehiscent scars.31 In 12%–22% of the cases, blad-
der lacerations accompany ruptures. These are almost 
always related to a previous cesarean section scar. The 
main symptoms are hematuria or meconium-stained 
urine.39–41

Treatment and outcome

The basic treatment of a patient with a ruptured uterus is 
immediate resuscitation and surgery.25

Especially in young women, there may be good reasons 
for preserving the uterus. In general, the surgical proce-
dure employed must be individualized, and it is depen-
dent upon the type, location, and extent of the laceration. 
The decision to perform a total or a subtotal hysterectomy 
should depend on whether the cervix or vagina is involved 
and on the patient’s condition. When the dehiscence of a 
previous cesarean section scar is repaired, the edges should 
be excised prior to the repair. The repair is performed with 
polyglactin (Vicryl) 2-0 sutures, two continuous layers 
for a lower-segment rupture repair and three continuous 
layers for an upper-segment rupture repair. Special care 
must be taken to secure hemostasis at the apexes of the 
tear. Repair of a ruptured uterus is mainly considered 
when future fertility is desired. When there is only slight 
dehiscence of a uterine scar, or when a tear is linear and 
easily reparable in a young patient of low parity, further 
pregnancies may be allowed after adequate repair.

Careful postoperative attention and support are 
needed, as, even after surgery is completed, the patient 
is still at risk of complications of hemorrhage, sepsis, and 
thromboembolic phenomena. In case of damage to the 
bladder, drainage with an indwelling catheter is needed 
for 5–7 days. It is an important means of preventing fis-
tula formation.

Rupture of the uterus is still an important cause of mater-
nal death in obstetric practice. In a publication describing 
the trends in pregnancy-related mortality and risk factors 
for pregnancy-related deaths in the United States for the 
years 1991–7, uterine rupture accounted for 1.7% of all 
maternal deaths.42 In the United Kingdom, it accounted 
for 1.9% of all maternal deaths for the years 1994–6.43 It 
is worth noting that there are  considerably fewer maternal 
deaths among ruptured scarred uteri than among  ruptured 
unscarred uteri. No maternal deaths were reported in 
the former group. In the  unscarred group, the maternal 
 mortality was 6.5%–10% in  various large series.31,44 The 
fetal mortality rate was high as a result of separation of the 
placenta; in the unscarred group, it was 46%–74%, but only 
22%–28% in the scarred group.31

EARLY MISCELLANEOUS INJURY
Symphysiolysis

Peripartum pubic symphysis separation is a recognized 
complication of pregnancy, estimates of its incidence 
ranging from 1:300 to 1:30,000.45 Some degree of relax-
ation of the pelvic joints is present in all pregnant women. 
It is regarded as a preparatory process for delivery. The 
peptide hormone relaxin, structurally related to insulin 
and insulin-like growth factor, and primarily secreted by 
the corpus luteum and the placenta during pregnancy, is 
involved in a variety of functions.46 It was isolated and 
studied as a substance that dissolved the anterior pelvis 
in guinea pigs late in pregnancy.47 Although there is no 
proof for this role of relaxin in human subjects, the genetic 
machinery for production of relaxin does exist in humans, 
and may explain this phenomenon.48

The amount of relaxation of the pelvic joints during 
pregnancy may be quite considerable. The two pubic bones 
may become separated by a few centimeters without any 
symptom, complaint, or other difficulty for the pregnant 
woman. However, in other cases, a much smaller separa-
tion may be very painful and severely debilitating. This 
sometimes occurs during the later part of pregnancy and 
probably is combined with relaxation of the two sacroiliac 
joints.

Symphysiolysis is an infrequent affliction of the pelvic 
joint. It is characterized by loosening of the ligamentous 
support of the joint, and hence, a free sliding movement 
of the bones, mainly in the direction of the body axis. 
This comes into effect most prominently during gait and 
is accompanied by severe pain, which often interferes with 
mobilization. During walking, the body weight is alter-
nately shifted from one leg to the other, this shift being 
transferred through the pelvic girdle. In the case of a loose 
symphysis pubis, at each step the pelvic bone is elevated in 
relation to the opposite side. This can be demonstrated by 
radiography if exposures are taken as the patient stands on 
each of her legs (Figure 27.3). The source of the pain can be 
of dual origin, due to friction of the bones or to excessive 
stretching of the joint ligaments.

The most prominent symptom of symphysiolysis is pain 
in the joint at any movement involving the pelvis. Gait 
is most severely inhibited, and even movements in bed 
often cause severe discomfort. Pressure on the joint usu-
ally elicits pain. Another diagnostic measure is to adduct 
and abduct the thighs against external counterpressure 
exerted by the examiner. In normal condition, this is 
painless; if the joint is affected, the procedure is painful. 
As already stated, radiologic proof can be documented by 
special techniques.

Symphysiolysis often occurs after difficult delivery, 
either spontaneous or instrumental. It is possible that in 
some cases the ligaments supporting the joint are rup-
tured during a traumatic or forceful delivery. Recovery 
from symphysiolysis usually occurs within 6–8 weeks.

The treatment of pelvic relaxation is mainly symp-
tomatic, both during pregnancy and after delivery. Tight 
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binding of the pelvis usually permits free movement, 
although sometimes it is accompanied by discomfort. The 
puerpera should be encouraged to move in order to pre-
vent other complications. Nonsteroidal anti-inflammatory 
drugs (NSAIDs) are in common use. Injection of cortico-
steroids into the joint has been tried, but the results are 
controversial. Local injection of anesthetics is of help in 
difficult cases and may promote mobilization. Orthopedic 
repair of the joint is very rarely needed in patients whom 
conservative management is unsuccessful or the sacroiliac 
joints remain unstable. Those patients may benefit from 
open reduction and internal or external skeletal fixation. 
Women who have had peripartum symphyseal separa-
tions may be at risk for subsequent separations.49

Damage of the coccyx

During delivery, the coccyx is pushed backward in order 
to enlarge the pelvic outlet. This physiologic movement, if 
exaggerated, can cause tearing of the sacrococcygeal joint 
or, in some cases, fracture of the coccyx. This is most likely 
to occur in cases of difficult deliveries of large infants, 
occipitoposterior positions, and instrumentation, or if the 
coccyx points sharply forward. Damage to the joint or the 
bone itself is usually painful. It disturbs the patient mainly 
in the sitting position, but also when she lies in bed or 
defecates.

Diagnosis is by combined rectal and external examina-
tion. This procedure discloses tenderness and sometimes 
swelling of the surrounding tissues. A lateral radiograph 
of the sacroiliac joint can be helpful. Spontaneous heal-
ing is the rule in most cases; however, sometimes healing 
is by ankylosis, often with a coccyx directed anteriorly, a 
result which can obstruct the next labor. In some cases, 
pain continues for prolonged periods. It can be treated by 
injection of local anesthetics, but surgery may be indicated 
in severe cases.

Peroneal palsy

Peroneal palsy is a rare complication attributable to 
improper and prolonged strapping of the legs during deliv-
ery. If the legs are strapped too tightly and externally to the 
supportive poles, pressure on the peroneal nerve may cause 
palsy, with foot drop resulting. Today, when strapping is no 
longer popular and supportive poles are used infrequently, 
this complication is hardly seen. Usually, no permanent 
damage is left; however, this preventable complication 
unnecessarily prolongs puerperal convalescence. Treatment 
is by physiotherapy combined with foot support to facilitate 
free movement. Even if wide abduction is needed for deliv-
ery, the legs can be freed for the third stage and, if necessary, 
strapped again for any further procedure.

Miscellaneous cervical damage

In most instances, obstetric trauma of the cervix is diag-
nosed soon after delivery or in the early puerperium. In 
these detected cases, the lesion should be repaired upon 
diagnosis. Unfortunately, in some cases, cervical dam-
age is unsuspected and spontaneous healing takes place, 
resulting, albeit infrequently, in permanent damage to the 
structural and functional integrity of the cervix.

The factors contributing to such cervical damage 
include mainly those also causing cervical incompetence. 
Previous cervical surgery predisposes to damage during 
labor and delivery. Cervical cerclage is a quite frequent 
cause of inconspicuous cervical tears, fenestration, and 
fibrosis.

Most of the injuries, mainly lateral tears, partial muscu-
lar retractions, and eversion of endocervical mucosa, are 
detected at postpartum examination. They should be cor-
rected at the earliest occasion, since further involvement 
may be expected at a future delivery. Infrequently, cervical 
damage is undetectable at first examination, and its exis-
tence becomes obvious only at some later stage. Cervical 
scarring and fibrosis may result in cervical dystocia due to 
rigidity and failure to dilate. If neglected, new tears, often 
severe, or even annular detachment of the cervix may 
occur. Cervical damage may cause problems of infertility 
due to chronic cervicitis or extensive damage to the endo-
cervical glands.

Urinary fistula

Urinary incontinence after childbirth may herald the 
formation of a urinary fistula. In his monograph on 

Figure 27.3 Radiographs of patient with symphysiolysis, 
standing alternately on each leg. Note change of joint as body 
weight shifts (anteroposterior plane).
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vesicovaginal fistula, Chassar-Moir50 reported that almost 
one-third of the fistulas he operated on were of obstetric 
origin. Mahfouz,51 reporting on 758 cases in Egypt, found 
that obstetric trauma was the most common cause of uri-
nary fistulas. These were also the findings in two large 
series reported from South Africa.52,53 The main causes of 
urinary fistulas were protracted labors, difficult forceps 
deliveries, cesarean sections, ruptured uterus, and sym-
physiotomy. However, it seems that with the improvement 
of obstetric services, obstetric trauma as the predisposing 
factor for urinary fistulas is becoming rare.

Two types of fistulas occur. The most common type 
is caused by pressure necrosis. In prolonged labor with 
cephalopelvic disproportion, the bladder neck and ure-
thra are compressed between the fetal head and the sym-
physis pubis. When this compression is prolonged, these 
tissues become ischemic and undergo necrosis. This leads 
to urinary incontinence, usually appearing 7–10 days later 
when the necrotic tissue sloughs out, forming a hole in the 
bladder base communicating with the vagina. It is usu-
ally located between the cervix and the external urethral 
meatus, involving the bladder neck and the anterior vagi-
nal wall. Such fistulas vary in size, from some that hardly 
admit a probe to large ones easily recognized on vaginal 
inspection.

The second type is the traumatic fistula caused by direct 
injury to the bladder at difficult forceps delivery, craniot-
omy, or whenever a uterine or large anterior cervical tear 
involving the bladder is overlooked. Such circumstances 
are rare today. At cesarean section, especially at a repeat 
operation, damage can be done to the bladder during its 
downward displacement and, also on opening the uterus 
or its subsequent suturing. Blood stained urine is a warn-
ing sign.

Immediate effective continuous drainage of the bladder 
is mandatory. Small obstetric vesicovaginal fistulas may 
heal spontaneously if the bladder is effectively drained 
by an indwelling catheter. If no healing occurs within 3 
months, surgical repair is necessary. It was always con-
sidered unwise to attempt surgical repair too soon after 
the causative trauma. Apart from achieving reduction in 
size by spontaneous healing, in time the local blood sup-
ply improves, the slough separates, and the inflammation 
subsides, providing better conditions for surgery.

Sometimes ureterovaginal fistula may occur. Injury to 
a ureter during cesarean section or a repair of a ruptured 
uterus may result in ureterovaginal or ureterocervical 
fistula. Corrective surgery is usually the treatment. The 
urologist should be involved in the management of such 
fistulas.

Rectovaginal fistula

Although less common than the vesicovaginal fistula, the 
rectovaginal fistula is a very distressing consequence of 
birth trauma. Fortunately, this complication has become 
extremely rare. Three main situations are considered to 
cause rectovaginal fistula. The first is prolonged and firm 
compression of the posterior vaginal wall by the presenting 

part toward the bony birth canal. This continuous com-
pression causes impairment of the circulation, edema, 
and necrosis of the tissues, leading finally to a fistula for-
mation. Such a fistula may appear any time during the 
puerperium. The second causative factor is faulty repair 
or healing process of a fourth-degree perineal tear. The 
third is unnoticed damage of the rectum during repair of 
a third-degree tear, an episiotomy, or a deep vaginal tear. 
Gynecologic or colorectal surgeons should be involved in 
the management of such fistulas.

Genital prolapse

Pelvic organ prolapse is a major health issue for women. 
Women with normal life expectancy have an 20% chance 
of undergoing at least one operation for pelvic organ pro-
lapse or urinary incontinence during their lifetime.54 The 
causal basis of genital prolapse is multifactorial. Birth 
trauma to the pelvic floor and other surrounding tissues 
supporting the uterus and adjoining structures is of basic 
and major importance.55,56

In a longitudinal cohort study, women with sponta-
neous vaginal birth were associated with a significantly 
greater odds of prolapse to or beyond the hymen com-
pared women with cesarean without labor, 5–10 years after 
first delivery (OR: 5.6, 95% CI: 2.2–14.7). Operative vagi-
nal birth significantly increased the odds for prolapse (OR: 
7.5, 95% CI: 2.7–20.9).57 In the Swedish Pregnancy, Obesity 
and Pelvic floor (SWEPOP) study, pelvic floor function 
was evaluated 20 years after one single pregnancy termi-
nating either in by VD or by CS. The prevalence of pelvic 
organ prolapse, two decades later, was doubled after one 
vaginal delivery compared with one caesarean section.58

Genital prolapse also occurs in other mammals, but 
is much less frequent in quadrupeds. The erect pos-
ture of the human female exerts a dual influence on the 
pathogenesis of genital prolapse. First, the evolutionary 
process of the erect posture of the human species caused 
an adaptational strengthening of the pelvic girdle. This 
structure has to carry the weight of the body, transferred 
to the legs; therefore, the bones became stronger and 
thicker, resulting in the narrowing of the internal mea-
sures of the bony birth canal. The relatively large human 
fetus, as compared to other species, further increases 
the problem of passage through the tightly fitting birth 
canal. The birth process in most species is much easier 
and less traumatic due to larger space and smaller fetal 
size, thus resulting in less damage to the pelvic muscula-
ture and fascia.

Second, the fascial and muscular support of the 
human pelvic floor is under continuous strain from 
intra-abdominal pressure, which in the erect posture is 
also influenced by the forces of gravity. In order to resist 
this continuous strain, the pelvic floor has to be strong 
and undamaged; otherwise, its supportive function of 
the pelvic organs fails. Some amount of damage to the 
floor is almost inevitable in childbirth, and the addi-
tional pressure due to the erect posture exacerbates the 
condition.
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Genital prolapse may occur shortly after childbirth if 
the damage is extensive, but it is far more frequent with 
advancing age when additional contributing factors come 
into effect. These include general weakening of connective 
and estrogen-dependent tissues in the pelvis, often aggra-
vated by recurrent or chronic abdominal pressure due to 
constipation, chronic cough, or obesity.

DeLee59 explained the principles of pelvic floor damage 
as follows:

 1. The head advancing through the hiatus genitalis 
stretches the vagina radially and longitudinally—
sometimes it also wipes the vagina off its fascial anchor-
ings, sliding it downward and outward.

 2. The head stretches the pelvic fascia over the levator ani 
and, between the rectum and the vagina and the layer 
behind the rectum, also radially and longitudinally, and 
this also permits the rectum to be wiped downward and 
slide off its fascial attachments to the levator ani.

 3. The head often tears or overstretches the fascia over 
the levator ani, especially those bundles which hold 
the pillars of the muscle in position at the sides of the 
rectum, spanning the hiatus genitalis, and this permits 
the pillars to separate, diastasis of the levator pillars 
resulting—the disorder is similar to that of diastasis 
recti abdominalis. This diastasis of the levator pillars 
and the wiping or sliding of the rectum and vagina 
downward and outward are the essential features of 
most pelvic floor injuries, and have been, we think, the 
least noticed by current writers.

 4. The tears in the levator ani muscle are usually due to 
improper treatment, and they occur, least commonly, 
near the insertion of the muscle on the pubic ramus 
(usually due to cutting by the forceps) and more com-
monly at the sides of the rectum, behind, near the 
raphe.

 5. Labor always ruptures the urogenital septum, tearing it 
in all directions, and also from its ramifications with 
the endopelvic fascia, both above and below the levator 
ani.

 6. The fascia between the rectum and the bladder is also 
stretched or torn, also radially and in a downward 
direction, tearing the vagina and bladder off its anchor-
ing to the upper surface of the endopelvic fascia over the 
levator ani and the posterior surface of the pubis.

It is thus evident that most of the damage resulting 
from labor is due to injury, rupture, distraction, and dis-
placement of the fascia, and less to tearing of the muscles. 
The more difficult childbirth is, the more damage is to 
be expected. Macrosomia, constitutional or as seen with 
postmaturity or diabetes, is an important factor. Too con-
servative obstetric practice and prolonged trials of labor 
could be involved. Occipitoposterior and difficult breech 
deliveries, shoulder dystocia, and hastily managed instru-
mentation due to emergency situations all contribute to 
pelvic floor damage.

The site of the late disorder depends on the site of the 
initial injury. The most common lesion is the diastasis of 

the levator ani pillars, which destroys the posterior and lat-
eral support of the vagina, resulting in a relaxed and atonic 
vaginal inlet with a tendency to rectocele formation. The 
atonic vagina itself may cause, at any stage, sexual insuf-
ficiency and, in combination with a sagging perineum, 
recurrent vaginal infections.

This form of injury to the pelvic floor is usually due to 
large fetal parts, but its extent depends on the preventive 
measures taken. The performance of episiotomy and good 
repair may be of importance, and so may judicious man-
agement of the second stage of labor, allowing gradual 
relaxation of the pelvic and perineal structures.

An even deeper tear affects the muscular bundles of the 
pubococcygeus, which, in combination with detachment 
of the rectum from its superior anchorage to the pelvic fas-
cia, leads to the formation of a high rectocele as the vaginal 
wall slides along with the loosened rectum.

Damage to the posterior part of the pelvic support arises 
more commonly in cases of continuous pressure and ten-
sion at this region. Undetected and prolonged anterior 
asynclitism may be of importance.

Affliction of the fascia supporting the bladder and the 
urethra causes, at a later stage, anterior vaginal wall pro-
lapse, combined with cystocele, urethrocele, or both. In 
some instances, this leads to functional disturbances of the 
bladder and its control, resulting in stress incontinence.

Untimely pushing or pulling of the fetus through an 
insufficiently prepared birth canal often damages the 
uterine anchorage and the ligamentous support of the 
uterus. This predisposes to uterine prolapse at a later stage. 
Solitary damage to the ligaments is less common and leads 
to cervical elongation or uterine prolapse. More com-
monly, it is combined with additional damage to the pel-
vic floor, resulting later in prolapse, combined with other 
forms of vaginal relaxation.

Although many of these injuries can be prevented by 
proper obstetric management, some will occur due to the 
large size of the fetus. As only a small part of this damage 
can be detected immediately after delivery, the rest will 
remain obscure until a later stage, when additional strain 
is exerted on the pelvic support.

Urinary incontinence

Urinary incontinence can occur at any age; however, it is 
much more common in parous women late in their repro-
ductive years. Obstetric injury to the urethrovesical support 
is the most common factor predisposing to the development 
of stress incontinence, although many years may intervene 
between childbirth and the onset of symptoms. Vaginal birth 
may increase the risk of stress and mixed urinary inconti-
nence, but not of urge urinary incontinence and overactive 
bladder.60,61 In the Norwegian EPINCONT (Epidemiology 
of Incontinence in the County of  Nord-Trøndelag) study,62 
the risk of any urinary incontinence was higher after  vaginal 
delivery than cesarean section and nulliparous women 
(21%, 15.9%, 10.1%, respectively).

Stress incontinence and mixed-type incontinence were 
associated with mode of delivery in the same manner as 
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any incontinence. However, urge incontinence was not 
associated with mode of delivery. In a recent SWEPOP 
(Swedish Pregnancy, Obesity and Pelvic Floor) study, 
the prevalence of stress urinary incontinence, urge uri-
nary incontinence and mixed urinary incontinence was 
15.3%, 6.1%, 14.4%, respectively, and was higher for all 
subtypes after VD versus CS.63 In a difficult labor, the 
bladder is compressed between the advancing fetal head 
and the symphysis pubis, and its fascial supports may be 
weakened. Some degree of stress incontinence may also 
appear during pregnancy, but this is only temporary and 
usually disappears after delivery.64

Dyspareunia

Dyspareunia resulting from childbirth can occur either 
shortly after resuming sexual activity or at any later stage 
of the woman’s life. At the later stage, additional compo-
nents usually play an important role, such as hormonal 
deficiency and aging of the tissues. In its milder forms, 
dyspareunia is probably quite common; however, women 
tend to accept it as a result of childbirth. They do not com-
plain, and many times its pathologic meaning is brought 
to their attention only by the physician.

Damage to the birth canal and its repair accounts for 
these cases of dyspareunia. Too tight a repair of a vagi-
nal tear or of an episiotomy can make coitus difficult and 
uncomfortable, a too tightly repaired perineum can make 
sexual relations almost impossible, and, if insisted on, very 
painful. One must be careful in repair of multiple lacera-
tions, since here lies the danger of a too perfect repair and 
multifocal fibrosis.

A frequent, but often overlooked, cause of coital discom-
fort soon after the puerperium is formation of granulation 
tissue in the vagina. Causes of deep dyspareunia resulting 
from childbirth include organized hematomas and scars 
in the parametria or the vaginal vault.

In many instances, no interference with sexual activity 
appears during the fertile age; however, when additional 
factors resulting from aging appear, mainly atrophy and 
tightening due to hormonal deprivation, dyspareunia 
becomes evident.

Allen–Masters syndrome

In 1955, Allen and Masters65 described the syndrome, 
named after them, of a tear in the posterior leaf of the 
broad ligament, extreme retroversion of the uterus, and 
a freely movable cervix termed a “universal joint cervix.” 
They established an anatomic basis for the pelvic con-
gestion syndrome described earlier by Taylor,66 showing 
that the anatomic defect is a tear at the base of the broad 
ligament, on one or both sides, which can also include 
the sacrouterine ligaments. They assumed that the loss 
of support of the blood vessels leads to kinking and sub-
sequently venous congestion. In the majority of cases, a 
conglomerate of congested veins is visible through the 
defect in the broad ligament, and almost invariably some 
amount of serous fluid is found in the pouch of Douglas. 
The venous congestion produces softness of the lower part 

of the uterus, which further weakens the uterine support, 
resulting in the “universal joint cervix,” with hypermobil-
ity of the cervix in relation to the uterus.

The clinical features of the syndrome include dysmen-
orrhea, menorrhagia, dyspareunia, continuous pelvic pain 
and discomfort, pain on defecation, general weakness, 
emotional instability, and headaches. The syndrome is not 
difficult to diagnose on a clinical basis; however, laparos-
copy can be a helpful diagnostic aid. Endometriosis might 
be an alternative in the differential diagnosis.

A traumatic obstetric event has been suggested as the 
etiologic factor involved in the majority of these cases. 
Compromise of the uterine support usually follows some 
traumatic obstetric incident such as a difficult instrumen-
tal delivery, breech extraction, prolonged labor, manual 
removal of placenta, and puerperal curettage. As most of 
the complaints of this syndrome are nonspecific, the gyne-
cologist must be aware of its existence.

Birth trauma may have an impact on a woman’s health 
far beyond its immediate influence. It is imperative that 
such trauma be promptly and properly diagnosed and 
treated in order to avoid further complications and modi-
fications of the woman’s health, sexual life, and social 
well-being.
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28Puerperal inversion of the uterus
JOHANNA QUIST-NELSON and REBECCA JACKSON

References to uterine inversion can be found in Hindu 
Ayurvedic literature (2500–600 bc), but Hippocrates is 
said to be the first to give an accurate description of the 
problem and offer a treatment regimen.1 In the first half 
of the twentieth century, puerperal inversion of the uterus 
was associated with high mortality (12%–40%) because 
of delay in diagnosis, lack of anesthesia, and inadequate 
management of hemorrhage, shock, and infection.2–6

Since 1960, the outcome for puerperal uterine inversion 
has improved remarkably as a result of early diagnosis, 
adequate treatment of shock, and prompt manual reinver-
sion of the uterus.6–16

CLASSIFICATION
The following classification is based on the time of diagno-
sis15 and the relationship of the inverted uterine fundus to 
the cervix and the perineum:

 1. Acute puerperal inversion. The inversion is noted shortly 
after delivery and before there is significant contraction 
of the cervix (usually within a few hours of delivery).

 2. Subacute puerperal inversion. The inversion is noted 
within 4 weeks after delivery and after contraction of 
the cervix has occurred.

 3. Chronic inversion. More than 4 weeks have elapsed since 
the inversion and cervical contraction occurred.

 4. Incomplete inversion. No part of the corpus of the uterus 
extends past the cervix.

 5. Complete inversion. The inverted corpus extends beyond 
the cervix.

 6. Prolapsed inversion. The inverted uterus extends beyond 
the introitus.

This chapter is devoted to the diagnosis and manage-
ment of acute or subacute puerperal uterine inversion.

INCIDENCE
In 11 studies performed in North America, and recently 
abroad in the Netherlands, and India complicated by puer-
peral inversion of the uterus that has occurred since 1960 
(Table 28.1), the incidence varied from 1 in 1,739 to 2 in 
20,312 deliveries (average 1/4,195).6–16 The problem, there-
fore, remains sufficiently uncommon that any single practi-
tioner may encounter only one or two such complications in 
a professional lifetime and no obstetric service or individual 
gains enough experience to test management protocols in 
any reasonable prospective study. Consequently, the assess-
ment of this problem depends upon the retrospective review 
of case reports and series with small numbers of patients.

EPIDEMIOLOGY
There is no consistent epidemiologic characteristic of 
puerperal inversion of the uterus, with the possible excep-
tion of parity. In several studies, the proportion of nullipa-
rous patients has been higher in cases of uterine inversion 
than in the total birthing population. Other series have 
not confirmed the association of acute puerperal inversion 
with primiparity.6–8

ETIOLOGY
The etiology of acute puerperal uterine inversion is not 
known with certainty. The following conditions have 
been suggested as predisposing or causal factors: manual 
removal of the placenta, improper fundal pressure, exces-
sive cord traction, injudicious use of oxytocics, short 
umbilical cord, abnormally adherent placenta, and fundal 
implantation of the placenta. In almost all cases of uter-
ine inversion in which the site of implantation of the pla-
centa was recorded, it was noted to be in the fundus of the 
uterus.3,4,7,11 Fundal implantation of the placenta occurs 
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Table 28.1 Acute inversion of the uterus.

Author and site
Years of 
study

Number of 
patients 
and 
incidence Method of reinversion

Placental management 
(removal or leave intact) Tocolytics

Kitchen et al., University of 
Virginia6

1960–74 11
1/2,284

All replaced vaginally No data. Discussion advises 
removal if replacement 
difficult without doing so

Tocolytics not 
used

Watson et al., University of 
Colorado7

1969–78 18
1/1,739

All replaced vaginally All replacements occurred 
after placenta had been 
separated from uterine  
wall

Tocolytics not 
used

Cumming and Taylor, 
University of Calgary8

1966–77 9
1/2,176

7 replaced vaginally
1 laparotomy
1 hysterectomy

8 removed before 
replacement

1 no information given

Tocolytics not 
used

Platt and Druzin
University of Southern 
California9

1972–7 28
1/2,148

27 replaced vaginally
1 laparotomy

No data or discussion of 
management of the 
placenta

MgSO4 
recommended 
but no data 
given

Brar et al., University of 
Southern California10

1977–86 54
1/2,495

52 acute inversions 
replaced vaginally

2 subacute inversions 
replaced with 
laparotomy

No data. Statement that less 
blood loss noted if 
placenta left intact

18 treated with 
tocolytics 
(terbutaline or 
MgSO4)

Shah-Hosseini and Evrard,
Women and Infants 
Hospital of Rhode Island11

1978–88 11
1/6,407

9 replaced vaginally
1 Huntington procedure,
1 hysterectomy

No data. Discussion 
mentioned the oft-
repeated notion that 
blood-loss is less if uterus 
replaced before the 
placenta is removed

No data or 
discussion 
about use of 
tocolytics

Catazarite et al., University 
of New Mexico12

1983–4 6
1/1,200

All replaced vaginally No data or discussion of 
management of placenta

2 treated with 
terbutaline

2 treated with 
MgSO4

Abouleish et al., University 
of Texas, Houston13

1987–93 18
1/3,643

All replaced vaginally No data or discussion of 
management of placenta

5 received 
terbutaline

Baskett, Dalhousie 
University of Halifax, NS14

1977–2000 40
1/3,737

27 cases of acute 
inversion after vaginal 
delivery, all replaced 
vaginally

13 cases of acute 
inversion with cesarean 
delivery

No data or discussion of 
management of placenta

No data

Witteveen et al., VU 
University Amsterdam, 
Netherlands15

2004–6 16
1/20,312

14 cases replaced 
vaginally

1 case Rusch balloon to 
prevent recurrence

No data or discussion of 
management of placenta 

No data

Gupta et al. New Delhi, 
India16

2007–13 6
No data

6 cases of acute inversion
All replaced manually; 

reinversion prevented 
with a hydrostatic 
method of warm saline 
infusion

No data or discussion of 
management of placenta

No data
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in only approximately 10% of pregnancies. The uterine 
wall (myometrium) beneath the placental implantation 
site is thin in comparison to the remainder of the uterus. 
It is presumed that when this thin area of endometrium 
is in the fundus of the uterus, a slight inward dimpling 
of the uterus may occur as the placenta begins to sepa-
rate. Thereafter, a progressive inversion ensues, with each 
contraction extending the inversion as the uterus virtu-
ally delivers itself inside out. Such maneuvers as fundal 
pressure or traction on the umbilical cord may enhance 
the inversion tendency, but they are probably not inde-
pendent causal factors. A substantial proportion of uter-
ine inversions occur spontaneously where there has been 
no uterine or cord manipulation.2,3

There are several reports of uterine inversion occurring 
at the time of cesarean delivery.14,19–21 Among the 40 cases 
of uterine inversion reported by Baskett,14 13 occurred at 
the time of cesarean delivery. The author noted that inver-
sion of the uterus at the time cesarean occurred in each 
case immediately after manual removal of the placenta. 
Although this may be evidence that manual removal of 
the placenta is a cause of puerperal uterine inversion, there 
was no control group of cesarean deliveries performed 
with spontaneous delivery of the placenta.

PATHOPHYSIOLOGY
Acute puerperal inversion of the uterus is almost always 
associated with uterine hemorrhage and shock. Some 
authorities have suggested that the degree of cardiovascu-
lar collapse is out of proportion to the hypovolemia result-
ing from blood loss2,5; however, it is probable that blood 
loss does account for the hypotension and tachycardia 
experienced by many of these patients.7 The placenta is 
frequently attached to the inverted fundus, suggesting that 
the inversion process begins before separation of the pla-
centa has occurred by cleavage along the decidua basalis.

If a complete inversion occurs, the cervix forms a ring 
or collar around the inverted fundus. This results in edema 
and vascular congestion, promoting additional blood loss 
and further edema, which, in turn, aggravates the cervi-
cal constriction. Prolonged inversion may result in tis-
sue necrosis and infection, but, with prompt recognition 
and treatment, these complications are seen only rarely in 
modern obstetric services.

MORTALITY
Reviews of the literature that included predominantly 
cases reported prior to 1940 record maternal mortality 
rates of 13%–70%.1,3,4 Kitchin et al.6 quoted one report 
from the Committee on Maternal Health of the Ohio 
Medical Association in 1963 listing six maternal deaths 
from uterine inversion. The obstetric population in which 
these six deaths occurred is not known; therefore, the 
maternal mortality rate represented by these cases cannot 
be determined.

Selected series of cases suggest there was no improve-
ment in the mortality rate of puerperal uterine inver-
sion until 1960. McCullagh4 summarized 233 cases from 

1911 to 1924 and found a mortality rate of 16%. Bell et 
al.2 reported 76 cases from the literature from 1940 to 
1952 and found 13 (17%) deaths. Burke and Hofmeister22

reviewed 22 cases published in the literature from 1957 to 
1962 and added 19 cases from nine Milwaukee hospitals 
with an accumulated death rate of 23%.18 However, in 11 
series reviewed in Table 28.1, there were 217 cases of puer-
peral inversion of the uterus with no deaths being reported 
(Table 28.1).6–16

PREVENTION
Measures to prevent uterine inversion include recognizing 
those patients who are at a high risk of the complication 
and avoiding any of the precipitating factors in their man-
agement. Fundal implantation of the placenta is the single 
most common prerequisite of uterine inversion. With the 
use of ultrasound, which is now common in the third tri-
mester of pregnancy, those patients with fundal implanta-
tion, in many cases, will be identified prior to labor. In such 
patients, there should be no more than minimal traction 
on the umbilical cord and only very gentle pressure on 
the uterine fundus during the third stage of labor. These 
patients must also be observed carefully for signs of spon-
taneous inversion during and after the third stage of labor.

There is debate among experts on the role of oxytocin in 
either precipitating5,6,23 or preventing uterine inversion.14 
Active management of the third stage of labor, which involves 
giving intravenous (IV) oxytocin after delivery of the infant's 
shoulder, has been shown to reduce blood loss, postpartum 
hemorrhage, and the need for blood transfusion.24 Baskett14 
studied a series of 40 pregnancies complicated by acute post-
delivery inversion of the uterus at a regional tertiary-level 
maternity hospital in Nova Scotia (1977–2000). When the 
period 1989–2000 was compared to the period 1977–1989, 
there was a fourfold decrease in the incidence of acute inver-
sion of the uterus after vaginal delivery. This decrease fol-
lowed the introduction of active management of the third 
stage of labor. In one large series of 10,082 patients in which 
oxytocin was given prior to delivery of the placenta, there 
were no uterine inversions.25 These studies suggest that giv-
ing oxytocin after delivery of the infant's shoulders is a use-
ful measure to reduce the risk of uterine inversion.

DIAGNOSIS
Successful management of puerperal inversion of the 
uterus depends upon early recognition and diagnosis, 
prompt and efficient treatment of hemorrhage and shock, 
and reinversion of the uterus at the earliest opportunity.

Diagnosis is straightforward if an acute, total inversion 
occurs in the third stage of labor. The dramatic appear-
ance of the placenta adherent to the inverted uterine cor-
pus protruding through the introitus is an unforgettable 
sight (Figure 28.1). Even in cases where the placenta sepa-
rates immediately before the inversion occurs, the beefy 
red tumor, the size of an infant's head, protruding through 
the introitus is recognized as an inverted uterus. Routine 
visual examination of the cervix after delivery of the pla-
centa will result in the early detection of some cases of 
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incomplete inversion. More difficult is the diagnosis of a 
nonprolapsed or incomplete inversion which occurs after 
the third stage of labor.26 At times transvaginal ultrasound 
may aid in diagnosis (Figure 28.2). Lewin and Bryan22

reported a case of puerperal inversion of the uterus in 
which magnetic resonance imaging was used to confirm 
the diagnosis when physical examination and sonograms 
were equivocal. Some authors have also advocated manual 
exploration of the uterus immediately after delivery of the 
placenta as a means of making the earliest possible diag-
nosis of uterine inversion.6

The only symptoms may be hemorrhage and shock. In 
all cases of puerperal hemorrhage, uterine inversion must 
be kept in mind if subtle cases are not to be misdiagnosed. 
Palpation of the abdomen may reveal a suspicious absence 
of the uterine fundus, a sign that should always raise suspi-
cions for uterine inversion. Thereafter, a careful inspection 
of the vagina, both visually and manually, will discover the 

cause of the hemorrhage in cases of inversion of the uterus. 
Occasionally, physicians have been misled by assuming 
that the prolapsed fundus is a large leiomyomata or cervi-
cal polyp.4 Whenever a mass is visualized or palpated in 
the cervix or vagina in the immediate postpartum period, 
especially when there is unexplained blood loss or hypoten-
sion, the diagnosis of uterine inversion should be suspected. 
Delay in recognizing this complication increases the diffi-
culty of reinverting the corpus because of cervical contrac-
tion and edema, which may enhance blood loss and shock 
and increase the chance of infection and tissue necrosis.

TREATMENT
All physicians, nurse midwives, and nurses entrusted 
with the care of women in labor should be familiar with 
the diagnosis and management of acute inversion of the 
uterus because its infrequent occurrence precludes the 
supervised training of each individual in the technique of 
manual replacement. Since prompt therapy is the key to 
successful replacement and low morbidity, treatment will 
often have to be initiated by the practitioner at hand, who 
may have never personally managed such a case.

A major reason for the high mortality reported in ear-
lier series of uterine inversion was inadequate therapy for 
blood loss and shock. Modern use of prompt replacement 
of blood volume, using crystalloid or colloid solutions 
and blood products, can usually be accomplished before 
the serious side effects of prolonged hypotension occur. 
Immediately upon making the diagnosis of inverted 
uterus, or in cases of acute postpartum hemorrhage, more 
than one large-bore, IV infusion lines should be estab-
lished. An infusion of a crystalloid solution, such as 5% 
dextrose/lactated Ringer's, is begun, while whole blood 
and packed red cells are obtained. Vital signs, includ-
ing pulse and blood pressure, should be monitored fre-
quently, as well as urine output. As soon as blood volume 
is restored, efforts should be made to replace the uterus in 
its normal anatomic position. Restoration of the uterus to 
its normal position will frequently require general anes-
thesia, and an anesthesiologist should be summoned at the 
time of diagnosis.

Before administering inhalation anesthesia, tocolytic 
drug can be administered; this will often allow manual 
reinversion of the uterus.9,10,12,13,28 As noted in the series 
listed in the Table 28.1, tocolytic drugs, such as magne-
sium sulfate (4 g, IV) or terbutaline (0.25 mg, intramuscu-
lar [IM]), have been used for treatment of acute puerperal 
uterine inversion. There is also enthusiasm for the use of 
nitroglycerine, which has been used in a variety of clini-
cal situations requiring acute emergency uterine relax-
ation.29 Although there are a number of case reports 
demonstrating that nitroglycerin (100 µg, IV) is effective 
in providing transient uterine relaxation during manual 
replacement of the inverted uterus,30–33 there are insuf-
ficient data to establish one or another tocolytic drug as 
being superior in either effectiveness or safety for treat-
ment of the inverted uterus. Moreover, tocolytic therapy 
is not successful in all cases, and inhalation anesthesia 

(a)

(b)

Figure 28.1 (a) Inverted uterus at introitus. (b) Inverted 
uterus viewed on laparoscopy. (Reprinted from Journal of 
Minimally Invasive Gynecology, 16, Sardeshpande NS, Sawant 
RM, Sardeshpande SN, Sabnis SD, Laparoscopic correction 
of chronic uterine inversion, 646–646, 2009, with permission 
from Elsevier.)

  

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-29&iName=master.img-000.jpg&w=227&h=171
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-29&iName=master.img-001.jpg&w=227&h=171


Treatment 377

may be necessary in refractory situations. It is our recom-
mendation to commence with the method first described 
by Johnson34 in 1949 (Figure 28.3). This method is most 
widely used and most likely to be successful for manually 
replacing the uterus.

To replace the inverted uterus using Johnson's method, 
the entire hand is placed in the vagina with the tips of the 
fingers at the uterocervical junction and the fundus uteri 
in the palm of the hand. The entire uterus is then lifted 
out of the pelvis and forcefully held in the abdominal cav-
ity above the level of the umbilicus. It is necessary to hold 
the uterus in this position for a period of 3–5 minutes, at 
which time the fundus recedes from the palm of the hand. 
It is emphasized that in order to accomplish this procedure 

the entire hand and two-thirds of the length of the fore-
arm must be placed in the vagina; otherwise the pull and 
tension of the ligaments are not sufficient to correct the 
condition.

Johnson explained that the mechanism of fundal 
replacement by this method depends upon traction, 
which occurs on the uterine ligaments when the uterus 
is elevated into the abdomen. Among the nine patients 
treated by Johnson, there were two chronic inversions, one 
subacute inversion, and six acute inversions. All patients 
survived. Table 28.1 as well as a recent prospective cohort 
study from the Netherlands15 confirms the effectiveness 
of this method. In the Netherlands, over a 2-year period 
there were 16 acute puerperal inversions, all of which were 

(a) (b)

 (c)

HEAD

UB

F

EC

Figure 28.2 Sonographic evidence of uterine inversion. (a) Longitudinal transabdominal sonogram shows bulky uterus with 
fundal inversion. Central cleavage (small arrows) represents path of inversion. Cx, cervical region; F, inverted fundus; UB, location 
of urinary bladder. (b) Transverse transabdominal sonogram at the level of lower segment shows X-shaped hypoechoic center cor-
responding to folded endometrial cavity. UT, uterus. (c) Sketch demonstrating incomplete inversion. UB, urinary bladder; F, fundus; 
EC, endometrial canal. (Photograph by Momin AA et al., Sonography of Postpartum Uterine Inversion from Acute to Chronic Stage. 
Journal of Clinical Ultrasound, 2009, 37[1], 53–56. Copyright Wiley-VCH Verlag GmbH & Co. KGaA. Reproduced with permission.)
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able to be replaced manually without need for further sur-
gery in the postpartum period.

A hydrostatic method of inducing replacement of the 
inverted uterus was first described by O'Sullivan35 in 1945. 
This method involves infusion of 1000–2000 mL warm 
saline into the vagina with the patient in the lithotomy 
position. Fluid is prevented from escaping from the vagina 
by blocking the introitus with the operator's hand. Momani 
and Hassan36 reported five consecutive cases of acute 
puerperal uterine inversion that were successfully reduced 
within 5–10 minutes by this method. Although reported as 
being used with success in the United Kingdom, Australia, 
and the Middle East, the hydrostatic method has not been 
reported in recent series from North America.

Once the uterus is manually replaced, there are sev-
eral measures that may be taken to avoid reinversion and 
need for surgery. In all cases, prompt administration of 
a uterotonic medication is necessary after successful res-
toration of anatomy.12,36 Recent case reports37,38 suggest 

that tamponading balloons used in cases of uterine atony 
(e.g., Bakhri balloon) may also serve a role in the con-
servative management of uterine inversion as well as to 
reduce the risk of reinversion. One case report38 also 
utilized a McDonald cerclage to hold the tamponading 
balloon in position. These methods have not been widely 
established but are to be considered depending on the 
clinical context.

There is no consensus in the medical literature 
whether to remove an adherent placenta from the uter-
ine fundus before attempting manual replacement. 
Several authors strongly advise against removing the 
placenta prior to manual replacement,17,39 while oth-
ers suggest that its removal is not dangerous,8 and still 
others claim that removal of the placenta will actually 
facilitate replacement of the inverted fundus.6 As noted 
in the series summarized in Table 28.1, there are remark-
ably little data about management of the placenta upon 
which to establish an evidence-based opinion. In the 

 (a)
  

 (b)

 (c)    (d)

Figure 28.3 Manual replacement of the inverted uterus. (a) Complete acute inversion of the uterus with the placenta attached 
to the uterine fundus. (b) The inverted fundus is grasped in the palm of the hand with the fingers directed toward the posterior for-
nix. (c) The uterus is lifted out of the pelvis and directed with steady pressure toward the umbilicus. (d) The fundus is held in position 
for 3 minutes. (Reproduced from Watson P, Besch N, Bowes WA Jr: Management of acute and subacute puerperal inversion of the 
uterus, Obstet Gynecol, 55, 12–167, 1980 with permission from Lippincott Williams & Wilkins.)
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absence of such data, perhaps the most practical advice 
is to remove the placenta if that can be accomplished 
easily and with minimal trauma and blood loss. But if 
the placenta seems unusually adherent, or if its removal 
will cause an appreciable delay, manual elevation of the 
uterus should be accomplished with the placenta intact. 
The placenta can then be removed manually when the 
fundus is repositioned.

On rare occasions, manual replacement fails. In 
these situations, surgery is necessary. Huntington40 and 
Huntington et al.41 reported the successful treatment 
of five cases of acute puerperal inversion with this pro-
cedure. The operation is accomplished by performing a 
laparotomy incision in the lower abdomen. The inverted 
fundus will be apparent (Figure 28.4), with the round liga-
ments disappearing into the inverted crater. The uterus is 

(a)

   (b)

(c)

Figure 28.4 Huntington procedure for correction of uterine inversion. (a) The surface of the uterus is grasped with two Allis or 
Ochsner clamps approximately 1 inch (2.54 cm) within the crater, and gentle traction is applied. Pressure on the inverted fundus through 
the vagina by an assistant may facilitate the procedure. (b) As the uterine corpus is drawn out of the crater, an additional set of clamps is 
used to grasp the round ligaments 1 inch beyond the first set of clamps. (c) The uterine corpus after resolution of the inversion. (Adapted 
from Douglas RG and Stromme WB, Operative Obstetrics (3rd edition), New York, NY: Appleton-Century-Crofts, 1976.)
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grasped in two places with clamps 1 inch (2.54 cm) within 
the crater, and gentle traction is exerted. A second set of 
clamps is then placed an inch beyond the first clamps, and 
so on, until the fundus is repositioned. Occasionally, pres-
sure on the inverted fundus from an assistant's hand in 
the vagina will aid in the repositioning procedure. Tews 
et al.42 described a modification of the transabdominal 
approach in which the bladder is dissected away from the 
cervix and a longitudinal incision is made into the vagina 
below the contraction ring. Two fingers inserted through 

this incision assist in applying upward pressure on the 
invaginated uterus.

If the traction method described by Huntington40 does 
not succeed in repositioning the fundus because the cervix 
is too tightly contracted, as may occur with subacute uter-
ine inversion, a vertical incision is made through the poste-
rior wall of the uterus where the inversion disappears from 
the abdomen. The inversion is then corrected by upward 
pressure from within the vagina by an assistant, a proce-
dure described by Haultain43 (Figure 28.5). Modifications 

(a)   (b)

(c)

Figure 28.5 Haultain procedure for correction of uterine inversion. (a) A longitudinal incision is made posteriorly through the 
uterine wall to include the constriction ring. The corpus is then repositioned by pressure on the inverted fundus through the vagina 
by an assistant. (b) Once the corpus is repositioned, the incision on the posterior surface of the uterus must be sutured closed in a 
manner similar to that of closing the incision after classic cesarean delivery. (c) The reconstructed uterus.
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of this procedure have been described in which an anterior 
incision is made in the uterus.24 In addition, the Spinelli 
procedure (transvaginal incision in the anterior wall of 
the inverted and prolapsed uterus) has been reported for 
replacement of the uterine fundus in some cases of refrac-
tory inversion.2 There have also been reports of successful 
laparoscopic approaches to the Huntington and Haultain 
procedures for cases of uterine inversion refractory to 
attempted manual replacement.44

Bell et al.2 collected 76 cases of puerperal inversion of 
the uterus reported in the U.S. and U.K. literature from 
1940 to 1952. Fifteen (20%) of these cases were treated 
surgically, five with the Huntington procedure, one with 
the Haultain method, three with the Spinelli procedure, 
and six with hysterectomy. Among 182 cases of puerperal 
inversion of the uterus after vaginal delivery reported in 
Table 28.1, surgical therapy was required in only seven 
(4%).6–14 It is difficult to estimate a more recent incidence 
of surgical management in patients with puerperal uterine 
inversion given the lack of recent evidence on the topic. It 
is likely that earlier recognition, tocolytic drugs, improved 
anesthesia, and prompt use of the manual procedure to 
reposition the uterus have reduced the need for surgical 
intervention, as evidenced by the prospective cohort study 
from 2012 in which none of the 16 cases of uterine inver-
sion required surgical management.15 It is reasonable to 
administer a course of broad spectrum antibiotics, such 
as cefazolin, after either manual or surgical treatment of 
uterine inversion. Blood loss, contamination of the endo-
metrium, and tissue trauma all predispose the patient to 
puerperal infection.

RECURRENCE
The precise risk of recurrence of puerperal uterine 
inversion is not known. There are isolated reports of 
recurrent uterine inversion after manual repositioning. 
Some of these occurred in the postpartum period of 
the same pregnancy,2,45 and others occurred in subse-
quent pregnancies.16,19 Miller46 reported the incidence 
of recurrence of inversion in subsequent pregnancies to 
be 26% and found the recurrence risk was higher when 
the inversion had been corrected manually (40%) than 
when it had been treated surgically (0%). However, 
recurrence of uterine inversion after surgical repair 
has been reported.47 Even if future studies demonstrate 
a lower risk of recurrence than that given by Miller,46

a patient with a history of uterine inversion must be 
considered to be at a greater risk of recurrence in sub-
sequent pregnancies. Such a history would justify an 
ultrasound examination to determine the location of 
placental implantation. If fundal implantation is iden-
tified, intrapartum management of this patient should 
include use of oxytocin after delivery of the shoulders 
of the infant and minimal cord traction or fundal pres-
sure in delivery of the placenta. There is no evidence 
that a history of uterine inversion necessitates cesarean 
delivery in subsequent pregnancies.
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29Wound healing, sutures, knots, needles, 
drains, and instruments
ROBYN T. BILINSKI and JESÚS R. ALVAREZ-PEREZ

It is imperative for a surgeon to have a basic understanding 
of the mechanisms that control wound healing. Under-
standing the normal process and molecular basis allows 
surgeons to manipulate the wound for healing to occur in 
a timely and aesthetic fashion.

NORMAL WOUND HEALING
Wound healing is a homeostatic response to injury in 
an effort to restore function and integrity. Different tis-
sues will heal in a different manner. Tissue loss or damage 

causes either regeneration or repair by scar tissue, or a 
combination of both. Human tissue heals by scarring with 
the exception of the epidermis, bone, liver, and the mucosa 
of the intestinal tract, which heal by regeneration.

Wound healing occurs through several concurrent 
events. The biologic events involved in wound healing are 
conceptually defined as inflammation, proliferation, and 
remodeling. These steps occur simultaneously and should 
not be seen as separate processes. These are nonspecific 
mechanisms activated by the tissue injury.

CONTENTS
Normal wound healing 383

Inflammation 384
Proliferation 384
Remodeling 384

Nonhealing wounds 384
Presence of necrotic tissue 384
Infection 384
Edema 384
Malnutrition 384
Diabetes mellitus 384
Medications 385

Types of wound healing 385
Suture material 386

Absorbable sutures 386
Plain catgut 386
Chromic suture 386
Polyglactin 910 (Vicryl) 387
Polyglactin 910 (Vicryl Rapide) 387
Poliglecaprone 25 (Monocryl) 387
Polyglyconate (Maxon) and polydioxanone (PDS) 387
Polyglycolic acid (Dexon) 387
Nonabsorbable sutures 387
Polypropylene (Prolene) 387
Nylon 387
Polyester 387
Silk 387
Staples 388

Knots 388
Needles 388
Drains 388

Penrose drain 388
Closed-suction drain (Jackson Pratt or Blake Drain) 388

Instruments for operative obstetrics 389
References 391



384 Wound healing, sutures, knots, needles, drains, and instruments 

Inflammation

The first step in normal wound healing involves inflamma-
tion and hemostasis. This phase starts immediately after 
injury and its role is to limit the amount of blood loss and 
remove necrotic tissue and bacteria. When tissue injury 
occurs, vasoconstriction traps platelets at the wound 
site. The coagulation cascade is stimulated, forming a 
stable clot at the site of injury. The vasoconstriction lasts 
approximately 10 minutes and is followed by vasodilation, 
which causes edema. Blood loss is controlled by vasocon-
striction and clot formation. Clearing bacteria and tissue 
debris is achieved by polymorphonuclear cells (PMN) and 
leukocytes, which, in response to the presence of potent 
chemotactic factors, arrive immediately after injury and 
achieve their maximum number 24 hours after the initial 
injury. Monocytes then differentiate into macrophages, 
which are crucial to wound healing. Their function is to 
remove debris and bacteria by active phagocytosis and 
complement-induced lysis. Macrophages continue to con-
sume tissue and bacterial debris but, more importantly, 
also secrete a plethora of growth factors and cytokines.1
Lymphocytes also appear in the wound at this time, but 
their exact role is not completely understood.

Proliferation

As platelets degranulate, biologically active products are 
generated, stimulating the converting fibroblasts and 
endothelial cells into reparative entities. These further 
stimulate fibroblasts and epithelial cells to initiate granu-
lation tissue formation. The main role of this phase is to 
create a scaffold for healing.

During this phase, fibroblast proliferation (fibropla-
sia), endothelial cell division, and angiogenesis occur. 
This process produces a new, loose, extracellular matrix 
composed of collagen (mostly types I and III), fibronectin, 
hyaluronic acid, and adhesion glycoproteins that maintain 
the matrix together.

Epithelialization occurs by migration of marginal basal 
cells. These cells are derived from the fixed basal layer 
zone adjacent to the tissue injury site. The daughter cells 
migrate over the new wound matrix in an immature form. 
They release type IV collagen and mature epithelial cells 
that move under the scab. Glycoproteins in the matrix and 
hemidesmosomes maintain the integrity of these cells, 
and a watertight seal is produced 24 hours after tissue 
injury. The process of fibroplasia and angiogenesis leads to 
the formation of new blood vessels, which gives the wound 
its characteristic beefy-red color.

Remodeling

Fibroplasia is the step in wound healing that ultimately 
forms a fibrous scar secondary to collagen deposition. Once 
collagen synthesis reaches a plateau, the remodeling phase 
starts. Fibroblasts migrate to the site of tissue injury sec-
ondary to the chemo-attractants released by macrophages. 
These fibroblasts deposit collagen on the fibrin and fibro-
nectin sheets after the clot forms. New collagen fibers can 

be appreciated 3 days after injury. Fibroblasts also release 
mucopolysaccharides and glycoproteins. They are the major 
contributors to the new extracellular matrix formed.

NONHEALING WOUNDS
Occasionally, the wound healing process may become 
arrested in one of its stages and not progress as expected. 
This arrest may occur secondary to multiple causative enti-
ties, but the most common causes are local factors such as 
necrotic tissue, infection, and edema, and systemic factors 
such as malnutrition, previous radiation treatment, and 
diabetes mellitus.

Presence of necrotic tissue

While the presence of a large amount of devitalized tissue is 
a cause for wound closure delays secondary to an increased 
risk of infection, it is important to recognize that small 
amounts of necrotic tissue along the edges can also contrib-
ute to delayed wound closure. Necrotic tissue causes the con-
tinuous release of proinflammatory mediators. Functional 
aberrancy in chemokines and chemokine receptor systems 
is recognized as one of the important mechanisms under-
lying the pathology of impaired wound healing.2

Infection

A wound will not heal if the bacterial colony is over 10(5). 
Bacteria and endotoxins can lead to a prolonged elevation 
of proinflammatory cytokines leading to an increased 
level of metalloproteases (MMPs), increasing the degra-
dation of the extracellular matrix. This shift in protease 
activity leads to a chronic degradation of growth factors 
characteristic in chronic nonhealing wounds.3

Edema

Edema impairs local oxygen delivery leading to ischemia. 
This occurs through the collapsing of capillaries secondary 
to an increased interstitial and venous pressure, thereby 
causing postcapillary obstruction. An early hypoxic state 
stimulates the release of angiogenic and growth factors 
for wound healing, but the presence of oxygen is then 
required to maintain the healing process. Furthermore, 
hypoxia may amplify the inflammatory response, thereby 
prolonging injury by increased levels of oxygen radicals.

Malnutrition

Protein is one of the most important nutrient supplemen-
tats required for normal wound healing. A patient with an 
albumin level of less than 2.0 g/dL may experience wound 
dehiscence.4 A deficiency in protein will lead to impaired 
angiogenesis and fibroblast proliferation, collagen syn-
thesis, and wound remodeling. Several vitamins such as 
A and C are essential in the hydroxylation of lysine/pro-
line and collagen cross-linking. Vitamin A in particular 
reverses the glucocorticoid effects on collagen.

Diabetes mellitus

Diabetics have decreased blood inflow, and thus decreased 
oxygen delivery to the wound. Diabetic wounds also 
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have a chronic antiangiogenic state. In hyperglycemic 
conditions, the levels of matrix metalloproteinases (MMPs) 
are increased leading to a breakdown of the extracellular 
matrix and an increased susceptibility to infection. These 
conditions are detrimental for wound healing.

Medications

Chemotherapy agents impair wound healing secondary 
to a delay in cell migration to the wound, decreased pro-
tein synthesis, decreased fibroplasia and angiogenesis, and 
decreased collagen and extracellular matrix formation. 

Many of these medications induce anemia, thrombocyto-
penia, neutropenia, and decreased oxygen delivery to the 
wound.5

The use of systemic glucocorticoids may lead to an 
incomplete granulation tissue and decreased wound con-
traction.5 The anti-inflammatory state of systemic steroids 
may increase the risk of wound infection.

TYPES OF WOUND HEALING
Wound healing is classified as healing by primary, second-
ary, or tertiary (delayed primary) intention (Figure 29.1).

(a)
(b)

(c)

Figure 29.1 Wound healing by (a) primary, (b) secondary, and (c), and tertiary intention.
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Primary or first intention healing occurs when the edges 
of a wound are approximated, such as a surgical skin inci-
sion closed with sutures. The apposition of the tissue layers 
permits a rapid re-epithelialization sealing of the inci-
sional defect with minimal scarring.

Secondary intention type of healing occurs when the 
wound edges are not approximated and are left open to 
granulate and heal. This is seen in burns, in punch biop-
sies, or in cases of infected wounds or incisions left open to 
allow closure spontaneously. With a combination of con-
traction and granulation, the wound eventually epithelial-
izes. However the healing process can be slow and may 
produce extensive scarring.

Delayed primary closure, or healing by tertiary inten-
tion, occurs when an open wound is closed several days 
after the injury. This method is used for wounds with gross 
contamination. This type of wound management may be 
used when a ruptured tuboovarian abscess is encountered 
during a laparotomy. After the closure of the peritoneum 
and the fascia, the subcutaneous layer and the skin are 
packed with sterile wet dressings, and the wound is left 
open for several days. The wound is then closed several 
days later after the contamination has been diminished. 
Successful closure depends on the condition of the wound 
edges and the absence of significant bacterial colonization. 
The best timing for such closure is 3–4 days. Delayed clo-
sures after 1 week do not heal well due to an increase of 
collagen deposition.6

SUTURE MATERIAL
The Edwin Smith papyrus from 3000 bc describes the use 
of linen strips and animal sinews for simple wound clo-
sure. Celsus, the Roman physician, advocated ligation of 
blood vessels. Although sutures have been used for many 
centuries, it was only in the second half of the nineteenth 
century that suturing became practical and safe, after the 
introduction of asepsis by Semmelweis and Pasteur.7

The suture is characterized by the type of material and 
the gauge of the suture, according to the U.S. Pharmacopeia 
(USP) system. This characterization is based on the rate of 
absorption. If the tensile strength is lost within 60 days, 
the suture is categorized as absorbable. This term implies 
that eventually the suture will disappear from the tissue 
implantation site. Nonabsorbable sutures are those which 
maintain their tensile strength for more than 60 days.

A surgeon has a wide choice of suture materials avail-
able today. The decision of which type of suture to be used 
should be based on the knowledge of the physical and 
biologic properties of the suture material, and the healing 
ability of the sutured tissue.

Absorbable sutures

Absorbable material may be either organic (catgut) or syn-
thetic. The organic sutures are lysed by body enzymes.8,9 In 
the first stage, the strength of the material is lost, and later 
the suture is totally absorbed.

The organic absorbable sutures used in operative obstet-
rics are chromic catgut or plain sutures. Catgut may be 
chromicized.

(Chromic catgut) or plain. The difference is in the 
strength of the suture material and the time needed for 
absorption. The manufacturers used to mark catgut with 
the number of days it was supposed to take until it was 
completely absorbed. The strength of the knot of both 
types of catgut is lessened by 50% after 1 week. Plain mate-
rial is absorbed within 12 days, while the chromic suture 
lasts for about 28 days. Catgut suture absorption is caused 
by a proteolytic enzymatic reaction. This causes a marked 
inflammatory response in the tissue that is approximated 
with this suture.

Although a number of papers have claimed to show the 
superiority of synthetic absorbable sutures over natural 
ones,10,11 the majority of U.S. obstetric and gynecologic 
surgeons still prefer chromic catgut to any other material.7

Plain catgut

This suture is used in obstetrics for tubal ligation and for 
approximation of the subcutaneous tissue. It is the ideal 
material (2.0 plain gut) for a modified Pomeroy tubal liga-
tion because of its quick absorption.12

Chromic suture

This suture may be used when performing bilateral 
uterine artery ligation, closure of the uterine incision, 
approximation of the peritoneal surfaces, tubal ligation, 
and closure of episiotomies and lacerations after vaginal 
delivery. It is customary to use no. 1.0 chromic suture for 
a nonpermanent hypogastric artery ligation, because it is 
unlikely to lacerate the tissue, and is quickly absorbed in 
the body.13

The synthetic absorbable suture material is absorbed 
by hydrolysis, and not by enzymatic reaction.7,8 Because 
of this, synthetic sutures provoke less tissue reaction, 
have great tensile strength, and are absorbed less rapidly 
(Table 29.1). These synthetic absorbable sutures can be 
categorized further into braided and monofilament 
sutures.

Table 29.1 Comparison of the biomechanical properties of 
absorbable suture materials.

Absorbable suture
50% Tensile 
strength

Complete 
absorption

Plain 3 days 10 days
Chromic 7 days 21 days
Monocryl 7 days 21 days
Vicryl 14 days 60–90 days
PDS >42 days >6 months

Abbreviation: PDS, polydioxanone.
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Since the 1970s, two types of braided absorbable sutures 
have been used. Braided sutures have great tensile strength 
but may induce bacterial infection.

Polyglactin 910 (Vicryl)

This is a braided, absorbable, synthetic suture material 
similar to Dexon, composed of 90% polyglycolic acid and 
10% lactic acid. Breakdown is by hydrolysis, causing mini-
mal inflammatory reaction. After 14 days, Vicryl has a 
tensile strength of 50%. It is usually absorbed after 60–90 
days. Since braided sutures induce bacterial infection, an 
antibiotic-coated Vicryl suture was developed, but it failed 
to decrease infection rates. This suture may be used for 
cystotomy and bowel repair, occasionally used for closure 
of the uterine incision, and for fascial closure of a trans-
verse or Pfannenstiel incision.

Polyglactin 910 (Vicryl Rapide)

This braided suture was first used in Europe and is avail-
able now in the United States. It is chemically similar to 
Vicryl, but has lower molecular weight. Its absorption is 
by hydrolysis. It has a tensile strength of 1 week, similar to 
that of catgut. Vicryl Rapide is mostly used in episiotomies 
for skin closure.

Poliglecaprone 25 (Monocryl)

This is a monofilament suture similar in absorption time 
to chromic catgut. The tensile strength of this suture is 
50%–60% in 7 days. It is absorbed by hydrolysis, caus-
ing minimal inflammatory response. After 21 days, it 
has lost all its tensile strength, so it is not recommended 
for fascial closure. This suture is mostly used for closure 
of the uterine incision, B-Lynch suture, peritoneal and 
muscle approximation, and subdermal or subcuticular 
skin closure.

Polyglyconate (Maxon) and polydioxanone (PDS)

These sutures have similar characteristics and biologic 
properties. They are monofilament polymers with a slow 
absorption rate. Both have a tensile strength of 80% by 2 
weeks and of 50% by 4 weeks. Since they are monofila-
ment and not braided, bacterial infection secondary to the 
suture material is not common.

It is rare for an inflammatory response to this suture 
material to occur even though its complete absorption may 
take months. PDS is a synthetic polymer monofilament 
suture material. It has high tensile strength and long dura-
tion, making it ideal for fascial closure. PDS maintains its 
integrity even in the presence of a bacterial infection. Its 
disadvantages are that it is stiff, is difficult to handle, and 
has poor knot security.

Synthetic absorbable sutures are frequently used in 
modern operative obstetrics. Vicryl suture is the one most 
frequently used for uterine incision closure, hysterectomy, 
ligament and vessel suture ligation, skin closure, and epi-
siotomy repair. Because it causes minimal inflammatory 

reaction, episiotomy repair with Vicryl is less likely to 
cause short-term perineal pain than chromic catgut. 
Nevertheless, the length of time taken for the synthetic 
material to be absorbed is of concern.

Polyglycolic acid (Dexon)

Dexon is braided, absorbable, synthetic suture mate-
rial with greater tensile strength than catgut. This suture 
causes minimal tissue reaction, retains 50%–60% of its 
tensile strength for 14 days, and is reabsorbed by hydro-
lysis after 60–90 days. Dexon is useful for the closure of 
fascia, tendons, muscle, and capsules. Vicryl Rapide and 
Monocryl are probably the best sutures for episiotomy clo-
sure, since they have minimal inflammatory response and 
have the same properties as chromic catgut.

Monocryl suture is widely used for closure of uterine 
incisions, myomectomies, reapproximation of peritoneal 
surfaces and the subcutaneous layer, episiotomies, and 
skin closure. Because of its short tensile strength, it should 
never be used in fascial closure. It creates minimal inflam-
matory tissue response, making it ideal for myomectomy 
(decreasing the risk of adhesions) and episiotomy repair.

Nonabsorbable sutures

Nonabsorbable sutures maintain their tensile strength for 
over 60 days and are absorbed only after a long period of 
time.

Polypropylene (Prolene)

This is a monofilament linear polymer suture. Prolene 
causes the least immune reaction of any suture materials. 
It is frequently used for cervical cerclage. This suture has 
been retrieved after 2–6 years and still maintained its ten-
sile strength.14

Nylon

Nylon suture is available as a monofilament (Ethilon, 
Dermalon) or a multifilament (Neurolon, Surgilon). 
Neither form causes tissue reaction and may be used in the 
presence of bacteria since nylon is inert. Nylon is usually 
absorbed after 2 years. Its disadvantage is knot slippage, so 
careful attention should be used when tying it.

Polyester

These types of sutures have great strength and durability, 
but since they are braided, they are not recommended in 
the presence of bacteria. Mersilene is an uncoated type of 
suture. It is frequently used for cervical cerclage. The advan-
tage of this suture is that it possesses great knot security.

Silk

This is a protein filament obtained from silkworm larvae. 
It is braided, has great tensile strength, and is easy to han-
dle. The major advantage of this suture is its knot security. 
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However, silk may act as a nidus of infection, and therefore 
its popularity has diminished.

Staples

Skin staples are frequently used in obstetrics for closure, 
especially in a vertical skin incision. The only benefit of 
staples over subcuticular stitches is speed. However, skin 
staples may cause more pain and a less favorable cosmetic 
result.14–18 Internal stapling devices are rarely used in 
obstetrics.

For fascial closure, the suture must be chosen by its ten-
sile strength, the type of laparotomy incision made, and 
the quality of the fascial layer to be approximated. When 
performing a fascial closure, one should not lock the 
suture, since this causes necrosis and weakens the fascia. If 
a vertical incision is performed, the fascia should always be 
reapproximated either with PDS, or with a nonabsorbable 
suture, such as nylon. Neither Vicryl nor Dexon should be 
used for a vertical fascial closure. The best fascial closure 
for a vertical incision is a continuous, running mass clo-
sure because it has a significantly greater wound strength, 
and decreases closure time when compared to the inter-
rupted technique.15,19 If a transverse incision is performed 
and the patient has no medical problems, the fascial clo-
sure can be performed with Vicryl or Dexon. If the patient 
has diabetes, is morbidly obese, or had previous surgery, 
closure of the fascia should be done with PDS.

KNOTS
Surgery is both a science and an art. Dexterity and speed 
in tying knots constitute an art which only practice can 
make perfect.15

The surgical knots used in operative obstetrics can be 
divided into two categories: sliding knots (identical or 
nonidentical) and flat knots (square and surgeon’s). A slid-
ing knot is formed when two half-hitches are tied, apply-
ing greater tension on one segment of the suture. A flat 
knot is formed when two half-hitches are tied applying the 
same tension to both segments of the suture.

Sliding knots have a tendency to slip and are less secure. 
However, they are easy to make and are frequently used in 
operative obstetrics.20 It is better to use a sliding knot in 
certain situations, as when tying deep in the pelvis. The 
addition of several throws to a sliding knot improves the 
knot’s security.21

Flat knots are the most secure of the surgical knots if 
the number of throws is adequate.22 When unnecessary 
throws are used, the risk of infection increases. Studies 
have shown that a minimum of four throws should be 
used to achieve optimum knot-holding capacity when 
using a flat knot on a non-monofilament absorbable 
suture.23

Investigations to determine the security of knots 
tied with one looped end and one free end versus knots 
with two free ends have been done. It has been demon-
strated that knots with one looped and one free end are 
weaker than those tied with two free ends.23 Therefore, a 

continuous suture line is best tied with a knot having two 
free ends (Figure 29.2).

NEEDLES
Currently, the needle is attached to the suture material by 
the manufacturer and is atraumatic; therefore, the type of 
eye of the needle meticulously described in former text-
books is no longer relevant.

Curved needles are usually used for sutures. The diam-
eter of the curve depends on the bulk of the material to be 
sutured. The profile of the needle (transverse section) is of 
two main types: round and cutting. Cutting needles may be 
of different shapes, such as reverse cutting with the point 
away from the curve, tapering in the form of a spatula, and 
so forth. Needles may be of various lengths, usually in the 
range of 13–50 mm. Several sutures have needles attached 
to each end. Soft and friable tissue should be sutured with 
round needles, and thick or hard tissue with a cutting nee-
dle. Therefore, the uterus and the peritoneum are transfixed 
with round needles, while the cutting needles are recom-
mended for the fascia and the skin. The use of different 
types of cutting needles and straight needles will depend on 
the preference of the surgeon. Hand needles, which require 
no needle holder, shorten operation time and are therefore 
popular in the United Kingdom. They have gained little 
acceptance, however, in the United States.

DRAINS
The earliest documented use of a drainage system was by 
Celsus in the first century AD. He placed lead and bronze 
tubes into the abdominal cavity as gravity drains. In con-
temporary surgery, the use of prophylactic drains for peri-
toneal contamination has been abandoned because they 
are quickly surrounded by bowel and omentum.24

Currently, there are four type of drains used: (1) the 
Penrose drain, (2) the closed-suction drain, (3) the sump 
drain, and (4) the closed-suction Penrose drain. In obstet-
rics, the Penrose drain and the closed-suction drain are 
most frequently used. These drains are brought through a 
separate stab wound, not through the surgical incision, to 
prevent infection in the suture line, weakness of the fascia, 
and subsequent hernia.

Penrose drain

This is a very efficient drain; however, it increases the risk 
of secondary infection.25 It is a latex drain which varies in 
size and diameter. It is used for drainage of blood, pus, or 
serosanguineous fluid from a cavity.

Closed-suction drain (Jackson Pratt or Blake Drain)

Closed-suction drains of silicone are minimally irritating 
to tissues. These drains have a low incidence of secondary 
infection, but tend to clog and cease functioning earlier 
than the Penrose drain.26,27

To drain or not to drain is still an area of controversy. 
Some studies in surgery have shown no benefit from intra-
abdominal drains. Besides, intra-abdominal drains can 
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cause adhesions and possibly bowel obstruction. However, 
it is advisable to place an intra-abdominal drain when-
ever hemostatic control is not optimal during a cesar-
ean section. This may occur in cases of ruptured uterus, 
uterine rupture severe preeclampsia, and superimposed 
HELLP syndrome (Hemolysis, Elevated Liver enzymes, 
Low Platelets), and in patients on anticoagulation therapy. 
It can also be helpful in the testing for creatinine for cases 
like invasive placentation in which bladder injury may 
occur and a cystotomy closure was made.

Some studies have suggested that the use of drains 
in the subcutaneous space may reduce the incidence of 

postoperative complications in obese women who have 
at least 2 cm of subcutaneous tissue.28 Nevertheless, 
suture closure of the subcutaneous fat during a cesarean 
section is probably better than placement of a subcuta-
neous drain.29

INSTRUMENTS FOR OPERATIVE OBSTETRICS
The instrument table should include the proper armamen-
tarium and drapes for operative obstetrics. The following 
lists of instruments (Tables 29.2–29.5) include the equip-
ment necessary to perform a cervical cerclage, dilation 
and curettage, cesarean section, and hysterectomy. Other 

(a)

(b)

(c) (d)

Figure 29.2 (a) Square knot, (b) granny knot, (c) surgeon’s square knot, and (d) surgeon’s granny knot. (Drawing by Julian Gaspar.)  
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Table 29.4 Cerclage set.

Item description Quantity

Ring forceps 4
Long Heaney needle holder 1
Kelly 2
Scissors (long straight Mayo) 1
Retractors—lateral (Sims) 2
Heavy weighted speculum 1
Forceps plain 1
Forceps with teeth 1
Russian forceps 1
Sound 1
Sims retractor 1
Briesky or lateral retractors 2
Disposable scalpel, Size 10 1
Disposable scalpel, Size 12 1
Disposable scalpel, Size 15 1

Table 29.3 Hysterectomy tray.

Item description Quantity

Knife handle 2
Knife handle long 1
Balfour retractor and blade 1
Ribbon retractor small 1
Ribbon retractor medium 1
Ribbon retractor large 1
Roux retractor 2
Bookwalter retractor 1
Richardson retractor small 2
Richardson retractor medium 2
Richardson retractor large 2
Deaver retractor small 2
Deaver retractor medium 2
Deaver retractor large 2
Carmalt forceps curved 4
Needle holder, 8 inches 2
Needle holder, 6 inches 2
Tissue forceps with teeth, 

8 inches
2

Dressing forceps plain, 
8 inches

2

Adson forceps with teeth 2
Babcock clamps, 8 inches 4
Kocher clamps 6
Allis clamps 8
Heaney clamps 4
Right angle clamps 4
Tonsil clamps 6

Table 29.2 Cesarean section tray.

Item description Quantity

Knife handle 2
Sponge sticks 5
Retractors
 Balfour blade 1
 Richardson (large) 2
 Richardson (small) 2
 Roux 2
Forceps
 Mouse tooth 2
 Adson forceps with teeth 2
 Tissue with teeth (large) 1
 Russian (large) 1
 De Bakey vascular 1
Needle holders
 Large 1
 Small 1
Clamps
 Towel 6
 Hemostat 14
 Kelly 7
 Babcock 4
 Kocher 4
 Allis 4
 T-clamp 10
Scissors
 Metzenbaum 2
 Straight Mayo 2
 Curved Mayo 2
 Bandage 1
Kidney basin 1
Light handles 2
Stat pack (wrapped separately 

in a surgical towel)
 Hemostat 6
 Kelly 4
 Kocher 2
 T-clamps 5
 Knife handles 2
 Suture scissors 1
 Curved Mayo 1
 Bandage scissors 1
 Metzenbaum scissors 1
 Allis clamp 2
 Needle holder 2
 Forceps (plain and toothed) 2
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surgeons may use different instruments, according to their 
own preferences and experience.
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Cesarean delivery has had a tumultuous and controversial 
history. The procedure was seldom used before the end of 
the nineteenth century because of its prohibitive maternal 
mortality. However, a dramatic rise in abdominal deliver-
ies has occurred over the past five decades. The cesarean 
delivery rate in the United States in 1970 was 5.5% com-
pared with 32.7% in 2013.1–3 This is the latest available sta-
tistic at the time of this writing and this rate resulted in 
1,284,339 cesarean deliveries in 2013. Several factors have 
contributed to this change4–6:

 1. Women are delaying childbearing, leading to more 
births among women of older age. This group has a high 
rate of cesarean deliveries and medical complications.

 2. A higher proportion of births are occurring in nullipa-
rous women who are at a higher risk for cesarean delivery.

 3. Continuous fetal monitoring during labor has increased 
the cesarean delivery rate for category II and III tracings.

 4. There are concerns about medical legal action in the 
event of an adverse fetal outcome if a cesarean is not 
performed.

 5. A diagnosis of dystocia is made more frequently and 
managed by cesarean delivery.

 6. Term vaginal breech delivery has been discouraged by 
the medical literature.

 7. Routine scheduled repeat cesarean birth is more 
commonplace.

 8. There is cesarean delivery secondary to “Maternal 
Request.”

 9. However, the final goal of any surgery is that the neces-
sity of performing the surgery would appear as valid in 
retrospect as it does in prospect. Although this goal may 
never be achieved in all cases, it should be sought.

INDICATIONS FOR CESAREAN DELIVERY
Cesarean delivery may be performed for maternal, fetal, or 
combined indications. Maternal indications include those 
done in the mother’s best interest when vaginal birth is 
dangerous or impossible. Cesarean delivery would be 
done for fetal indication when the fetal risk is less with 
abdominal delivery than with vaginal birth. When it is in 
the interest of both mother and fetus to have a cesarean, 
there is a combined indication.

The four most common indications for cesarean deliv-
ery that account for approximately 70% of these deliveries 
are as follows:

 1. Failure to progress in labor
2. Concerning fetal status (antepartum fetal testing by 

nonstress test, biophysical profile, Doppler assessment, 
contraction stress test, fetal heart rate monitoring, etc.)

3. Previous cesarean delivery or uterine surgery such as 
myomectomy

4. Fetal malpresentation for breech, transverse lie, etc.

Sometimes the best interest of the mother and fetus 
do not always coincide. The decision to perform surgery  
requires experience, clinical judgment, logic, and con-
sidering the wishes of the parents. The correct decision 

results from understanding all factors, rather than rely-
ing on just a tabulated list of indications. Decisions should 
take into account any conflict between the interests of the 
mother and the fetus.

Maternal indications

From the maternal perspective, the crucial questions are 
as follows:

• How soon must the pregnancy be terminated by deliv-
ery for the health and well-being of the mother, i.e., 
severe preeclampsia?

• How soon can vaginal birth be accomplished?
• What are the chances of severe complications arising as 

a result of any delay in delivery?
• To what extent will a major operation (cesarean deliv-

ery) be dangerous for the mother?

Indications

1. Patients with a complete placenta previa should 
always be delivered by cesarean delivery even with a 
fetal demise. Low-lying placenta previa is considered 
by many as an indication for cesarean, although, as a 
maternal indication, the imperativeness of the indica-
tion varies somewhat with the degree of the previa.

2. Placental abruption is an indication for cesarean deliv-
ery if the hemorrhage is severe and the fetus is not 
immediately deliverable. In this situation, cesarean 
delivery may be indicated even in the presence of fetal 
death. However, if the fetus is immediately deliver-
able, vaginal birth may be preferable for the mother's 
benefit.

3. Marginal abruption (“marginal sinus rupture”), on the 
other hand, is not a maternal indication for cesarean 
delivery because complications such as severe hemor-
rhage, clotting disorders, and renal failure, sometimes 
associated with placenta abruption, do not usually arise.

4. Most neurologists feel that cesarean delivery should be 
performed if the patient has had cerebral hemorrhage or 
has an untreated aneurysm because any form of second-
stage bearing-down effort is usually contraindicated.

5. Mechanical obstruction to vaginal birth (such as large 
leiomyoma or large condyloma acuminata, severely dis-
placed pelvic fracture, large cervical myoma, or pedun-
culated ovarian tumor). All myomas do not require 
cesarean delivery, however, some will be drawn upward 
as the lower uterine segment develops. Clinical correla-
tion is necessary on a case-by-case basis.

6. Virtually everyone agrees that the cervix should not 
be dilated with invasive carcinoma of the cervix. 
Pregnant women with carcinoma in situ or microinva-
sive disease (up to 3 mm in depth, having undergone 
full evaluation during pregnancy with a conization 
showing negative margins) may be followed to term 
and delivered vaginally, with reevaluation and treat-
ment at 6 weeks postpartum.7 Recurrences have been 
reported at the episiotomy site in women who delivered 
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vaginally; this area should be inspected and palpated 
during post-treatment surveillance.8,9 Delivery in 
women with larger-volume, invasive cervical cancer 
should undergo a classical cesarean delivery to avoid 
potential cervical hemorrhage and possible dissemi-
nation of tumor cells during labor and vaginal birth, 
although the latter risk is controversial.8,9 A classical 
cesarean and radical hysterectomy with therapeutic 
lymphadenectomy may be the treatment of choice 
for early lesions, after fetal pulmonary maturity is 
established.

 7. Repaired and healed vesico-vaginal fistulas may be con-
sidered potential indications, since the stretching of the 
vagina during birth may reopen the fistula. The excep-
tions are repairs close to the introitus, which may be 
protected by episiotomy.

 8. Some abnormal fetal presentations and positions con-
stitute strong maternal indications for cesarean deliv-
ery. A transverse lie is one example because of the 
danger of uterine rupture. A face presentation with a 
persistent mentum posterior position is also an indi-
cation because the fetus is undeliverable in that posi-
tion. Other face presentations such as mentum anterior 
do not necessarily imply that a section should be per-
formed. During early labor, a brow presentation does 
not indicate immediate operative birth because there is 
often spontaneous conversion to an occiput or face pre-
sentation but it is an indication if the brow presentation 
persists.

 9. Cephalopelvic disproportion is so pronounced that 
vaginal birth would be almost impossible. This indica-
tion for cesarean delivery is more fetal than maternal. 
The key question is whether or not the mother would 
be injured by waiting longer, stimulating the labor with 
oxytocin, or attempting vaginal birth.

Relative indications

 1. Gestational hypertensive diseases such as preeclamp-
sia, eclampsia, and HELLP (hemolysis, elevated liver 
enzymes, low platelet count) syndrome are relative 
maternal indications for delivery and possibly cesarean 
delivery, depending upon severity of the disease and 
how soon delivery must occur. Most clinicians would 
choose induction of labor if time permitted; however, if 
the condition is rapidly progressing, cesarean delivery is 
a means of immediate delivery.

 2. Maternal cardiac disease is not an absolute indication 
for cesarean section. The stress of major surgery should 
not be superimposed upon a failing or potentially fail-
ing heart. The goal for these patients is a short second 
stage, with minimal bearing down. The mother should 
give birth with the least possible stress. Obviously, if 
there is indication for cesarean delivery, such as dispro-
portion, the surgery need not be avoided.

 3. It is estimated that 2.5% of all births in the United States 
are cesarean deliveries on maternal request. However, 
delivery should not be performed for this reason until 

39 weeks and is not recommended for patients desiring 
several children given the risks of abnormal placenta-
tion following each cesarean delivery.10,11

Fetal indications

When the fetus is jeopardized by an attempt at vaginal 
birth, there is a fetal indication for cesarean delivery. An 
example of a fetal indication without a maternal compo-
nent is a prolapsed umbilical cord. The fetus is seriously 
threatened, but the mother's life or health is not. A cesar-
ean delivery is indicated unless the fetus is immediately 
deliverable vaginally or the fetus is not alive.

Fetal indications can be grouped into several categories. 
Some indications are obligatory, such as a category II or III 
tracing that does not respond to resuscitative fetal inter-
ventions in labor. Sometimes there is a fetal indication 
when the pregnancy is complicated by diabetes mellitus, 
preeclampsia, or renal disease and tests for fetal well-being 
become ominous. In this situation, a “hostile” intrauterine 
environment may warrant delivery without delay.

Other signs of “hostile” intrauterine environment 
include oligohydramnios; thick, pea-soup amniotic fluid 
(not merely stained fluid); and evidence of fetal bleed-
ing during labor. The use of the deepest vertical pocket 
measurement as opposed to amniotic fluid index (AFI) 
to diagnose oligohydramnios is associated with a reduc-
tion in unnecessary interventions without an increase 
in adverse perinatal outcomes.12 Most clinicians would 
consider these conditions as fetal indications for cesarean 
delivery.

Other recognized indications include the threat of birth 
trauma. Cephalopelvic disproportion and failure to prog-
ress often are used as a wastebasket diagnosis. This group 
may include patients who have labored in the second 
stage with ruptured membranes for several hours without 
descent of the head. At the other extreme are patients with 
dysfunctional contractions in the latent stage who in ret-
rospect were not even in labor.

Most fetuses in the breech presentation are deliv-
ered by cesarean delivery. Providers should counsel and 
recommend external cephalic version at the comple-
tion of 37 weeks’ gestation.13 The American Congress of 
Obstetricians and Gynecologists’ (ACOG) committee on 
obstetric practice recommended that planned vaginal 
delivery of a term singleton breech was no longer appropri-
ate. Currently, the recommendation regarding a planned 
vaginal delivery of a term singleton breech fetus being 
managed by an experienced provider may be a reasonable 
option. Informed consent should be obtained including 
discussion of increased perinatal and neonatal mortality 
with vaginal breech delivery.14

Currently, cesarean delivery often is utilized for twins 
mainly to provide the second twin with maximum safety 
at birth. Mortality and morbidity rates usually are higher 
for the second twin than for the first twin. This is not 
because all second-twin vaginal births are traumatic 
but because there are few good solutions when trouble 
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arises. The optimal route of delivery in women with twin 
gestaions depends on the type of twins, fetal presentation, 
gestational age, and experience of the clinician.15–17 When 
a concerning category II or III tracing is encountered, the 
clinician must choose between vaginal birth and emer-
gency cesarean delivery for the second twin. Vaginal birth 
is the desirable choice only when there is a good chance of 
success without trauma, and emergency delivery is impos-
sible. This is a difficult choice and depends upon specific 
circumstances at the time. If a cesarean delivery for the 
second twin is necessary after vaginal delivery of the first 
twin, one should not forget to repair the episiotomy if it 
was performed.

Cesarean delivery is almost always utilized for triplet 
and quadruplet births in the interest of fetal survival if 
pregnancy has progressed to the point of fetal viability.

In certain clinical circumstances, an abruptio pla-
centae is a fetal indication. When part of the placenta is 
separated, immediate fetal death results if the remaining 
functioning placenta is insufficient to support life. In some 
cases, a portion of placenta remains functional and will 
sustain life only for a short time. For these, delivery can be 
lifesaving for the fetus. In other cases, the abruption is so 
small that the feto-maternal exchange is not really com-
promised. Since there is no accurate way to determine pla-
cental reserve, delivery is often the best method to ensure 
the birth of a live fetus.

In cases of placenta previa, fetal survival is unlikely with 
vaginal birth. In addition, the methods used for vaginal 
birth with placenta previa were often directly traumatic to 
the fetus.

Certain fetal presentations can expose the fetus to birth 
trauma. Even in early labor, transverse presentations 
are extremely dangerous to the fetus because of the risk 
of prolapsed cord. The potential trauma of version and 
extraction thus provide an absolute fetal indication.

Maternal infection

Maternal infection such as active genital herpes vul-
vovaginitis is a fetal indication for cesarean delivery. 
Also, elective cesarean delivery should be discussed and 
recommended for all human immunodeficiency virus 
(HIV)-infected pregnant women with viral loads above 
1000 copies/mL.18 If the decision is made to perform an 
elective cesarean delivery, it is recommended to be done 
at 38 weeks’ gestation, due to the potential risk of labor 
and membrane rupture before the woman reaches 39 
weeks’ gestation, which is the standard recommended 
time for operative deliveries in women without HIV 
infection. Zidovidine (ZDV) prophylaxis should be pro-
vided regardless of the mode of delivery, as the available 
data indicate that ZDV provides an additional protective 
effect in women undergoing elective operative delivery. 
Intravenous ZDV should begin 3 hours prior to sur-
gery. Because of the potential for increased postoperative 
maternal morbidity in HIV-infected women undergoing 
operative delivery, clinicians may opt to administer peri-
operative antibiotic prophylaxis.

In women at very low risk of transmission, such as those 
with low or undetectable viral load, the additional benefit 
provided by elective cesarean delivery may be marginal. 
The potential benefit of elective cesarean delivery should 
be discussed with all HIV-infected pregnant women and 
the decisions regarding operative delivery will need to be 
individualized according to the woman’s clinical, immu-
nologic, and virologic status.

The influence of the mode of delivery on perinatal 
transmission of hepatitis C virus (HCV) is incompletely 
understood. However, cesarean delivery is associated with 
a reduced risk of HCV transmission in women who are 
HCV/HIV coinfected.19,20

A difficult clinical situation arises when there is an 
indication for delivery and several days of induction have 
been unsuccessful. Whether or not a cesarean delivery 
is indicated depends upon the strength of the indication 
for delivery, not upon the fact that there is failed induc-
tion. However, one should not induce patients without an 
appropriate indication for delivery, expecting that an easy 
induction will ensue.

Some data indicate that grossly premature fetuses do 
not withstand the stress of labor well. Accordingly, obste-
tricians tend to use relatively liberal criteria for cesarean 
delivery when the gestation is very preterm, but the fetus 
is considered viable, particularly when tracings of the fetal 
heart rate monitoring indicate significant and recurrent 
cord compression, a circumstance predisposing to intra-
cerebral hemorrhage.

If the fetus is not alive, the mother should be delivered 
vaginally unless there is a maternal indication for cesarean 
delivery. Similiary, if the fetus estimated fetal weight is less 
than 23 weeks’ gestation, a cesarean delivery should not be 
performed for a fetal indication. When there is no reason-
able chance for fetal survival, the mother should not be 
exposed to the risk of an operation.

Combined indications for cesarean delivery

There are combined indications for cesarean section 
with maternal and fetal components that can be additive. 
Abruptio placentae and placenta previa are such examples.

Years ago, there were few cesarean deliveries for fetal 
indications because the operation was dangerous for the 
mother. Her interests always superseded those of the fetus. 
Now, the procedure is safe enough; nonetheless, it endan-
gers the mother in the interests of the fetus. This being the 
case, what should be done when the fetus has little chance 
of survival no matter how delivered? In the very preterm 
pregnancy, there may be strong fetal indication for cesar-
ean delivery with relatively little chance of survival, and 
in some cases, increased maternal danger. There is no easy 
answer, but the clinician's dilemma brings up the third 
consideration: Legal liability for results. Legal liability has 
increased in all areas of medicine, but obstetrics is con-
sidered one of the most serious areas for several reasons. 
There is a certain irreducible fetal morbidity, yet society 
expects perfect results. Performing a cesarean delivery has 
been safer from a legal point of view than persisting with 
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a vaginal birth. The impression has developed that if a sec-
tion was performed, everything possible was done and 
that any untoward results with vaginal birth could not be 
defended. Whether or not true from a legal point of view, 
this impression has had a great impact clinically.

The increase in the number of cesarean deliveries for 
dystocia, fetal distress, and breech presentation probably 
reflects an increased concern for the fetus and an effort to 
reduce perinatal mortality and morbidity. Since cesarean 
delivery increases the danger to the mother, there is crucial 
need to ensure that every procedure performed is neces-
sary for one or both of the patients. Critical understanding 
of the indications and a logical decision-making process 
should help clinicians to attain this goal.

Repeat cesarean delivery

The dictum “once a cesarean always a cesarean” was stated 
in 1916 because the risk of uterine rupture after a previ-
ous section was considered unduly high.21 It took more 
than half a century before the concept was almost totally 
accepted.19 In the ensuing decade, clinicians have decided 
that the dictum is not true and that most patients with pre-
vious sections can be delivered vaginally safely.

The US national enthusiasm for vaginal birth after 
cesarean delivery (VBAC) led to a decrease in the cesar-
ean delivery rate, which reached 20.7% in 1996. During 
the same period (1989–1996), the VBAC rate increased 
from less than 18.9%–28.3%. Some third-party payers 
and managed-care organizations even mandated that all 
women who had a previous cesarean undergo a trial of 
labor. Many physicians were pressured into offering VBAC 
to unsuitable candidates or to women who wanted to have 
a repeat cesarean delivery. As the VBAC rate increased, so 
did the number of well-publicized reports of uterine rup-
ture and other complications during trials of labor after 
previous cesarean deliveries. As a result, many physicians 
and hospitals have discontinued the practice altogether. 
The cesarean delivery rate in the United States is increas-
ing again, reaching 32.7% in 2013, while most published 
series of women attempting a trial of labor after a previ-
ous cesarean delivery demonstrate a 60%–80% success 
rate.22–24

CANDIDATES FOR TRIAL OF LABOR AFTER CESAREAN 
DELIVERY
The ACOG guidelines for identifying women who are 
potential candidates for trial of labor after a cesarean 
delivery (TOLAC) include the following criteria24:

• No traditional contraindication to labor or vaginal birth.
• One or two previous low transverse uterine inci-

sions. However, an ACOG Task Force on Evaluation 
of Cesarean Delivery recommended restricting VBAC 
attempts to women with only one previous low trans-
verse incision22.

• No other uterine surgical scars.
• No history of previous uterine rupture.
• A clinically adequate pelvis.

• TOLAC is not contraindicated for women with previous 
cesarean delivery with an unknown scar unless clinical 
suspicion of a previous classical incision.

• Induction of labor for maternal or fetal indication 
remains an option for TOLAC.25

• A physician immediately available throughout active 
labor who is capable of making the decision for and per-
forming an emergency cesarean delivery.

• Availability of anesthesia and nursing personnel for 
emergency cesarean delivery with delivery within 30 
minutes of the decision to operate.

• Pregnancy of 37–40 weeks’ gestation.

More data are required before recommendations can 
be made for women with two or more previous cesarean 
deliveries, unknown uterine scar, multiple gestation, post-
term or preterm pregnancy, low vertical incision, induc-
tion, or suspected macrosomia.21–24

Contraindications to trial of labor

TOLAC should not be attempted in women at high risk 
for uterine rupture or with contraindications to labor or 
vaginal birth. Contraindications for TOLAC include the 
following:

• Prior classical or inverted T-shaped uterine inci-
sion or other transfundal uterine surgery (such as 
myomectomy)

• Previous uterine rupture
• Medical or obstetric complication that precludes vagi-

nal birth (such as placenta previa)
• Inability to perform emergency cesarean delivery due 

to factors related to the facility, surgeon, anesthesia, or 
nursing staff

Most unknown uterine incisions at term are the result 
of low transverse incisions. Women with an unknown 
incision in the setting of risk factors for a previous classical 
or T incision (preterm birth before 28 weeks of gestation 
and transverse lie) should be considered at higher risk of 
uterine rupture with a trial of labor.

If TOLAC is appropriately offered, experience shows 
that about 50%–70% of the attempts will be successful.22

TYPES OF CESAREAN DELIVERY INCISIONS
Each type of cesarean has advantages and disadvantages. 
Obstetricians should be experienced with the different 
types of operations as well as cesarean hysterectomy. Both 
of the lower-segment techniques to be discussed are use-
ful depending on gestational age and the clinical situation.

Abdominal skin incisions

Both transverse and vertical skin incisions are used for 
cesarean deliveries. Vertical incisions have the advantage 
of providing rapid entry into the peritoneal cavity and 
good exposure. The midline incision is commonly used, as 
it is easy to effect and to close. This results in minimal dis-
section of cleavage planes between muscle and fascia helps 
prevent wound infections.
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All vertical skin incisions place stress on the suture line, 
making postoperative hernia formation more common 
than with the transverse incision. However, this does not 
appear to be an important practical factor, since patients 
with cesarean deliveries are usually young and have a good 
musculature.

Transverse skin incisions are popular for entry into the 
abdominal cavity. For cosmetic purposes, the Pfannenstiel 
incision is often used. This incision, which can often be 
made within the pubic hairline, is barely visible postoper-
atively. One problem with this incision may be exposure. 
Because anterior rectus fascia must be dissected from 
the muscle, there is opportunity for wound infection. If 
exposure is inadequate with a classic Pfannenstiel, the 
Cherney modification (rectus tendons divided at pubis) 
will provide generous exposure. Excellent exposure is also 
obtained with the Maylard incision, a transverse incision 
through all layers, but this necessitates cutting through 
the rectus muscles and ligating the inferior epigastric 
vessels.

Sometimes, with a Pfannenstiel incision, the intact rec-
tus muscles hinders the delivery of the head. In this case, 
the medial two-thirds of each rectus can be cut without 
worrying about the inferior epigastric vessels. If this is 
done, one should resuture the rectus muscles so that they 
heal in an intact manner.

The choice of abdominal incision seems to depend pri-
marily upon how the clinician was trained and what the 
custom is in the area of practice. Individuals trained to 
utilize Pfannenstiel incisions often use this incision almost 
exclusively. Irrespective of the original incision, the peri-
toneum usually is opened vertically.

Lower-segment transverse cesarean delivery

Lower-segment transverse uterine incisions is the stan-
dard routine procedure, which is easy to perform, as the 
incised area is less vascular and the uterus at this area is 
easy to suture. However, there are potential problems. The 
length of the incision is limited by the width of the ante-
rior lower uterine segment between the round ligaments. 
Any lateral extension of the incision could result in tear-
ing of the uterine arteries and veins, resulting in hemor-
rhage and/or hematoma. Therefore, the incision may be 
difficult to use for premature birth where the lower uterine 
segment is underdeveloped and narrow. In these cases, a 
lower-segment vertical incision may be preferable. If, at 
operation, there is insufficient space for a transverse inci-
sion, a vertical incision can be made in the middle of the 
superior flap to form an inverted “T.” The junction joint of 
both incisions is difficult to close and probably is always 
weak, so a T incision should be used only as a last resort to 
deliver the fetus.

If either or both of the ascending uterine arteries at 
the lateral angles of the incision are torn, they can eas-
ily be repaired. The vessels (both artery and veins may 
be injured) should be temporarily clamped to prevent 
bleeding, and ligated superior and inferior to the inci-
sion with an encircling mattress suture. Removal of the 

clamps should result in no bleeding. Then the urine inci-
sion can be closed in the usual manner. This technique 
provides far better hemostasis for major vessels than 
merely trying to stop bleeding by the usual closure of 
the incision. With upward traction on the uterus, the 
ureters are far away from the torn vessels so need not be 
a concern.

In summary, the lower-segment transverse incision is 
usually ideal for most patients (Table 30.1).

Operative technique

After the abdomen is opened, the peritoneal reflection 
between the bladder and uterus is identified. A bladder 
flap is developed to mobilize the loose visceral peritoneum 
between the bladder and uterus; the peritoneum is picked 
up about 1 cm below its firm attachment to the uterus and 
incised laterally toward the round ligaments (Figure 30.1). 
This step should be carried out under direct vision with 
a bladder retractor inferiorly and Richardson retractors 
laterally so that the round ligaments can be seen. Note 
should be made of any uterine rotation to assist in later 
extension of the uterine incision.

With the bladder peritoneum grasped with thumb 
forceps and stretched away from the uterus, blunt finger 
dissection with the fingertip against the uterine surface 
is used to separate the posterior surface of the bladder 
from the anterior surface of the lower uterine segment 
(Figure 30.2). Sharp dissection may be necessary if the 
patient has had a previous cesarean delivery; otherwise, 
blunt finger dissection will usually cause less bleeding.

At this point, any rotation of the uterus is noted and a 
transverse incision is made in the midline of the uterus. 
Extension of the incision may be made with bandage scis-
sors or by placing one and then two fingers into the inci-
sion and extending it laterally by “tearing” the muscles, 
since the muscle bundles separate easily (Figure 30.3).

Each method of uterine incision has pros and cons. 
Cutting the lower uterine segment with bandage scis-
sors allows a precise termination of the lateral margin of 
the incision, so that there is no injury to major vessels. A 

Table 30.1 Advantages, problems, and dangers of 
lower-segment transverse  incision.

Advantages
  Incision lies entirely in lower segment
  Incisional area less vascular than upper segment
  Lower segment easier to suture than upper
   Easy to cover incision with bladder peritoneum 

Technical problems
  Incision length limited by lateral margins of uterus
   Problem with premature birth
   Problem with abnormal presentation
  Angles may be difficult to suture
Specific dangers
  Injury to vessels at lateral margins of uterus
  Hemorrhage and hematoma at angles
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problem is that several arcuate arteries may run trans-
versely across the uterus, resulting in increased blood loss. 
Enlarging the initial incision by tearing usually avoids 
injury to the arcuate arteries. Experience is necessary to 
enlarge the initial incision symmetrically and yet not tear 

into the ascending uterine artery and vein. When tear-
ing, it is important to pull toward the fundus of the uterus 
(cephalad), as well as laterally. This will ensure that the 
lateral ends of the resulting incision curve upward where 
the lower uterine segment between the round ligaments is 

Peritoneum

Uterus

Figure 30.2 Mobilization of bladder flap; the inferior edge of peritoneum is elevated with forceps and put on stretch. Blunt 
finger dissection separates the peritoneum and bladder from the lower uterine segment.

Bladder

Peritoneum loose

Peritoneum attached

Figure 30.1 Mobilization of bladder flap; peritoneum on the anterior surface of the uterus is picked up just below (caudad) its 
firm attachment and incised laterally from the midline to each round ligament.
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wider. How well the incision has been made is determined 
by observation after delivery.

With either method, it is important that the original 
incision be made through the entire uterine wall. There 
is a plexus of arteries and veins about one-third of the 
way through the uterine wall. If the incision is inadver-
tently enlarged by either blunt or sharp dissection in this 
plane, it can cause severe hemorrhage. Sometimes, there 
is concern about injuring the fetus by cutting too deeply. 
In this case, the lateral margins of the transverse inci-
sion can be picked up with Allis clamps after the incision 
has started to hold the uterine tissue away from the fetal 
head.

Another method is routinely used by some obstetricians 
to avoid fetal injury. The central, small, transverse uterine 
incision is made through almost the entire thickness of the 
uterine wall. Then a hemostat is used to tease through the 
remaining few millimeters of uterine wall. When amniotic 
fluid appears, the incision can be enlarged by either of the 
previously mentioned techniques.

It is crucial with any cesarean delivery that the uterine 
incision be large enough for atraumatic delivery. When 
the delivery is performed to prevent the stress of labor 
with a fragile premature fetus, it would be absurd to have 
a traumatic birth because the incisions were too small. The 
incision must not be extended so far laterally as to injure 
arteries and veins, but if it seems too small for atraumatic 
birth, the incision can be enlarged by incising vertically in 
the center of the superior flap to create an inverted T.

Immediately after delivery but before the placenta sepa-
rates, the operative field is usually bloodless for a few min-
utes. During this time, operative bleeding from the edges 
of the incision can be reduced by mobilizing the uterine 
incision with T and Allis clamps and beginning the clo-
sure. T clamps can be placed at the angles of the incision 
and at other areas where bleeding is active. Traditionally, 
the placenta is removed first and then suturing begins. 
Alternatively several sutures could be placed beginning 
immediately from the angle before the placenta separates 
and the field becomes covered with blood (Figure 30.4). 
After the removal of the placenta, the suturing of the inci-
sion can be continued rapidly.

Some surgeons exteriorize the uterus, which may facili-
tate exposure and may result in a quicker repair. However, 
there is some evidence that exteriorization increases 
maternal discomfort and nausea, but does not increase the 
risk of infection.26 This point is controversial.

The uterus can be closed in a single layer, a method 
which decreases operating time.27 However, it is not clear 
whether patients who have a single-layer closure are at 
increased risk of complications during the next preg-
nancy compared with those who undergo a two-layer 
closure.

To close the uterus in two layers, a continuous running 
suture is used. Care must be taken to avoid the endome-
trium and to invert the two flaps so that both edges of the 
myometrium are juxtaposed (Figure 30.5). After one again 
inverts the tissue, a second line of continuous running 
sutures is placed to cover the first one. When suture lines 
have been placed properly, the first is covered by the sec-
ond, and the only sutures visible are the ties at each angle 
for the second layer. Some operators utilize a Lembert 
suture rather than a continuous running suture for the 
second layer.

Care must be given to suturing the angles of the uterus 
properly. The most common mistake is to neglect the uter-
ine curvature and thus not suture perpendicular to the 
uterine wall (Figure 30.6). This may result in vessel injury 
and sutures with very little myometrium tissue. It is easy 
to avoid this mistake if each angle suture is placed by the 
operator on the opposite side of the table, and the incision 
is closed by suturing to the midline.

The suture line will become loose in a few days 
because of uterine involution. The aspect of healing in 
the face of tissue catabolism and involution is normally 
present only under one circumstance in the entire field 
of surgery—the uterine incision of cesarean section! 
This raises the point of continuous compared with inter-
rupted sutures for uterine closure. Poidevin’s work in 
the 1960s36 seemed to show that there is less chance of a 
uterine scar defect if interrupted sutures are used. This 
would seem logical, yet, few operators ever use inter-
rupted sutures. With the emphasis on vaginal birth 
after a previous section, this entire area of investigation 
should possibly be renewed.

Factors that may affect the strength of the closure also 
need to be studied. These include choice of suture material, 

Figure 30.3 Transverse incision into the uterus; after the 
uterus is opened in the midline by means of a small incision, 
the opening is enlarged laterally by “tearing” with fingers in a 
lateral and cephalad direction (arrows).

  



Types of cesarean delivery incisions 401

closure technique, and presence of postoperative infection. 
In women contemplating subsequent pregnancies, the sur-
geon should consider using a polyglactin suture and/or a 
double layer closure.

Since vascular muscle tissue is easily torn, sutur-
ing  the uterus may be difficult. A fairly heavy suture 
with a large diameter is best (no. 1–0 or 0) because it 
will not  cut through the muscle even though it is tied 

snugly. The  diameter of the heavy suture, rather than 
its strength, is the critical factor. To avoid tearing apart 
or cutting through the myometrial fibers, each bite 
should be large enough so that the  suture gets a good 
purchase on the tissue. When bleeding points remain 
after the second row of sutures, they can  best be con-
trolled by figure-of-8 stitches over the site tied snugly 
but not tightly. The sutures should be placed away from, 

(a)    (b)

(c)

Figure 30.4 Closing the uterus; a low-segment transverse incision is usually closed in two layers. Care is taken to place angle 
sutures lateral to the apex of the incision and approximate myometrium (a). The second layer should cover the first suture line (b). 
The peritoneum is closed so that the lower flap covers the incision (c).
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but still around, the bleeding site and tied to compress 
the tissue.

Closure of the peritoneal bladder flap or the parietal peri-
toneum is not generally performed, as there is no conclusive 
evidence that such closure has benefits such as reduction 
in infectious morbidity, analgesia requirements, or bowel 
function. The effect on adhesion formation is unclear. 
Discordant results have been reported28–31; thus, if the peri-
toneum is closed to prevent adhesions, it should be done by 
a fine 3:0 suture. Intra-abdominal irrigation does not reduce 

maternal morbidity beyond the reduction achieved with 
preoperative prophylactic antimicrobials alone.32

The fascia is typically closed with a delayed-absorbable 
suture using a continuous stitch. Difficulty with hemosta-
sis is usually not a major issue; however, care should be 
taken to avoid too much tension when closing the fascia: 
Approximation, not strangulation, is the appropriate goal. 
A delayed-absorbable monofilament (such as polydiaxa-
none [PDS] or polyglyconate) or permanent monofilament 
suture (such as polypropylene or polybutester) is recom-
mended for patients at high risk of fascial dehiscence, espe-
cially with a vertical incision. These patients include those 
who are obese, diabetic, immunosuppressed, or undernour-
ished, as well as women with a history of prior fascial herni-
ation. A running Smead-Jones closure can be considered in 
such cases to enhance the tensile strength of the incision.33

Appropriate antimicrobial use, careful handling of 
tissue,34 and judicious use of electrical cautery appear 
to decrease the risk of seroma formation and infection. 
Closure of the subcutaneous adipose layer with plain cat-
gut suture is also helpful and is recommended if the layer is 
deep. This was illustrated by a meta-analysis showing that 
suture closure of the subcutaneous adipose layer at cesar-
ean delivery decreased the risk of subsequent wound dis-
ruption by one-third in women with subcutaneous tissue 
depth greater than 2 cm but not less than 2 cm.35,36 Closure 
of the dead space seems to inhibit accumulation of serum 
and blood, which can lead to a wound seroma and subse-
quent wound breakdown. This occurrence is a major cause 
of morbidity, can be costly, and lengthens the recovery time 
for the patient.

Finally, reapproximation of the skin may be performed 
with staples or suture.44 If the skin incision was transverse, 
the staples may be removed in about 3–5 days. If a verti-
cal incision was performed, the staples are left in place for 
at least 5–7 days, and longer in a patient at high risk of 
wound complications, since there is more tension on the 
skin edges of a vertical incision.

Vascular anatomy and uterine hemorrhage control

A major contributing factor in uterine hemorrhage control 
is lack of knowledge about the vascular anatomy. Several 
factors are important to keep in mind. The uterus is sup-
plied by four major arteries—two uterine and two ovarian. 
To shut off all blood flow, one would need to ligate all four 
arteries, as well as the two ascending vaginal branches of 
the pudendal arteries. In addition, arterial anastomoses 
are such that the uterus should be considered as one sys-
tem in equilibrium. Blood freely flows from one area or 
one vessel to any other vessel. Arcuate arteries originate 
from the uterine arteries at the lateral margins and course 
around the uterus (back and front) with multiple anasto-
moses in the midline.

From an operative point of view, this means that a bleed-
ing point is best controlled by placing fairly deep mattress 
sutures around the site of hemorrhage, since ligation of a 
specific vessel is often impossible. These sutures should be 
placed about 1 cm away from the bleeding site.

CorrectIncorrect

Figure 30.6 Suturing the angles; the lower uterine seg-
ment is convex after birth, although the peritoneum on the 
anterior surface of the broad ligament makes it appear flat. 
Care must be taken, therefore, to place angle sutures into the 
uterine muscle rather than into the peritoneum and vessels at 
the lateral margins.

(a) (b)

(c) (d)

Figure 30.5 Suturing the uterus; the uterus should be 
sutured so that the myometrium, rather than the endome-
trium, is approximated and that the second suture line covers 
the first. The uterine tissue, therefore, should be inverted—
panels (a) and (b) show how this can be accomplished even 
when the uterine wall is thin; (c) and (d) show the technique 
when the two edges are thicker.
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If there is injury to the uterine arteries or veins along 
the lateral margin of the uterus, all the vessels in the area 
can be safely ligated.

To control bleeding, a horizontal mattress suture may be 
placed that passes through the uterine muscle and around 
the vessels. A large suture (no. 1–0) should be used so that 
it can be tied snugly and still not cut through the muscle. A 
suture is placed above and below the injury, and these two 
sutures should control all bleeding in the ascending ves-
sels. Any attempt to dissect and ligate vessels individually 
will produce more tissue injury and hemorrhage.

The risk of extensive uterine injury or extension of the 
incision into the uterine vessels is usually low; only 1%–2% 
of all patients having cesarean deliveries require blood 
transfusion.41 Hemorrhage may be due to uterine atony, 
placenta accreta, or lacerated vessels. Lacerations extend-
ing into the lateral vagina and broad ligament should be 
evaluated carefully and repaired with meticulous atten-
tion to the position of the ureter.

Lower segment vertical cesarean delivery

A vertical uterine incision is still sometimes utilized for 
cesarean deliveries and in some instances has clear advan-
tages over the transverse incision (Table 30.2). The verti-
cal incision can be enlarged easily, since its length is not 
limited by vital structures such as the major vessels on the 
lateral margin of the uterus. It is useful for the delivery of 
premature infants because it is not limited by the size of the 
lower uterine segment. With abnormal presentations, such 
as breech or transverse, these advantages are significant.

There are also some disadvantages. The lower-uterine 
segment is short, unless the patient has been in labor, and, 
without due care, the bladder may be injured in mak-
ing the uterine incision or from extension during birth. 
Moreover, with a short lower segment, it may be necessary 
to continue the incision into the upper segment. Because 
muscle in this area must be incised rather than separated, 
the vertical incision may be more vascular than the trans-
verse one and potentially bleed more.

Operative technique

The procedure is started the same way as the lower-seg-
ment transverse procedure. The peritoneum between 

uterus and bladder is picked up just below its firm attach-
ment to the uterus and incised transversely toward the 
round ligaments. Blunt dissection is used to separate the 
bladder from the uterus. A small incision is made through 
the uterine wall in the midline after noting any rotation 
of the uterus. Large bandage scissors are used to extend 
this incision. First, the incision is extended downward to a 
point 1 or 2 cm above the bladder reflection (Figure 30.7). 
This is a critical distance because, if the incision is car-
ried to the reflection, the bladder may be injured when the 
baby is born. Then, with bandage scissors, the incision is 
extended upward to a length sufficient for delivery.

If only the lower segment is involved, closure is done 
with two layers of running sutures.

Classical cesarean delivery

There are few indications for the classical operation in con-
temporary obstetrics. In this operation, the entire uterine 
incision is placed in the upper segment, so structures over 
the bladder should not be disturbed (Table 30.3).

Pregnant women with invasive carcinoma of the cer-
vix should have a classical delivery in order to avoid areas 
potentially involved with tumor. Other indications may be 
a major degree of placenta previa or placenta accreta, when 
the operator wishes to avoid cutting through the placenta 
attached to the lower segment or neglected transverse lie, 
or possibly a transverse lie with the back turned down-
ward. A classical delivery might be desirable after previ-
ous vesico-vaginal fistula repair when there are extensive 
bladder adhesions to the uterus, and in some cases of 

Table 30.2 Advantages, problems, and dangers of the 
lower-segment vertical incision.

Advantages
  Lower-segment incision
  Incision easy to outline
  Incision length not limited
Technical problems
  Extensive bladder dissection
  Upper-segment extension
  Upper segment difficult to suture specific dangers
  Bladder injury from extension
  Poor scar in upper-segment extension

1.5-2.0cm

Figure 30.7 Uterine incision with lower-segment vertical 
section; the uterus is opened by making a small incision in the 
midline. This incision is extended downward to a point 1–2 
cm above the bladder reflection. This will help ensure that the 
bladder is not injured as the fetus is delivered.
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uterine sacculation. The advantage to the procedure is that 
the operative field avoids the bladder and the lower seg-
ment. Since the lower segment vertical incision can always 
be extended superiorly for exposure, there is little indica-
tion for a classical cesarean delivery today unless there is a 
cogent need to exclude the entire lower segment from the 
operative site. The classical cesarean operation has several 
disadvantages. An incision in the upper part of the uterus 
is more likely to rupture in a subsequent pregnancy than 
one in the lower segment, and such ruptures tend to occur 
prior to the onset of labor.

Operative technique

Technically, opening the uterus is less difficult than a 
low vertical section. The uterus is incised through its full 
thickness in the midline with a knife. Bandage scissors 
may be used to extend the incision vertically, starting 
from an inferior point just above the firm attachment of 
the bladder peritoneum and extending as far as necessary 
to provide exposure for birth.

After delivery, the uterine incision must be carefully 
closed with several layers of interrupted or running sutures.

Extraperitoneal approaches to the uterus

Physick first described extra-peritoneal cesarean delivery 
more than 150 years ago in an attempt to reduce mortal-
ity.37 It was mainly used to decrease infectious morbidity 
at that time; this approach has fallen into disfavor because 
of its technical difficulty, longer operating time, and lack 
of advantage in the antibiotic era, and thus it will not be 
discussed in this chapter. Those who are interested in this 
topic should see the second edition of this book.

TECHNICAL COMPLICATIONS ASSOCIATED WITH 
CESAREAN DELIVERY
Adherent bladder

Unless the patient has had a previous cesarean delivery, there 
is usually an excellent cleavage plane between the uterus 
and bladder, and bladder mobilization is easy. However, 
bladder dissection may be a problem if there is scarring 
from a previous cesarean section or if there are varicosities 

on the surface of the uterus or bladder. If blunt dissection is 
used to mobilize the bladder, these veins, which are friable, 
often rupture. An avascular cleavage plane usually exists 
between the two structures, but sharp dissection must often 
be employed for this mobilization (Figure 30.8). This is not 
difficult technically, if the bladder is picked up with a tis-
sue forceps and placed on a stretch away from the uterus 
to expose the vesicouterine plane. Since sharp dissection is 
not difficult for one with experience, the surgeon should be 
competent in the technique so that it can be utilized when 
blunt dissection would be impossible.

Table 30.3 Advantages, problems, and dangers of 
classical cesarean incision.

Advantages
   Cervix and bladder not dissected (carcinoma of the 

 cervix, fistulas)
   No limitation in uterine incision length 
Technical problems
  Closing incision difficult
  Vascular incision hemorrhage
Specific dangers
  Poor uterine closure
  Subsequent uterine rupture
   Adhesion of bowel to incision wound, postoperative 

 ileus

Bladder

Peritoneum 

(a)

Uterus

Veins

 Shaep
dissection

Traction

Uterus

Bladder

Traction

(b)

Figure 30.8 Sharp dissection of adherent bladder; there 
is an avascular, fascial cleavage plane between bladder and 
uterus that can be identified if the bladder and uterus are sep-
arated by traction on both at a 60° angle. The plane for sharp 
dissection lies halfway between the two organs.
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One last resort would be an intentional bladder dome 
cystotomy to help delineate the bladder from the uterus 
and therefore perform a clean, sharp dissection. This 
approach would prevent multiple, small serosal or mus-
cularis, or full-thickness injuries during a difficult dis-
section and thus decrease the risk of vesicouterine fistula 
formation.

Placental obstruction at cesarean delivery

Sometimes the placenta is encountered upon opening the 
uterus when performing a cesarean delivery. This occurs 
in the following two situations: (1) with a classical section, 
when the placenta is on the anterior wall of the uterus; 
(2) with a low cervical delivery done for placenta previa.

The management of this problem is controversial. Many 
operators cut through the placenta, but this opens the fetal 
circulation, and even a small amount of fetal bleeding 
may be dangerous. The umbilical cord should be clamped 
immediately if the placenta is incised. Perhaps a safer 
procedure is to push the placenta to the side or actually 
remove it first. There is more maternal bleeding, but it is 
less dangerous to the infant than fetal hemorrhage.

Difficulties in delivering the fetus

There may be difficulty in delivering the fetal head if it has 
become tightly wedged into the mid-pelvis after prolonged 
labor. In this situation, someone in the operating theater 
can provide upward pressure on the head by inserting two 
fingers from a sterile gloved hand in the vagina. If this dif-
ficulty is expected, preparation for this maneuver should 
be made in advance. In addition, the operator can push his 
or her hand down into the pelvis between the fetal head 
and the symphysis, elevate the head and deliver it from 
the uterus. Some obstetricians use forceps or a vacuum 
extractor to help deliver the head. Difficulties with fetal 
delivery can arise with breech or transverse presentations. 
It is helpful to remember that the inferior pole of the fetus 
must be delivered first through any lower uterine segment 
incision, but the superior pole may come first through a 
classical incision.

Incision into the vagina

One important question for the surgeon at cesarean 
delivery is where to make the transverse incision into the 
uterus. If it is too high, it may be near the thicker upper 
muscular uterine segment. An incision that is low is not 
usually a problem. However, incisions have actually been 
made into the vagina rather than the uterus.45 In such 
cases, the patients had been in the second stage of labor 
for several hours, and the cesarean delivery was done for 
disproportion. The lower uterine segment was thin and the 
bladder was easily mobilized. However, once the anatomy 
is recognized after delivery, the repair is usually easy and 
patients have uneventful recovery.

A somewhat similar situation may arise in the event of 
sacculation of the uterus. In this event, both the vagina 
and the bladder may be drawn up as high as the level of 
the navel. The uterine incision under such circumstances 

is likely to involve both the bladder and the vagina. This 
complication is to be suspected when the cervix is high in 
the vaginal canal and cannot be reached by the examin-
ing finger during pelvic examination. When diagnosed in 
advance, inadvertent placement of the incision and thus 
injury of the bladder and vagina can be avoided by uti-
lizing a higher midline skin incision in anticipation of a 
uterine entry at or above the level of the umbilicus.

Fetal monitoring at cesarean delivery

Electronic fetal monitoring is commonplace in labor and 
delivery units and is particularly necessary in high-risk 
pregnancies or at times when there is a category II or III 
tracing. The most effective way to monitor prior to cesar-
ean is a subject of much concern and discussion. Often 
there is a hiatus in fetal monitoring from the time when the 
electrode is removed until the time when the baby is born. 
This time interval should be minimized, but time may 
be lost in preparing and draping the patient. Sometimes, 
after draping, a regional anesthetic will not be satisfactory 
and the anesthesiologist will recommend waiting for a few 
more minutes. The result is that the fetus is not monitored 
at a potentially crucial time.

Certain procedures may prevent this problem:

• If an internal scalp electrode if applied, may be left on 
until the head is delivered at section; then the wire is cut 
and pulled out vaginally.

• Regional anesthesia is checked while the external moni-
tor is applied prior to draping.

• A clock is started when the external or internal elec-
trode is removed, and the obstetrician is notified about 
time.

Obstetric conditions affecting cesarean delivery

Certain obstetric conditions affect cesarean delivery from 
a technical point of view; the clinician should understand 
the pathophysiology and be prepared. In addition to being 
an indicator for section, placenta previa may complicate 
the procedure. There is less myometrium in the thinned-
out lower segment, and since muscular contraction is 
the basis of uterine hemostasis postpartum, there may 
be severe uncontrolled hemorrhage with placenta pre-
via. Sometimes one can visualize large vessels that may 
be covered only with peritoneum and endometrium. If 
seen, these vessels can be ligated with sutures running 
through the entire thickness of the uterine wall if neces-
sary. There is such an abundance of the uterine blood sup-
ply that a small area of the wall can be isolated to control 
hemorrhage without fear. If the placental site is denuded 
of myometrium and mattress sutures may not stop bleed-
ing, internal iliac ligation or even hysterectomy may be 
necessary.

There is controversy about the management of abrup-
tio placentae at cesarean delivery. Traditionally, it was said 
that hysterectomy was necessary when there was bleeding 
into the myometrium (Couvelaire uterus). It is now known 
that most of the time the Couvelaire uterus contracts well 
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and that removal is rarely necessary. This is common sense 
because Couvelaire uterus is diagnosed only at cesarean 
delivery, although it must occur and remain undiagnosed 
in patients who give birth vaginally with a placenta abrup-
tion. The critical point with abruption is whether or not 
the uterus contracts sufficiently to provide hemostasis 
after delivery.

This raises another point of uterine physiology: A uterus 
may contract well after it is sutured and yet remain flaccid 
as long as the incision is open. With uterine atony, a fur-
ther operation would be valid only after oxytocics medi-
cation had been utilized and the uterus had been closed. 
This physiologic fact is the counterpart of the observation 
that when cesarean delivery is performed for tetanic con-
traction, the uterus often relaxes as soon as the incision is 
made.

Finally, abnormal placental adherence such as pla-
centa accreta may complicate a cesarean section. In this 
situation, there is no cleavage plane between placenta 
and uterus. As a result, the placenta cannot be removed 
without injury to the myometrium with resulting hemor-
rhage. When the condition involves more than a minor 
area of attachment, hysterectomy is indicated. A mul-
tidisciplinary approach in the management of placenta 
accreta involving obstetricians, anesthesiologists, radi-
ologists is recommended. In selected patients who feel 
that another pregnancy is important, one might consider 
leaving the placenta in place, suturing bleeding sites with 
mattress sutures, and using drugs such as methotrexate 
to promote placental death. However, the risks of this 
approach are considerable and unacceptable to most 
patients.38

Cesarean delivery in the obese patient

Obese women are at an increased risk of needing a cesar-
ean delivery. This may be related to a higher incidence of 
pregnancy complications necessitating induction of labor 
or soft tissue dystocia in the maternal pelvis.39,40 In one 
large, prospective study, the cesarean delivery rates in pri-
migravid women with first-trimester body mass index of 
<30 (controls), 30–34.9 (obese group), and >35 (morbidly 
obese group) were 21%, 34%, and 47%, respectively.40

The optimal surgical approach for the morbidity obese 
patient is not clear. A high (supraumbilical) transverse 
incision is one option, as it has the strength of the trans-
verse repair, avoids burying the incision under a large 
panniculus, and affords excellent exposure. However, may 
not be safer than a low transverse incision.41 The supra-
umbilical incision is often anatomically directly over the 
lower uterine segment because the large pannus draws the 
umbilicus caudally.

Although the Pfannenstiel incision is sometimes unsat-
isfactory because it provides limited exposure even in the 
thin patient, Cherney’s modification provides excellent 
exposure. If any of the transverse incisions are chosen, the 
upper flap can be turned back upon itself and suspended 
with skin clips so that it is held entirely out of the opera-
tive field.

Another contributing factor to wound infections in the 
obese patient is subcutaneous bleeding or serous oozing. 
Closure of the subcutaneous fat tissue with 3:0 plain catgut 
has been shown to decrease seroma formation by one-third.

For the prevention of thromboembolic complications in 
obese patients, the prophylactic use of heparin periopera-
tively is usually indicated. Weight-based dosing of enoxa-
parin for venous thromboembolism prophylaxis following 
cesarean delivery may be more effective in achieving ade-
quate anti-Xa concentrations; its use may be considered in 
the obese population.42,43

Remote effects of cesarean delivery

There are some short- and long-term sequelae to cesarean 
delivery. An enormous physical effort is required to care 
for a newborn during the first few months of life. When 
a woman is also recovering from major surgery, the dif-
ficulty is compounded. A protracted convalescence is 
expected. Woman delivered by cesarean also must take 
care of a baby. In the presence of a chronic illness, she is 
under tremendous stress during the postpartum period. 
Some patients with chronic cardiac disease remain com-
pensated with protected care during pregnancy but 
promptly go into circulatory failure after returning home 
with the baby.

The average blood loss at delivery is about twice as great 
with cesarean delivery as with a vaginal birth and there 
is a higher incidence of transfusion and hence of transfu-
sion-related complications.

One long-term consequence of cesarean delivery is a high 
likelihood of future repeat operations and the fact that these 
operations may be increasingly difficult. Once delivered 
abdominally, many women will have repeat operations for 
subsequent pregnancies. After cesarean, there is an increased 
chance of uterine rupture, which may result in fetal death 
and frequently requires hysterectomy. Cesarean delivery, 
therefore, can compromise long-term childbearing ability.

Certain complications of cesarean delivery can lead 
to other operations. Adhesions and pelvic pain may 
necessitate exploratory celiotomy. An incisional hernia 
can require a second operation years after the first one. 
Cesarean delivery can make a subsequent operation more 
problematic. There may be difficulty in dissection of the 
bladder from the cervix, and there is an increased possi-
bility of bladder injury. In the presence of a weak scar, the 
risk of uterine perforation during dilation and curettage, 
or other methods of induced abortion, increases. The risk 
of placenta implantation abnormalities, such as accreta, 
increta, and percreta, is also increased with each cesar-
ean delivery. Because cesarean delivery can have deleteri-
ous long-term consequences, it should be performed only 
when there is a valid indication.

Postoperative infection

The most common infections after cesarean are endome-
tritis (endomyometritis), urinary tract infection, respi-
ratory tract infection, wound infection, septic pelvic 
thrombophlebitis, and rarely pelvic abscess.
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The most frequent postoperative infection after cesar-
ean delivery is endometritis. The risk of postoperative 
endometritis after cesarean delivery is 35%–40% in the 
absence of prophylactic antibiotics.44 This rate is as low 
as 4%–5% after scheduled cesarean delivery with intact 
membranes and as high as 85% after an extended labor 
with ruptured membranes without prophylactic antimi-
crobials.43 Prophylactic antibiotics reduce the overall rate 
of infection by approximately 60%.45

The classical definition of febrile morbidity is an ele-
vated oral temperature of 100.4°F (38°C) or more on two 
occasions at least 6 hours apart from day 2 to day 10 post-
partum. However, it is recognized that postpartum day 1 
should not be excluded from this definition, since some 
organisms, such as group B b-hemolytic streptococcus, 
tend to cause temperature elevation within the first 12–24 
hours of cesarean delivery. The patient who satisfies the 
definition of febrile morbidity after cesarean delivery must 
be examined completely for any other focus of infection or 
atelectasis. Typical findings of endometritis include uter-
ine and abdominal tenderness; but these are “soft” signs 
of infection, since a recent, normal postcesarean patient 
would also be expected to have a tender uterus and abdo-
men. Therefore, the most important aspect of the diagno-
sis of endometritis is that it is a diagnosis by exclusion of 
other causes of febrile morbidity.

Risk factors for endometritis are listed in Table 30.4. 
However, the most important risk factor is the mode of 
delivery. Patients delivered by cesarean are 10–20 times 
more likely to develop infection than those with similar 
risk factors delivered vaginally.

The standard laboratory workup for endometritis 
includes a complete blood count with differential, blood, 
urine, and endocervical specimens for culture; and blood 
urea nitrogen and serum creatinine. The causative organ-
isms of endometritis are multiple and the infection is 
considered polymicrobial. The more common patho-
gens include peptococcus and peptostreptococci, group 
B b-hemolytic streptococcus, Escherichia coli, and the 
Bacteroides group of organisms. Approximately 10%–14% 
of patients with endometritis after cesarean delivery also 
have an associated bacteremia. If the group B b-hemolytic 
streptococcus is determined to be the causative organism, 
the pediatrician should be notified, since this organism 
may cause devastating, fulminant neonatal sepsis.

Antimicrobial therapy for endometritis after cesarean 
delivery should include a broad-spectrum antibiotic appro-
priate for a polymicrobial infection. Standard therapy is 
clindamycin and gentamicin, but other antibiotics are also 

effective as a single-agent therapy. A suggested scheme is 
seen in Table 30.5. Patients treated for endometritis with 
appropriate antibiotics should show improvement within 48 
hours. A worsening of the clinical condition as determined 
by clinical examination, increasing white blood cell count, 
and so on requires a reevaluation of the patient. If available, 
the bacteriology reports from previously obtained culture 
specimens should guide further antibiotic therapy. If the 
initial antibiotic regimen included clindamycin and genta-
micin, the addition of ampicillin for enterococcal coverage is 
prescribed. If the initial antibiotic coverage was an extended-
spectrum penicillin, such as Timentin, Unasyn, Zosyn, or a 
cephalosporin, the addition of an aminoglycoside is appro-
priate. It is advisable to obtain peak and trough serum values 
to guide aminoglycoside dosage if gentamicin is prescribed 
every 8 hours. Alternatively, gentamicin may be prescribed 
once a day at a dose of 5 mg/kg body weight per day with no 
need to obtain peak and trough serum levels.

A small percentage of patients with endometritis will 
fail to respond to the adjusted antibiotic therapy. This 
group of patients should be evaluated for septic pelvic 
thrombophlebitis and/or a pelvic abscess. A heparin chal-
lenge test may be prescribed in these cases along with the 
triple antibiotic regimen of clindamycin, gentamicin, and 
ampicillin. If septic pelvic thrombophlebitis is present, 
the patient usually responds rather rapidly to heparin. 
The dose of heparin should be adjusted so that the partial 
thromboplastin time (PTT) is approximately 1.5–2 times 
normal. If the patient fails to respond to triple antibiotics 
and heparin, one should search for other causes such as 
pelvic abscess or wound infection. Reexamination of the 
patient and appropriate diagnostic tests, including pelvic 
sonography and computed tomography (CT) should be 
ordered if appropriate. Should an abscess or wound infec-
tion be present, drainage is usually required.

Cesarean hysterectomy

Indications for cesarean hysterectomy are relatively rare 
except as an emergency lifesaving procedure. The most 
common indication is intractable uterine bleeding that 
cannot be controlled by other, more conventional means.

Table 30.4 Risk factors for endometritis.

Cesarean delivery
Prolonged duration of labor
Prolonged duration of rupture of membranes
Frequent pelvic examination intrapartum
Obesity
Internal uterine monitoring

Table 30.5 Antimicrobial therapy for post-cesarean 
endometritis.

• Clindamycin 900 mg every 8 hours and gentamicin 3–5 
mg/kg body weight per day IV or IM divided every 8 
hours or gentamicin 5–7 mg/kg body weight IV every 24 
hours

• Cefoxitin 1–2 g IV or IM every 6 hours (or equivalent 
cephalosporin)

• Ticarcillin and clavulanate (Timentin®) 3.1 g IV every 4–6 
hours

• Ampicillin plus sulbactam (Unasyn®) 1.5–3 g IV or IM 
every 6 hours

• Piperacillin plus tazobactam (Zosyn®) 3.375–4.5 g IV 
every 6 hours

• Ertapenem (Invanz®) 1 g IV or IM every 24 hours
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Severe forms of placenta previa sometimes necessi-
tate hysterectomy. When the placenta is implanted upon 
the thin lower segment, there may be too little muscle 
to provide uterine hemostasis after birth. In these cases, 
the operation is particularly difficult because the tissues 
around the cervix are even more vascular than they are 
with a normal pregnancy. Placenta accreta (increta, per-
creta) may also coexist with placenta previa, necessitating 
hysterectomy. This complication should always be kept 
in mind when the placenta fails to separate easily or in 
patients who are having repeat cesarean delivery with an 
anterior low placenta.

Another indication for cesarean hysterectomy is rupture 
of the uterus. However, the uterus sometimes may be saved 
if the patient is anxious to have more children, and con-
servative surgery is possible technically, since the uterus 
can function even after major operations. Some other 
conditions provide valid indications for hysterectomy but 
do not occur commonly. Large uterine myomas are one 
example. There may be an indication for cesarean hyster-
ectomy in cases of severe uterine infection not responsive 
to antimicrobials.

For the purpose of sterilization, cesarean hysterectomy 
is a more extensive and potentially morbid procedure than 
section and tubal ligation. Thus, only in association with 

other indications for removal of the uterus can cesarean 
hysterectomy be considered as the procedure of choice.

Technically, the cesarean hysterectomy proceeds as 
any other cesarean section until after the baby is born. 
Thereafter, the same principles of abdominal hysterec-
tomy apply with certain particularities that emerge from 
the gravid uterus and the emergent situation. Usually, the 
uterus is closed quickly in one layer to attempt to decrease 
blood loss so one could move on with the hysterectomy. 
The pelvic tissues are usually edematous and “rough” 
application of clamps may cause tearing. The uterus is usu-
ally exteriorized and placed under tension. Then the round 
ligaments are divided first, followed by the cornual region 
of the fallopian tubes and the utero-ovarian ligaments. 
Next, the uterine vessels are skeletonized and the bladder 
is dissected off the lower uterine segment and the cervix, 
utilizing sharp or blunt dissection as appropriate. As the 
uterus enlarges during pregnancy, it stretches the broad 
ligaments, so that there is considerable slack immedi-
ately postpartum. This change in anatomic configuration 
makes it easy to clamp the broad ligament more laterally 
than usual during cesarean hysterectomy and thus to 
potentially endanger the ureter (Figures 30.4 and 30.9).

Supracervical hysterectomy is preferred whenever possi-
ble in this setting due to its decreased morbidity in a patient 

(a)

Nonpregnant
Traction
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(b)

Incorrect

Correct

Postpartum

Traction

Figure 30.9 Instead of being taut (a), the broad ligaments are slack (b), allowing inadvertent placement of clamps to endanger 
vital structures.
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who is already hemodynamically compromised and unsta-
ble. In this case, the uterosacral ligaments are identified 
and the uterus amputated above their level. If total hys-
terectomy is needed because of placenta previa, placenta 
accreta, cervical lesions, bleeding from the cervix, and so 
on, the next problem is identifying the boundary between 
cervix and vagina and attaining vaginal hemostasis (Figure 
30.10). Cervical boundaries are difficult to determine after 
advanced labor when the cervix is very thin. However, they 
can be identified by pinching the upper vagina between 
thumb and forefinger, moving the hand superiorly, and 
determining where the cervix extends into the vagina. 
Another method involves palpating the inside of the vagina 
to identify the cervical lip. The vagina is entered after the 
cervix is identified and incised with scissors. A last resort 
would be empirically to transect the tissue 0.5–1 cm below 
the lower edge of the uterosacral ligaments insertion.

The postpartum vagina is always vascular and heavy 
bleeding may ensue. Usually, this can be controlled by 
temporary application of ring forceps. If not, figure-of-8 
sutures can be placed in the vaginal cuff as it is incised. 
Care must be taken to identify both ureters if total hyster-
ectomy is undertaken.

OPERATIVE COMPLICATIONS
Injury to the urinary tract

Urinary tract injuries are uncommon with cesarean deliv-
ery, occurring in approximately 1% of cesarean deliveries. 
When recognized during the operation, most are easily 
repaired and the “cure rate” is excellent.

Bladder injuries

Bladder injuries are at times almost inevitable. Risk factors 
include previous pelvic surgery such as previous cesarean 
delivery and cesarean hysterectomy. Another problem is 
that there may be marked engorgement of the veins on 
both the bladder and the uterus. These veins rupture easily, 
requiring the operator to dissect in a bloody field. When 
these anatomic variations are combined with the necessity 
for haste in delivering a potentially compromised fetus, it 
is apparent that an unavoidable laceration of the bladder is 
more probable.

It is important to make a firm diagnosis and to outline 
the extent of the injury. A finger inserted through the lac-
eration can do this. It is a mistake to begin suturing the 
rent before its extent has been assessed. When there is any 
doubt about bladder injury, methylene blue dye in nor-
mal saline or sterile milk can be instilled into the bladder 
through the indwelling Foley catheter. Either of the two 
will quickly identify the point of leakage, but milk has 
the added advantage that it can be used repeatedly, so the 
bladder can be tested again after the repair.

Sometimes only the muscularis layer of the bladder is 
injured and the mucosa is intact. These injuries may not be 
identified unless the bladder is filled with fluid (100–200 
ml). Identification is important as fistulas may ensue if 
the muscularis is not oversewn and if the bladder is not 
immobilized postoperatively. This type of injury is easily 
repaired with a fine suture such as 2:0 or 3:0 Vicryl, or 2:0 
or 3:0 chromic suture.

Basically, repair of bladder injuries involves inverting the 
tissue with two layers of sutures and immobilizing the blad-
der postoperatively. The suture lines should be free from ten-
sion. When fistulas develop after primary injuries that have 
been diagnosed and repaired it is almost always because 
the sutures have been placed under tension (Figure 30.11). 
Before suturing, the bladder should be mobilized for 1.5–
2.0 cm all around the injury so that there is sufficient tissue 
to invert (Figure 30.11). Two layers of continuous running 
suture, such as 2:0 Vicryl or 2:0 chromic suture, are used 
to close the defect. The bladder should be immobilized for 
7–10 days with catheter drainage. If the laceration is well 
sutured without tension and the bladder is immobilized, 
there is little risk of fistula formation.

Usually, abdominal drains are not needed, but if they are 
present, there is no problem if some urine leaks through 
the repair. The problem occurs when there is leakage and 
no drain. If the operator is not absolutely sure that there is 
no leakage, it is safer to use drains.

Ureteral injuries

See the section on “Ureteral injury” in Chapter 37.

Intestinal injuries

Injuries to the large and small bowel are uncommon with 
cesarean delivery. Most patients are young and have had 
few previous operations, and the adhesions from previous 
sections are anterior to the uterus. Bowel is uncommonly 
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Figure 30.10 With bladder and uterine varicosities (a), 
sharp dissection (b) is mandatory to separate the structures 
without bleeding.
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involved in these adhesions. Even with cesarean hyster-
ectomy, when the cul-de-sac is included in the operative 
field, adhesions are rare. The chance that bowel will be 
injured is much less with section than with hysterectomy 
for the usual gynecologic indications.

However, with operative bowel injury, the diagnosis is 
crucial. An undiagnosed injury will result in serious post-
operative complication and peritonitis. The diagnosis is 
made by inspection of the area of possible trauma. Unless 
there is a cogent reason to proceed with the operation, it 
is usually wise to stop and examine the bowel at the time 
of the suspected injury. If this cannot be done (as when 
the section must proceed to deliver a fetus in distress), the 
injured loop of bowel should be marked in some way. It is 
easy to “lose” a traumatized area and have difficulty find-
ing it subsequently.

Another method that can be used to survey the bowel 
(both large and small) in the true pelvis for even the small-
est perforation is as follows: The pelvis is filled with physi-
ologic saline (approximately 100 mL may be required) and 
the bowel submerged. After a few moments, air from the 
rent will rise to the surface, and if the bowel is “milked,” 
gas coming from any injury through the bowel wall will be 
evident. This method will help to pinpoint the site of the 
perforation more precisely than simple inspection.

The principles of the repair of surgical injuries to the 
bowel are quite different from those employed in gyneco-
logic surgery. First, the closure must be done precisely and 
meticulously so that it is absolutely watertight. Repair of 
the bowel is usually based on the inversion of the tissue, 
so that serosa is approximated with serosa. This is impor-
tant, since there is little margin for error in suturing. A 
mistake cannot be “oversewn.” The sutures must be placed 
precisely as to depth. A suture in the external layer should 
not penetrate through the bowel wall, since that would 
make a potential tract for microbial contamination with 
bowel flora.

It is important to preserve an adequate bowel lumen. 
This is a greater problem with small than with large bowel. 
One technique for this is to close all injuries transversely 
if at all possible. Thus, consideration should be given to 

closing a longitudinal injury transversely if it is not too 
long. Suture bites must be small so that an unnecessarily 
large amount of bowel wall is not to be used in the repair.

During the course of the repair of both large and small 
bowel, the contaminated operative field should be packed 
off with laparotomy pads and atraumatic rubber-shod 
clamps should be placed on each side of the injury to pre-
vent continuous contamination during the procedure. 
Stay sutures used as guides and also for traction are placed 
beyond the ends of the rent. These sutures of no. 3:0 Vicryl 
will subsequently be the angle sutures of the inside layer 
(Figure 30.12). Fine atraumatic bowel suture, such as 4:0 
Vicryl, is used for the inner layer of continuous running 
sutures. Stitches are taken in such a manner that the edges 
are inverted, with no suture material between the two 
serosal edges. A running Lembert suture is useful for this. 
Care is to be taken to ensure that the edges are not everted 
when the suture is tied at the end.

The inner suture line is reinforced with a second row 
of Lembert sutures (3:0 silk or 3:0 Vicryl) (Figure 30.12), 
which should not pass through the entire wall but only 
into the muscularis layer. After this part of the opera-
tion is complete, a thumb and forefinger are used to feel 
that the lumen is open. They should touch freely without 
any surrounding constriction. As soon as the injury is 
repaired, the potentially contaminated packs around the 
field should be removed, and the operator and assistants 
should change gloves, since they may have been contami-
nated with bowel flora. The upper abdomen should not be 
explored after bowel surgery unless there is a compelling 
reason.

Bowel injuries requiring resection and anastomosis are 
beyond the scope of this discussion. The operator who is 
not experienced in these surgical techniques should have a 
general surgical consultant when necessary.

Incidental pelvic pathology

It is unusual to find significant pathology at cesarean 
delivery since most patients are young and healthy. In gen-
eral, a decision and plan of management are based upon 
the pathology encountered, the indication for section, 
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Figure 30.11 Before repair of the bladder, tissue around an injury is dissected in such a manner that the rent can be closed 
without tension on the sutures.
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and the condition of the patient. The last is usually no 
deterrent to treatment unless it is an emergency section 
for maternal reasons with a hemodynamically unstable 
patient. The serious potential for infection is an important 
consideration.

Ovarian tumors are the most common pathologic 
lesions encountered at the time of cesarean section. For 
the most part, they should be treated as they would be at 
any other abdominal operation. Cystectomy or oophorec-
tomy is not contraindicated, but many feel that myomec-
tomy is because of its predilection for morbidity. Small 
pedunculated myomas or those actually involved in the 
incision should be removed.

There has been controversy about elective appendec-
tomy during cesarean section. Theoretically, it would 
seem to be contraindicated because of potential contami-
nation by bowel contents. On the other hand, there are 
large reported series indicating that appendectomy can be 
done safely at the time of a routine section.

POSTOPERATIVE COURSE AND MANAGEMENT
Patients who deliver by cesarean delivery are not gener-
ally ill before the operation, and they recover quickly 
afterward. They should be ambulated on the day of the 
operation if possible to decrease the risk of postoperative 
morbidity such as deep vein thrombosis. The next day, 
they can have a diet as tolerated.

The Foley catheter can be removed immediately after 
the operation when the patient is able to void or the 
next day. Physiologically, a urinary catheter is probably 
unnecessary during the postoperative period. An impor-
tant aspect of postoperative care is deep breathing and 
coughing, particularly after general anesthesia. Thus, 
prophylactic incentive spirometry is important to prevent 
pulmonary complications particularly for those receiving 
general anesthesia.

Vaginal bleeding should be observed, and if it is exces-
sive, evaluation and treatment can be given.

POSTOPERATIVE COMPLICATIONS
With the exception of infection, severe postoperative 
complications after cesarean delivery are uncommon. 
Atelectasis especially after general anesthesia is one of the 
most common problems and should be suspected when 
there is a fever spike within the first 24 hours after deliv-
ery. Diagnosis is made by auscultation of the chest and 
radiologic examination if needed. Treatment consists of 
incentive spirometry and deep breathing every couple of 
hours, coughing, and sometimes intermittent positive-
pressure breathing four times a day for 15 minutes.

Urinary tract infections are also common postpartum. 
Bacteriuria and urinary tract infection are common dur-
ing pregnancy, and they can be treated effectively postpar-
tum if they were not treated prior to delivery.

Ileus and obstruction

Ileus does not usually develop after cesarean delivery 
unless the bowel has been handled extensively or there is 
infection. In order to prevent the occurrence of the latter, 
the abdomen should probably not be explored at the time 
of cesarean delivery unless there is a specific indication. 
The upper abdomen should not be explored in an infected 
patient without a compelling reason. The upper abdomen 
is difficult to explore before the fetus is removed from 
the uterus, and the potential danger of spreading infec-
tion after the section is completed contraindicates routine 
exploration.

Postoperative ileus can be diagnosed when the abdo-
men is quiet on auscultation and becomes distended. Any 
oral intake should be stopped when ileus is suspected and 
nasogastric suction initiated if the patient is vomiting. 
If the condition is secondary to peritonitis, the primary 
infection needs to be treated with appropriate antibiot-
ics. When bowel sounds return and the patient is passing 
gas, the tube can be clamped and then removed, and the 
patient can take sips of clear fluid.
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Figure 30.12 Bowel injuries are closed in two layers (a and b) by carefully inverting the bowel wall.
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Bowel obstruction after cesarean section is an unusual 
but serious complication. It can be differentiated from 
paralytic ileus because at the onset there will be bowel 
sounds present and often the peristaltic sounds will coin-
cide with crampy abdominal pain. The radiologic exami-
nation (CT scan with contrast) is usually diagnostic. 
Patients with a suspected bowel obstruction should have 
bowel rest and nasogastric tube suction. General surgery 
consultation may be needed when a surgical intervention 
is contemplated.

Pulmonary embolism

Pulmonary embolism is a serious complication of deep 
venous thrombosis in which a thrombus becomes dis-
lodged and passes through the vena cava and the right 
heart into the pulmonary arterial tree. The clinical picture 
will depend upon the size of the clot. A small clot will pass 
to the periphery of the lung and produce a small wedge-
shaped infarct. There may be a few symptoms or mild 
chest pain. Often there is tachycardia, chest pain, cyanosis, 
and dyspnea. Subsequently, there will be a transient pleu-
ral friction rub, bloodstained sputum, and, finally, pleural 
effusion. A radiologic examination 12 hours after the ini-
tial symptoms will usually demonstrate the lesion. Even 
small infarcts are likely to be followed by others; thus, they 
are serious.

Diagnosis of a pulmonary embolism is made by spi-
ral CT, pulmonary arteriography, ventilation perfusion 
scan, and occasionally pulmonary angiography. Venous 
Doppler studies of the lower extremities are noninvasive 
and may be helpful. Arterial blood gases are also man-
datory to quantify the degree of hypoxia and direct the 
resuscitation effort.

If a large clot blocks the pulmonary arterial tree, the 
signs and symptoms are more dramatic. Chest pain, acute 
cyanosis, dyspnea, and shock may be apparent. The patient 
may not be stable enough for CT scan or ventilation per-
fusion scans. An electrocardiogram (ECG) and a bedside 

echocardiogram will demonstrate the acute, right-sided 
heart strain or failure. The clot could be so large that it 
obstructs the bifurcation of the pulmonary artery, and 
the embolism may be immediately fatal. The clot produces 
intense arteriospasm and vagal stimulation. The admin-
istration of oxygen, heparin, morphine, and intermittent 
positive pressure is indicated as emergency measures. 
Today, in many hospitals, embolectomy is a feasible proce-
dure for massive embolism if the patient does not succumb 
immediately. Alternatively, thrombolysis, either systemic 
or through a pulmonary arterial angiography catheter, 
can be lifesaving. Heparin or low-molecular-weight hep-
arin anticoagulation is the treatment for hemodynami-
cally stable patients with postoperative thromboembolic 
complications as soon as the diagnosis is entertained. 
Diagnostic studies can then be performed.

Wound disruption

Wound disruption is another rare but significant complica-
tion of abdominal surgery. It may occur without any warn-
ing. Slight abdominal pain and a serous or serosanguineous 
discharge from the wound are ominous signs. The skin may 
open up so that the bowel can be palpated upon exploration 
or the abdomen may break open during a cough. Whenever 
wound disruption is suspected, the incision should be 
explored in the operating room under anesthesia.

Closure is a debatable question. In general, surgeons 
use a permanent suture, and most prefer monofila-
ment material such as Prolene or PDS. Some close with 
through-and-through sutures either including or exclud-
ing the peritoneum. Others employ a layer closure with 
meticulous suturing of peritoneum, fascia, subcutaneous 
tissue, and skin. A few imbricate the fascia so that there 
is a larger area for adhesion. For imbrication, the fascial 
flaps are freed of subcutaneous fat for 1–2 cm. The flaps are 
overlapped by about 1 cm for suturing (Figure 30.13a). The 
fascia is closed with two rows of mattress sutures, making 
a double layer of fascia at the suture line (Figure 30.13b).

(a)

(b)

Skin
Fat

Fascia
Peritoneum

Figure 30.13 (a and b) The fascia is imbricated in order to provide double thickness at the suture line.

  



References 413

POSTMORTEM CESAREAN DELIVERY
Occasionally providers of obstetrical services may be called 
upon in an emergency situation to evaluate a pregnant 
woman who has been pronounced dead but is still receiv-
ing life support. When this occurs time is of the essence if 
there is to be an attempt at salvaging a potentially viable 
fetus. However, there is little guidance in the literature 
about postmortem cesarean delivery (PMCD).46-48 It has 
been poorly studied because of its rarity and the cases that 
have been reported are of variable circumstances and the 
information and recommendations seem to be conflicting 
as to how soon after the pronouncement of death should 
the delivery be considered. PMCD when performed has 
the potential to save the life of both mother and fetus. 
Occasionally patients who were pronounced dead suddenly 
respond to resuscitative measures after delivery of the fetus.

There are several factors that should be considered prior 
to making the decision regarding the performance of a 
PMCD. The estimated gestational age of the fetus is impor-
tant to rapidly determine since candidates should have a 
potentially viable fetus. This might be obtained by history or 
from the patient's medical record if available. Alternatively 
a clinical assessment of the uterine fundal height mea-
suring from the patient's pubic symphysis may help. An 
ultrasound examination to determine gestational age may 
or may not be feasible in an emergency setting unless the 
event takes place in the ED of a hospital and the ultrasound 
machine is readily available. Most would consider a fetal 
gestational age of 23 or more weeks to be a potentially via-
ble fetus. However, most often an ultrasound machine is 
not readily available so time should not be wasted trying to 
find an ultrasound machine. An attempt should be made 
to auscultate the fetal heart rate with the bell portion of the 
stethoscope in order to determine if the fetus is still alive. 
Ideally, if the estimated gestational age is 23 weeks or more 
then the procedure may be considered. Adequate surgical 
instruments should be available although usually only a 
surgical scalpel is all that is needed to perform the cesarean 
delivery since bleeding should be minimal.

It is imperative for cardiopulmonary resuscitation (CPR) 
to continue as maternal resuscitative measures and advanced 
cardiac life support (ACLS) without interruption while pre-
paring for surgery as well as during the PMCD. The best 
neonatal outcomes based on limited information appear 
to occur when the infant is delivered within 5 minutes of 
maternal cardiac arrest. The decision to perform a PMCD 
should then must be made about 4 minutes into the arrest 
regardless of the cause, although case report have indicated 
that even after this time period fetus delivered may survive 
neurologically intact. Pregnant patients who are not candi-
dates are those less than 23 weeks’ gestation, or if there is 
documented intrauterine fetal demise. Occasionally patients 
who were pronounced dead and are delivered as above may 
suddenly respond to resuscitative measures. This may sub-
sequently be termed a perimortum cesarean delivery, for 
which there is little guidance in the medical literature.
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31Prevention of surgical site infections
DIANA EL-NEEMANY and  MARK MARTENS

Postoperative surgical site infections (SSIs) are a major 
cause of prolonged hospitalization, morbidity, and mortal-
ity. In 2009, the U.S. Department of Health and Human 
Services initiated a steering committee solely dedicated to 
the elimination of hospital-acquired infections (HAIs)1 and 
created standardized definitions to assist in surveillance 
(Table 31.1). The national survey included 183 hospitals of 
small, medium, and large sizes to calculate the incidence of 
HAI. The data from this survey showed that SSIs ranked as 
the number one cause of HAIs along with pneumonia with 
an estimated cases of 157,500 SSIs in 2011.2

In this chapter, the various methods and practices used 
to prevent SSIs will be discussed in addition to specific 
details pertaining to cesarean sections’ recommendations 
for SSI in obese patients and other obstetrical procedures.

SURGICAL ATTIRE
Personal protective equipment (PPE) used to decrease 
exposure of the patient and operating room personnel to 

chemical and infectious agents during surgery include 
surgical mask, eye protection (goggles, face shields, etc.), 
surgical cap, shoe covers, scrubs, sterile gown, and gloves.

Scrub suits

Protective clothing (scrub suits) should be worn to prevent 
contamination from street clothing and to protect the skin 
of healthcare personnel from exposure to blood and body 
secretions. Guidelines and regulations for laundry prac-
tices and restrictions regarding wearing scrub uniform 
outside the surgical area vary extensively from institution 
to institution. While some studies show that home laun-
dering is more economical, significantly higher bacteria 
counts were isolated from home-laundered and unwashed 
scrubs than from new, hospital-laundered, disposable 
scrubs.4 All protective clothing should be changed when it 
becomes visibly soiled and as soon as feasible if contami-
nated by blood or other potentially infectious fluids. Scrub 
suits should also be removed before leaving the hospital.
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Eye protection, surgical mask, shoe covers, 
and surgical caps

Surgical masks and eye protection provide barriers to 
blood-borne pathogen exposure to the mucous mem-
branes of the eyes, nose, and mouth. While a recent 
Cochrane study showed that there is limited data regard-
ing contamination of surgical incisions by masked versus 
unmasked wearers, it continues to be a standard practice 
in the operating room to protect from splashes, sprays, or 
splatters of blood.5,6 Masks should be changed between 
surgical cases if the outer surface becomes contaminated 
with either secretions or from touching the mask with 
contaminated fingers. When airborne infection isolation 
precautions are necessary (e.g., tuberculosis [TB] patients), 
a National Institute for Occupational Safety and Health 
(NIOSH)-certified particulate filter respirator (such as 
N95, N99, or N100) should be used.7

There are various forms of eye protection including 
goggles and face shields. They should be comfortable, 
allow for sufficient peripheral vision and adjustable to 
ensure a secure fit. Goggles have the benefit of having 
various options for fit and size and some have the abil-
ity to fit over prescriptions glasses with minimal gaps. 
However, for optimal infection control, face shields pro-
vide better protection of other facial areas as they extend 
around the face and reduce the likelihood of a splash 

reaching the eyes. Removal of eye protection should be 
from the part of the equipment that secures the device 
to the head (side ties, elastic band, etc.) rather than the 
front or side of the device as this is the “clean” portion of 
the equipment.8

Shoe covers and surgical caps are also routinely used 
during surgery though neither has proven to decrease 
rates of SSIs. Nonetheless, disposable shoe covers prevent 
contamination by preventing displacement of microor-
ganisms when moving from one area to another and sur-
gical caps prevent contamination of the incision with hair 
from the surgeons’ scalp.9,10

Sterile gowns and drapes

Sterile gown and drapes are used to separate and protect 
the surgical field from contaminants. There is great het-
erogeneity regarding the characteristics of available prod-
ucts. Nonetheless, a level of liquid barrier protection must 
be approved by the Association for the Advancement of 
Medical Instrumentation guidelines. Gowns and drapes 
can be disposable or made of reusable fabric. Surgical 
gowns are worn by and should adequately fit every mem-
ber of the surgical team participating in the procedure 
so that the back of the gown is completely closed and the 
sleeve length long enough to prevent cuff exposure outside 
the glove. The front of the gown is sterile from the chest 

Table 31.1 National healthcare network criteria for defining an SSI.

Superficial incisional Occurs within 30 days postoperatively and involves skin or subcutaneous tissue of the incision and at 
least one of the following:

 1. Purulent drainage from the superficial incision
 2. Organisms isolated from an aseptically obtained culture of fluid or tissue from the superficial 

incision
 3. At least one of the following signs or symptoms of infection: pain or tenderness, localized swelling, 

redness, or heat, and superficial incision is deliberately opened by surgeon and is culture positive
 4. Diagnosis of superficial incisional SSI by the surgeon or attending physician

Deep incisional Occurs within 30 days postoperatively if no implant is left in place or within 1 year if implant is in place 
and the infection appears to be related to the operative procedure, involves deep soft tissues (i.e., 
fascial and muscle layers) of the incision, and at least one of the following:

 1. Purulent drainage from the deep incision, but not from the organ/space component of the surgical site
 2. A deep incision spontaneously dehisces or is deliberately opened by a surgeon and patient has one 

of the following signs or symptoms: fever (>38°), localized pain or tenderness, or culture positive
 3. An abscess or other evidence of infection involving the deep incision is found on direct examination, 

during reoperation, or by histopathologic or radiologic examination
 4. Diagnosis of a deep incisional SSI by a surgeon or attending

Organ/space Occurs within 30 days postoperatively if no implant is left in place or within 1 year if implant is in place 
and the infection appears to be related to the operative procedure, involves any part of the body, 
excluding the skin incision, fascia, or muscle layers, that is opened or manipulated during the operative 
procedure and at least one of the following:

 1. Purulent drainage from a drain that is placed through a stab wound into the organ/space
 2. Organisms isolated from an aseptically obtained culture of the fluid or tissue in the organ/space
 3. An abscess or other evidence of infection involving the organ/space that is found on direct 

examination, during reoperation, or by histopathologic or radiologic examination
 4. Diagnosis of an organ/space SSI by the surgeon or attending physician

Source: Horan T et al., Am J Infect Control, 36, 309–32, 2008.
Abbreviation: SSI, surgical site infection.
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to the level of the sterile field and gown sleeves are sterile 
from 2 inches above the elbow to the cuff, circumferen-
tially (Figure 31.1). The gown cuff should be at the level 
of or slightly below the wrist to maintain sterility and to 
prevent its exposure outside the glove. Sterile drapes are 
used to cover the patient, furniture, and equipment that is 
included in the surgical field.11

Gloves

Gloves serve a dual purpose: (1) they protect healthcare 
workers (HCWs) from becoming contaminated by micro-
organisms transmissible through mucous membranes, 
blood, and secretions and (2) they prevent transmission 
of microorganisms from the HCWs’ hands to the patient 
during physical examination and performance of proce-
dures. The quality of medical gloves, both patient exami-
nation and surgeon’s gloves, is regulated by the Food 
and Drug Administration (FDA) and required to meet 
general control, or Class I, requirements—the most basic 
regulations applied to medical devices to ensure their 
safety and effectiveness.12 Additionally, sterile gloves, 
both patient examination gloves and surgical gloves, 
must meet standards for sterility assurance established 
by the FDA.13

Medical gloves, are manufactured as single-use, dis-
posable items that should be used for only one patient 
and discarded. Sterile surgical gloves are put on after 
donning sterile gowns and replaced and discarded when 
contaminated, torn, or punctured. Using two layers of 

gloves, glove liners, or thicker orthopedic gloves is a 
common practice by surgeons. A Cochrane review of 
double gloving showed that this practice does not reduce 
SSIs, though there was insufficient power for this out-
come. However, double/triple gloving, knitted outer 
gloves, and glove liners significantly reduced perforation 
of the inner gloves. Additionally, perforation indicator 
systems significantly increased detection of innermost 
glove perforations.15,16 While some believe that double 
gloving decreases tactile sensation during surgery, stud-
ies show wearing double gloves has minimal impact in 
manual dexterity and tactile sensitivity.16,17 The type of 
suture needle also impacts the risk for glove punctures. 
A meta-analysis showed that the use of blunt needles 
appreciably reduced the risk of exposure to blood and 
bodily fluids for surgeons and their assistants.18 There 
was no difference between sharp and blunt needle glove 
perforations in cesarean sections, while studies regard-
ing episiotomy and repair of obstetrical lacerations are 
controversial. Regardless, surgeons found more satisfac-
tion with sharp surgical needles and found increased 
difficulty with blunt needles.19–21

PERIOPERATIVE INTERVENTIONS
Hand wash

Since the last century and Ignatz Semmelweis discovery, 
hand hygiene has been accepted as a primary mecha-
nism of infection control. In the last few decades, new 
technologies have been developed to improved hand 
hygiene efficacy and compliance. Current World Health 
Organization (WHO) guidelines recommend alcohol-
based handrub as the preferred means of hand antisep-
sis. Plain hand soap, with water, assists with cleaning 
through its detergent properties, however, it has mini-
mal antimicrobial activity.22 There are different forms of 
antiseptic agents with different action spectra as outlined 
in Table 31.2. Alcohol-based handrubs have several ben-
efits, including elimination of a majority of bacteria and 
viruses, short time required for application, portability of 
the product and its presence at the point of care, better 
skin tolerability, and no need for a particular infrastruc-
ture (sink, water  supply, etc.). Without a doubt, plain soap 
and water should be used when hands are visibly dirty or 
soiled with blood or other bodily fluids or when there is 
exposure to potential spore-forming pathogens, such as 
Clostridium difficile.23

However, frequent use of the various forms of antiseptic 
agents may lead to development of skin irritation in the 
form of irritant contact dermatitis or allergic contact der-
matitis. Signs and symptoms of irritant contact dermatitis 
include dryness, itching, cracking, and sometimes bleed-
ing, as opposed to allergic contact dermatitis, which can be 
mild or severe ranging from a rash to respiratory distress, 
respectively. Of the various forms of antiseptics, alcohol-
based handrubs are better tolerated while iodophors are 
more commonly associated with irritant contact dermati-
tis. Additionally, frequent use of plain soap and water has 

Figure 31.1 Sterile portions of surgical gown. (From  
www.medsupplier.com. With permission.)
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a greater risk of causing skin irritation. Other common 
causes of contact dermatitis include washing before and 
after use of alcohol-based handrubs, using hot water when 
hand washing, and rubbing rather than patting when 
using towel for drying hands. In order to minimize skin 
irritation, the least irritating product should be chosen, 
hand moisturizers should be used, and unnecessary hand 
washing should be discouraged.23

Surgical scrub

Participating members of the surgical team who will 
have contact with the sterile field should perform a sur-
gical hand scrub immediately before gowns and gloves 
are fitted. Rings, wrist watches, and bracelets must be 
removed before beginning surgical preparation. Hands 
should be washed with antiseptic soap and water for at 
least 1 minute if they are visibly soiled prior to using 
surgical hand scrub. The form of surgical hand scrub is 
chosen according to the operating team member’s pref-
erence. A Cochrane review of surgical hand antisepsis 
for reduction of SSI concluded that alcohol rubs with 
additional active ingredients were as effective as aqueous 
scrubs in reducing SSIs.24 However, alcohol rubs con-
taining chlorhexidine was more effective in reducing the 
amount of bacteria on hand than povidone-iodidne.24 If 
using an antimicrobial soap, the length of time recom-
mended by the manufacturer should be referenced and it 
is usually between 2 and 5 minutes. When using alcohol-
based surgical handrub product with sustained activ-
ity, refer to manufacturer’s instruction for applications 
times. The technique for surgical hand preparation using 
alcohol-based handrubs is illustrated in Figure 31.2. 
Additionally, several studies in this review showed that 
chlorhexidine gluconate (CHG)-based aqueous scrubs 
are more effective than povidone-iodine-based aqueous 

scrubs in terms of the numbers for colony-forming units 
on hands.23,24

Fingernails and rings

Currently, there is insufficient evidence regarding length 
of fingernails and whether removal of nail polish, finger 
rings, or artificial nails prevents wound infection.22,25

However, a study by McGinley et al.26 showed that subun-
gual areas of the hand harbor high concentrations of bac-
teria, most commonly coagulase-negative staphylococci, 
Gram-negative rods, corynebacteria, and yeast and thus 
pose a potential infection hazard. Though previous stud-
ies have shown that freshly applied nail polish does not 
affect the growth of bacteria on fingernails, and chipped 
nails do, a recent Cochrane study did not find a difference 
between these groups.25 Hand carriage of Gram-negative 
organisms has been determined to be greater among wear-
ers of artificial nails and have been implicated in multiple 
outbreaks in hospital intensive care units and operating 
rooms.27–30 Jewelry should be removed prior to initiating 
surgical hand scrub and putting on surgical gloves.23

Preoperative hair removal from the surgical 
incision site

Traditionally, preoperative preparation for surgery 
included hair removal from the incision site, providing 
surgeons with better exposure of the incision and subse-
quent wound, and allowing for adherence of drapes and 
wound dressings. Additionally, it was thought to prevent 
infection at the surgical site. However, evidence shows 
microscopic skin cuts after hair removal can become the 
foci for bacterial proliferation, causing an increase in 
operative site infections.31

There are three forms of hair removal prior to sur-
gery: shaving, clipping, and chemical depilation. Shaving 

Table 31.2 Antimicrobial activity and summary of properties of antiseptics used in hand hygiene.

Antiseptics
Gram-positive 
bacteria

Gram-negative 
bacteria

Viruses 
(enveloped)

Viruses 
(nonenveloped) Mycobacteria Fungi Spores

Alcohols +++ +++ +++ ++ +++ +++ –
Chloroxylenol +++ + = ± + + –
Chlorhexidine +++ ++ ++ + + + –
Hexachlorophenea +++ + ? ? + + –
Iodophors +++ +++ ++ ++ ++ ++ ±b

Triclosanc +++ ++ ? ? ± ±d –
Quaternary 
ammonium 
compoundse

++ + + ? ± ± –

Source: WHO, WHO Guidelines on Hand Hygiene in Health Care: A Summary, Geneva, Switzerland: WHO, 2009. With permission.
Notes: good, +++, moderate, ++, poor, +, variable, ±, none, −.
a Bacteriostatic.
b In concentrations used in antiseptics, iodophors are not sporicidal.
c Mostly bacteriostatic.
d Activity against Candida spp., but little activity against filamentous fungi.
e Bacteriostatic, fungistatic, and microbicidal at high concentrations.
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involves using a razor to cut the hair close to the skin, 
while clipping uses an electric razor to cut, usually leav-
ing approximately 1 mm of hair. Chemical depilatories 
require application of a cream to dissolve hair.32

A meta-analysis of literature regarding different meth-
ods of hair removal showed that there were significantly 
fewer SSIs with clipping, chemical depilation, or no depil-
ation in comparison to shaving. The meta-analysis of liter-
ature also confirmed no benefit from depilation to prevent 

SSI and the higher risk of SSI with shaving.33 The optimal 
timing for hair removal is yet to be determined; however, 
review of literature suggests that there is a greater risk of 
SSI when hair removal was performed on the day before 
the surgery than when it is performed on the day of and 
immediately prior to the surgery; however, these statistics 
are not significant.33 For these reasons, it is recommended 
that hair removal not be performed unless surgical inci-
sion cannot be adequately visualized.

The handrubbing technique for surgical hand preparation must be performed on perfectly clean, dry hands.
On arrival in the operating theater and after having donned theater clothing (cap/hat/bonnet and mask),
hands must be washed with soap and water.
After the operation when removing gloves, hands must be rubbed with an alcohol-based formulation or
washed with soap and water if any residual talc or biological fluids are present (e.g., the glove is punctured).

Surgical procedures may be carried out one after the other without the need for hand-washing, provided that
the hand-rubbing  technique for surgical hand preparation is followed (Images 1 to 17).

1
Put approximately 5 mL (three doses)
of alcohol-based handrub in the
palm of  your left hand, using the
elbow of your other arm to operate
the dispenser

2
Dip the fingertips of your right
hand in the handrub to
decontaminate under  the nails
(5 seconds)

3
Images 3–7: Smaller the handrub on 
the right forearm up to the elbow. 
Ensure that the whole skin area is 
covered by using circular movements 
around the forearm until the handrub 
has fully evaporated (10–15 seconds)

4
See legend for Image 3

5
See legend for Image 3

6
See legend for Image 3

7
See legend for Image 3

8
Put approximately 5 mL (three doses)
of  alcohol-based handrub in the
palm of your right hand, using the
elbow of  your other arm to operate
the dispenser

9
Dip the fingertips of your left hand
in the handrub to decontaminate
under the nails (5 seconds)

Figure 31.2 Surgical hand preparation technique with an alcohol-based handrub formulation. (From WHO, WHO Guidelines on 
Hand Hygiene in Health Care: A Summary, Geneva, Switzerland: WHO, 2009. With permission.)
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Skin preparation in the operating room

Several agents are available for preoperative skin prepara-
tion. Most common skin preparation agents utilized are 
povidone-iodine or CHG and are further classified into 
either aqueous or alcohol-based solutions (Table 31.3). 
Chlorhexidine is the agent of choice when patients are 
allergic to iodine products and additionally is becoming a 
common form of antiseptic for hand scrubbing and preop-
erative showering prior to surgery.

The benefits of using aqueous iodophors such as povi-
done-iodine include their broad-spectrum antimicrobial 
properties, efficacy, and safety in nearly all skin surfaces. 
Aqueous CHG has a superior reduction in skin flora with 
more sustained activity and furthermore is not inactivated 
by blood. However, aqueous CHG cannot be applied on 
vaginal epithelial surfaces. Alcohol-based solutions have 
the advantage of dual antimicrobial activities of alcohol 
with chlorhexidine and iodophors. Alcohols usually dry 
a few minutes after application and thus can be applied 
in one step. Despite its immediate evaporation, antimi-
crobial activity of chlorhexidine or iodophor is sustained. 
However, an important disadvantage of alcohol-based 
solutions is its contraindication in cleansing of mucosal 
surfaces and its flammability.34

In comparing the most commonly used forms of anti-
septics, several studies show alcohol-based chlorhexidine 
is superior to aqueous povidone-iodine.35–37 A study by 
Darouiche et al.35 comparing preoperative skin prepara-
tion with aqueous povidone-iodine versus alcohol-based 
chlorhexidine showed preparation with chlorhexidine-
alcohol is superior for preventing superficial and deep SSIs 
after clean-contaminated surgery. Riley et al.37 replaced 
iodine-povidone with alcohol-based CHG for skin prepa-
ration prior to low transverse cesarean section and pro-
vided patients with no-rinse CHG cloths for preoperative 
skin preparation the night before surgery and found they 
reduced their SSI rate by two-thirds.

Preparation of the surgical skin site begins after remov-
ing all gross contamination that could interfere with the 
application of the antiseptic solution. Traditionally, the 
skin is prepared in concentric circles, beginning at the area 
of the proposed incision and moving outward. However, 
alcohol-based CHG preparations require a “back-and-
forth” motion when applying to optimize its activity. 
Certain modifications to the traditional preoperative skin 
preparation have been described, including removal or 
wiping of the antiseptic solution applied and utilization 
of antiseptic impregnated adhesive drapes among others. 
However, none of these variations have been demonstrated 
to represent an advantage.38

Asepsis and surgical technique

Asepsis is an extension of the concept of hygiene based on 
the awareness of the various routes by which infection can 
spread. This notion includes many different methods to 
prevent transmission of pathogenic organisms. Rigorous 
adherence to the principles of asepsis by all scrubbed 
personnel is the foundation of SSI prevention.38 Traffic 
patterns and personnel moving in and around the oper-
ating room should be at a minimum, since an associa-
tion between the number of people moving and levels of 
microbial counts in the air exists.39,40 Checklists to help 
improve intraoperative behaviors for prevention of SSIs 
have also showed to increase compliance and decrease 
SSIs.41,42 Optimal surgical environment and reduction in 
distractions are also essential as lapses have been shown 
to increase the rate of SSIs.43,44 Minimizing blood loss and 
tissue trauma during surgery, removing necrotic tissue, 
and avoiding injury to neighboring structures and hypo-
thermia represent basic principles of surgical technique 
directly associated with SSI prevention.38 Foreign bodies, 
including suture material, may promote an inflamma-
tory reaction and a subsequent infection. Recent evidence 
suggests suture material has the potential of harboring 

Table 31.3 Characteristics of antiseptic solutions.

Antiseptics
Mechanism of 
Action Onset Duration Application Examples

Aqueous iodophor Free iodine—
protein, DNA 
damage

Intermediate 2 hours Two-step scrub and paint Betadine, scrub 
care

Aqueous CHG Disrupts 
membranes

Intermediate 6 hours Two-step scrub and dry, 
repeat

Hibiclens

Alcohol iodophor Denatures protein, 
free iodine—
protein, DNA 
damage

Rapid 48 hours 
(DuraPrep), 96 
hours (Prevail-FX)

One-step paint dry time, 
minimum of 3 minutes on 
hairless surface

DuraPrep solution, 
Prevail-FX

Alcohol CHG Denatures protein, 
disrupts 
membranes

Rapid 48 hours Dry site; 30-second scrub
Moist site: 2-minute scrub
Dry time, minimum of 3 

minutes on hairless surface

ChloraPrep

Source: Hemani M and Lepor H, Rev Urol, 11(4), 190–5, 2009.
Abbreviation: CHG, chlorhexidine gluconate.
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microbial biofilms. A study by Edmiston et al. recovered 
sutures (nonabsorbable and absorbable) from infected 
and noninfected sites and found that approximately 50% 
of all sutures harbored bacteria. While sutures from non-
infected patients were found to have commensal skin 
flora, sutures from infected patients grew Staphylcoccus 
epidermis, Staphylococcus aureus, coagulase-negative 
staphylococci, Poststreptococcus spp., Bacteroides fragilis, 
Escherichia coli, Enterococcus spp., Pseudomonas aerugi-
nosa, and Serratia spp. Additionally, there is no difference 
in quantitative microbial recovery between monofilament 
and multifilament sutures from infected patients.45

Postoperative care

Most incisions after obstetric surgery are closed primar-
ily with staples or sutures. The incision usually is covered 
with a sterile dressing for several days. Immobilization 
provided by the sterile dressing contributes to the heal-
ing process. However, data are lacking to assess the value 
of covering the incision after that period of time. Several 
studies have shown that there is no detrimental outcome 
from removing the dressing prior to 48 hours.46 Currently, 
there are insufficient data regarding showering or bath-
ing after surgery; however, a study by Heal et al.47 reports 
no significant difference of rate of SSI between those who 
shower within or after 48 hours of surgery.48 The incision 
should be assessed on a daily basis and surgical staples are 
removed usually on the fourth day after surgery. Recent 
studies have shown increased rates of wound separation 
when staples are removed before 4 days. There remains 
no difference between rates of wound infection, pain, or 
cosmesis when staples are compared with sutures.49,50

Ambulation is encouraged by the first 24 hours postop-
eratively; the patient should get out of bed briefly with 
assistance, and by the second day, walking is expected. 
Bladder catheters are usually removed the next morning 
after surgery with verification of adequate urinary output. 
Early discharge is advised; however, adequate discharge 
planning requires individualization of care. Many patients 
return home before surgical incisions are fully healed; 
therefore, instruction on signs and symptoms of infection 
or other complications must be stressed.

OPERATIVE ROOM ENVIRONMENT
Ventilation systems

Operating room air may contain microbial-laden dust, 
respiratory droplets, skin particles, and other microscopic 
contaminants. Levels of microorganisms in the air are 
associated with the number of healthcare personnel and 
movement in the operating room.51 Operating rooms 
should be maintained at positive pressure with respect to 
adjacent areas. All ventilation or air-conditioning systems 
should have two filter screens in series, with the efficiency 
of the first filter screen being over 30% and that of the sec-
ond being over 90%. Air should be introduced from the 
ceiling and exhausted near the floor. A minimum of 15 
air changes of filtered air per hour should be produced, 

of which 20% should be fresh air. Recommended relative 
humidity ranges are 30%–60%, with room temperatures 
between 68°F and 73°F (depending on normal ambient 
temperatures). A more comprehensive review on ventila-
tion parameters in the operating room is available from 
the American Institute of Architects in collaboration with 
the U.S. Department of Health and Human Services.52

Laminar airflow is designed to mobilize ultraclean air at a 
constant velocity, producing a sweeping action over micro-
scopic particles. Recirculated air is passed through a high 
efficiency particulate air filter, which can remove particles 
larger than 3 µm in diameter (e.g., Aspergillus spores) with 
efficiency superior to 99%. Currently, several studies have 
questioned the benefit of having laminar airflow ventila-
tion systems as cost is becoming an important factor in 
health care.53 This measure has been demonstrated to mar-
ginally reduce infections in orthopedic surgery.54 A recent 
study by Brandt et al.55 is one of few studies that include 
abdominal surgery and report a higher SSI rate in depart-
ments with laminar airflow operating room ventilation (as 
compared with turbulent operating room ventilation) for 
all studied procedures including, hip and knee prosthesis, 
appendectomy, cholecystectomy, and herniorrhaphy, but 
not for colon surgery. Other interventions for room decon-
tamination include ultraviolet and hydrogen peroxide sys-
tems. Ultraviolet light decontamination technologies can 
break molecular bonds in DNA in certain wavelengths. 
For example, an automated, mobile ultraviolet unit has 
been shown to eliminate vegetative bacteria and C. diffi-
cile. Hydrogen peroxide systems have been shown to elim-
inate methicillin-resistant Staphylococcus aureus (MRSA), 
vancomycin-resistant enterococci (VRE), M. tuberculosis, 
spores, viruses, and multidrug-resistant Gram-negative 
bacilli. Both these decontamination systems cost a sub-
stantial amount, require removal of personnel and patients 
from the room, adequate staff to transport the system to 
rooms that require decontamination and monitor its use, 
and require the removal of dust and debris in the room. 
Hydrogen peroxide systems require more time for decon-
tamination but have been shown to be better at removing 
spore-forming organisms.56

Environmental disinfection

An important component of infection control includes 
thorough cleaning and disinfection of hospital surfaces 
and surgical instruments. While visualization of a clean 
environment was thought to be an adequate method of 
infection control, studies in recent years have shown that 
HAIs can be transmitted by organisms that are invisible to 
the naked eye.57 These infectious pathogens notorious for 
causing outbreaks in different hospital facilities have the 
capability of remaining on surfaces for prolonged periods 
of time without adequate decontamination. These culprits 
include MRSA, C. difficile, VRE, Acinetobacter spp., and 
norovirus.58,59

There are different levels of decontamination. Cleaning 
is the removal of visible soil, both organic and inorganic, 
from objects and surfaces, and is an essential step prior 
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to high-level disinfection or sterilization. This process 
usually requires manual or mechanical use of water with 
detergents or enzymatic products. Disinfection is per-
formed to allow for handling of instruments and surfaces 
so that microorganisms are not transmitted from one 
patient to another. An U.S. Environmental Protection 
Agency (EPA)-registered hospital disinfectant, such as 
alcohols, iodophors, hydrogen peroxide, etc., is used 
during this process and many pathogenic microorgan-
isms are eliminated, except for spore-forming bacteria. 
Sterilization is a process that destroys all forms of micro-
bial life and utilizes specialized physical or chemical 
methods. This process is essential for medical devices pen-
etrating sterile body sites, as well as all parenteral fluids 
and medications. When visible soiling or large blood spills 
occur during surgery, an EPA-approved hospital disinfec-
tant effective against hepatitis B virus (HBV) and human 
immunodeficiency virus (HIV) or an EPA-registered hos-
pital tuberculocidal disinfectant should be used before 
the next operation as part of the Occupational Safety and 
Health Administration (OSHA) requirements. In settings 
where resources are limited, a 1:100 dilution of sodium 
hypochlorite (approximately 1⁄4 cup of 5.25% household 
chlorine bleach to 1 gallon of water) is an inexpensive and 
effective alternative.60

STANDARD PRECAUTIONS
HCWs are in constant contact with bodily and bloody flu-
ids that place them at an increased risk of acquiring a blood-
borne infection, such as HIV, HBV, and other blood-borne 
pathogens. “Universal Precautions,” a concept created by 
the Center for Disease Control and Prevention (CDC) in 
the 1987 document “Recommendations for Prevention of 
HIV Transmission in Health-Care Setting,” made recom-
mendations to apply blood and body fluid precautions 
to all patients regardless of blood-borne infection status. 
Under this protocol, all patients were considered potential 
carriers of human immunodeficiency virus (HIV), hepa-
titis B virus (HBV), and other blood-borne pathogens61

and thus were required to wear PPE for prevention. This 
was further modified with guidelines for “Body Substance 
Isolation,” which stated that healthcare workers should 
protect themselves not only from bodily fluids but also 
from other modes of transmission of diseases, such as 
respiratory secretions and urine.

The combination of both of the above concepts of uni-
versal precautions and body substance isolation evolved 
into “standard precautions” and operate under the prin-
ciple that all blood, body fluids, secretions, excretions 
(except sweat), nonintact skin, and mucous membranes 
may contain transmissible infectious agents (Table 31.4). 
There are several elements within standard precau-
tions that make them unique from universal precautions 
including, respiratory hygiene/cough etiquette, safe injec-
tion practices, and the use of masks during insertion of 
catheters or injection of material into spinal or epidural 
spaces via lumbar puncture procedures. Through these 
new changes, the current standard precautions not only 

seek to protect healthcare workers from infection, but also 
protect patients.62

Standard precautions apply to vaginal secretions as well. 
Since the obstetric practice is often faced, during emergen-
cies or at the time of delivery, with a potential risk of expo-
sure to hazardous secretions, strict adherence to standard 
precaution practices must be followed in all cases.

Consistent utilization of protective barriers such as 
gloves, masks, and protective eye wear or face shields 
should be used to reduce the risk of exposure of the 
HCWs’ skin or mucous membranes to potentially infec-
tive materials.

PERIOPERATIVE PROPHYLACTIC ANTIBIOTICS
The trend in the rates of performing cesarean section has 
increased every year from approximately 20% in 1996 to 
32% in 2013,63 and the operation is one of the most com-
mon abdominal procedures performed in the United 
States.

Postpartum infections are one of the top causes of 
pregnancy-related deaths in the United States ranging 
between 10% and 14% of all deaths.64,65 Postoperative 
infectious complications after cesarean delivery include 
postoperative fever, chorioamnionitis, endometritis, 
wound infection, urinary tract infection, pneumonia, and 
other serious infectious complications. In a population-
based retrospective cohort study by Liu et al.,66 postpartum 
morbidity was significantly increased in patients under-
going primary cesarean delivery compared with vaginal 
delivery, with major puerperal infection contributing to 
this increased risk. The greatest risk for developing uter-
ine infection in the postpartum period is cesarean section, 
with most infections occurring in emergent or nonelective 
situations.67 An increased risk of chorioamnionitis is more 
likely in women undergoing a cesarean during the second 
stage of labor, especially in women with a body mass index 
(BMI) >40 kg/m2 undergoing trial of labor after cesar-
ean (TOLAC).67 Additionally, this risk is compounded in 
patients with prolonged rupture of membranes, prolonged 
labor with multiple vaginal examinations, postpartum 
fever, anemia and poor nutrition, and low socioeconomic 
status possibly due to inadequate prenatal care.68

Increasing rates of cesarean section necessitate 
proper preventative methods for SSI. A meta-analysis by 
McKibben et al. found several studies with good quality 
data and strong evidence that showed three interventions 
that significantly reduced SSIs: (1) perioperative antibiotic 
prophylaxis, (2) preoperative vaginal cleansing, and (3) 
several surgical techniques. These include a Joel-Cohen 
incision as superior to Pfannenstiel incisions, suture clo-
sure of skin more superior than staple closure, suture 
closure of subcutaneous tissue with thickness >2 cm, and 
cord traction of placenta superior to manual removal.69

Vaginal preparation prior to cesarean section has been 
shown to decrease the risk of endometritis. A Cochrane 
study including 2816 women was evaluated for effect of 
vaginal cleansing with povidone-iodine and showed that 
postcesarean endometritis was reduced from 8.3% in 
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control groups to 4.3% in vaginal cleansing groups, espe-
cially in women who were already in labor at the time of 
cesarean or had a rupture of membranes.70 No recommen-
dations are currently in place to support this as a standard 
method of surgical preparation prior to a cesarean section; 
however, it is easy to perform in preparation for surgery 
and should be performed if the opportunity is available.

Surgical techniques vary by surgeon, institution, 
and urgency of cesarean. There is currently no consen-
sus regarding the different methods used for perform-
ing cesarean sections, however, studies have attempted 
to study differences in technique and the disadvantages 
and advantages of the method in question. Transverse 
and midline vertical incision are the two options for 
skin incision during a cesarean section, though trans-
verse incisions are commonly performed. Advantages of 
transverse incision include better cosmetic results from 
following Langer’s lines, decreased rates of postoperative 
pain, fascial wound dehiscence, and incisional hernia. In 
cases where greater exposure is needed, vertical incisions 
are usually performed.71 As transverse incisions are more 
common, recent studies have compared Joel-Cohen-based 
incisions versus Pfannenstiel incision and have found the 
former was associated with less postoperative fevers, less 
blood loss, shorter operating times, and shorter hospital 
stay.72,73

Antimicrobial prophylaxis has played a large role in 
reducing SSIs after cesarean. A Cochrane review of pla-
cebo versus antibiotic prophylaxis prior to cesarean, 
which included 95 studies with a total of 15,000 women, 
showed that the latter reduced endometritis, wound 
infection, and other serious infectious complications by 

60%–70% and recommend prophylaxis in all cesareans, 
emergent or nonemergent74 as cesarean section is con-
sidered a clean-contaminated surgical procedure with 
exposure to microbes from the skin, abdomen, and vagina 
(Table 31.5). The drug of choice should be one that covers 
Gram-positive and Gram-negative bacteria. Several drug 
regimens have been studied, including penicillins and 
first-, second-, and third-generation cephalosporins, and 
several studies support that there is no difference between 
pencillins and cephalosporins in affecting rates of SSIs.75

Due to the narrow-spectrum activity, low cost, and effi-
cacy of first-generation cephalosporins, such as cefazolin, 
it is the drug of choice advocated by the American College 
of Obstetrics and Gynecology (ACOG) and the American 
Academy of Pediatrics.68,76 A single 1 g cefazolin dose is 
sufficient and lasts approximately 3–4 hours. This dose 
may need to be increased in obese patients; this is dis-
cussed further below. Several new studies have attempted 
extending the spectrum of antibiotics to include cover-
age for Ureaplasma and Mycoplasma with the addition 
of azithromycin, doxycycline, or metronidazole and have 
found reductions in infection rates and duration of hos-
pital stay; however, more studies are needed to identify if 
this difference is significant.77,78 It is important to note that 
the evidence of the effect of these antibiotics on neonatal 
outcome, such as infant sepsis or oral thrush, is insufficient 
and require further research.74,75 Prophylactic antibiotics 
should ideally be administered 60 minutes prior to inci-
sion in order to achieve adequate tissue penetration at the 
site of the incision. However, this is a controversial topic 
due to the unknown effects of antibiotics on neonatal out-
come and has led institutions to administer the antibiotics 

Table 31.4 Recommendations for applications of standard precautions for the care of all patients in all healthcare settings.

Component Recommendations

Hand hygiene After touching blood, body fluids, secretions, excretions, contaminated items; immediately 
after removing gloves; between patient contacts.

Personal protective equipment For touching blood, body fluids, secretions, excretions, contaminated items; for touching 
mucous membranes and nonintact skin.

Gloves During procedures and patient care activities when contact of clothing/ exposed skin with 
blood/body fluids, secretions, and excretions is anticipated.

Gown, mask, eye protection (goggles), 
face shield

During procedures and patient care activities likely to generate splashes or sprays of 
blood, body fluids, secretions, especially suctioning, endotracheal intubation

Soiled patient care equipment Handle in a manner that prevents transfer of microorganisms to others and to the 
environment; wear gloves if visibly contaminated; perform hand hygiene.

Environmental control Develop procedures for routine care, cleaning, and disinfection of environmental surfaces, 
especially frequently touched surfaces in patient care areas.

Textiles and laundry Handle in a manner that prevents transfer of microorganisms to others and to the 
environment.

Needles and other sharps Do not recap, bend, break, or hand-manipulate used needles; if recapping is required, use 
a one-handed scoop technique only; use safety features when available; place used 
sharps in puncture-resistant container.

Patient resuscitation Use mouthpiece, resuscitation bag, other ventilation devices to prevent contact with 
mouth and oral secretions.

Source: Siegel J et al., Guideline for Isolation Precautions: Preventing Transmission of Infections Agents in Healthcare Settings, http://www.cdc.gov 
/hicpac/pdf/isolation/Isolation2007.pdf, 2007.
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after cord clamping. A meta-analysis including 10 studies 
and 5041 women showed administration of prophylactic 
antibiotics prior to incision halved the risk of endometritis 
and wound infection as opposed to women who received 
antibiotics after cord clamping.79 Although no difference 
in neonatal outcomes were noted in this meta-analysis, 
more research is needed, especially in light of the potential 
effect of these antibiotics to the neonatal microbiome.

In cases of severe penicillin allergies, such as ana-
phylaxis, angioedema, respiratory distress, or urticaria, 
clindamycin with an aminoglycoside, such as gentamicin, 
is an appropriate alternative.76

There is no consensus regarding additional antibiotic 
prophylaxis in women who are in labor and already receiv-
ing antimicrobial prophylaxis for Group B Streptococcus or 
are being treated for chorioamnionitis and require a cesar-
ean section. More randomized controlled trials are required 
for the development of an algorithm or guidelines.

ANTIBIOTIC PROPHYLAXIS FOR OTHER OBSTETRIC 
PROCEDURES
Repair of third or fourth degree laceration and 
operative vaginal delivery

Currently, the use of prophylactic antibiotics in the repair 
of third and fourth degree lacerations is not standard due 
to the limited amount of studies available. Some physicians 
prescribe them because of the proximity of the incision to 
the rectum and the potential of transmitting bacteria from 
the rectum to the laceration. A prospective randomized 
controlled study performed by Duggal et al. included 147 
women with 83 patients receiving placebo and 64 patients 
receiving antibiotic prophylaxis with a second-generation 
cephalosporin. Of those who received antibiotics and 
returned for a 2-week postpartum check as required for 
the study (n = 49), 8.2% or 4 out of 49 people developed an 
infection, compared with the placebo population, where 
24.1% or 14 of 58 patients developed an infection. Due to 
the high dropout rate, these results are difficult to general-
ize to the population.76,80,81

There are also limited amount of research regarding 
antibiotic prophylaxis in patients undergoing operative 
vaginal delivery. Currently, there are no evidence-based 
recommendations for antibiotic prophylaxis.82

Cervical cerclage

Cervical cerclage placement is indicated for three rea-
sons: (1) examination or emergency indicated, where the 
patient is noted to have advanced cervical dilation with-
out signs or symptoms of labor or abrupted placenta in 
the second trimester, (2) history indicated, where a patient 
has a history of second trimester delivery with painless 
cervical dilation, and (3) ultrasound indicated with his-
tory of preterm delivery before 34 weeks with finding of 
shortened cervix (<25 mm) prior to 24 weeks in the cur-
rent pregnancy. However there are several risks associated 
with cervical cerclage placement, including chorioamnio-
nitis, preterm premature rupture of membranes, preterm 
delivery, displacement of sutures, and cervical lacerations. 
Transabdominal cerclage placement also has additional 
risks that normally exist for abdominal surgery. Cerclage 
placement is contraindicated in patients who exhibit signs 
of labor or chorioamnionitis. The risk of developing intra-
amniotic infection is increased in patients with emergency, 
indicating cerclage placement; however, no recommenda-
tions currently exist for the use of antibiotic prophylaxis. 
In patients with cerclage placement due to history or ultra-
sound finding, the risk of developing intra-amniotic infec-
tion is rare and no antibiotic prophylaxis is indicated.83

Manual removal of the placenta

Manual extraction of the placenta at the time of cesarean 
section is associated with an increase in postcesarean sec-
tion endometritis, even in the presence of antibiotic pro-
phylaxis. It is also associated with increased blood loss 
and longer hospital stay. Therefore, it is recommended that 
cord traction be used as the method of delivering the pla-
centa during a cesarean.84 There are no published studies 
to support antibiotic prophylaxis for the manual removal 
of retained placenta after a vaginal birth.85

Table 31.5 Microorganisms associated with cesarean section.

Skin flora Staphylococcus aureus
Staphylococcus epidermidis

Abdominal Escherichia coli
Enterococci

Vaginal Staphylococci
Streptococci
Enterococci
Lactobacilli
Diphtheroids
E. coli
Anaerobic streptococci
Bacteroides
Fusobacterium
Ureaplasma

Source: Bratzler D et al., Am J Health Syst Pharm, 70(3), 195–283, 2013.
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Cesarean hysterectomy

Rates of cesarean hysterectomy average about 0.5 in 1000 
deliveries, but this operation is increasing as a result of 
the rising cesarean section rate. Cesarean hysterectomy is 
performed for several indications including, uncontrolled 
postpartum hemorrhage, abnormal placentation, uterine 
rupture, leiomyoma, cervical laceration, invasive cervical 
cancer, or ovarian neoplasia. In recent years, the predomi-
nant reason for cesarean hysterectomy has been abnor-
mal placentation, followed by uterine atony and uterine 
rupture. The morbidities associated with this procedure 
include blood transfusion, fever, perinatal death, blad-
der injuries, wound infection, disseminated intravascular 
coagulation, and postoperative ileus. Maternal mortality 
ranged between 1% and 2%. In patients, where placental 
accreta disorders are detected in the intrapartum period, 
preparations are made in anticipation of these risks and 
lead to decreased blood loss, less requirement for transfu-
sion, and less disruption of the urinary tract system. In 
cases where the procedure is performed as an emergency, 
blood loss prior to the procedure compounds the blood 
loss associated with the procedure itself.86,87

As long as the procedure remains a clean-contami-
nated procedure, routine prophylactic antibiotics may be 
administered. However, additional doses may be admin-
istered when there is a blood loss greater than 1500 mL 
or if the procedure is longer than 4 hours.68 Additionally, 
necrotic tissues, soaked lap pads, and other materials that 
can contaminate the sterile field should be immediately be 
removed to prevent risk of SSIs.

OBESITY IN PREGNANCY
Obesity has become a pandemic in the United States. 
Between 2011 and 2012, 68.5% of adults above the age of 
20 were considered to be overweight or obese, with 34.9% 
of those adults being obese.88 In 2006, the CDC published 
recommendations for improving women’s health before and 
between pregnancies. As part of that initiative, data were col-
lected to study the different maternal behaviors, health con-
ditions, and experiences for women in the United States who 
had a live birth. The mean prevalence of being overweight 
and obese was 13.2% and 21.9%, respectively. Prevalence 
was noted to be higher among women aged 20 years old or 
greater, and among black and Hispanic women.89

Obesity in pregnancy increases the risk for developing 
hypertensive disorders, GDM, and thromboembolic dis-
orders.90–92 Additionally, there is an association between 
obese women having macrosomic fetuses leading to greater 
risk of intrapartum interventions including labor induc-
tions and cesarean sections.90–92 As a surgical candidate, 
the obese patient is at an increased risk from intra-/post-
operative complications including anesthesia risk, blood 
loss, prolonged surgical time, and wound infections93–95

and these risks are further compounded if the patient had 
multiple cesareans with prior pregnancies.96 In a study by 
Stamilio and Scifres,95 extremely obese patients, defined 
as having a BMI of 45 or higher, had nearly a threefold 

increase in the rate of composite postoperative infectious 
morbidity outcome, i.e., endometritis and wound infec-
tion, compared with nonobese patients. A retrospective 
cohort study by Conner et al.93 also found that there is a 
dose–response relationship between increasing BMI and 
risk for wound infection.

With evidence showing increased rates of wound-
related complications in obese pregnant women, rec-
ommendations for wound infection prevention include 
antibiotic prophylaxis with consideration for a higher 
dosage.91 In nonpregnant obese patients, recommenda-
tions are for 1 g cefazolin in patients weighing 80 kg or 
more and 2 g in patients weighing 120 kg or more.68 The 
American College of Obstetrics and Gynecology (ACOG) 
recommends the increase of prophylactic antibiotic dosage 
in women with a BMI > 30 or an absolute weight of 10 kg 
or more,76 however, no recommendations for the standard 
higher dosage currently exist. Most hospital institutions 
have 2 g cefazolin dosing as the standard recommended 
higher dose. Adequate antibiotic levels at the incision 
site in pregnant obese patients are affected by a greater 
volume of distribution and increased glomerular filtra-
tion rate. A study performed by Pevzner et al.97 showed 
that the 2 g cefazolin dosing provides insufficient antimi-
crobial coverage in pregnant obese patients undergoing 
cesarean section. Maggio et al.98 showed that 3 g cefazo-
lin dosing did not significantly increase the concentration 
in adipose tissue at the incision site required to provide 
adequate antibiotic prophylaxis in comparison to the 2 g 
dosing. Another small study showed 4 g cefazolin dosing 
provided increased antibiotic concentrations in adipose 
but it did not study whether it decreased infection rates.99

More studies with larger samples sizes are required to 
determine the appropriate dose of antibiotic prophylaxis 
in obese patients.

Other methods appropriate for infection prevention 
include closure of the subcutaneous layers with plain 
suture when it is greater than 2 cm for prevention of 
wound separation and its associated complications.91,100,101

A recent study by Corbacioqlu et al.102 showed that the 
rate of wound complications was not significantly dif-
ferent between subcutaneous and nonsubcutaneous clo-
sure in patients with a Pfannenstiel skin incision, unless 
the subcutaneous layer was greater than 4 cm and if the 
mother had diabetes. Several studies have also exam-
ined drainage systems in conjunction with subcutane-
ous closure in reducing wound infection and found no 
difference.103,104,105
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32Cesarean scar pregnancy
ANA MONTEAGUDO, JOANNE RAMOS, and ILAN E. TIMOR-TRITSCH

INTRODUCTION: THE SCOPE OF THE PROBLEM
Cesarean scar pregnancy (CSP) is a “new, manmade 
medical condition” of the twentieth century. It can occur 
only after a prior cesarean delivery or deliveries or after a 
prior CSP1,2; it is essentially an iatrogenic and late conse-
quence of an earlier cesarean delivery (CD). Over the lat-
ter part of the twentieth century, and indeed in the past 
several decades, CDs have dramatically increased. In 1965, 
the total CD rate was 4.5%; by 1985, the rate rose to 22.7%, 
reaching a peak of 32.9% in 2009; however, during the last 
several years this rate has slowly decreased and the prelim-
inary data for 2014 revealed that the overall CD is 32.2%.3,4

Complications of CD include both maternal complica-
tions at the time of the first or repeat surgical procedures. 
In a subsequent pregnancy, complications can occur dur-
ing the antenatal period such as bleeding from a placenta 
previa and/or abnormally adherent placenta or even uter-
ine rupture. Regardless of the gestational age many of 
these complications can be catastrophic for both mother 
and neonate.5 In the continuum, or spectrum, of placental 
attachment disorders CSP is a common starting point and 
eventually progresses to early second-trimester placenta 
accreta, ultimately resulting in the well-known clinical 
picture of morbidly adherent placenta (MAP) classically 
seen in the late second and third trimesters.6–8 Placental 
adherence disorders are discussed in a separate chapter.

BACKGROUND AND THE ROLE OF THE CESAREAN 
DELIVERY SCAR
The accepted estimated rate of CSP ranges from 1:1800 
to 1:2500 in all patients with a history of a previous CD, 
although its true rate is unknown.1 In 2004, Seow et al. 
estimated that the rate of CSP to be 0.15% of all preg-
nancies with a history of a previous CD.9 More recently, 

Maymon et al.10 reported that the rates of CSP for the 
general obstetric population in their institution to be 
1:3000, and 1:531 among patients with at least one CD. 
Nevertheless, the actual rates may be different, because of 
factors such as CSPs are diagnosed as cervical pregnancies 
or just by simply not being recognized. Furthermore, it is 
estimated that CSP represent 6% of ectopic pregnancies.9,11

The question is, is whether CSP is an ectopic pregnancy? 
Many would argue that CSP is not a true ectopic preg-
nancy since it is located within the uterine cavity, although 
the placenta may be implanted within the prior CD scar or 
niche, which is still part of the uterine cavity. It can also 
be located in the upper cervical canal. Furthermore, if 
the CSP is allowed to continue, eventually the gestational 
sac and the fetus will “move up” and develop within the 
uterine cavity as in any intrauterine gestation and for the 
most part may result in a live neonate.7 Last, many of the 
treatments that are designed for “classic” ectopic pregnan-
cies may not necessarily work in CSP and could result in 
catastrophic complications. Notwithstanding this argu-
ment in the literature one can find terms such as “cesarean 
ectopic,” “cesarean section ectopic pregnancy,” and others.

After one or more CDs all uteri have a distinct scar 
which is demonstrable by ultrasound (US). At times in 
the area of the scar a niche of variable size and shape or 
a dehiscence may be seen (Figure 32.1). A niche is defined 
as an anechoic defect in the anterior low myometrium in 
the area of the prior incision. It is usually referred to as a 
dehiscence mainly when there is a large and total defect 
without covering myometrium. This niche can be easily 
seen at the time of a saline infusion sonohysterography12

(Figure 32.2). The typical sonographic appearance of the 
niche is that of a triangle with the apex pointing toward 
the myometrial/bladder interphase. The myometrial roof 
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is thinner than the myometrium just above or below the 
CD scar (Figure 32.2). In many cases, the niche can be 
so prominent that it may be seen even without instilling 
saline (Figure 32.1). This niche is typically depicted in a 
longitudinal sagittal view of the uterus. When the probe 
is rotated to a transverse plane or when a 3D volume of 
the uterus is obtained; the niche’s width can be seen and 
usually will appear to be wider than expected (Figures 
32.3, 32.4). This finding is consistent with the fact that in 
most CDs the incision is made in the transverse fashion 
(Kerr incision). Osser et al. (2009)13 found that in a series 
of 287 patients undergoing transvaginal US 6–9 months 
after a delivery, of which 162 had undergone one or more 

CD, the scar could be identified by transvaginal US. After 
one CD, a defect (niche) was seen in 61% of the cases, a 
large defect (large niche) was seen in 14% of the cases, and 
a total defect (dehiscence) in 6% of the cases; in patients 
who had undergone two prior CDs the numbers were 81%, 
23%, and 7%, respectively, and in those patients with at 
least three prior CDs the numbers were 100%, 45%, and 
18%, respectively. When the patient’s history shows more 
previous CDs, there is higher probability that the defects 
(niches) will be detected. Large defects (large niches) 

(a)

(b)

(c)

Figure 32.1 Long-axis view of three different uteri after 
cesarean delivery. (a) The CD scar is evident as an anechoic 
linear structure (arrow). (b) A niche is evident as a triangular 
anechoic structure (arrow). (c) The dehiscence is seen at the 
site of the CD scar. There is no myometrial tissue covering the 
defect (arrow).

(a)

(b)

(c)

Figure 32.2 Long-axis view of the uterus after two prior 
cesarean deliveries before and after saline infusion. (a) The area 
of the CD scar is not clearly seen (arrow) prior to the saline infu-
sion. (b) After the saline infusion the scar and the thin covering 
myometrium is clearly seen (arrow). (c) Zooming reveals the rela-
tively thin myometrial roof of this “large” niche is evident (arrow).
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or total dehiscences also become more common with 
multiple CDs (Figure  32.2). In addition, large niches or 
total scar defects (dehiscences) are more frequently seen in 
retroflexed uteri than those in anteflexion (Figure 32.1b). 
Although niches can occur in any place along the prior CD 
scar in a study of 124 scar defects, 110 (89%) were noted to 
be centrally located by US while the balance was divided 
equally to the right or left of the midline.13 Bij De Vaate 
et al.14 performed a systematic review of the prevalence, 
potential risk factors for the development, and symp-
toms related to the presence of the niches. They found 
that the prevalence varied between 56% and 84% of the 
studied prior CDs. The shape of the niches or dehiscence 
can vary from triangular, round, or oval, at times it may 
be extensive and reaching the anterior uterine wall or the 
area below the bladder in the shape of a fistulous connec-
tion between the uterine cavity and the uterine surface. 
In other instances, the niche may be deep and extremely 
wide. Since the prevalence of niches is relatively high one 
can speculate that the possibility of the blastocyst implant-
ing in or on the niche is all too realistic. The above system-
atic review also revealed that there is no definition of what 

is considered a large niche. Several descriptions for large 
niches have been used such as “the niche penetrating to a 
depth of at least 50% or 80% of the anterior myometrium,” 
or “the remaining myometrial thickness is ≤2.2 mm when 
evaluated by transvaginal sonography (TVS)” and “≤2.5 
mm when evaluated at the time of a saline infusion.” A 
total defect was defined as no remaining myometrium 
covering the defect; in our practice we typically refer to 
this as a “dehiscence.” If the dehiscence is large and no 
myometrium is detected the term “window” can also be 
used. The Bij De Vaate study also identified several risk 
factors for development of niches such as the technique of 
repair, location of the incision, wound healing, and prob-
ably the number of layers included in the closure as well 
as multiple CDs and uterine retroflexion. The practical 
importance of the above is that in order to correctly evalu-
ate a niche it is imperative that the US image is obtained 
not only in the sagittal but also in the transverse plane.

US DIAGNOSIS AND DIFFERENTIAL DIAGNOSIS OF CSP
At presentation, the correct diagnosis of a CSP can be 
challenging to the OB/GYN practitioner. Commonly, CSP 
is undiagnosed, misdiagnosed as a cervical pregnancy or 
a pregnancy that is in the process of passing through the 
cervix as part of a spontaneous abortion. In a review of 751 
cases of CSP from the literature,8 it was estimated that at 
least 13.6% of the cases of CSP were undiagnosed. Timor-
Tritsch et al. suggested an easy method for the obstetrical 
practitioners to differentiate between an intrauterine preg-
nancy and a CSP. In a patient with a prior CD and a posi-
tive pregnancy test, a long-axis, sagittal view, of the uterus 
is obtained in which the uterine fundus, the gestational 
sac, and the cervix are seen. A line is drawn from an open-
ing in the center of the ectocervix (external cervical os) to 
the external surface of the uterine fundus. A second line is 
drawn at a 90° angle at the half point of the previous line to 
divide the uterus into two (Figure 32.5). If the center of the 
gestational sac in question is seen above the line (closer to 
the fundus) it is most likely a normal implantation; how-
ever, if the center of the sac is below the above mid-line 
(closer to the cervix), it is almost surely a CSP. The sensitiv-
ity, specificity, and positive and negative predictive values 
for the cervix-to-sac-center in the study were 93%, 98.9%, 
96.4%, and 97.9%. respectively.15 However, it is important 
to note that this method also “works” for a cervical preg-
nancy since in this case the sac will also be below the line; 
however, in a cervical pregnancy usually there is no prior 
history of CD. In a cervical pregnancy, the placenta and 
the entire gestational sac containing an embryo/fetus are 
present centrally within the endocervical canal below the 
level of the internal os. The internal os can be identified by 
the level of the approach and insertion of the uterine arter-
ies into the cervix, which is observed on a coronal section 
by US using color/power Doppler. The cervical canal and 
the cervix are dilated and barrel-shaped while the uterine 
cavity is empty.16 A pregnancy that is “passing” through 
the cervical canal as part of a spontaneous abortion can 
be differentiated from a normal pregnancy, a CSP, or a 

(a)

(b)

Figure 32.3 Uterus after cesarean delivery demonstrating 
the niche. (a) The long-axis, sagittal view of the uterus dem-
onstrates a box like anechoic niche in the area of the prior CD 
(arrow). (b) After rotating the probe 90° around its axis the trans-
verse view of the uterus is seen. The anechoic niche is wider than 
seen on the sagittal plane (arrow). It now measures 1.75 cm.
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cervical pregnancy by the absence of cardiac activity and 
blood flow surrounding the gestational sac when using 
color/power Doppler. Under real-time US, the sac may 
be seen moving within the cavity spontaneously or when 
pressure is exerted on the anterior uterus (Table 32.1).17

Various and at times slightly different criteria have been 
proposed to diagnose CSP.18–20 However, they all include 
an empty uterus and cervical canal and a low anteriorly 
located gestational sac positioned in or on the prior scar 
or niche. Our group has taken into consideration addi-
tional clinical and sonographic criteria when diagnosing a 
CSP.1,8 The clinical criteria include a history of at least one 
prior CD with a positive human chorionic gonadotropin 
(hCG) test. The sonographic criteria include the follow-
ing observations: an endometrial and endocervical canal 
without a gestational sac; a gestational sac and/or pla-
centa with a viable or nonviable embryo implanted in the 
prior CD scar or niche; detection of a CSP below the line 
dividing the uterus in half (close to the cervix) by using 
cervix-to-sac-center method; and a triangularly shaped 
gestational sac filling the niche of the scar in pregnancies 

of <8 postmenstrual weeks (Figures 32.6, 32.7, and 32.8).
At ≥8 postmenstrual weeks the sac shape may become 
rounded or even oval and may be seen “moving up” into 
the lower uterine segment (Figure 32.8). Depending on the 
appearance and size of the prior CD niche a 1- to 5-mm 
myometrial layer between the gestational sac and the blad-
der may be apparent; if there was a dehiscence present no 
myometrium will be seen between the sac and the bladder. 
Using color/power Doppler we strongly rely on the pres-
ence of a prominent, and at times rich, vascular blood flow 
pattern that can be detected at the implantation site of the 
tiny placenta (Figures 32.6c, 32.7c and d) (Table 32.1).

The role of 3D ultrasound in the diagnostic process and 
management of CSP is controversial. Nonetheless, it can 
provide information regarding the precise location of the 
gestational sac, its vascularity, and the volume of the gesta-
tional sac. Vascularization of the placenta implantation site 
can be expressed in a quantitative fashion (Figures 32.9, 
32.10). These quantitative blood flow measurements can 
be used to serially monitor the healing process of treated 
cases. In addition, they can serve as baseline measurement 

(a) (b)

(c) (d)

Figure 32.4 Three-dimensional multiplanar image of a uterus after cesarean delivery demonstrating a large niche (arrows). (a) 
Sagittal plane, (b) axial plane, and (c) coronal plane. The 3D reconstruction (d) shows the large defect in the area of the scar.
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of flow velocities in cases of looming formation of arterio-
venous malformation (AVM) at the site of the treated CSP 
(Figure 32.11).

OUTCOMES AND NATURAL HISTORY OF CSP
Before 2012, there were only a handful of articles report-
ing on successful deliveries of third-trimester neonates 
when a CSP was diagnosed in the first trimester. There 
were numerous articles discussing severe bleeding, shock, 
uterine rupture, and hysterectomies in patient reaching 
only the second trimester. Based upon the above severe 
complications and dismal outcomes patients were coun-
seled almost exclusively for termination of the pregnancy 
to avoid life-threatening complications resulting from the 
abnormal implantation into the scar.

Complications of CSP include but are not limited to pro-
fuse hemorrhage, uterine dehiscence/rupture, throughout 
all three trimesters, and permanent loss of fertility due 
to hysterectomy. There is typically an urgency to termi-
nate the pregnancy as soon as the decision to terminate 
is reached. The reason is that as the pregnancy is allowed 
to grow larger and further in gestation, it may cause more 
complications at the time of the treatment (Table 32.2). 
In addition, with deeper placental invasion, there is pro-
gressive and faulty invasion of the placenta into the scar, 
resulting in an abnormal and at times deeply invading 
placentation, typically referred to as placenta accreta. 
Nonetheless, as more information about the natural his-
tory of the CSP is slowly emerging, our evidence-based 
counseling is changing or becoming more individualized 

(a)

X

   (b)

X

(c)

X

   (d)

X

Figure 32.5 CSP versus IUP—The location of the sac center marked by “X” in relation to the midpoint of the uterus (dotted lines) 
determined along the external cervical os to the uterine fundus on the sagittal images of the uterus (solid lines). (a) CSP in an ante-
verted uterus. (b) IUP in an anteverted uterus. (c) CSP in a retroflexed uterus. (d) IUP in a retroflexed uterus.

  

http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-33&iName=master.img-009.jpg&w=217&h=151
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-33&iName=master.img-010.jpg&w=210&h=121
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-33&iName=master.img-011.jpg&w=217&h=251
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-33&iName=master.img-012.jpg&w=209&h=153


436 Cesarean scar pregnancy

enabling a select group of patients who understand the 
involved risk to continue their pregnancy.

We published on the outcome of 60 cases of CSP man-
aged in our department. Forty-eight of the patients at 
presentation had a viable CSP and 12 nonviable CSP7

(Figure 32.12). Ten of the twelve nonviable pregnan-
cies were treated with conservative management and all 
resolved without any severe and long-lasting compli-
cations. The other two who presented with intractable 
bleeding were eventually diagnosed with an AVM at the 
site of the CSP, one eventually requiring uterine artery 
embolization (UAE) and the other a hysterectomy. In 
the group of 48 patients presenting with viable CSP, 33 
patients elected termination of the CSP by local injection, 
of which 31 resolved without complications and 2 devel-
oped an AVM requiring UAE with eventual resolution. 
Ten patients elected to continue the pregnancy, of which 
five had significant second-trimester complications, three 
had uterine rupture, one had uterine dehiscence and bulg-
ing membranes, and all five eventually needing a hyster-
ectomy. However, 3 of the 10 patients who continued the 
pregnancy delivered a viable baby by elective cesarean sec-
tion, but all three had a hysterectomy. In summary, of the 
original 60 cases with CSP, 47 (78.3%) resolved, 11 (18.3%) 
had hysterectomy, 5 (8%) developed an AVM, and 4 (7%) 
needed UAE. All 33 (100%) cases managed with transvagi-
nally guided local intragestational sac injection resolved 
without the need for hysterectomy. Among the 10 patients 
that opted to continue the pregnancy 4 (40%) delivered a 
viable neonate and 5 (50%) had second-trimester compli-
cations resulting in hysterectomy. In conclusion, 78.3% of 
the 60 patients had a favorable outcome while 18.3% had 
hysterectomy (3.4% were lost to follow-up).

Michaels et al.21 studied 34 cases of CSP at Brigham and 
Women’s Hospital, Harvard Medical School; their results 
were comparable with our results described earlier. In 14 
of the 24 CSP with positive cardiac activity, which was 
treated minimally invasively, all resolved without hyster-
ectomies. Amid these cases, eight patients continued the 
pregnancy of which five (62.5%) delivered live neonates in 
the third trimester with three (37.5%) requiring hysterec-
tomy; the other three had a pregnancy loss of which two 
required UAE, but none had a hysterectomy.

We also reported a case series of 10 patients in which 
the diagnosis of CSP was made before 10 weeks’ gestation.6

After extensive counseling, all patients elected to continue 
the pregnancy. By the second trimester all the patients 
demonstrated the typical sonographic features of the mor-
bidly adherent placenta (MAP); 9 of the 10 (90%) patients 
delivered live-born neonates between 32 and 37 weeks. 
One of the patients had a gravid hysterectomy due to 
second-trimester complications (cervical shortening and 
severe bleeding); pathology confirmed placenta percreta 
in this case. All nine patients underwent hysterectomy for 
an abnormally adherent placenta and the pathology con-
firmed placenta percreta in all nine cases.

In summary, the literature has mounting evidence 
that patients with viable CSP who opt for early treatment 
using puncture injection of the CSP with immediate ter-
mination of the cardiac activity typically have resolution 
of the CSP without the need for hysterectomy. However, 
after extensive counseling patients decide to continue the 
pregnancy and there is growing evidence that under cer-
tain circumstances and precautions taken this is possible.  
In a significant number of cases by the second trimester 
and sometimes earlier, the typical sonographic features 

Table 32.1 Differential diagnosis of a viable CSP.

IUP

CSP Cervical pregnancy
Ab “in transit”

Positive BHCG + + + +
H/o prior CD ± + ± ±
Empty uterus – + + +
Cardiac activity + + + –
GS in the cervix – – + +
Blood flow around GS + + + –
GS anterior/close to the 
bladder

– + – –

GS central/below the 
uterine arteries

– – + +

GS below the half point 
of the uterus

– + + +

+ means present; − means not present; ± means may or may not be present.
Abbreviations: Ab, abortion; BHCG, Beta hCG; GS, gestational sac.
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(a)

(b)

(c)

Figure 32.6 Diagnostic US criteria for the sonographic diagnosis of CSP. (a) Endometrial and endocervical canal without a preg-
nancy. The gestational sac with a live embryo and yolk sac at 6 5/7 weeks is seen anterior in close proximity to the bladder (arrow). 
(b) The gestational sac is triangularly shaped with a thin myometrial roof measuring 2.1 mm (arrow). (c) Using Power Doppler, the 
blood vessels of the placenta are seen invading the myometrial roof of the defect (arrow).
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suggestive of a MAP are already present.6,17,22 Though, in 
most of these cases the pregnancy can progress result-
ing in a live-born neonate at the expense of a hyster-
ectomy. Histology of the uteri in nearly all of the above 
cases confirmed the presence of the adherent placenta. 
Furthermore, there is growing evidence that some patients 
with CSP who continue the pregnancy are at risk of severe 
obstetrical complications during the second trimester, at 
times resulting in hysterectomy and a fetal demise.

TREATMENT OPTIONS
Management of the patients with CSP depends upon the 
clinical scenario at presentation as well as the wishes for 
the couple of preserving fertility. In the literature there are 
numerous treatment options, some of which are associated 
with significant rates of complications (Table 32.3).

Based upon the literature a total of 31 primary treatment 
modalities for CSP were identified.8 The overall complica-
tion rate in this cohort was 331/751 (44.1%). Complications 
were defined first and foremost as the immediate or 

delayed need for a secondary treatment. Other most com-
mon indications for the secondary treatments were failure 
to stop the heart rate by a primary treatment, blood loss 
requiring transfusion of greater than 200 mL, shock, and 
hemoperitoneum. Secondary treatments included surgical 
interventions such as laparoscopy, hysteroscopy, laparot-
omy, hysterectomy, or procedures that required general or 
regional anesthesia or embolization of the uterine arteries.

Among all of the treatment modalities, three were iden-
tified to have the largest complications rates: dilation and 
curettage (D&C) alone or in combination with any other 
treatment had a complication rate of 61.9% and single 
injection of systemic intramuscular (IM) methotrexate 
(MTX) alone, usually of 1 mg/kg body weight or even 100 
mg, had a 62.1% complication rate mostly due to the fact 
that it did not stop the beating fetal heart. UAE alone or in 
combination with other treatments carried a complication 
rate of 46.9%.

It is interesting to note that these three treatments that 
are commonly used to treat obstetrical complications of 

(a)   (b)

(c)   (d)

Figure 32.7 CSP at 5 5/7 weeks of gestation. (a) The long-axis view of the uterus demonstrates empty fundus and endocervical 
canal (arrow). The gestational and yolk sac are seen “tucked” in the niche and in very close proximity to the bladder (b). (b) Zooming 
in on the CSP, the yolk sac and fetal pole is observed (arrow). (c) Using color Doppler, the rich vascularity of the placenta is seen 
extending to the vesico-uterine edge. (d) Color Doppler demonstrates the vascularity surrounding the gestational sac and the car-
diac activity (arrow).
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pregnancies have a high complication rate when applied 
to the CSP. The reasons for the high complication/fail-
ure rates may be multiple and complex, depending on a 
number of variables such as gestational age, expertise of 
the operator, the specific treatment applied, and other 
factors. Dilatation and curettage have high complication 
rates because the scar tissue where the CSP has implanted, 
unlike the uterine body, does not contain a grid of three 
myometrial layers, which quell bleeding by contracting 
after curettage; therefore, profuse bleeding occurs in the 
implantation site in the scar. IM MTX is usually the first 
drug that is administered by the practitioners. Its high 
complication rate may stem from the fact that it takes 
several days for the drug to take effect; therefore, while 
waiting for the drug to take effect the CSP is continuing 
to grow and its placenta further invading the scar and the 
uterus. If it does not stop the heart activity (and in many 
cases it does not do so) the patient has to be treated by 
another or secondary treatment, which carries higher 
complication rates. Multidose MTX regimens have also 
been used. While they were somewhat more effective than 
single-dose treatment, they may also fail. Of note, in the 
treatment of unruptured tubal ectopic pregnancy it is a 
well-accepted fact that the presence of cardiac activity is 
a relative contraindication for MTX usage due to its rela-
tively high failure rate.23 Barnhart et al.24 in a meta-anal-
ysis comparing single-dose versus multidose regime of 
MTX for the treatment of tubal ectopic pregnancies found 
that the presence of embryonic cardiac activity docu-
mented by US was significantly associated with treatment 
failure with an odds ratio (OR) of 9.09 (95% confidence 
interval [CI] 3.76, 21.95). However, UAE is not an effective 
single first-line treatment; it is effective when used as an 

adjunct prior to other treatments to minimize bleeding or 
as a rescue procedure when there is profuse bleeding after 
other procedures.

Several treatment modalities have acceptable compli-
cation rates; among these is the hysteroscopic removal of 
CSP with a complication rate of 18.4%. However, treat-
ment modalities with the lowest complication rates were 
those in which KCl or MTX is directly injected into the 
gestational sac or intrafetally under real-time US guidance 
using either transabdominal or TVS. Only 8 of 81 (9.6%) 
published cases treated in this fashion had complications. 
In a subsequent review of the literature encompassing the 
years 2012 and 2015,25–32 an additional 63 cases of CSP 
treated by local intragestational injection under real-time 
US guidance were identified; in addition to KCl and MTX 
some cases were injected with intragestational/intrafe-
tal ethanol and the pooled complication rates from these 
cases ranged from 0% to 5.8%. The most likely reason for 
the effectiveness of this treatment modality is that there 
is complete and immediate cessation of the cardiac activ-
ity and growth of the pregnancy. Systemic injection of 
MTX given in conjunction with intragestational sac/intra-
cardiac injection of MTX or KCl has probably the high-
est success rate; however, the numbers are still too low to 
advocate its use. Insertion and inflation of a single balloon 
Foley catheter after local intra-gestational sac injection of 
MTX was successful to prevent and/or stop post-treatment 
bleeding.33 The least invasive treatment of CSP appears to 
be that of insertion of a cervical double ripening balloon 
catheter to compress the chorionic sac and the embryo 
stopping the heart activity and at the same time prevent 
bleeding.34

The scope and the format of this chapter does not allow 
for a detailed analysis of the more than 30–35 different 
treatment modalities published as a single case series. The 
complete review of them is available in the literature.8

MANAGEMENT PROTOCOL AND PATIENT SELECTION
In Figure 32.13, a practical management approach is pre-
sented for patients with CSP. Based on the initial US find-
ings, the patient can be triaged to the most appropriate 
treatment protocol.

In a case where there is CSP with yolk sac and no embryo 
or cardiac activity, before any treatment is instituted, the 
patient should be rescanned every 2–3 days. If after 7–10 
days there is no visible embryo with heart-beats or if the 
embryo’s crown-rump length is measuring >7 mm with no 
heart-beats, the pregnancy is consistent with a failed CSP. 
At this point, weekly US and hCG should be planned until 
the serum hCG test is negative. It is debated if these cases 
need systemic MTX treatment; some management protocols 
call for the systemic administration of MTX even if the preg-
nancy has been deemed nonviable. The amount of systemic 
MTX given in the absence of any contraindications should be 
calculated using the standard single-dose regime for ectopic 
pregnancies of 50 mg/m2 intramuscularly.23 Patients should 
be followed serially, initially weekly after which the inter-
val may be increased to every other week depending on the 

GS

Figure 32.8 CSP at 8 2/7 weeks of gestation. The gesta-
tional sac (GS) is seen elongated extending into the uterine 
cavity. The placenta is clearly seen marked by small arrows. 
Using color flow Doppler the vascularity of the placenta is seen 
in the area of the prior scar in very close proximity to the blad-
der (long arrow). Note the blood vessels traversing the myome-
trial/bladder interphase—this scan is almost pathognomonic 
for an abnormally adherent placenta (accreta).
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hCG level and the sonographic appearance of the CSP. The 
hCG should decrease by at least 15% after 7 days. If during 
the post-op period the hCG level plateaus or increases a sec-
ond dose of systemic MTX should be considered. Typically, 
we follow these patients until the hCG is negative and the 
CSP appears to be resolving as judged by US. Dilatation 
and curettage are not indicated since it can result in severe 
bleeding needing blood transfusion, UAE, and at times even 
hysterectomy. As noted in our series of 60 CSPs, the major-
ity of these cases will spontaneously resolve.7 If increased 
vascularity is detected at the site of the CSP by color/power 
Doppler, a peak systolic velocity (PSV) measurement of the 
vascular region is indicated to exclude an acquired AVM. 
In an AVM, the PSV of the vessels are typically higher than 
30–40 cm/s and the vessels linger for weeks.

CSP containing yolk sac and an embryo with cardiac 
activity

In a situation where CSP with yolk sac and embryo 
with cardiac activity is seen, a detailed counseling ses-
sion is needed since there are two possible options with 
very different outcomes. The first option is for the patient 

to continue the pregnancy and the second is to terminate 
the CSP immediately before the pregnancy progresses any 
further. Patients who typically select to continue the preg-
nancy are typically those who want more children and/
or those who clearly understand that due to the ensuing 
placental pathology they might have to undergo a cesar-
ean hysterectomy.6,7 Given the fact that CSP is a risk factor 
for abnormal placentation it is important to follow these 
patients closely and to make the diagnosis of the degree of 
abnormally adherent placenta as early as possible. Detailed 
bleeding precautions should be given to these patients 
and their management should be similar to those with an 
abnormally adherent placenta (see Chapter 18). A multi-
disciplinary team with experience in managing and deliv-
ering patient with abnormally adherent placenta should be 
involved in the care and delivery. Blood products should 
be available since US may not predict the blood loss at 
surgery. Some advocate preventive inflatable balloons to 
be inserted into the hypogastric arteries to inflate them if 
needed by the interventional radiologist.

The second option for a patient with a viable CSP is 
to terminate the pregnancy. This should be done soon 

(a) (b)

B
B

(c) (d)

Figure 32.9 Three-dimensional US and 3D reconstruction of a CSP. (a,b) The bladder B contains a small amount of urine. The 
CSP is seen bulging into the bladder (arrows). 3D reconstruction (d) of the uterus demonstrates the empty uterine cavity with the 
CSP (black arrow).
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without any delay, almost immediately after the decision 
to do so is agreed upon. As mentioned before the most 
reliable method to stop the heart activity is imperative. 
Intragestational and/or intrafetal MTX injection is our 
preferred method to treat CSPs. There are many reasons 
for our choice: there is no need for anesthesia since the 
injection is relatively painless and most patients reporting 
only cramping, there is no need for patient hospitaliza-
tion and most patients can be followed up as outpatients, 
and last, based on our experience and the growing expe-
rience from the literature, it is associated with a high suc-
cess rate with the lowest reported complication rates. The 
literature is replete with various treatment regimens and 
or combinations thereof.8 Several of the treatment meth-
ods use the combination of both major and minor surgi-
cal as well as minimal invasive methods. Intragestational 
injection of CSP as well as systemic MTX have been pre-
viously described and reviewed above (Table 32.3).

In this chapter, we describe our treatment protocol 
implemented for the last several years. Once the patient 
has made the decision to proceed with the minimally 
invasive treatment this procedure is performed on the 
same day. A written informed consent is obtained from 

the patient. Before the procedure is performed a baseline 
hCG, metabolic profile, type and screen, hemoglobin, and 
hematocrit are drawn. A Foley balloon catheter (5–30 
mL) is always available in the event of bleeding during or 
immediately after the procedure. At times the catheter is 
placed as an elective prophylactic measure at the comple-
tion of the local injection.35 A TVS is performed to plan 
the best approach to terminate the CSP. During the US 
examination, placenta location, and vascularity surround-
ing the CSP and along the planned needle path are deter-
mined. If significant vascularity is seen along the planned 
needle path an alternate path is chosen. Under direct TVS 
US guidance, the needle is inserted into the gestational sac 
as close as possible to the embryo and 1–2 mL of MTX is 
injected directly in the sac or intrafetally. We usually turn 
the needle several times around its axis to take advantage 
of the mechanical destructive effect of the beveled needle 
tip. After the cessation of cardiac activity, the needle is 
slowly withdrawn and an additional 1–2 mL is injected 
along the needle path. Without removing the US probe we 
confirm the presence of a fetal demise as well as assess if 
there is any active bleeding into the sac or around it. Some 
practitioners use 1–2 mL of 2 mEq/L KCl solution instead 

(a)

GS
GS

GS

(b)

(c) (d)

Figure 32.10 Three-dimensional power Doppler US of a CSP. The rendering box (d) generated from the multiplanar images (a), 
(b), and (c) demonstrate the rich vascularity surrounding the sac (GS). This image explains why the structure is bleeding heavily when 
disturbed by curettage.
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(a)

(b)

Figure 32.11 Color Doppler evaluation of two different patients immediately after treatment showing baseline Doppler flow 
velocity and resistance index values. (a) Long-axis view of the uterus demonstrates the abundant vascularity at the site of the 
 placenta implantation. Note the baseline PSV of 31.82 cm/s. RI is low at 0.45. (b) Zoomed view of the scar after treatment and extrac-
tion of the Foley balloon. Note the PSV of 39.34 cm/s. Resistance index is low at 0.48.
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of the MTX.21 If systemic MTX is given, the usual accepted 
dose is 50 mg/m2 of body surface. After the procedure, the 
patient is observed for 2 hours, vital signs and bleeding are 
monitored, and the US is repeated to reassess the area of 
injection (Figure 32.14). The patient is given prophylactic 
oral antibiotics and is discharged home with bleeding pre-
cautions. The patient is rescanned 48 hours later as well 
as 7–10 days later. A repeat serum hCG is also drawn. An 
increase in the hCG level may be seen within 2–3 days after 
the procedure before the hCG starts trending down. This 
initial increase in the hCG does not necessarily means a 
failed treatment or that a second dose of systemic MTX is 
needed; the reason for this maybe an increased release of 
hCG from the affected placenta.

Subsequently, the hCG should start decreasing rapidly 
by at least 15% after 7 days; however, it may take several 
weeks for the hCG to reach nonpregnant levels. In tubal 
ectopic pregnancies managed conservatively the average 
number of days until the hCG drops below 2 IU/L is 20–31 
days and in cases treated with medical management the 
average number is 30 days (range 27–33 days).36 In 1994, 
Timor-Tritsch et al.16 published an article on a series of 
five cervical pregnancies between 5 and 8 weeks’ gestation 
treated by intrafetal MTX injection. In these five cases, 
the mean number of days for the hCG to normalize was 
47.2 days (range 17–112 days).16 Recently, we published 
16 cases of CSP and 2 cervical pregnancies treated with 
Foley balloon catheters and IM MTX. In 16 cases, there 

Table 32.2 Clinical outcome of patients with CSP as a function of gestational age at first treatment.

Gestational age, weeks

Outcomea 5–6 7 8 9 10–15

No complications 51 35 14 4 4
Complications 12 16 26 6 16

a  Number of cases.
Source: Timor-Tritsch IE et al., Am J Obstet Gynecol 207: 1–13, 2012. With permission.
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Figure 32.12 Flowchart of the major groups (A and B), including our 60 cases of cesarean scar pregnancies and subgroup C with 
their treatments and outcomes. ER, emergency room; FH, fetal heartbeat, f/u, follow-up; UAE, uterine artery embolization. (From 
Timor-Tritsch IE et al., Journal of Ultrasound in Medicine: Official Journal of the American Institute of Ultrasound in Medicine 34: 601–610, 
2015. With permission.)
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was information available regarding the length of time for 
the hCG to become negative. The mean number of days 
was 39.1 (range 15–82 days).35 In 2014, Yamaguchi et al.32

reported on eight cases where CSP was treated using the 
intragestational injection of MTX. The mean number of 
days to normalization of the hCG was 78.5 days (range 
42–166 days). Nguyen-Xuan et al.29 published on six cases 
of CSP in which the mean number of days for the resolu-
tion of the hCG was 96 days (range 69–148 days).

Current data show that the recovery period for CSP, 
or the time to a nonpregnant level of hCG, appears to be 
longer for CSP than was reported for tubal ectopic preg-
nancies: ranging from 15 to 148 days. During the post-
op period if the hCG level plateaus or increases, a second 
dose of MTX is considered. In the absence of significant 
bleeding, the patient is followed biweekly until the hCG 
reaches nonpregnant levels and the vascularity of the CSP 
is resolved.

Table 32.3 Treatment options in the management of viable CSP.

Major surgical procedures (requiring general or regional anesthesia)

• Laparotomy (hysterectomy or local excision)
• Laparoscopy, hysteroscopy, or by vaginal surgery
• Dilatation of the cervix and sharp or blunt curetting
• Suction aspiration without dilatation of the cervix

Minimally invasive surgical procedures (not requiring general or regional anesthesia)

• Local injection of MTX or KCl.
• Vasopressin (has also been used)
• UAE
• Foley balloon placement

Systemic medication

• MTX single or multiple doses
• Etoposide (not in the USA)

Combination of the above treatments

FH +

CSP

No FH

Recheck q 3 days.

No FH after 3 scans
or at 7 wks by

reliable dating.

Follow hCG until
zero! Do last US

exam.

Evidence-based counseling.

Patient requests TOP. Patient continues
pregnancy.

Provide bleeding
precautions.

Manage by
multidisciplinary team.

Deliver by C/S at Ob
indicated age. Be prepared
for cesarean hysterectomy.

Select treatment that
stops heart activity with

no or least delay.

After treatment: weekly 
hCG until zero. Scan by

gray scale & Doppler. If no
excision was done: watch

for possible AVM.

Figure 32.13 Triage and management of patients with CSP by the presence or absence of fetal heartbeat (FH). (From Timor-
Tritsch IE, In: Abramowicz JS, ed., First-Trimester Ultrasound. Switzerland: Springer, 2015. With permission.)
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SECONDARY TREATMENTS
As mentioned before, in cases of postprocedure bleeding 
or at times even prophylactically an 8- to 10-French silicon 
Foley catheter with an inflatable balloon volume capacity 
of 5–30 mL can be inserted.35 The catheter is inserted by 
exposing the cervix by a speculum and using a sponge for-
ceps once in the cervix, the speculum is removed and the 
catheter is advanced under transvaginal US guidance.

The balloon is inflated under real-time observation until 
the pressure compresses the sac. This usually stops the 
bleeding or if it was electively inserted it prevents bleed-
ing. Patients can be discharged home with the Foley left 
in place for 1–6 days. They may shower and do not need 
bed rest. Single balloon Foley catheters may slip out neces-
sitating reinsertion if bleeding is still occurring. Patients 

during the resolution of the CSP may experience some 
spotting; however, this does not necessary require any 
secondary treatment. However, should severe bleeding 
occur and cause a drop in the hematocrit or if the patient 
becomes symptomatic, a secondary treatment may be nec-
essary. UAE may be the best treatment in these cases.

SUBSEQUENT PREGNANCY
The risk of a recurrent CSP has been estimated to be 1% 
of all CSP. In a recent study among eight patients with a 
prior history of a CSP, two (25%) had a recurrent CSP.10

Gupta et al.2 reported on a patient with four recurrent 
live CSP all treated with intragestational sac injection of 
MTX. Subsequently, this patient returned with a fifth CSP; 
however, this time the patient decided to continue the 

(a)

B

 (b)

B

 (c)

B

(d)  (e)

FB
FB

Sagittal Transverse

(f )  (g)  (h)

Figure 32.14 CSP before and after minimally invasive treatment using intragestational MTX injection and Foley balloon cath-
eter to prevent bleeding (B: bladder). (a) The placenta of the CSP is seen in the area of the scar. (b) The CSP is bulging into the bladder. 
(c) Using color Doppler, the vessels of the placenta are seen almost penetrating into the bladder. (d) The needle (long arrow) and 
the prophylactically inflated balloon (arrow). (e) Enlarged sagittal and transverse images of the compressed gestational sac (long 
arrows) by the Foley balloon (FB) seen at the end of the treatment. (f) One-and-a-half hours after the procedure the FB (long arrow) 
is seen filling the niche. The remnants of the gestational sac appear as a bright echogenic line (small arrow). (g) After the Foley was 
removed the gestational sac is no longer visible on this gray-scale image. (h) Color Doppler after removal of the Foley demonstrates 
the vascularity of the injected area.
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pregnancy. This pregnancy was complicated by a placenta 
previa and MAP. The patient delivered a near-term live-
born neonate by cesarean hysterectomy and the histology 
confirmed the presence of placenta percreta (unpublished).

Qian et al.37 reported on how to identify risk factors for 
recurrent CSP. In their study, which was carried out in 
China, they found that having a history of delivering in rural 
community hospitals had an OR of 4.75, a thinner lower 
uterine segment of ≤5 mm had an OR of 7.10, a gestational 
sac bulging into the uterovesical fold an OR of 6.25, history 
of irregular vaginal bleeding or lower abdominal pain in 
an earlier CSP had an OR of 3.52, and an early termination 
≤56 days of the first CSP had an OR of 5.85; all were risk 
factors for recurrent CSP. Although all of these risk factors 
that they identified may not be true in other countries, thin-
ner lower uterine segment, a gestational sac bulging into the 
uterovesical fold, and a prior CSP should all raise flags and 
result in close monitoring of the index pregnancy.

THE DILEMMA OF TWINS WITH A CSP
Twins in which one twin is in the uterus and the other is in 
the cesarean section scar have been described. Many refer 
to these types of pregnancies as heterotopic scar pregnan-
cies. These pregnancies are very rare and have been seen 
after assisted reproduction techniques. In the literature, 
there are only case reports describing these pregnancies. 
They have been managed mostly by selective injection of 
the CSP by local intragestational injection of KCl or by 
laparoscopic or hysteroscopic excision of the CSP.38–41 In 
most cases, the intrauterine pregnancy can be preserved 
after treatment and delivery of near term or term neonate. 
In addition, similar to the counseling that a patient with 
single CSP is given conservative management of the twin 
pregnancy with a CSP can be offered to the patient after 
extensive risk/benefit counseling. Kim et al.42 reported on 
the successful delivery of a twin pregnancy after the diag-
nosis of a CSP and intrauterine pregnancy had been made 
at 5 weeks. The pregnancy progressed to 37 weeks’ gesta-
tion with a low-lying placenta previa; the patient delivered 
by elective cesarean section at term and at the time of the 
delivery the bladder was noted to be severely adherent 
to the lower uterine segment and the placenta was bulg-
ing toward the vesicoperitoneal reflection. After delivery 
of the twins, bleeding ensued which was managed by the 
complete excision of the anterior lower uterine segment 
along with bilateral uterine arteries ligation; pathology 
revealed a placenta accreta.42

CONCLUSION
The goal of this chapter was to bring CSP to the forefront 
and offer the obstetrician useful information about this 
condition. CSPs are increasing in number. This increase 
parallels the increasing number of CDs. The most impor-
tant issue regarding CSP is to establish the diagnosis early 
in order for the patient to be adequately counseled and 
undertake appropriate management of the CSP. There is 
growing evidence that patients with CSP who desire to 
continue the pregnancy can and in many cases succeed to 

deliver a living neonate; however, as mentioned before since 
CSP is a precursor of MAP, most of these patients will face 
the complications related to MAP and may undergo hyster-
ectomy. At this point, evaluation of the prior CD scar before 
the subsequent pregnancy is not routinely performed; how-
ever, given the growing information about the CD scar and 
the relative high prevalence of small as well as large niches 
or dehiscences it may become imperative to assess the CD 
scars before the next planned pregnancy and definitely very 
early in a subsequent pregnancy. A practical advice to prac-
ticing obstetricians, midwives, and nurse practitioners is 
that when they discharge a patient after a CD, they should 
emphasize that at the very beginning of a subsequent preg-
nancy (5–6–7 weeks) they should present for a TVS scan 
to evaluate the location of the pregnancy. Surely most of 
these pregnancies will be intrauterine; however, if a CSP is 
diagnosed early, they can make an informed and evidence-
based decision to continue or terminate the pregnancy.

REFERENCES
1. Timor-Tritsch IE, Monteagudo A, Santos R, et al. 

The diagnosis, treatment, and follow-up of cesarean 
scar pregnancy. American Journal of Obstetrics and 
Gynecology 2012; 207: 44e1–13.

2. Gupta S, Pineda G, Rubin S, Timor-Tritsch IE. 
Four consecutive recurrent cesarean scar pregnan-
cies in a single patient. Journal of Ultrasound in 
Medicine: Official Journal of the American Institute 
of Ultrasound in Medicine 2013; 32: 1878–1880.

3. Hamilton BE PhD, Martin JA, Osterman M MHS, 
Curtain S MA. Births: Preliminary data for 2014. 
National Vital Statistics Reports: From the Centers 
for Disease Control and Prevention, National Center 
for Health Statistics, National Vital Statistics System
2015; 64: 1–19.

4. Taffel SM, Placek PJ, Liss T. Trends in the United 
States cesarean section rate and reasons for the 
1980–1985 rise. American Journal of Public Health 
1987; 77: 955–959.

5. Spong CY, Berghella V, Wenstrom KD, et al. 
Preventing the first cesarean delivery: Summary of 
a joint Eunice Kennedy Shriver National Institute 
of Child Health and Human Development, Society 
for Maternal-Fetal Medicine, and American 
College of Obstetricians and Gynecologists 
Workshop. Obstetrics and Gynecology 2012; 120: 
1181–1193. 

 6. Timor-Tritsch IE, Monteagudo A, Cali G, et al. 
Cesarean scar pregnancy is a precursor of morbidly 
adherent placenta. Ultrasound in Obstetrics and 
Gynecology: The Official Journal of the International 
Society of Ultrasound in Obstetrics and Gynecology 
2014; 44: 346–353.

 7. Timor-Tritsch IE, Khatib N, Monteagudo A, et al. 
Cesarean scar pregnancies: Experience of 60 cases. 
Journal of Ultrasound in Medicine: Official Journal 
of the American Institute of Ultrasound in Medicine 
2015; 34: 601–610.

  



References 447

8. Timor-Tritsch IE, Monteagudo A. Unforeseen conse-
quences of the increasing rate of cesarean deliveries: 
Early placenta accreta and cesarean scar pregnancy. A 
review. American Journal of Obstetrics and Gynecology
2012; 207: 14–29. 

 9. Seow KM, Huang LW, Lin YH, et al. Cesarean scar 
pregnancy: Issues in management. Ultrasound in 
Obstetrics and Gynecology: The Official Journal of the 
International Society of Ultrasound in Obstetrics and 
Gynecology 2004; 23: 247–253. 

 10. Maymon R, Svirsky R, Smorgick N, et al. Fertility 
performance and obstetric outcomes among women 
with previous cesarean scar pregnancy. Journal 
of Ultrasound in Medicine: Official Journal of the 
American Institute of Ultrasound in Medicine 2011; 
30: 1179–1184.

 11. Rheinboldt M, Osborn D, Delproposto Z. Cesarean 
section scar ectopic pregnancy: A clinical case series. 
Journal of Ultrasound 2015; 18: 191–195. 

 12. Monteagudo A, Carreno C, Timor-Tritsch IE. Saline 
infusion sonohysterography in nonpregnant women 
with previous cesarean delivery: The “niche” in the 
scar. Journal of Ultrasound in Medicine: Official 
Journal of the American Institute of Ultrasound in 
Medicine 2001; 20: 1105–1115. 

 13. Osser OV, Jokubkiene L, Valentin L. High preva-
lence of defects in Cesarean section scars at trans-
vaginal ultrasound examination. Ultrasound in 
Obstetrics and Gynecology: The Official Journal of the 
International Society of Ultrasound in Obstetrics and 
Gynecology 2009; 34: 90–97.

 14. Bij de Vaate AJ, van der Voet LF, Naji O, et al. 
Prevalence, potential risk factors for development 
and symptoms related to the presence of uter-
ine niches following cesarean section: Systematic 
review. Ultrasound in Obstetrics and Gynecology: 
The Official Journal of the International Society of 
Ultrasound in Obstetrics and Gynecology 2014; 43: 
372–382.

 15. Timor-Tritsch I, Arslan A, Monteagudo A, Cali G, 
Refaey HE. How to avoid misdiagnosis of cesar-
ean scar pregnancy: An easy method for sono-
graphic differentiation of the 5–10 completed 
weeks intrauterine and cesarean scar pregnancies. 
Unpublished.

 16. Timor-Tritsch IE, Monteagudo A, Mandeville 
EO, et al. Successful management of viable cervi-
cal pregnancy by local injection of methotrexate 
guided by transvaginal ultrasonography. American 
Journal of Obstetrics and Gynecology 1994; 170: 
737–739.

 17. Comstock CH, Bronsteen RA. The antenatal diag-
nosis of placenta accreta. BJOG: An International 
Journal of Obstetrics and Gynaecology 2014; 121: 171–
181; discussion 81–82. 

 18. Godin PA, Bassil S, Donnez J. An ectopic pregnancy 
developing in a previous caesarian section scar. 
Fertility and Sterility 1997; 67: 398–400. 

 19. Vial Y, Petignat P, Hohlfeld P. Pregnancy in a cesar-
ean scar. Ultrasound in Obstetrics and Gynecology: 
The Official Journal of the International Society of 
Ultrasound in Obstetrics and Gynecology 2000; 16: 
592–593. 

 20. Seow KM, Hwang JL, Tsai YL. Ultrasound diagnosis 
of a pregnancy in a Cesarean section scar. Ultrasound 
in Obstetrics and Gynecology: The Official Journal of 
the International Society of Ultrasound in Obstetrics 
and Gynecology 2001; 18: 547–549. 

 21. Michaels AY, Washburn EE, Pocius KD, et al. 
Outcome of cesarean scar pregnancies diagnosed 
sonographically in the first trimester. Journal of 
Ultrasound in Medicine: Official Journal of the 
American Institute of Ultrasound in Medicine 2015; 
34: 595–599. 

 22. Ballas J, Pretorius D, Hull AD, et al. Identifying sono-
graphic markers for placenta accreta in the first tri-
mester. Journal of Ultrasound in Medicine: Official 
Journal of the American Institute of Ultrasound in 
Medicine 2012; 31: 1835–1841. 

 23. American College of O, Gynecologists. ACOG 
Practice Bulletin No. 94: Medical management of 
ectopic pregnancy. Obstetrics and Gynecology 2008; 
111: 1479–1485. 

 24. Barnhart KT, Gosman G, Ashby R, Sammel M. The 
medical management of ectopic pregnancy: A meta-
analysis comparing “single dose” and “multidose” 
regimens. Obstetrics and Gynecology. 2003 ; 101: 
778–784. 

 25. Yin XH, Yang SZ, Wang ZQ, et al. Injection of 
MTX for the treatment of cesarean scar preg-
nancy: Comparison between different methods. 
International Journal of Clinical and Experimental 
Medicine. 2014; 7: 1867–1872.

 26. Uysal F, Uysal A, Adam G. Cesarean scar pregnancy: 
Diagnosis, management, and follow-up. Journal 
of Ultrasound in Medicine: Official Journal of the 
American Institute of Ultrasound in Medicine 2013; 
32: 1295–1300. 

 27. Berhie SH, Molina RL, Davis MR, et al. Beware 
the scar: Laparoscopic hysterectomy for 7-week 
cesarean delivery scar implantation pregnancy. 
American Journal of Obstetrics and Gynecology 
2015; 212: 247 e1–2.

 28. Shao MJ, Hu M, Hu MX. Conservative manage-
ment of cesarean scar pregnancy by local injection of 
ethanol under hysteroscopic guidance. International 
Journal of Gynaecology and Obstetrics: The Official 
Organ of the International Federation of Gynaecology 
and Obstetrics 2013; 121: 281–282. 

 29. Nguyen-Xuan HT, Lousquy R, Barranger E. 
[Diagnosis, treatment, and follow-up of cesarean scar 
pregnancy]. Gynecologie, Obstetrique and Fertilite 
2014; 42: 483–489. 

 30. Pang YP, Tan WC, Yong TT, et al. Caesarean section 
scar pregnancy: A case series at a single tertiary cen-
tre. Singapore Medical Journal 2012; 53: 638–642. 

  



448 Cesarean scar pregnancy

31. Seow KM, Wang PH, Huang LW, Hwang JL. 
Transvaginal sono-guided aspiration of gestational 
sac concurrent with a local methotrexate injection 
for the treatment of unruptured cesarean scar preg-
nancy. Archives of Gynecology and Obstetrics 2013; 
288: 361–366.

32. Yamaguchi M, Honda R, Uchino K, et al. Transvaginal 
methotrexate injection for the treatment of cesarean 
scar pregnancy: Efficacy and subsequent fecundity. 
Journal of Minimally Invasive Gynecology 2014; 21: 
877–883. 

33. Timor-Tritsch IE, Cali G, Monteagudo A, et al. Foley 
balloon catheter to prevent or manage bleeding dur-
ing treatment for cervical and cesarean scar preg-
nancy. Ultrasound Obstet Gynecol 2015; 46: 118–123.

 34. Timor-Tritsch IE, Monteagudo A, Bennett TA, et al. 
A new minimally invasive treatment for cesarean 
scar pregnancy and cervical pregnancy. Am J Obstet 
Gynecol 2016; 215: 351.

 35. Timor-Tritsch IE, Cali G, Monteagudo A, et al. Foley 
balloon catheter to prevent or manage bleeding dur-
ing treatment for cervical and Cesarean scar preg-
nancy. Ultrasound in Obstetrics and Gynecology: 
The Official Journal of the International Society of 
Ultrasound in Obstetrics and Gynecology 2015; 46: 
118–123. 

 36. Capmas P, Bouyer J, Fernandez H. Treatment of ecto-
pic pregnancies in 2014: New answers to some old 
questions. Fertility and Sterility 2014; 101: 615–20. 

 37. Qian ZD, Guo QY, Huang LL. Identifying risk 
factors for recurrent cesarean scar pregnancy: A 

case-control study. Fertility and Sterility 2014; 102: 
129–134 e1. 

 38. Ugurlucan FG, Bastu E, Dogan M, et al. 
Management of cesarean heterotopic pregnancy 
with transvaginal ultrasound-guided potassium 
chloride injection and gestational sac aspiration, 
and review of the literature. Journal of Minimally 
Invasive Gynecology 2012; 19: 671–673. 

 39. Demirel LC, Bodur H, Selam B, et al. Laparoscopic 
management of heterotopic cesarean scar pregnancy 
with preservation of intrauterine gestation and deliv-
ery at term: Case report. Fertility and Sterility 2009; 
91: 1293 e5–7. 

 40. Wang CJ, Tsai F, Chen C, Chao A. Hysteroscopic 
management of heterotopic cesarean scar pregnancy. 
Fertility and Sterility 2010; 94: 1529 e15–18. 

 41. OuYang Z, Yin Q, Xu Y, et al. Heterotopic cesarean 
scar pregnancy: Diagnosis, treatment, and prog-
nosis. Journal of Ultrasound in Medicine: Official 
Journal of the American Institute of Ultrasound in 
Medicine 2014; 33: 1533–1537. 

 42. Kim ML, Jun HS, Kim JY, et al. Successful full-term 
twin deliveries in heterotopic cesarean scar preg-
nancy in a spontaneous cycle with expectant man-
agement. The Journal of Obstetrics and Gynaecology 
Research 2014; 40: 1415–1419. 

  



449

33Anesthetic procedures in obstetrics
JOEL MANN YARMUSH, JONATHAN DAVID WEINBERG, and SOHEILA JAFARI

Obstetric anesthesia is a subspecialty with many unique 
features not found in other areas of anesthetic practice. 
The altered physiology of pregnancy increases the risk of 
anesthetic morbidity in otherwise healthy patients. In addi-
tion, the obstetric population increasingly includes older 
and sicker patients, further complicating their anesthetic 
management. Often, labor management decisions directly 
affect anesthesia requirements and vice versa. Each patient’s 
labor course may suddenly require emergency surgical 
intervention with accompanying anesthetic considerations. 
Obstetricians and anesthesiologists must coordinate plans 
for management in order to facilitate delivery, while mini-
mizing the risk to the mother. It behooves every obstetri-
cian to become aware of the benefits, alternatives, and risks 
of obstetric anesthesia procedures.

Procedures covered in this chapter include spinal anes-
thesia for cerclage insertion, general anesthesia for gen-
eral surgery, epidural analgesia for labor and delivery, 
and epidural and general anesthesia for cesarean sections. 
Postoperative pain management techniques, as well as 
aspects of obstetric critical care, will be covered. Fetal sur-
gery procedures will not be covered.

CERCLAGE
A cerclage is usually inserted in the late first or early second 
trimester. Anesthesia for a cerclage may be problematic 

because of the fragile state of the embryo or fetus. A spinal 
anesthetic is generally considered the anesthesia of choice, 
for several reasons.1 Of the possible anesthetic techniques, 
a spinal anesthetic uses the least amount of medication, 
thus reducing the possibility of systemic and teratogenic 
effects from the local anesthetic. Unlike a general anes-
thetic, a spinal anesthetic does not irritate the airways and 
precipitate cough reflexes in the postoperative patient. It 
also seems that the sacral nerve roots, which innervate the 
cervix and vagina, are more easily blocked with a spinal 
than with an epidural anesthetic.

There are different “flavors” of spinal anesthesia. Some 
spinal anesthetics (usually just referred to as a “spinal”) 
can cause major hemodynamic changes in the mother, 
which can affect the uteroplacental blood flow, in turn 
affecting the fetus.2 A spinal anesthetic can block sen-
sation from the chest to the toes with major hemody-
namic consequence or can block the sensation in the 
inner thighs and perineum (the so-called saddle block) 
with minimal hemodynamic consequence, or can block 
anywhere in between those two.3 The local anesthetic 
injected in a spinal canal is often mixed with glucose 
to increase its specific gravity so that it is greater than 
that of cerebrospinal fluid (CSF; the term “hyperbaric” is 
used to indicate a greater specific gravity than CSF). This 
enables you to use gravity to control the spread of the 
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450 Anesthetic procedures in obstetrics

anesthetic within the spinal canal, much as a bartender 
uses gravity to control where the grenadine syrup goes 
in a tequila sunrise. If you perform the spinal procedure 
in the sitting position and lay the patient down, the local 
anesthetic spreads cephalad, generally settling at the 
central portion of the thoracic kyphosis. If you keep the 
person sitting upright for about 15 minutes after injec-
tion, the spinal injectate will become confined to the por-
tion of the spinal canal inferior to the lumbar lordosis, 
resulting in a saddle block that leaves the rest of the body 
unanesthetized. The dermatomal innervation of the cer-
vix is such that regardless of the type of spinal (i.e., saddle 
block or regular spinal anesthetic) procedure, the cervix 
is certain to be anesthetized, although a saddle block will 
potentially fail to block the pudendal nerve, which arises 
from L1 and L2. A cerclage may be facilitated by letting 
the patient sit for a somewhat shorter period of time to 
allow some blockade of the lumbar dermatomes.

In Yoon, Hong, and Kim’s randomized controlled 
study,4 the investigators found no change in pre- and post-
cerclage serum oxytocin level that could be attributed to 
either a regional or general anesthetic technique; simi-
larly, anesthetic technique did not seem to be significantly 
related to increased uterine activity in the immediate post-
operative period.

Procedure

The spinal anesthetic is usually performed in the sitting 
position. It can be performed in the lateral position but it 
is technically more difficult, particularly if a saddle block 
is contemplated (Figure 33.1).

Let’s start with sterility. We stick needles everywhere 
with just a quick swipe of the skin with an alcohol swab. 
This degree of antisepsis may be adequate for placement of 
an intravenous (IV) catheter, but the veins contain swarms 
of leukocytes which will destroy any stray microbes that 
may be accidentally injected. In the case of a spinal pro-
cedure, the injection is going into the CSF, beyond the 
blood–brain barrier. There is no swarm of leukocytes—
just a warm liquid with a little bit of sugar and some elec-
trolytes. In other words, the CSF makes a terrific bacterial 
growth medium. Consequently, strict asepsis is of para-
mount importance.5

The patient should be seated on a flat surface, with the 
knees elevated a bit by placing her feet on a stool or tilt-
ing the table backward. Her gown or other clothes should 
be secured out of the way. The patient’s back must be first 
cleaned of any obvious surface dirt and then scrubbed with 
a sterilizing solution. Povidone iodine works just fine but 
becomes effective only after it has dried. Apply it widely 
to the lower back and let it dry by evaporation. Blotting or 
wiping it dry defeats the purpose. A sterile gown is prob-
ably not necessary but sterile gloves, a mask, and a hat for 
both practitioner and patient are.

While the povidone iodine is drying (applying the prep 
solution first is most efficient), draw up your medications 
from a kit. The medication selected for the spinal is depen-
dent on the time needed for the procedure. A cerclage is 
usually a relatively short procedure, and the drug most 
often used in the past was lidocaine. Over the last several 
years, lidocaine spinals have fallen out of favor because 
of reports of transient neurologic syndrome (TNS).6,7

Figure 33.1 Spinal anesthesia. (Courtesy of  JJ Rudisill.)
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The most common alternative medication to lidocaine is 
bupivacaine. The effects of a bupivacaine spinal will last 
longer than a lidocaine spinal, which may be disturbing 
to the patient and result in an inefficient use of Recovery 
Room resources. Another alternative is tetracaine whose 
effects last even longer than bupivacaine.

In our practice a third alternative is the charm, namely 
meperidine. Meperidine is an opioid with local anesthetic 
properties (one of the authors disagrees, insisting on call-
ing it a local anesthetic with opioid properties).8 Its local 
anesthetic properties are short-lived but should be suffi-
cient for a cerclage (~45 minutes). It can be added to glu-
cose to make it hyperbaric and can be prolonged with the 
addition of a small amount of epinephrine (we use 100 
µg of epinephrine for this purpose). In our experience, 
meperidine often gives a block that, relative to a lidocaine 
spinal, features a motor block and hypotension that are 
often reduced and delayed. In other words, although the 
sensory block is present after 5 minutes or so, the patient 
may not lose strength in her legs for 15 or 20 minutes, or 
not at all. There is also more pruritus and nausea with a 
meperidine spinal than there is with a lidocaine spinal but, 
on the upside, there is enhanced postoperative analgesia.

Another alternative is to abandon the hyperbaric spi-
nal altogether and use an isobaric solution instead. This 
involves injecting a local anesthetic—usually lidocaine—
that has a similar specific gravity to CSF, and there-
fore largely stays where it is placed. This places a greater 
importance on the specifics of the injection (the direction 
that the aperture of the needle is facing and the speed of 
injection) in determining how high a dermatomal level is 
achieved. TNS seems to be seen more often after a hyper-
baric spinal than an isobaric one.9

Next is the placement of the needle. With the patient sit-
ting on the operating room (OR) bed as before with the legs 
dangling, the patient’s upper body stoops forward to flat-
ten out the lumbar lordosis, increasing the space between 
the spinous processes. This can be achieved by giving the 
patient a pillow to hug, or asking her to push out her back 
like a cat, or to bend forward like she is tying her shoes, or 
any of a number of other ways.

The posterior superior ischial spines are palpated which 
is approximately the level of the L3–L4 interspace. That 
level may be as high as the L2–L3 interspace and should 
set the practical maximum cephalad position of the spi-
nal needle, as the inferiormost extent of the spinal cord is 
essentially never lower than L2. The lumbar intervertebral 
spaces get slightly larger as you move caudad as well.

The skin and subcutaneous tissue is then anesthetized 
with a small amount of lidocaine using a fine needle (e.g., 
25 gauge). This needle may be as long as 1½ inches and can 
also be used to confirm that you are indeed in the inter-
space and to feel for the spinous processes. The layers that 
must be traversed are the skin, subcutaneous fat, supra-
spinous ligament, intraspinous ligament, ligamentum 
 flavum, and the dura.

The spinal needle used should be a 25- to 27-gauge 
“pencil point” needle with an obturator. It was originally 

postulated that the pencil point needle splits the fibers 
rather than cutting them. Electron microscopy seems to 
indicate that trauma from the pencil point needle causes 
swelling, which prevents leakage, which minimizes post-
dural puncture headaches (discussed later).10 Because the 
needles are 3½ inches (and longer if needed) in length, 
a larger gauge 1½ inch introducer needle is usually war-
ranted. Going through the different layers, especially the 
ligamentum flavum and the dura mater can generate a 
classic “pop” sensation. However, this is often not appreci-
ated and is an unreliable marker. The authors recommend 
methodical, incremental advancement of the needle with 
frequent removal of the obturator to visualize the CSF 
flow. Pencil point needles often need to be advanced a bit 
(~1 mm) after the CSF is seen in order to get the entire 
aperture past the dura and into the CSF. The patient sits 
for ~5 minutes after administration of the spinal and is 
then positioned supine with a wedge under the right hip 
to prevent compression of the vena cava by the abdominal 
contents. Compression of the vena cava is a greater issue in 
patients with greater abdominal mass, e.g., third-trimester 
pregnancy or morbid obesity.11,12

GENERAL SURGERY
A woman may need a surgical operation requiring general 
anesthesia during her pregnancy. The safest time for the 
fetus would be during the second trimester. General anes-
thesia may be necessary at other times as well.

A number of pregnancy-related changes of the airway 
and the upper gastrointestinal tract render general anes-
thesia more challenging for the anesthesia provider and 
more dangerous for the patient.13,14 The patient is pre-
sumptively considered to have a “full stomach” for most of 
her pregnancy. That means that she is expected to have a 
greater chance of regurgitation—both active and passive—
and aspiration and that the severity of aspiration would 
be worse. This is due to increased intragastric pressure, to 
a delay in gastric emptying, and to the decrease in tone 
of the lower esophageal sphincter, all of which are asso-
ciated with pregnancy. There is also a greater likelihood 
of having difficulty securing a patient’s airway, as edema 
and increased friability of the tissues of the pharynx and 
larynx may make exposure of the vocal cords by laryn-
goscopy more difficult. Later in pregnancy, the gravid 
uterus displaces the diaphragms cephalad, reducing the 
functional residual capacity of the lungs, and decreasing 
the length of time that the patient can be apneic before 
hypoxia sets in. A rapid sequence induction of a pregnant 
patient is thus fraught with peril and should be attempted 
by the most experienced practitioners with immediate 
availability of all of the necessary special airway manage-
ment equipment (e.g., fiberoptic bronchoscope, jet ventila-
tor, laryngeal mask airway.).15

A question often arises whether the fetus should be 
monitored.16 If circumstances are such that a cesarean sec-
tion (C-section) is a potential option in the event of fetal 
distress, then the fetus should be monitored. A plan must 
be developed ahead of time for the possible C-section and 
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a separate (anesthetic, obstetric, and pediatric/neonatal) 
team must be present. Additionally, if surgical technique 
and equipment might reversibly compromise perfusion of 
the uterus and placenta, then intraoperative fetal monitor-
ing can guide the surgeon to minimize adverse effects on 
the fetus. Finally, the fetal heart monitor can also serve as 
an early warning system for the mother’s well-being.

Procedure

The patient is positioned supine with a wedge underneath 
the right hip to minimize compression of the vena cava. 
The patient’s head should be at the head of the OR table to 
facilitate airway management. She is given high flow 100% 
oxygen by a mask with an occlusive seal to replace the nitro-
gen in her lungs with oxygen. If possible, this preoxygen-
ation should last for around 4 minutes. Alternatively, an 
end-tidal oxygen of 90% or greater can be used to indicate 
that nearly all the nitrogen in her lungs has been replaced 
by oxygen. The anesthesia provider gives an induction agent 
and a rapid-acting neuromuscular blocker (e.g., propofol 
and succinylcholine) in rapid sequence while a second per-
son applies pressure to the cricoid cartilage to indirectly 
occlude the esophagus and prevent passive regurgitation. 
Ideally, laryngoscopy should last no longer than 15 seconds 
and a cuffed endotracheal tube should be seated in the lar-
ynx with the cuff inflated below the vocal cords, protecting 
the trachea from any liquids that may pool in the pharynx. 
A gastric tube should be inserted via either the nose or the 
mouth to decompress the stomach and remove any liquid 
that may have accumulated. The actual anesthetic is simi-
lar to any general anesthetic. Nitrous oxide has been dem-
onstrated to be teratogenic and is associated with a greater 
incidence of fetal loss, and should probably be avoided in 
most circumstances.17 Other inhalational anesthetics have 
not been shown to cause problems. Opioids are considered 
fairly harmless, as the worst side effect, namely transient 
respiratory depression, is not relevant to an embryo or fetus 
that is oxygenated via the placenta.

Because of the danger associated with airway manage-
ment, the authors feel that is best to use regional anes-
thesia whenever possible.18 If general anesthesia must be 
used, there are many new and old aids to help with laryn-
goscopy. The gold standard is a fiberoptic bronchoscope. 
The new and relatively inexpensive videolaryngoscope 
is widely available and user friendly and seems to work 
nearly as well.19,20 Other aids include a jet ventilator to use 
with a needle cricothyroidotomy; laryngeal mask airways, 
of which there are many types; and an esophageal obtura-
tor airway (commonly known as a “Combi-tube”).

ANALGESIA FOR LABOR AND DELIVERY
Pain of the pelvic viscera is carried via autonomic ner-
vous system pathways to the dorsal horn of the spinal cord 
(Figure 33.2). These fibers are thin and unmyelinated, and 
transmission is easily blocked with dilute local anesthetic 
solutions at the appropriate level.

In the first stage of labor, pain is caused by uterine con-
tractions, cervical dilation, and distention of the lower 

uterine segment. Action potentials conveying the infor-
mation about these painful stimuli travel via sympathetic 
fibers at the T10–Ll dermatomes. A bilateral selective 
sympathetic block of these dermatomes would provide 
analgesia for this stage but is generally impractical. A 
paracervical block could also provide analgesia for this 
stage, but it has its own drawbacks, namely rapid absorp-
tion of anesthetics and the risk of injection into the fetus.21

A lumbar epidural block, hereafter known simply as an 
epidural block, typically is administered at the L3–L4 level 
and can easily be used to deliver analgesic medications to 
the T10–L1 dermatomal level.22

In the second stage of labor, pain is caused by the above 
factors, but additionally by distention of the vagina and 
perineum as the fetus descends. These additional pain 
impulses travel via S2–S4 parasympathetic fibers. A 
pudendal block could provide analgesia for most, but not 
all, of the pain during this stage.23 The epidural block may 
require additional volume or additional concentration to 
affect analgesia at these lower levels, but it can usually pro-
vide complete analgesia for this stage.24 A caudal block, 
which is an epidural block inserted at the space between 
the sacrum and the coccyx, can also be used for the sec-
ond stage of labor, although it has fallen out of favor in the 
Western world.

Procedure

Insertion of an epidural is similar to a spinal anesthetic in 
many ways. It is usually performed in the sitting position 
and the landmarks and sterile technique are the same. It 
can be performed in the lateral position but it is techni-
cally easier to do with the patient sitting (Figure 33.3).

The epidural needle is usually a blunt large bore nee-
dle with an obturator that is inserted into the space just 

Figure 33.2 Autonomous nerve pathways for noxious 
stimuli.
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outside the dura. A catheter can be introduced to facilitate 
multiple dosing. The placement of the needle is usually 
aided by the loss of resistance technique. The epidural 
needle with obturator is first placed through the sterilized 
skin and subcutaneous tissue into the supraspinous liga-
ment. At this point, the obturator is removed and a syringe 
with normal saline or air is connected to the needle.25 The 
plunger of the syringe is lightly tapped and the resistance 
to injection of the fluid in the syringe is noted. The needle 
and syringe are incrementally advanced together, and the 
plunger is tested again to assess resistance. Intermittent 
advancement and resistance testing continue through the 
intraspinous ligament and the ligamentum flavum—where 
the resistance to both advancing the needle and injecting 
the fluid increases. When the needle tip passes beyond the 
ligamentum flavum, the injection of normal saline or air 
no longer encounters significant resistance. This loss of 
resistance signifies that the needle is in the epidural space. 
The syringe is carefully removed and a flexible epidural 
catheter is advanced through the needle. Once the needle 
has been removed, the catheter can be secured in place and 
capped. The catheter can be used for multiple dosing of the 
neuraxial block.

Alternatively, after inserting the needle into the epidural 
space but before inserting the epidural catheter, a fine pen-
cil point spinal needle can be inserted down the barrel of 
the epidural needle and placed through the dura and into 
the subarachnoid space. A spinal anesthetic can be given 
through this pencil point needle and, after it is withdrawn, 

the epidural catheter can then be used for multiple dosing. 
This technique is called a combined spinal epidural (CSE) 
(Figure 33.4).26

The dosages of medications used for labor analgesia are 
different than for a cerclage or for a cesarean section. The 
goal is analgesia (i.e., lack of pain) and not anesthesia (i.e., 
lack of all sensation).

Historically, when labor epidural analgesia was intro-
duced, local anesthetics were the only medications that 
were available and known to work when administered in 
the epidural space. Lacking continuous infusion pumps, 
it was considered desirable to use high concentrations of 
local anesthetics, so as to effect analgesia for as long as 
possible. Unfortunately, these high concentrations also 
frequently caused hypotension, weakness of the lower 
extremities, and profound numbness, by virtue of block-
ade of autonomic, motor, and somatic sensory neurons, 
respectively. It is likely that these high concentrations of 
local anesthetics also interfered with maternal expulsive 
efforts during second stage, necessitating operative vagi-
nal deliveries and cesarean sections. Over time, with the 
introduction of continuous infusion pumps and greater 
understanding of adjunctive medications that can be 
administered into the epidural space, it has become possi-
ble to reduce the concentration of local anesthetics greatly. 
It is now possible to combine a very low concentration of 
local anesthetic with a lipophilic opioid and an alpha-2 
adrenergic agonist (most commonly epinephrine) to yield 
an analgesic solution, which causes minimal hypotension 

Figure 33.3 Epidural anesthesia. (Courtesy of JJ Rudisill.)
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and minimal motor and sensory block.27 Indeed, the 
degree of motor and sensory block may be so minimal that 
some of the patients can ambulate short distances while 
this epidural solution is infusing. Such techniques have 

been called “walking epidurals,” although the authors has-
ten to note that the principal advantages of these solutions 
is in the reduced hypotension and the enhanced ability of 
the patient to perform a Valsalva maneuver, and the pos-
sibility of ambulation is more a marketing technique than 
a clinically significant advantage.28

The medications injected as the spinal portion of a labor 
CSE can also be similarly administered in low dose, so as 
to minimize hypotension and motor and sensory blocks.29

Typically, the epidural is attached to a pump, which 
automatically gives a constant flow of the very dilute solu-
tion for as long as the epidural is needed. The pump can 
have a patient controlled aspect, which will allow the 
patient to give occasional small boluses of the very dilute 
solution to make it over any rough spots (more on the 
pump later).

Sometimes the pain is not successfully treated as above 
despite adequate coverage of the corresponding auto-
nomic plane. This may be due to irritation of the body 
wall adjacent to the visceral structures. Impulses of pain-
ful stimuli from these somatic structures are conveyed 
to the spinal cord via somatic sensory fibers. These are 
thicker, myelinated fibers, which are less easily blocked 
and require a more concentrated local anesthetic at the 
appropriate level. Similarly, pain from manipulation of the 
uterus may originate from higher segmental levels inner-
vating the peritoneum (T6–T10). From the dorsal horn, 
the nerve impulse proceeds along ascending pathways to 
higher centers in the brain where pain is ultimately per-
ceived. These impulses may be altered, usually resulting 
in attenuation, via descending pathways from the brain.

Different medications and techniques can affect the path-
way at various points to modify the perception of pain.30

Systemic opioids (endogenous or exogenous) decrease 
painful stimuli indirectly by activating the descending 
pathways. Nonpharmacologic modes, such as the psy-
choprophylactic method of Lamaze, also decrease painful 
stimuli via descending modulation.31 Conversely, anxiety 
and emotional distress may block this modulation, thereby 
increasing the perception of pain. Inhalational agents, such 
as nitrous oxide and the potent halogenated agents, act by 
disrupting transmission of stimuli to the spinal cord and 
between the spinal cord and the brain and by interfering 
with awareness of the pain at the cerebral cortex.

A self-administered 50/50 combination of oxygen and 
nitrous oxide used episodically may be a useful adjuvant 
for labor analgesia. It can be used while waiting for an epi-
dural or CSE. It can also be used to supplement an existing 
epidural. It does cause a greater incidence of nausea and 
vomiting, and overuse may theoretically cause problems 
with the methionine synthetase pathway, but it has been 
successfully used in some institutions.32

Neuraxial (i.e., spinal or epidural) opioids act at opioid 
receptors located in the dorsal horn itself to inhibit trans-
mission of painful stimuli. Alpha-2 agonists, such as cloni-
dine and epinephrine, also modulate painful stimuli via 
receptors in the dorsal horn.33 Thus, opioids and alpha-2 
adrenergic agonists added to epidurally administered 

(a)

(b)

Figure 33.4 (a and b) Combined spinal epidural. (Courtesy 
of JJ Rudisill.)
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solutions work by diffusing across the dura and arachnoid, 
into the CSF, and over to the spinal cord. This epidural 
combination has proven very efficacious in providing sat-
isfactory analgesia. 34–37

Contraindications for epidural (and most other regional) 
blocks include patient refusal, local or widespread infec-
tion, coagulopathy, and hypovolemia. If a bleeding ten-
dency is suspected on the basis of history or physical 
examination, laboratory studies should be obtained before 
placing the block. If no potential bleeding tendency is sus-
pected, no special laboratory studies have to be obtained.38

Intravenous access should be established prior to epidural 
placement. During the onset of an epidural anesthetic, 
sympathetic blockade and resultant vasodilation and 
hypotension may occur quickly if the patient is hypovo-
lemic. Since uterine blood flow is not autoregulated, any 
decrease in systemic blood pressure will cause a decrease 
in the uterine blood flow. If a large decrease occurs, utero-
placental insufficiency may ensue. This should be treated 
promptly with vasopressors. Hydration with 0.5–2 l iso-
osmolar crystalloid without dextrose is suggested before 
and during the initial dose(s) of epidural local anesthet-
ics to blunt the hypotensive effects from vasodilation. 
An ultralight labor epidural produces less vasodilation 
and hypotension. Consequently, fluid preloading may be 
unnecessary if the local anesthetic concentration is suffi-
ciently low. This would also avoid any potential inhibition 
of labor that may be seen with rapid infusion of IV fluids.

CESAREAN SECTION
A planned cesarean section can be scheduled electively, 
hopefully before the patient goes into labor, or can be 
scheduled expeditiously for failed labor, or emergently 
when the patient or the fetus or both are in distress. If 
time permits, a regional anesthetic is generally preferred 
over a general anesthetic.39 In emergency circumstances, 
however, the optimal anesthetic technique will vary from 
case to case. In a 2003 study,40 the investigators noted that 
decision to incision time was a mean of 2.1 minutes faster 
with general anesthesia than with regional anesthesia. 
Additionally, the babies born to regionally anesthetized 
mothers had a pH that was 0.03 lower than the babies born 
to generally anesthetized mothers, although the inves-
tigators allowed that the pH difference may have been a 
consequence of hypotension management with ephedrine, 
which has subsequently been demonstrated to lower fetal 
pH. Whether the harm of the potentially delayed incision 
is offset by the avoidance of complications associated with 
general anesthesia is a decision best left to the clinicians at 
the bedside at the time. Good communication is essential.

Procedure

A spinal or epidural anesthetic for a cesarean section 
requires a higher dermatomal level and a more pronounced 
motor and sensory block than a labor analgesic. The stan-
dard spinal dose administered into the CSF is usually 
enough to block all of the motor and sensory innervation 
to the T6 level, which is adequate for a cesarean section. 

An epidural anesthetic can achieve the same effect, but 
generally takes longer and has a higher failure rate due to 
the risk of an asymmetric or unilateral block.41 For this 
reason, the authors generally use epidural anesthetics only 
for cesarean section patients who already have a preexist-
ing epidural catheter.

General anesthesia may occasionally be necessary and 
is similar to the general anesthetic described above.42

Delivery should be as quick as possible to limit transfer of 
anesthetic drugs to the baby. Other than extreme emer-
gency circumstances, the rapid sequence induction is only 
started after the patient has been prepped and draped and 
all teams (anesthetic, obstetric, pediatric) are ready to pro-
ceed (i.e., scrubbed and gowned etc.).

If labor is unsuccessful or the fetus or the mother or 
both are in distress, and an epidural is present, the epi-
dural analgesia can be converted to epidural anesthesia. 
Converting the analgesic epidural to an epidural anes-
thetic requires a “top off” dose of a more concentrated 
solution.43 There is some controversy as to how long one 
has to stop the dilute solution before instilling the more 
concentrated solution.

Procedure

Chloroprocaine, a fast-acting ester local anesthetic, can 
be used to “top up” the dose. The analgesic dose of local 
anesthetic is stopped as soon as possible once the need 
for a cesarean section is suspected. A total of 15–25 cc 
of 3% chloroprocaine is administered in 5 cc aliquots 
until a T6 dermatomal level is obtained. Adding a small 
amount of bicarbonate to the chloroprocaine is generally 
recommended to hasten the onset of the anesthetic and 
to also render the injection less painful and safer. It was 
once believed that chloroprocaine, an ester local anes-
thetic, would not work well after recent administration 
of lidocaine or bupivacaine, both amide anesthetics, but 
that has proven false. Chloroprocaine is metabolized by 
ester hydrolysis in the plasma with a half-life under 1 min-
ute. Consequently, repeated doses do not accumulate and 
cause systemic toxicity. Similarly, transfer across the pla-
centa to the fetus is not a concern.

Lidocaine is another viable option for the rapid conver-
sion of a labor epidural analgesic to a surgical anesthetic. 
Although it features a rapid onset, it is not quite as rapid 
as choloroprocaine. Additionally, lacking chloroprocaine’s 
rapid metabolism, systemic toxicity and transfer to the 
fetus are realistic concerns. The sympathetic block seen 
with anesthetic doses of a local anesthetic agent may cause 
significant vasodilation and hypotension. Preloading or 
coloading with IV fluids and early or even prophylactic 
treatment with vasopressors may be indicated.44–46

POSTOPERATIVE PAIN MANAGEMENT AFTER C SECTION
Systemic

There are many ways to provide postoperative pain manage-
ment after the cesarean section. The goal is to provide anal-
gesia while allowing normal function. The simplest way is 
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to use systemic analgesics. Most obstetricians are familiar 
with dosing of oral or intramuscular analgesics so we will 
concentrate on IV administration.

Opioids generally give adequate analgesia in a timely 
fashion. However, there are sometimes troubling side 
effects such as pruritis, nausea, vomiting, constipation, etc. 
Still more troubling is respiratory depression. Respiratory 
depression can be avoided by titrating the drug. This 
means giving a small amount of drug every so often and 
watching and waiting for the analgesic vs. respiratory 
depressive effect. This can be time consuming and is often 
impractical. A programmable machine, which allows the 
patient to safely control his or her own drug administra-
tion, is the patient controlled analgesia (PCA) machine. It 
simply administers small amounts of the selected analge-
sic every so often upon the patient’s request. If the patient 
starts to get an excessive dose, she will become too sedated 
to administer more drug before any respiratory depres-
sion sets in, especially if the machine is not programmed 
to administer a continuous infusion of drug. A caveat 
to using a PCA machine is that it is most effective if the 
patient starts using it after they have achieved adequate 
analgesia.

Procedure

The PCA machine can deliver very small volumes (e.g., 
1–2 cc/hour) of drug piggy-backed to a working IV. It can 
deliver a continuous stream of drug or an intermittent bolus 
of drug or both. The intermittent bolus is triggered by the 
patient pressing a button and can only be activated every so 
often (i.e., lockout time). For analgesia, not having a contin-
uous stream of drug prevents possible accumulation when 
drug is not needed, such as during sleep. The intermittent 
boluses allow the patient to adjust analgesia during those 
times of added pain (i.e., walking, moving, etc.). The system 
only works if there is an adequate amount of drug already 
present as the small amounts of additional drug is designed 
to facilitate analgesia while preventing overdose.

Neuraxial

Drugs for analgesia can also be administered neuraxially 
(i.e., via spinal or epidural) for postoperative pain manage-
ment. This type of analgesia has the advantage over sys-
temic medication in avoiding some of the side effects, and 
in placing less of the opioid in the patient’s body, which is 
of particular concern to breastfeeding mothers. The PCA 
machine can now be used as a patient-controlled epidural 
analgesia (PCEA).

Procedure

The PCA machine can also deliver slightly larger volumes 
of drug attached to an epidural catheter. In this instance, a 
continuous dose of drug is used with additional intermit-
tent boluses as desired.

TAP block

A transversus abdominis plane block (TAP) is a fairly 
recent technique, which blocks the sensory innervation 

of the abdominal wall. It is generally used to complement 
PCA in the immediate postoperative period after a gen-
eral anesthetic. 47–49 It provides analgesia to the abdominal 
wall including the intercostal nerves (T7–11), the subcos-
tal nerve (T12) and the iliohypogastric and ilioinguinal 
nerves (L1). It does not provide analgesia to structures 
within the peritoneal cavity. Dilute local anesthetic solu-
tions are recommended to avoid systemic toxicity, since 
the block usually requires a large volume (Figure 33.5).

Procedure

This block is best accomplished by ultrasound guidance 
but can be performed without it (although it not recom-
mended). The operator stands to the side of the patient and 
inserts the block needle at the midaxillary line between 
the lower costal margin and the iliac crest. After visualiza-
tion, careful aspiration, and test injection, approximately 
20 cc of a solution of local anesthetic is injected between 
the internal oblique and transverse abdominis muscle lay-
ers. The block is then repeated on the contralateral side.

CRITICAL CARE
Postdural puncture headache (PDPH) is often an incapaci-
tating situation.50 The incidence is nearly 100% if there is a 
puncture of the dura with an epidural needle in a woman 
of childbearing potential. The incidence is much lower 
(0–2%) if a small pencil point needle is used for a spinal.51

The pathophysiology is not fully understood, but it is gen-
erally thought that a CSF leak leads to low intracranial 
pressure, which leads to irritation of the meningeal ves-
sels.52 The sine qua non of this headache is that it is pos-
tural in nature. Sitting or standing worsens the headache 
while lying supine relieves the symptoms almost immedi-
ately. Hydration and/or systemic methylxanthines can be 
used to temporarily relieve symptoms, but placing autol-
ogous blood in the epidural space near the presumptive 
leak (i.e., epidural blood patch) is the definitive solution. 
This blood seems to stop any further leak and increases 
pressure in the CSF, which relieves the headache nearly 
immediately. The timing of the blood patch is somewhat 
controversial.53–56 The authors feel that it is best done 

Figure 33.5 TAP block. (Courtesy of JJ Rudisill.)
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prophylactically if there is a tear from epidural needle but 
should be done only if there are symptoms when a fine pen-
cil point spinal needle is used. There is some controversy 
as to the administration of autologous blood in patients 
with blood borne pathogens (i.e., bacteremia, AIDS, etc.). 
An allogeneic blood patch or a patch with other materials 
such as hetastarch has also been used successfully.57

Procedure

An epidural blood patch can be done as a one-person pro-
cedure or as a two-person procedure. The patient is placed 
in the lateral position with her head and lower extremities 
flexed as much as possible. In the two-person technique, 
one operator prepares to withdraw autologous blood using 
strict aseptic technique while the second operator places 
the epidural needle in a near but different location than 
the initial insertion; 20 cc of venous blood is sterilely and 
slowly injected through the epidural needle. In the one-
person technique, an epidural catheter is inserted, then 
the patient is repositioned supine, and the venous blood 
is aseptically drawn and injected into the epidural cath-
eter. It can be surprisingly difficult to inject blood into an 
epidural catheter. Sometimes the injection must be termi-
nated before the full 20 cc is injected because the patient 
experiences an excess of pressure in the spinal column or 
because the blood has clotted in the syringe. The authors 
have had success after injecting as little as 11 cc in an epi-
dural blood patch. Finally, care must be taken to avoid 
injecting the blood into the subarachnoid space, as this is 
very poorly tolerated by most patients.

In either case, after the blood is injected, the epidural 
catheter or needle is removed and the patient is placed in 
semi-Fowler’s position for 45 minutes to an hour. If the 
headache is significantly improved and lower extremity 
function is normal, the patient may be discharged with 
instructions to avoid vigorous physical activity for 2 weeks, 
and to seek emergency care in case of any fever, severe stiff 
neck, or unusual neurological phenomena.

Critical care for obstetric patients with coexisting 
diseases usually requires a preoperative assessment of 
whether any invasive monitoring is warranted and of 
when or if a regional anesthetic can be given. Preeclampsia 
is unique to pregnant women and will used as an example 
of what considerations are necessary to care for a critical 
care patient.58

In preeclampsia, anesthesia personnel are confronted 
with a hypertensive, intravascularly depleted patient 
who is very sensitive to cardiovascular insult and who 
teeters between hypovolemia and congestive heart fail-
ure. Painful uterine contractions cause an increase in 
catecholamine secretion and a decrease in uteroplacental 
perfusion. This can be magnified in the already tenuous 
preeclamptic patient. For this and other previously stated 
reasons, lumbar epidural analgesia is indicated. All pre-
eclamptic patients with normal bleeding and coagulation 
times should benefit from epidural analgesia for labor 
and delivery, or anesthesia for cesarean section, unless 
otherwise contraindicated. Anesthesia personnel must 

maintain a low threshold for placement of invasive moni-
toring in the severe preeclamptic patient. Usually, arterial 
and central venous catheters are sufficient. Placement of 
a pulmonary artery catheter may occasionally be needed, 
but is associated with increased morbidity. The benefits 
of such a procedure must be weighed against its asso-
ciated risks. If induction of general anesthesia (GA) is 
planned, short-acting IV antihypertensive drugs may be 
necessary to prevent excessive increases in blood pres-
sure. Sodium nitroprusside, nitroglycerine, labetalol, or 
esmolol limited to very short periods of time should have 
little adverse effect on the newborn.

Magnesium sulfate is the anticonvulsant of choice in 
the United States for seizure prophylaxis in the preeclamp-
tic patient.59 An inadvertent overdose may cause severe 
cardiac and respiratory depression requiring intubation, 
ventilatory support, and possibly cardiopulmonary resus-
citation (CPR). Calcium can be used to competitively 
antagonize the magnesium.

SUMMARY
The obstetric patient population has become older and 
more medically complicated over the past several decades. 
Despite this, maternal morbidity and mortality attribut-
able to obstetric anesthesia have declined, even as more 
patients require or request anesthetic interventions. This 
may be attributable to many factors, including a greater 
understanding of the causes of morbidity, improved moni-
toring, better medications, a reduction in the use of rela-
tively risky techniques such as GA, and enhancement of 
the safety and efficacy of epidural analgesia.

Changing attitudes may also have contributed to 
enhanced patient safety in the labor and delivery suite. 
As obstetricians and anesthesiologists developed appre-
ciation of, understanding of, and respect for one another’s 
concerns, they have become more effective partners in 
delivering optimal care for the patients they serve.
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34Cardiac monitoring in pregnancy
TORRE L. HALSCOTT and ARTHUR JASON VAUGHT

INTRODUCTION
Cardiac monitoring, invasive or otherwise, has as its goal 
the reliable ascertainment of the current physiology, as well 
as any pathology, of the patient’s heart. The simplest tech-
nique is a thorough auscultation via stethoscope and should 
be employed regardless of the level of other care that is avail-
able. Beyond this initial evaluation, numerous clinical fac-
tors may lead to the utilization of the many various methods 
to gather further insight into the correct diagnosis and ideal 
management of cardiac lesions in the pregnant patient.

PHYSIOLOGICAL CARDIOVASCULAR CHANGES IN 
PREGNANCY
The normal increases in cardiac output during pregnancy 
are predominantly related to increasing heart rate, which 
progresses throughout gestation. Contrasting with this the 
stroke volume decreases slightly on average, as a function 
of the increased basal pulse rate. Additionally, overall 
blood volume is augmented by 30%–50%, with the peak 
occurring around 28–32 weeks of pregnancy.1,2 Dyspnea 
of pregnancy, lower extremity edema, and some degree 
of exercise intolerance are all very commonly reported 
symptoms, particularly in the latter second and third 

trimesters. These complaints may mimic those of cardiac 
decompensation, however, and should prompt further 
investigation if there is clinical suspicion. Assessment for 
hypertensive disorders germane to pregnancy, such as ges-
tational hypertension and preeclampsia, is an important 
consideration in such patients as well and may be the first 
presentation of an otherwise suboptimally treated patient 
with chronic hypertension. Such cases may portend sub-
stantial cardiac strain and must be identified as separate 
from healthy women with similar initial presentations.

NONINVASIVE CARDIAC MONITORING IN PREGNANCY
Electrocardiogram

Studies originating as early as the 1960s sought to deter-
mine if pregnancy status alters the electrocardiogram (EKG) 
assessment.3 These, and other investigations, found that 
common EKG abnormalities are present, such as Q-waves 
in leads II, III, or aVF, and/or ST segment elevation in infe-
rior leads in one-third of healthy, asymptomatic women 
during early pregnancy, as well as T-wave inversions in 
100% of women in the latter half of gestation (Figure 34.1).4
Arrhythmias occur frequently in labor also, with over 82% 
of parturients experiencing some abnormal rhythm during 
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this event.5 In the absence of pathology or symptomatol-
ogy, however, these are rarely of clinical importance.  
The EKG remains a cornerstone of evaluation when a 
potential cardiac concern is present during pregnancy 
however, and ongoing continuous telemetry is a valuable 
adjunct in patients with known pathology. An outpatient 
correlate for assessment of palpitations is the three to 
seven lead “Holter” monitor worn over the course of one 
to several days or a newer device that utilizes a one lead 
cardiac assessment tool that may be employed in a simi-
lar manner for up to 2 weeks. These methods appear to 
function as well in pregnant women as in the nonpregnant 
population.6,7

X-ray and radiography

Chest X-ray

The use of X-ray assessment when a concern for cardiopul-
monary disease exists can often further delineate the pos-
sible etiologies. Just as in the nonpregnant patient, these 
tests are readily available, quickly performed, and may pro-
vide highly valuable information. How such tests are per-
formed has significance as well. Due to protocol restraints 

in many institutions, a single X-ray, often obtained por-
tably, in the anterio-posterior (AP)  position (the X-ray 
beam enters the front of the patient’s body and exposes 
the radiograph behind the patient) is the routine radio-
graph performed. A consequence of this is that the already 
prominent cardiac silhouette due to normal pregnancy 
may be exaggerated by the radiographic technique caus-
ing concern for cardiomegaly and heart failure. A more 
accurate manner of evaluation by chest X-ray is to per-
form imaging from the posterio-anterior (PA) view, as 
well as laterally when feasible. This better represents the 
true cardiac size on X-ray with the PA image and addi-
tionally provides clearer views of the posterior aspects of 
the lungs and their bases via the lateral film, as these are 
often obscured by the hypertrophic breast tissues and/or 
elevated intra-abdominal contents related to pregnancy 
itself. Counseling and documentation, for the patient as 
well as all providers, are beneficial and appropriate given 
the use of ionizing radiation. Exposures less than 5 rads 
(0.05 Gray [Gy; 1 rad is equivalent to 0.01 Gy]) have not 
convincingly been associated with adverse gestational or 
neonatal/childhood outcomes (Table 34.1).8,9

EKG �nding Prior to pregnancy During pregnancy

Cardiac axis

(general leftward shift; 
normal axis is –30 to +90º. 
Gray areas denote 
common ranges in each 
population.)

Increased rate, often with 
tachycardia to 110 bpm

Inversion of QRS complex 
in lead aVF

Appearance of Q wave 
and/or T wave inversion 
in anterior or leftward  
leads

Shortened PR interval

+90 

–30

+90 

–30

Figure 34.1 Normal electrocardiogram (EKG) adaptations during pregnancy. EKG changes in normal pregnancy include a reduc-
tion in the mean values of PR interval, sinus tachycardia, left axis deviation, inverted or flattened T waves and a Q wave in anterior or 
leftward leads. BPM denotes beats per minute. (Adapted from Angeli F et al., Hypertens Res 37(11), 973–5, 2014.)
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Computed tomography (CT) imaging utilizes ionizing 
X-ray radiation to manufacture a reconstruction of the 
portion of the patient’s body that is being assessed. The 
amount of information that may be obtained is substan-
tially increased over individual X-rays in this manner. 
Unfortunately, pregnant women are at an increased risk 
of not having this test performed due to fetal concerns. 
It has been reported that up to 39% of patients may not 
receive recommended imaging after trauma in pregnancy, 
and that only 18% receive radiological testing in accor-
dance with guidelines for high-risk traumatic injuries.10

The radiation dosing is significantly increased with CT 
compared with X-ray, however, unless multiple studies are 
repeatedly performed, the total dose should remain below 
the threshold of 5 rads (0.05 Gy). Therefore, when this test 
is indicated to evaluate for potentially seriously morbid or 
lethal conditions, e.g., pulmonary embolism presenting 
with cardiac decompensation, significant trauma, etc., its 
use should not be precluded by concerns related to radia-
tion exposure to either the mother or fetus.

Magnetic resonance imaging

The use of magnetic resonance imaging (MRI) has 
increased in pregnancy, particularly for the evaluation of 
fetal anomalies or placental abnormalities. Beyond these 
uses, MRI evaluation of cardiac lesion has become more 
commonly employed as well. Suspected coronary artery 
disease, complex congenital cardiac lesions of the mother, 
pericardial disease, or aortic pathology may be particularly 
amenable to MRI evaluation.11 There does not appear to be 
significant risks associated with MRI in pregnancy.8 The 
use of gadolinium contrast is more accepted in Europe, 
but often avoided in the United States due to the limited 
available data in humans as well as evidence of harm in 
very high doses administered within animal studies.12

Echocardiography

Ultrasound assessment in real time of the heart, valvu-
lar, and cardiac outflow structures is often utilized when 
there exists concern for abnormalities of these areas. It is 
employed as an initial evaluation when new symptoms 
present, as well as an indicator of change in disease for 
women with known cardiac conditions. Key informa-
tion may be obtained regarding overall heart anatomy 

and function, individual atrial and ventricular dynam-
ics, valvular lesions, flow and potentially pressure within 
the aorta and pulmonary artery, and even the presence 
of intracardiac thrombi. Most commonly, transthoracic 
echocardiography (TTE) is the initial test performed. In a 
majority of patients and situations this modality provides 
detailed ascertainments for the above-mentioned concerns. 
Uncommonly, imaging of the desired structures may be 
suboptimal due to a patient’s body habitus, enlarged breast 
size during pregnancy, or shadowing from prosthetic 
valves; regardless TTE is almost invariably the most appro-
priate manner of echocardiogram to obtain first.

The specific application of TTE in pregnancy has shown 
that the total left ventricular (LV) mass may expand by up 
to 52%, with concomitant increases in overall ventricu-
lar chamber diameter (+13%–22%), specific end-systolic 
and diastolic diameters (+20% and +12%, respectively), as 
well as intraventricular septal size (+15%–19%).13 Doppler 
insonation as part of the maternal echocardiogram pro-
vides information on the velocity of blow flow, relative 
gradients across valves, and the presence of regurgitant 
flow if it exists. It appears that the ability to obtain the 
desired image during gestation is comparable to those 
that are not pregnant, with 95% of pregnant women hav-
ing multiple waveforms viewed with Doppler techniques.14

Additionally, echocardiography has been studied in pre-
eclamptic women compared with normotensive pregnan-
cies, finding higher cardiac output (6.7 L/min versus 5.6 L/
min), increased LV diastolic mass (131 g compared with 
105 g), and greater total vascular resistance (1397 versus 
1205 dyne-second/cm5) in preeclamptic patients.15

Transesophageal echocardiography (TEE) can provide 
more clear imaging of many structures due to its closer 
proximity to the heart from the transducer being placed 
within the esophagus. During this procedure, patients 
commonly receive conscious sedation, usually with ben-
zodiazepines and/or narcotics. These have been associated 
with decreased fetal movement and diminished variability 
on electronic fetal monitoring, though no adverse out-
comes have been demonstrated with use in such proce-
dures.16 General indications for TEE include inability to 
obtain adequate images with TTE, more definitive assess-
ment of aortic or pulmonic valve lesions, as well as evalua-
tion of aortic pathology, particularly dilation or suspected 

Table 34.1 Radiation exposure to the fetus for common procedures.

Estimated fetal exposure from common radiologic procedures Amount of radiation in rad

Chest X-ray (two views) 0.02–0.07 mrad
Abdominal X-ray (one view) 100 mrad
Intravenous pyelography ≥1 rad (depending on number of images obtained)
Barium enema or small bowel series 2–4 rad
CT of head or chest <1 rad
CT of abdomen 3.5 rad

Source:  Adapted from the American College of Obstetricians and Gynecologists Committee Opinion number 299, Obstet Gynecol, 104(3), 647–51, 
2004. 

Abbreviation:  CT, Computed tomography.

  



464 Cardiac monitoring in pregnancy

aneurysm. Pregnancy should not preclude its utilization 
if such information cannot be gathered in other manners.

INVASIVE CARDIAC MONITORING IN PREGNANCY
In particular situations the use of invasive methods may be 
deemed warranted. Traditionally this has been most com-
monly thought of as placement of access into the central 
vasculature of the body, via either the arterial or venous 
routes. In practicality though, any inserted device that 
assesses cardiac function fits within the category of invasive 
monitoring.

Peripheral arterial access

The most commonly employed, and straightforward, 
method of invasive monitoring in pregnancy is the use of 
a peripherally placed arterial catheter, often referred to col-
loquially as an “arterial line.” The catheter is usually placed 
in the distal radial artery, just proximal to the wrist, though 
it may also be used in larger arteries, such as the femoral. 
The rationale for its use is that the blood pressure, with 
waveform interpretation, may be assessed directly from 
the artery within which it is inserted. Common indications 
include the need for repeated arterial blood sampling (e.g., 
blood gas assessments), as well as in patients where tradi-
tional noninvasive sphygmomanometry cannot be reliably 
obtained, such as in those who are significantly overweight 
or underweight, have contraindications to pressure cuff 
use (burns, dialysis fistulae, etc.), or have blood pressures 
that are too low to be accurately obtained with noninvasive 
methods. Risks of use include bleeding, infection, nerve 
injury, compromise of blood supply distal to the artery, 
and compartment syndrome, though serious harms occur 
rarely (0.1 to approximately 1% incidences) (Figure 34.2).17

Pulmonary artery catheterization

A pulmonary arterial catheter (“Swan-Ganz,” named for 
the physicians who invented the device) can be employed 
to gain information regarding most of the cardiac cham-
bers and valves, as well as the pressure within the right 
heart outflow tract. Access to place the catheter is obtained 
via a distal point of the central venous vasculature, such 

as the internal jugular, subclavian, or femoral veins, using 
sterile technique. As the femoral route is more distant and 
inferior to the heart than either the jugular or subclavian 
veins, it is a more challenging option for pulmonary arte-
rial catheterization; due to this, it is often attempted only 
after failure at the other sites. Furthermore, it may be more 
difficult to advance the catheter against the pressure of a 
gravid uterus, therefore more cephalad access points are 
most appropriate during pregnancy and the immediate 
postpartum period. After initial access, the catheter is 
then carefully advanced into the central vasculature via 
the vena cava until the manometer near the tip reaches the 
right atrium. Utilizing visual waveform assessment at this 
time, the placement of the catheter tip though each cham-
ber of the right heart and into the pulmonary artery can be 
ascertained. Characteristic pressures within each discrete 
area can aid in determination of the catheter tip location, 
in conjunction with analysis of the waveforms.

After entering the right heart, then traversing the atrium 
and ventricle, the catheter is directed through the pulmo-
nary artery and into the subsequent vasculature. It is at 
this point that the inflated balloon at the tip of the catheter 
will “wedge” itself into a portion of the distal pulmonary 
arterial tree. Pressure within the artery ahead of the bal-
loon represents the static pressure exerted backwards from 
the left side of the heart, transmitted from the left ven-
tricle across the mitral valve, through the left atrium and 
back toward the balloon via the pulmonary veins. In this 
manner, left-sided heart pressures can be estimated and 
utilized to influence management of the patient. In gen-
eral, the measured parameters derived from pulmonary 
artery catheterization are similar between pregnant and 
nonpregnant women, with the significant differences of 
increased cardiac output and pulse rate, as well as dimin-
ished overall systemic and pulmonary vascular resistances 
during pregnancy (Figure 34.3; Tables 34.2 and 34.3).18

In addition to the previously mentioned parameters, 
these devices can measure the cardiac index, which is 
the cardiac output in relation to a patient’s body surface 
area (liter/minute/square meter). This measurement pro-
vides an individualized representation of heart function 
as it compares to the size of the respective patient, with a 
normal range of 2.6–4.2 L/min/m2, less than 2.2 L/min/
m2 is indicative of cardiac failure. Cardiac index is most 
commonly ascertained by a thermodilution assessment. 
This entails injection of a small volume of solution at a 
known temperature via one port of the pulmonary arte-
rial catheter (any temperature sensitive multiport central 
catheter may be used as well). The time from injection to 
a temperature change at the tip of the catheter is used to 
calculate the cardiac index. Mixed venous oxygen satura-
tion (denoted as SVO) is another measurement that may be 
obtained from pulmonary arterial catheterization (and in 
practicality, any central venous catheter). It is an indicator 
of perfusion, related to the cardiac output, delivery of oxy-
gen by hemoglobin (related to concentration of hemoglo-
bin, as well as the arterial oxygenation within the lungs), 
and tissue level oxygen consumption, with a normal range 
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Figure 34.2 An arterial waveform. (A) Upstroke of systole. 
(B) Peak systole. (C) Decreasing pressure during systole. (D) 
Incisura. (E) Diastole. (From Esper SA and Pinsky MR, Best Pract 
Res Clin Anaesthesiol, 28(4), 363–80, 2014. With permission.)
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of 65%–75%. If any of the preceding factors decrease sig-
nificantly, (or increase in the case of oxygen consumption 
by organs and tissues), SVO will be negatively affected, and 
the oxygen needs of the patient will not be met by the cur-
rent intrinsic supply. SVO appears to have good sensitivity 
as an early indicator of hemodynamic instability, although 
management guided by this parameter has not been con-
sistently correlated with a survival benefit in the general 
intensive care unit (ICU) patient population.19

While the use of pulmonary artery catheters gained wide-
spread adoption within the decades after its introduction, 
more recently further examination of the clinical benefit of 
their use has been undertaken. Early studies of general ICU 

patients demonstrated increased mortality, length of stays, 
and costs with the use of pulmonary artery catheters, though 
these were nonrandomized or retrospective in nature.20

Later randomized trials did not routinely find these excess 
risks with the use of a catheter, however, neither was a ben-
efit consistently demonstrated. Use in pregnancy is limited 
to nonrandomized small cohort studies or anecdotal evi-
dence and has not demonstrated convincing influence on 
management.21,22 The Cochrane Collaboration performed 
a systematic review and meta-analysis for outcomes related 
to pulmonary artery catheter guided management in stud-
ies of high-risk surgical as well as ICU patients. This analy-
sis included 13 trials with over 5600 patients, and concluded 

Pulmonary artery

PA wedge
Right atrium

Right ventricle

Figure 34.3 Representation of each pressure waveform as the pulmonary artery (PA) catheter moves through the right-sided 
cardiac chambers to its desired location in the pulmonary artery. (From Whitener S et al., Best Pract Res Clin Anaesthesiol, 28(4): 
323–335, 2004. With permission.)

Table 34.2 Normal intracardiac pressures derived from pulmonary artery catheterization.

Parameter Range (mean) in mmHg

Central venous pressure 1–8 (3)
Right ventricular systolic pressure 15–30 (25)
Right ventricular diastolic pressure 1–7 (6)
Pulmonary artery systolic pressure 15–30 (25)
Pulmonary artery diastolic pressure 4–12 (9)
Pulmonary artery mean pressure 9–19 (15)
Pulmonary artery wedge pressure 4–12 (9)
Mixed venous oxygen saturation 65%–75%
Cardiac output 4–8 L/min
Cardiac index 2.5–4 L/min/m2

Source:  Adapted from Whitener S et al., Best Pract Res Clin Anaesthesiol, 28(4), 323–335, 2004. With permission.
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that the use of such devices did not confer an overall ben-
efit, nor harm, in terms of mortality, length of stay (in the 
ICU as well as overall), and costs related to care.2 The authors 
concluded that these monitoring devices should be used as 
diagnostic tools rather than therapeutic ones, and that the 
decision to utilize one should be individualized to the patient.  
Therefore, given possible harms without evidence for ben-
efit in well-designed trials, pulmonary artery catheterization 
should be used extremely rarely, if at all, in pregnant women.

Central venous pressure assessment

Any centrally placed venous catheter equipped with a 
manometer, such as a pulmonary artery catheter, may also 
be employed to assess the static pressure within the cen-
tral venous vasculature. In practice, such a catheter may 
only be advanced to the level of the vena cava (superior 
or inferior depending on access point, e.g., the jugular 
vein or the femoral), with the goal of ascertaining this 
specific parameter to aid in management. Central venous 
pressure corresponds to the cardiac preload, with the nor-
mal range being 1–8 mmHg. Values above 12 mmHg are 
generally considered to be correlated with cardiac pump 
failure, fluid overload, or both. Initially assessment of cen-
tral venous pressure was thought to be a specific indicator 
of fluid status and useful guide to management. Studies 
that have critically evaluated this tool have found that 
the correlation with fluid status, and responsiveness to 
fluid resuscitation, is poor when central venous pressure 
measurements are the key factor to guide management.24

Similar to pulmonary arterial catheter use, if central 
venous pressure monitoring is employed, it should be used 
as an adjunct to diagnosis rather than as an essential tool.

Cardiac catheterization

In rare occasions during pregnancy and the postpartum 
period, more direct information regarding left ventricular 
function is desired. When this occurs, traditional cardiac 
catheterization may be utilized. Additionally, assessment 
of the coronary arteries, such as in the case of suspected 
myocardial infarction, can only be obtained in this man-
ner. Definitive diagnosis and percutaneous coronary inter-
vention, i.e., coronary angiography and placement of an 
intraluminal stent if indicated, should be undertaken in the 
pregnant patient for the same indications as in the nonpreg-
nant. Furthermore, if coronary artery bypass graft surgery is 

warranted, it should not be delayed by a patient’s gestational 
status. The risks of untreated acute coronary syndromes, to 
both the mother and fetus, far outweigh the potential risks 
of interventions.25 Fluoroscopy is commonly utilized in per-
cutaneous intervention procedures, though the radiation 
dose that the fetus may be exposed to is substantially below 
the threshold for concern of 5 rads (0.05 Gy), with ranges 
from 0.0002 to 0.001 rad per minute with electrophysiology 
studies, and up to 0.02 rad per minute with traditional coro-
nary angiography.26 Cardiopulmonary bypass is necessary 
if bypass graft surgery is performed and concern exists for 
uterine perfusion in these circumstances. Increased pump 
flow rates (>2.5 L/min/m2) and perfusion pressures (>70 
mmHg) may be employed to augment uterine blood flow 
during cardiac surgery.27 Normothermic bypass may have a 
fetal survival benefit as compared with hypothermic surgery 
as well.28 In the case of such cardiac procedures and surger-
ies, an obstetrician and maternal–fetal medicine subspecial-
ist should be immediately available to monitor and intervene 
if an obstetrical indication warrants.

Nuclear medicine testing

Except in exceedingly rare instances where the potential 
information cannot be gathered in another manner, nuclear 
medicine investigations are not usually performed during 
pregnancy. This is due to the unknown long-term effects 
on the fetus of the commonly utilized radiopharmaceuti-
cals, although the theoretical risks are believed to be low.29,30 
Consultation with a dosimetrist to assess the potential fetal 
exposure to radioactive isotopes is advised if this testing is to 
be employed, as well as thorough counseling with the patient.

SPECIFIC CONDITIONS AND HEMODYNAMIC 
ASSESSMENT
Hypertensive disorders, preeclampsia, and 
pulmonary edema

Hypertension conditions, both those preexistent to preg-
nancy and those arising during gestation, are relatively 
common occurrences. Current incidences of all hyper-
tensive disorders that may coexist with pregnancy range 
from 5% to 10%, and the frequency of preeclampsia has 
increased 25% in recent decades.31 The vast majority of 
these patients are able to be managed without a need for 
intensive interventions, though the risks for significant 

Table 34.3 Comparative hemodynamic parameters in healthy nonpregnant and pregnant patients.

Parameter Nonpregnant Pregnant

Cardiac output 4.3 ± 0.9 L/min 6.2 ± 1.0 L/min
Pulse rate 71 ± 10 beats/min 83 ± 10 beats/min
Systemic vascular resistance 1530 ± 520 dyne-second/cm5 1210 ± 266 dyne-second/cm5

Pulmonary vascular resistance 119 ± 47 dyne-second/cm5 78 ± 22 dyne-second/cm5

Pulmonary capillary wedge pressure 6.3 ± 2.1 mmHg 7.5 ± 1.8 mmHg
Mean arterial pressure 86.4 ± 7.5 mmHg 90.3 ± 5.8 mmHg
Central venous pressure 3.7 ± 2.6 mmHg 3.6 ± 2.5 mmHg

Source:  Adapted from Clark SL et al., Am J Obstet Gynecol, 161(6 Pt 1), 1439–42, 1989. 
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clinical deterioration are substantially higher in this pop-
ulation than in healthy parturients.32 The patients that are 
most apt to be candidates for invasive monitoring related 
to hypertensive disease are those that are refractory to 
intravenous antihypertensive therapy, develop pulmonary 
edema, are significantly oliguric, or demonstrate evidence 
of other end-organ harm related to their elevated blood 
pressure (renal failure, cerebral complications, etc.).33  
In these settings, the use of invasive cardiac monitoring 
may inform cardiac function and its relation to the clinical 
presentation, as well as progress in recovery. These disor-
ders have increased systemic vascular resistance in com-
mon, which can be evaluated with invasive monitoring, 
though it is unlikely to change significantly in the imme-
diate time of treatment. A more variable parameter that 
can be evaluated via this method is the intravascular fluid 
status of the patient, the response to diuretic use and intra-
venous hydration. Regardless, the diagnosis and treat-
ment of pulmonary edema can be done without invasive 
monitoring, though in complex cases this technique may 
further inform etiology, particularly with pulmonary 
capillary wedge pressure measurements (risk for adverse 
outcomes increases with pressures above 18–20 mmHg).22

The goal of treatment for pulmonary edema, regardless of 
etiology (cardiac dysfunction, preeclampsia, iatrogenic, 
etc.) is to mobilize fluid from the lung parenchyma and 
reestablish proper oxygenation. This condition occurs 
 in up to 0.5% of all gestations and if not properly identi-
fied and combatted, may lead to cardiovascular collapse.22

Data are limited in the use of invasive monitoring as it cor-
relates with clinical outcomes in such settings, therefore 
its implementation should be individualized to each case. 
Echocardiography has been evaluated as a noninvasive 
alternative to central access in hypertensive disorders con-
comitant with pregnancy. Early case series demonstrated 
that echocardiography was felt to be an adequate tool to 
guide management of such patients.34 The correlation of 
echocardiographic data with that of pulmonary arterial 
catheter derived measurements has been evaluated as well, 
finding agreement between the two modalities of 79%–
98% for cardiac output and estimated index, stroke vol-
ume, left ventricular filling pressure, pulmonary arterial 
systolic pressure, and right atrial pressure.35 The ability 
to obtain proper images and measurement in pregnancy 
appears to be very successful, with rates ranging from 91% 
to 99% in cohorts across multiple trimesters and body 
mass indexes.36 Of paramount importance to the manage-
ment of these patients is very strict, accurate monitoring of 
fluid status, even if invasive monitoring is not utilized.

Cardiac failure and structural disease

Overt cardiac failure or purely cardiogenic dysfunction 
necessitating intervention in pregnancy and the postpar-
tum period is rare, occurring in at most, 1 per 1000 ges-
tations, with the greatest frequency in patients of African 
descent.37 The diagnosis of peripartum cardiomyopathy 
may be entertained during the latter half of pregnancy and 
extending to 6 months after delivery, and requires new onset 

depressed ejection fraction of <45% (or fractional shorten-
ing of <30%) with an end-diastolic left ventricular diameter 
of >2.7 cm/m2 of body surface area, no prior cardiac history, 
and the absence of a separate likely causative factor.38 More 
common than this diagnosis are patients with known car-
diac dysfunction or a history of cardiac surgery, however.39

Regardless of etiology, these patients warrant thorough 
evaluation and often complex plans of care. Examination 
of how patients with preexistent structural cardiac disease, 
e.g., congenital lesions that have been repaired, adapt to 
pregnancy demonstrates that the physiologic responses are 
attenuated compared with uncomplicated parturients, with 
lower systolic and diastolic function overall.40 This should 
be borne in mind when performing surveillance or diagno-
sis in such patients as their gestations progress. Additionally, 
such patients may require endocarditis prophylaxis if inva-
sive monitoring is considered, specifically those with pros-
thetic valves, prior endocarditis, transplant recipients, those 
with implanted devices (shunts and conduits), and patients 
that have had corrective cardiac surgery of a congenital 
anomaly within 6 months.41 The use of echocardiography 
to evaluate parameters that may otherwise be obtained 
through invasive monitoring, i.e., via a pulmonary artery 
catheter, in these patients has demonstrated success and 
acceptability, including utilizing ultrasound during other 
invasive procedures to preclude the use of fluoroscopy.42 In 
those in whom the diagnosis of new-onset cardiomyopathy 
is made, the goal of treatment is predominantly supportive 
in nature, until recovery occurs or other definitive therapies 
can be instituted. Spontaneous resolution may take several 
months to a year, and patients may require bridging therapy, 
such as ventricular assist devices, during a prolonged con-
valescence or toward a cardiac transplant. Very few patients 
have been managed in pregnancy or the postpartum period 
with these devices, though successful outcomes have been 
reported; if indicated they should be employed.43

A special subset of this population is patients who 
have undergone heart and/or lung transplants. From an 
anatomical and functional stand point, these patients often 
do well, as healthy organs were transplanted to them. The 
largest concerns are related to rejection of the transplanted 
organs during pregnancy, though this does not appear to 
be increased above the baseline general population rate 
of rejection for thoracic transplants, and may be further 
attenuated by the relative immunosuppression during 
pregnancy.44 Invasive monitoring should be individualized 
for these patients, and a history of a cardiopulmonary 
transplant should not, in itself, be an indication for its use.45

Pulmonary hypertension

Perhaps the diagnosis that most consistently bears the use 
of invasive cardiac monitoring in pregnancy is pulmonary 
hypertension. If this diagnosis is initially made  during 
pregnancy, it is most commonly by echocardiography, 
though overestimation of pulmonary arterial pressure by 
this technique has been described in approximately one-
third of patients, with similar findings in the pregnant 
population.46 Furthermore, the correlation between 
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echocardiography and definitive diagnosis by right heart 
catheterization (made by direct ascertainment of a mean 
pulmonary artery pressure >25 mmHg) has been found 
to be poor, ranging from 52% to 76% agreement in either 
initial diagnosis or serial assessments.47 If the condition 
is reasonably suspected, detailed investigation should be 
undertaken, including right heart catheterization, as this 
condition carries a significant risk of maternal mortality. 
It has been reported to range from 10% to 50% depending 
on disease severity, with the worst prognosis in those with 
Eisenmenger syndrome (development of a right to left car-
diac shunt due to excessive right ventricular hypertrophy 
arising from persistent exposure to elevated pulmonary 
artery pressure).48 With cardiac catheterization, the accu-
rate disease burden can be evaluated, as well as reassess-
ment if clinical deterioration occurs. The scenario where an 
echocardiographic diagnosis of pulmonary hypertension 
is made, though clinically the patient appears well, poses 
a diagnostic and management challenge, therefore multi-
disciplinary discussion as to how to proceed, along with 
extensive counseling for the patient, should be undertaken. 
If invasive monitoring is utilized, the goal of monitoring 
should be to maintain intracardiac and pulmonary pres-
sure in the range that the patient usually bears. Substantial 
decreases via medical interventions (untreated hypovole-
mia, vasodilatory medications, etc.) may precipitate car-
diovascular collapse via reduced preload to an already 
compromised right heart. Obstetrical hemorrhage may also 
pose an exaggerated risk to parturients with pulmonary 
hypertension, as it equates to a rapid decrease in preload as 
well due to volume loss. Regional anesthesia use as opposed 
to general anesthesia is preferred, due to the vasodilatory 
effects of the latter, and has demonstrated successful use 
in many cases of pulmonary hypertension in pregnancy.49

Valvular lesions

Abnormalities of cardiac valves during gestation com-
prise a heterogeneous group of lesions and prognoses. 
Regurgitant valvulopathies (most commonly mitral, aor-
tic, or tricuspid regurgitation) tend to tolerate pregnancy 
particularly well, and many actually improve in function 
during gestation, due to the relatively increased pulse rate 
and diminished systemic vascular resistance overall.50

Stenotic lesions, such as mitral, aortic, or pulmonic ste-
nosis (tricuspid stenosis is quite rare, particularly during 
pregnancy), present greater risks to the mother, especially 
as gestation progresses. This is further modulated by dis-
ease severity, which tends to remain constant anatomically 
over the months of gestation.

Mitral stenosis is unique among valvular lesions in that 
the obstruction presents the first obstacle to forward flow 
of oxygenated blood returning from the lungs. Due to this, 
excess fluid retention or administration can rapidly lead to 
pulmonary edema in such patients. Invasive monitoring 
has been utilized in these cases to evaluate the pulmonary 
capillary wedge pressure, and by proxy the left ventricular 
pressure, to assess the response to the intravascular changes 
associated with labor and delivery. The greatest risk appears 

to be in the immediate postpartum period, concomitant 
with the “auto-transfusion” of blood and increased sys-
temic vascular resistance that occurs with loss of the low 
resistance uteroplacental vascular bed at delivery.51 Due to 
this, the goal of fluid management for mitral stenosis during 
pregnancy, labor, delivery, and the immediate postpartum 
hospitalization is to limit the fluid burden, both intrinsi-
cally and iatrogenically, with strict attention to input and 
output. If warranted, balloon valvuloplasty may be per-
formed during pregnancy to alleviate symptoms and theo-
retically decrease the incidence of pulmonary edema; it is a 
lower risk (1% for major complications) and preferred inter-
vention as compared with traditional surgical valvotomy, 
which has been reported with a maternal mortality risk of 
as much as 5%, and fetal mortality of 5%–30%.51

Aortic stenosis, and the very similar condition of subaor-
tic (nonvalvular) stenosis, also represent outflow obstruc-
tions, though due to the increased resistance across the 
reduced valve area, adequate stroke volume and pulsa-
tile flow are required to maintain cardiac output. Cardiac 
output increases substantially during pregnancy, as does 
overall blood volume therefore, mild-to-moderate lesions 
tend to have uneventful courses. In cases of severe steno-
sis, however, forward flow from the left heart to the sys-
temic vasculature may be compromised, particularly in 
the instance of substantial blood loss or peripheral vasodi-
lation. Valvuloplasty for aortic lesions has been described 
during pregnancy as well, with similarly good outcomes 
as those for mitral stenosis, and it is the preferred method 
if indicated during gestation compared with open cardiac 
surgical intervention.52 If a prosthetic valve is in the aor-
tic position, those with bioprostheses tend to have a lower 
rate of complications overall than those with mechanical 
valves, and as such, this should be a part of the counseling 
for women of childbearing age that are candidates for valve 
replacement.53 The use of anticoagulation with mechanical 
valves theoretically increases the risk of postpartum bleed-
ing, though consistent evidence to demonstrate this is lim-
ited.54 Regardless, resources should be readily available to 
rapidly correct any significant blood loss if it occurs.

Stenosis of the pulmonary valve is tremendously rare, 
both apart from as well as within pregnancy. Management 
should be thought of similarly to the principles governing 
outflow obstructions such as aortic stenosis. Intervention 
during pregnancy should be undertaken only when the ben-
efits are thought to significantly outweigh the potential risks 
due to the limited knowledge of this condition during gesta-
tion. An important distinction to be made is the presence of 
absence of pulmonary hypertension in patients that present 
with symptoms related to a pulmonary outflow lesion, as the 
prognoses and management may be significantly different.

Similarly to other cardiac conditions discussed pre-
viously, regional anesthesia is the preferred, lower risk 
method for pain relief during labor and delivery. The goal of 
management is to assist the patient through the physiologic 
changes of pregnancy and childbirth in a similar fashion to 
how each individual has adapted with their unique pathol-
ogy during gestation (Tables 34.4 and 34.5).55,56
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Shock, trauma, and massive transfusion

Shock is the state of insufficient tissue perfusion related 
to inadequate supply of oxygen via the vascular system to 
meet the demands of the body. Five main classifications 
exist; hypovolemic, cardiogenic, distributive (vasodila-
tory, commonly related to sepsis, overdose, anaphylaxis, 
or neurological injury), obstructive (massive pulmonary 
embolism, vena cava obstruction, etc.), and dissociative 
(mismatched perfusion states, often related to metabolic 
disorders, poisoning, etc.). The most commonly encoun-
tered shock conditions in the parturient are hypovolemic 
and distributive related to sepsis.57,58 Blood loss related 
shock may occur prior to a patient’s presentation, such as 
with placental abruption, at the time of delivery, in the case 
of intraoperative blood loss, or after delivery, in postpar-
tum hemorrhage. Regardless of etiology, careful assess-
ment of vital signs and estimation of blood loss, even if 
unwitnessed by a provider, are of paramount importance. 
Prompt diagnosis and institution of therapy are the goal of 
care. Central access, with or without invasive monitoring, 
will allow for the rapid repletion of lost blood, coagulation 
factors, and platelets, if indicated. In the patient with a 
clear hypovolemic etiology, the utility of invasive monitor-
ing is not readily apparent, though these patients may often 
require admission to an intensive care unit. It is important 
to understand the appropriate use of each blood product, 

both from an individual patient care perspective and a 
resource utilization one. Each unit of packed red blood 
cells should increase hemoglobin by 1 g/dL and hematocrit 
by 3%–5% (with usual goals to maintain these above 7 g/
dL and 22%, respectively), and is approximately 300–400 
mL. Fresh frozen plasma contains all clotting factors and 
approximately 500 mg of fibrinogen, in 200–300 mL of 
fluid. These two products are the mainstay of therapy in 
hypovolemic shock due to hemorrhage, and comprise the 
elements of published protocols for massive transfusion.59

If concerns for ongoing coagulopathy exists, though the 
patient is already volume overloaded, consideration can 
be made to administer cryoprecipitate (a distillate of fresh 
frozen plasma that contains 250 mg of fibrinogen and 
clotting factors VIII and XIII, along with von Willebrand 
factor). The benefit of this product is the delivery of a sub-
stantial amount of fibrinogen in a small amount of fluid 
(usually 20–30 mL); it is not meant to be a more effica-
cious alternative or additive to fresh frozen plasma, but 
rather only for instances where total fluid administration 
is of concern. The same is true of specialized solutions of 
recombinant factors, such as VII and VIII. The use of these 
agents should be reserved for those with specifically diag-
nosed disorders of these factors. Additionally, uterotonic 
drugs should be employed as needed, with care to ensure 
that the patient’s volume status and cardiac output provide 

Table 34.4 Classification of maternal risk related to cardiac valve disease according to the American College of Cardiology, 
American Heart Association, and European Society of Cardiology.

Low-risk conditions High-risk conditions

• Asymptomatic, or mildly symptomatic aortic or mitral 
regurgitation

• Mitral valve prolapse with mild or moderate regurgitation, 
ejection fraction >50%

• Mild mitral stenosis without pulmonary hypertension
• Mild–to-moderate pulmonary valve stenosis
• Asymptomatic aortic stenosis with ejection fraction >50% 

and mean gradient <25 mmHg

• Aortic or mitral regurgitation in patients with NYHA class III 
or IV functional status (symptoms with minimal exertion or 
at rest)

• Mitral stenosis in patients with NYHA class II–IV (symptoms 
with exertion above normal, or greater)

• Ejection fraction <40%
• Marfan syndrome, particularly with a dilated aortic root 

>4.0 cm
• Mechanical valves
• Severe aortic stenosis, regardless of symptoms
• Severe pulmonary hypertension (pulmonary artery pressure 

> 75% of systemic pressure)

Source:  Adapted from Pessel C and Bonanno C, Semin Perinatol, 38(5), 273–84, 2014.
Abbreviation:  NYHA, New York Heart Association.

Table 34.5 Classification of severity for left-sided heart lesions in adults.

Parameter

Disease severity

Mild Moderate Severe

Mitral stenosis
 Mean gradient
 Valve area

<5 mmHg
1.2–2.0 cm2

5–10 mmHg
1–1.5 cm2

>10 mmHg
<1 cm2

Aortic stenosis
Mean gradient 
Valve area

<25 mmHg
1.5–2.0 cm2

25–40 mmHg
1–1.5 cm2

>40 mmHg
<1 cm2

Source:  Adapted from Pessel C and Bonanno C, Semin Perinatol, 38(5), 273–84, 2014.
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for adequate delivery to the uterus. More recently, the use 
of tranexamic acid (doses of 0.5–1 g, intravenously) has 
shown lower rates of obstetrical bleeding related to cesar-
ean delivery and postpartum hemorrhage.60 Compression 
methods, such as intrauterine balloon tamponade and 
external extremity compressive devices, should be utilized 
as appropriate as well (Table 34.6).

Septic shock may be precipitated by any infection, with 
unique concerns in pregnancy due to chorioamnionitis/
endometritis, pyelonephritis, and pulmonary etiologies. 
If an infectious etiology is suspected during pregnancy 
or postpartum that requires intensive care, immediate 
broad-spectrum antimicrobial and/or antiviral therapy 
should be instituted. Once a clear cause is isolated, treat-
ment can be directed at that specific agent. While this 
aspect of care is ongoing, further circulatory support 
may be warranted. In such cases, pressor medications 
may be utilized. Central access is desirable for these and 
invasive monitoring may be employed also. “Early goal 
directed therapy” has become the standard of care for 
septic shock in intensive care units and demonstrated a 
significant survival benefit.61 This protocol utilizes assess-
ment of venous oxygen saturation (traditionally with cen-
tral venous access) with the target of maintaining this 
value above 65%–70%, with a central venous pressure of 
8–12 mmHg. Additionally, this idea has evolved into the 
Surviving Sepsis Campaign Guidelines, which codified a 
plan of care to include administration of antibiotics ide-
ally within the first hour of admission to an intensive care 
unit, serial serum lactate assessments (with fluid and/or 
pressor resuscitation if >4 mmol/L), urine output ≥5 mL/
kg/h, and maintenance of mean arterial pressure (MAP) 
above 65 mmHg.62 These principles have not been stud-
ied in pregnant patients, though they should generally be 
applied to this population, given the likely benefits.63,64

While a pulmonary arterial catheter is not routinely part 
of such therapies, in cases of severe pulmonary infections 
with persistent edema, they may be desired on an individ-
ualized basis (Table 34.7).

Trauma is a relatively common occurrence in preg-
nancy, with up to 8% of women experiencing some form 

during gestation.65 Fortunately, the vast majority of these 
are minor and do not result in harm to the mother or 
fetus.65 In cases of significant trauma patients should be 
seen in a referral center and undergo a routine trauma 
assessment. Concomitant with this should be evaluation 
by the obstetrics team, as both the mother and fetus are at 
risk from the same potential injury. Specific injuries, such 
as penetrating trauma from knives or projectiles, should 
be treated in the usual manner, in consultation with a 
high-risk pregnancy specialist as well. Blunt trauma may 
bear a risk of up to 40% of placental abruption, depend-
ing on the severity of the incident, and warrants prolonged 
surveillance via electronic fetal monitoring.66 If reassuring 
monitoring is present for 4 hours after the trauma, the risk 
of abruption is <1%.65 Ultrasonography is often employed 
in such settings as well, though the ability of it to detect an 
abruption, even when its presence is confirmed at delivery, 
is poor, ranging from 25% to 50% at best.67 Additionally, 
the utility of testing for fetomaternal hemorrhage remains 
of unproven benefit.68 Invasive monitoring generally does 
not have a role in care due to trauma alone, though the 
potentially coexistent conditions of blood loss hypovole-
mia, neurological injury mediated shock, or sepsis, may 
lead to consideration of its use. Any trauma during preg-
nancy should prompt a discussion of the possibility of 
partner violence, as this presents an unfortunately com-
mon and dangerous ongoing situation for women.

RISKS OF INVASIVE MONITORING USE
As with any procedure the potential benefits and risks 
associated with it must be assessed and discussed amongst 
the care team and patient. Central catheter access and 
invasive monitoring techniques also bear unique com-
plications. Major complications occur in up to 5% of pul-
monary artery catheter placements, largely comprised of 
pneumothorax, venous embolism, arrhythmias requiring 
medical treatment, infection, and significant bleeding.33

Central catheters have similar concerns, except a lower 
incidence for generation of arrhythmias as their placement 
does not traverse the cardiac chambers with proper tech-
nique. Data in pregnant patients are much more limited 

Table 34.6 Classification of hypovolemic shock due to blood loss.

Parameter Class I Class II Class III Class IV

Blood loss (mL) Up to 750 750–1500 1500–2000 >2000
Blood loss (% of total 
volume)

Up to 15 15–30 30–40 >40

Pulse (per minute) <100 >100 >120 >140
Blood pressure Normal Normal Decreased Decreased
Pulse pressure Normal or increased Decreased Decreased Decreased
Respiratory rate (per 
minute)

14–20 20–30 30–40 >40

Urine output (mL/h) >30 20–30 5–15 Minimal
Recommended fluid 
replacement

Crystalloid Crystalloid Crystalloid and blood 
products

Crystalloid and blood 
products

Source:  Adapted from Goldman’s Cecil Medicine, 24th edition, Goldman L and Schafer Al (eds.), Rivers EP, Approach to the Patient with Shock, 
pp. 645–53, Copyright 2012, with permission from Elsevier.
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than in the general intensive care population though simi-
lar rates of complications have been found. Case series and 
cohort studies have demonstrated adverse events to occur 
in as much as 50% of pregnant or postpartum patients, 
with substantial risks of infection or cellulitis, both of 
which necessitate line removal and may precipitate severe 
illness in the patient.69,70 The decision to use invasive mon-
itoring or not should be made in a collaborative manner 
with all care teams as well as the patient (including family 
if desired) and tailored to the specific clinical scenario.

EMERGING MONITORING MODALITIES
Given that invasive cardiac monitoring use has declined 
overall in the past decade, largely due to the previously 
discussed findings, it has also likely decreased in the 
pregnant and postpartum population. This trend will 
probably continue in the foreseeable future, as the ben-
efit of obtaining similar information without the need 
to place a central catheter is desirable. Within this cur-
rent clinical environment newer monitoring devices to 
assess cardiac function in a noninvasive manner have 
begun to gain wider implementation. Bioimpedence 
refers to assessment of electrical currents generated by 
the heart as a function of the cardiac cycle and fluid con-
tent of the body. It has been studied in pregnant women 
against echocardiographic measures and found to have 
good agreement between the two methods for cardiac 
output, stoke volume, and systemic vascular resistance.71

A related technique, bioreactance, uses a device generat-
ing mild electrical current through the patient’s thorax 
which is then used to calculate various parameters based 
on frequency and phase changes in that current. An 
investigation of this device’s utility in pregnant women 

with and without preeclampsia compared with nonpreg-
nant women demonstrated the ability to obtain cardiac 
output, stroke volume, systemic vascular resistance, 
and other measurements in these patients. Additionally, 
findings were in correlate with the expectations that 
preeclamptic women would have higher mean arterial 
pressures as well as systemic resistances.72 Minimally 
invasive monitoring devices have become available as 
well, including a modality that uses peripherally inserted 
arterial access to derive similar measures as the preced-
ing methods, such as the central venous pressure and 
cardiac index. An observational study of women under-
going cesarean delivery demonstrated that this device 
was able to obtain reasonable measurements of these 
parameters.73 It should be borne in mind that the stud-
ies of these monitoring techniques in pregnant women 
are few, with small sample sizes. In larger comparative 
investigations in the general population, these modalities 
have demonstrated relatively good agreement with inva-
sive monitoring derived values, particularly for bioimpe-
dence and bioreactance devices, though the peripheral 
arterial access device appears to have significant discrep-
ancies in cases of low systemic vascular resistance, e.g., 
shock.74,75 Further studies are needed in both the preg-
nant and general populations to determine how these 
devices may impact clinical outcomes.75

COMMUNICATION WITH OTHER CARE TEAMS
Of paramount importance in the care of all patients, though 
especially critically ill ones, is open, thorough, and collegial 
communication. Due to the demands placed on clinicians 
and the health care system currently, this can sometimes be 
challenging, and perhaps it is even more so for teams caring 

Table 34.7 Vasopressor medications.

Medication Dose range Vascular effects Cardiac effects Typical use

Phenylephrine 20–200 µg/min Moderate to significant 
vasoconstriction

No effect on rate and 
contractility

General pressor support, 
supraventricular 
arrhythmias

Norepinephrine 1–20 µg/min Moderate to significant 
vasoconstriction

Moderately increased 
rate and contractility

Septic shock (first line 
agent)

Epinephrine 1–20 µg/min Moderate to significant 
vasoconstriction

Significantly increased 
rate and contractility

Refractory shock, 
anaphylaxis, bradycardia

Vasopressin 0.04–0.1 units/min Moderate to significant 
vasoconstriction

No effect on rate and 
contractility

Septic shock, postcardiac 
surgery

Dopamine 1–20 µg/kg/min Vasodilation at low 
doses, mild-to-moderate 
vasoconstriction at 
higher doses

Mild-to-moderate 
increase in rate and 
contractility

General pressor support, 
renal perfusion

Dobutamine 1–20 µg/kg/min Mild vasodilation Mild to significant 
increase in rate and 
contractility

Septic and cardiogenic 
shock

Milrinone 37.5–75 µg/kg bolus; 
0.375–0.75 µg/min

Mild vasodilation Mild increase in rate, 
moderate to significant 
increase in contractility

Cardiogenic shock, use 
caution with renal 
insufficiency

Source:  Adapted from Goldman’s Cecil Medicine, 24th edition, Goldman L and Schafer Al (eds.), Rivers EP, Approach to the Patient with Shock, pp. 645–53, 
Copyright 2012, with permission from Elsevier.
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for a patient with an unfamiliar condition. Obstetricians and 
high-risk pregnancy specialists have some experience with 
critically ill parturients, though it is not a common occur-
rence. Intensivists, cardiologists, pulmonologists, anesthesi-
ologists, and other critical care specialists have knowledge 
and expertise in such settings, though the unique aspects of 
the pregnant or postpartum patient’s physiology and poten-
tial pathologies are not routinely part of their practice. It is 
for these reasons that the woman requiring intensive care 
related to her gestation must be approached from a multi-
disciplinary viewpoint. There exists a wealth of literature 
to demonstrate improved outcomes, less need for interven-
tions, greater patient and family satisfaction, and improved 
care team functioning with the use of protocols to promote 
greater and more clear, consistent communication in critical 
care.76–79 This mentality should be applied to the seriously 
ill parturient as well. The Obstetrics team should personally 
apprise the critical care providers about the patient upon 
admission to the intensive care unit, as well as have at least 
one member present and participative in the daily rounds 
discussion for the patient along with the intensivist team. 
In this way any questions or concerns outside of the usual 
scope of either team can be addressed in a timely manner 
and all appropriate care instituted. The American College 
of Obstetricians and Gynecologists, along with the Society 
for Maternal-Fetal Medicine, has recently put forth recom-
mendations for levels of maternal care. The highest level calls 
for well-implemented collaboration between the Obstetrics 
and critical care teams, as well as the presence of a high-
risk pregnancy specialist with expertise in critical care.80

Currently, there are few such providers, though a greater 
interest in the management of complex maternal conditions 
has prompted more trainees to gain this expertise, and as 
pregnant patients continue to experience the need for inten-
sive treatment, these individuals will lead in such care.
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35Trauma in pregnancy
RAVI CHOKSHI, RUOFAN YAO, and LAUREN A. PLANTE

INTRODUCTION
Few emergencies are as complex and anxiety inducing as a 
major trauma case involving a pregnant woman, where the 
safety and well-being of both the gravid woman and her 
developing fetus must be assessed and safeguarded simul-
taneously. Alterations in both anatomy and physiology 
during pregnancy must be kept in mind even in the chaos 
of the trauma room. Input will be required from emer-
gency medicine, surgery, and obstetrics, with involvement 
as needed from other specialties such as anesthesiology, 
radiology, pediatrics, and critical care medicine.

EPIDEMIOLOGY
In the United States, up to 8% of women will experience a 
traumatic injury during pregnancy,1 though figures are not 
well sourced or supported. Fortunately, the great majority of 
these injuries are minor. However, trauma remains a lead-
ing cause of nonpregnancy-related maternal death, account-
ing for more than 25% of maternal deaths reported to the 
(voluntary) Pregnancy Mortality Surveillance System.2 The 
maternal mortality rate from trauma during pregnancy was 
1.4% in the U.S. National Trauma Data Bank3 and 5.1% in 
a national registry from the United Kingdom4; U.K. figures, 
however, show a much lower incidence of trauma during 
pregnancy than American data. Pregnancy does not make 
injury more lethal: In fact, in the National Trauma Data 
Bank, pregnant women had a 40% lower risk of death than 
age-matched nonpregnant women who sustained trauma,5 

though mortality rates in the U.K. were much the same 
between pregnant and nonpregnant women after trauma.4

Trauma may be blunt or penetrating. About 90% of 
abdominal trauma during pregnancy is due to blunt 
injury,6 the major contributors being motor vehicle acci-
dents (MVA), assault, and fall. Penetrating trauma is more 
dangerous to both mothers and fetuses: Maternal mortal-
ity rates in a large case series were 2% for blunt versus 7% 
for penetrating abdominal trauma, while fetal mortality 
was 10% versus 73%.6 Because MVA contribute so greatly 
to trauma incidence in the U.S., attention has been paid to 
ways to reduce mortality, specifically with use of restraints 
and airbags. The National Automotive Sampling System/
Crashworthiness Data System (NASS/CDS) database 
reports there are approximately 160,000 MVAs annually 
which involve pregnant women, resulting in an estimated 
160 maternal deaths and an additional 600–2600 fetal 
losses7 even when the mother survives. The NASS/CDS 
database showed that nearly 25% of pregnant crash vic-
tims were unrestrained. The degree of severity is shown 
by the fact that airbags deployed only 33% of the time, and 
99% of injuries were deemed minor.7

Interpersonal violence accounts for 10%–12% of blunt 
trauma cases from U.S. case series.3,6,8 Of these, a disturb-
ing 43% are related to domestic violence (DV) (Aboutanos 
et al. 2007), also known as intimate partner violence (IPV). 
The incidence of DV is almost certainly underreported. 
Assault during pregnancy triples the risk of preterm labor 
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and of stillbirth, quadruples the risk of abruption, and 
increases nearly fourfold the risk of maternal death.9 In a 
series from a metropolitan trauma center in South Africa, 
more than half of pregnant women admitted after trauma 
had been subjected to deliberate assault.10

Falls contributed 14% of trauma admissions in a large 
database series from California8 and 48% in a single-center 
case series limited to minor trauma.11 A cross-sectional 
study of pregnant women in Nigeria found that 32% 
reported having fallen during pregnancy, with the highest 
number of falls occurring in the third trimester12; not all 
were taken to hospital. A linked data set from Washington 
State calculated 49 fall hospitalizations per 100,000 deliv-
eries, of whom 79% were in the third trimester; most suf-
fered no more than minor injuries13 but the rate of adverse 
pregnancy outcomes nevertheless was increased. Postural 
stability worsens during pregnancy, and objective mea-
sures of fall risk are highest in the third trimester.14

Other causes of trauma include thermal injury. No reli-
able estimates of burn injury during pregnancy have been 
generated for North America, though El Kady, dividing 
number of burn admissions by total number of deliveries 
in California during the time period studied, calculated 
0.06 burn admissions per 1000 deliveries.8 Case series 
from the developing world (India, Iran), where burns are 
much more common, probably have limited applicability 
here, but do link the probability of maternal survival to the 
total body surface area burned.15,16 Fetal survival depends 
on maternal survival and gestational age achieved.

Among pregnant women admitted to California hospitals 
following trauma, fractures, dislocation, or sprains were the 
most common injuries, affecting 36%; 6% sustained intra-
cranial injuries, 6% internal injuries (chest, abdomen, pelvis), 
2% nerve and spinal cord injuries, and 2% were admit-
ted with burns.8 Women who delivered during the admis-
sion for trauma had worse outcomes than a control group 
without injury: Odds ratios of 42 for uterine rupture, 9.2 for 
abruption, 7.8 for cesarean hysterectomy, and 69.5 for mater-
nal death were reported. Women who had been hospitalized 
for injury but discharged undelivered had better outcomes 
than those delivered during the trauma hospitalization, but 
still worse than the control group who had had no trauma. 
Fetal outcomes were also worse among the group delivered 
during trauma hospitalization, if less dramatic: Odds ratio 
was 4.7 for fetal death, 3.1 neonatal death, and 2.1 for pre-
term delivery.8 It is obvious, however, that severity of injury 
was related to the probability that delivery would occur dur-
ing the admission for trauma, while women with less severe 
injuries could be discharged home undelivered.

ASSESSMENT AND MANAGEMENT OF THE ACUTELY 
INJURED GRAVIDA
Trauma survey

“The best initial treatment for the fetus is the provision of 
optimal resuscitation of the mother”—ATLS, 9th edition.17

The primary survey remains the foundation of trauma 
triage, regardless of pregnancy. Abiding by Advanced 

Trauma Life Support (ATLS®) guidelines for assessment 
and management of the injured patient has been shown to 
improve patient outcomes17 and this remains true in the 
obstetric patient. As a rule, maternal resuscitation and sta-
bilization directly improve fetal outcomes.

The primary survey in the obstetric patient closely fol-
lows nonpregnant guidelines with a few caveats we will 
discuss below.

PREHOSPITAL PHASE
Assuming the pregnancy is known to the patient herself, 
awareness and reporting of pregnancy by the prehospital 
triage team allows for mobilization of the obstetric team 
so they can be present and ready for arrival of the patient 
in the trauma bay. Knowledge of the approximate gesta-
tional age will also allow for fetal assessment as indicated 
during the secondary survey. Field triage recommenda-
tions from the Centers for Disease Control (CDC) cite 
pregnancy (>20  weeks) as a reason for EMS to contact 
medical control and transport to a trauma center or to a 
hospital with specific resources, i.e., obstetrical services.18

Hospitals may also use the presence of pregnancy as a 
criterion for trauma team activation and hospital admis-
sion,19 though others decry the practice20 as it represents 
overtriage: Pregnant patients are no more likely to have 
major injury, and routine trauma team activation in these 
cases is probably not cost effective.

PRIMARY SURVEY
The underlying principles behind ATLS17 remain valid in 
the obstetric patient.

• Treat the greatest threat to life first.
• That is, in order of danger: Loss of airway is more 

emergent than loss of ability to breathe, which is 
more important than loss of blood volume, which 
is much more important than fetal “distress.”

• Lack of definitive diagnosis should not delay indi-
cated treatment.
• Presence of a fetus should not distract the trauma 

team from initiating life-saving maneuvers.
• Detailed history is not essential to evaluation of a 

patient with acute life-threatening injuries.
• Obstetric history and assessment can follow dur-

ing the secondary survey, after initial resuscita-
tion has been conducted. Obstetric history taking 
should not trump the primary survey.

The primary survey is generally performed by the emer-
gency medicine or trauma team. The mnemonic ABCDE 
as prescribed by ATLS should be followed for the primary 
survey.

A—Airway (with cervical spine protection)
B—Breathing
C—Circulation: Identify and stop bleeding
D—Disability or neurologic status
E—Exposure (undress the patient) and Environment (pre-

vent hypothermia)

  



Disability 477

Only after these have been addressed is attention turned 
to F—fetus.

Any woman of childbearing age should be assessed 
for pregnancy via clinical history, physical examination, 
urine, or serum testing. This evaluation can be performed 
concurrently with the primary survey, as long as it does 
not interfere, or await the secondary survey if pregnancy 
is not initially evident. Determination of gestational age 
is important during the secondary survey, as it may influ-
ence the nature of interventions required.

AIRWAY AND BREATHING
Pregnant patients exhibit an increase in oxygen consump-
tion, an increase in tidal volume, and a decrease in func-
tional residual capacity (FRC). Patients in the second 
trimester and beyond are usually hypocapnic (PaCO2 = 30 
mmHg) and therefore a “normal” PaCO2 of 35–40 may be 
falsely reassuring as it may in fact reflect impending respira-
tory failure.17 Early ventilatory support, including intuba-
tion if needed, is prudent to ensure adequate oxygenation.

Pregnancy increases risk for airway complications 
because of weight gain, airway mucosal edema, and delayed 
gastric emptying. Failed intubation is four to eight times 
more likely in the obstetric patient than the general popula-
tion,19,21 and even in current practice22 a rate of 1:224 is seen. 
Failed intubation in a pregnant patient is associated with 
more extreme hypoxemia because of alterations in oxygen 
demand, minute ventilation, and FRC: In a case–control 
study of obstetric anesthesia cases, oxygen saturations as 
low as 40% were reached.22 Availability of experienced anes-
thesia staff is vital to the safety of the obstetric patient.

Given the possibility of a full stomach in every trauma 
patient, definitive airway management often includes 
rapid sequence intubation (RSI) with cricoid pressure. This 
involves an agent for induction of anesthesia and another 
for muscle relaxation. Propofol and ketamine are com-
monly utilized in trauma cases; like all induction agents, 
they cross the placenta and therefore will depress fetal neu-
robehavior. If delivery occurs soon afterward, there is no 
opportunity for maternal metabolization and excretion, so 
neonatal depression may ensue and the pediatrician should 
be prepared to address it. Muscle relaxants, both depolar-
izing and nondepolarizing agents, do not cross the placenta.

Because of the higher minute ventilation and decreased 
FRC common to pregnancy, there is more potential for 
desaturation: The threshold for giving supplemental oxy-
gen should be low even if definitive airway management is 
not required.

Given the elevation of the diaphragm with the enlarged 
uterus, if a thoracostomy tube is required, it should be placed 
one to two intercostal spaces higher than the usually accessed 
fifth intercostal space to avoid intra-abdominal injury.1,23

CIRCULATION
Pregnant patients exhibit the physiologic differences seen 
in Table 35.1.

Given the increased plasma volume and cardiac out-
put, a pregnant patient can hemorrhage 1200–1500 mL 
of blood before exhibiting signs and symptoms of hypo-
volemia. However, the resulting catecholamine release 
and vasoconstriction may reduce placental perfusion and 
produce fetal distress prior to signs of maternal distress. 
The therapy remains maternal stabilization, as pregnant 
patients do respond appropriately to volume resuscitation. 
It should be mentioned that a pregnant patient is expected 
to have a slightly elevated resting heart rate and relative 
hypotension, both signs that may falsely raise concern for 
hemorrhage. A good clinical sense and experience treating 
obstetric patients will come useful.

Transfusion of blood products is indicated as needed 
to maintain maternal physiologic needs. If cross-matched 
blood is not available or there is not enough time for cross-
matching, O-negative blood should be transfused to avoid 
Rh sensitization in Rh-negative women. Maternal hemato-
crit does not correspond in any way with fetal hematocrit.

It is important to bear in mind the influence of the 
gravid uterus in compressing the inferior vena cava when 
a patient is in the supine position. The decrease in venous 
return and preload can lead to a 30% reduction in cardiac 
output and possibly dampen resuscitative efforts. Every 
effort should be made to either place the patient in a left 
lateral position or manually displace the uterus to the left 
side to relieve compression of the inferior vena cava (IVC). 
The venous congestion caused by uterine compression may 
also impede medication delivery via intravenous access 
below the diaphragm: Femoral access should be avoided. 
If the pneumatic antishock garment (PASG, also known 
as military or medical antishock trousers, MAST) is used, 
the abdominal section should not be inflated because of 
concern it may interfere with placental perfusion,23 but 
this is a largely obsolete technology.

DISABILITY
Altered sensorium in the pregnant patient mandates 
including eclampsia and the posteclamptic (post-ictal) 
state in the differential. Evidence of hypertension, 

Table 35.1 Physiologic differences in pregnant patients.

Increased plasma volume Up to 45%

Increased cardiac output By 1–1.5 L/min ; 20% of cardiac output distributed to uterus and 
placenta in 3rd trimester

Decreased hematocrit 31%–35%
Elevated resting heart rate By 10–15 beats/min
Decreased systolic and diastolic blood pressure By 5–15 mmHg
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hyperreflexia and proteinuria further support eclampsia, 
but in the setting of hemorrhage from trauma, hyperten-
sion may be absent.

Active seizures in a pregnant patient, absent head 
trauma, can be presumed to be eclampsia and man-
aged by intravenous magnesium sulfate (6 g bolus + 2 g/
hour) while obstetrical or neurological consultation is 
requested.

EXPOSURE
Evaluation should include a pelvic examination for vagi-
nal bleeding as a source of hemorrhage. However, if vagi-
nal bleeding is identified, digital examination should be 
deferred until placenta previa is excluded.

SECONDARY SURVEY
After completion of the primary survey, the establishment 
of resuscitative efforts as needed, and restoration of nor-
mal vital signs, the obstetrician has a role in the secondary 
survey:

• Assessment of gestational age and viability
• Evaluate specific obstetric emergencies such as uterine 

rupture or placental abruption

• Check cervical dilation and rupture of membranes 
(screen for preterm labor)

• Begin the process of fetal assessment

This is the time to obtain a history, whether from the 
patient herself or from family members or other sources. 
This is also the time to obtain needed imaging studies 
(Figure 35.1).

Blunt injury accounts for the majority of trauma in preg-
nancy (see section “Epidemiology”). The mechanism of 
injury may be useful in directing evaluation toward com-
monly associated injury patterns: For example, thoracic 
injury after head-on motor vehicle collision, head injury or 
aortic trauma after auto-versus-pedestrian accidents, etc.17 
The presence of a space-occupying gravid uterus affects 
these patterns.

In the first trimester, the uterus remains in the bony pel-
vis, making direct fetal injury rare (<1%). In later gestation, 
while the fetus remains somewhat protected by the presence 
of multiple layers (amniotic fluid, uterine myometrium, and 
the maternal abdominal wall) the risk of direct fetal injury 
from blunt trauma does increase. The same layers serve to 
shield maternal viscera. At any gestational age, the trajectory 
of ballistic wounding (bullets, shrapnel) is unpredictable.
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Figure 35.1 Mechanisms of injury—changes in anatomy.

  



Coagulopathy and trauma 479

Fetal injury is more commonly a result of indirect fac-
tors after blunt trauma, however: The uterus is deform-
able with high pressures, but as the placental attachment 
site is not, shear forces may result in placental abruption. 
Abruption has been reported to follow both major and 
minor degrees of maternal abdominal trauma. Though 
placental abruption is more likely at the time of admission 
for trauma, rates are also higher even among women who 
were discharged undelivered after trauma.8

Restraints (seat belts), properly worn, are protective to 
the pregnant patient (and therefore her fetus) involved 
in an MVA. Unrestrained pregnant women experience a 
higher risk of complications including premature deliv-
ery and fetal death. Proper placement involves a shoulder 
restraint above and a lap belt below the uterus. Airbags and 
their deployment have not been proven to increase fetal 
risks in pregnancy and, in fact, would be expected to save 
fetal lives by the simple expedient of saving maternal lives.

Penetrating injury is less common in pregnancy than 
blunt trauma but increases the likelihood of direct fetal 
injury. The uterus and its contents protect the patient’s vis-
cera, but the fetus generally does poorly.

As gestational age increases, the uterus displaces the 
bowel cephalad, so bowel injury becomes less likely with 
advancing gestation. The gravid uterus also displaces the 
bladder out of the bony pelvis, making it more susceptible 
to injury. Hematuria warrants prompt investigation. If 
maternal urine is contaminated with meconium or vernix, 
it is especially concerning for vesicouterine rupture.

The gravid uterus receives up to 600 mL/min of blood 
supply in the third trimester (20% of the cardiac output) 
and in the event of uterine rupture can be a major source 
of blood loss. It is possible for the uterus to distend enough 
to accommodate the entire circulating blood volume, 
thereby providing a large potential space for blood loss.

Pelvic fractures, which may result from blunt trauma, 
can be a source of significant retroperitoneal blood loss, 
especially because of the engorgement of pelvic vessels 
in pregnancy. A stable maternal pelvic fracture does not 
exclude vaginal delivery but consultation with an ortho-
pedic surgeon would be indicated for safe patient position-
ing, since a standard lithotomy position may be imprudent 
under the circumstances.

EVALUATION OF FETO-MATERNAL HEMORRHAGE
The presence and degree of feto-maternal hemorrhage 
(FMH) has been studied as an indicator of the sever-
ity of obstetric trauma.24 The inelastic placenta attached 
to the more elastic myometrium is prone to injury, and 
any disruption can result in fetal blood being spilled into 
the maternal circulation. FMH has been noted to occur 
in 10%–30% of traumas, with increasing incidence with 
advancing gestation. This is particularly important in 
Rh negative patients that have the potential for Rh allo-
immunization. Even minor trauma has the potential for 
causing an Rh sensitization event in the mother, and all 
Rh-negative patients should receive anti-D immune glob-
ulin G within 72 hours of the event.23

While even 0.001 mL of fetal blood can result in alloim-
munization, the routine dose of 300 µg Rh immune globu-
lin will provide prophylaxis against 30 mL of fetal blood 
(15 mL of fetal RBC). If there is concern for larger FMH, 
the Kleihauer–Betke (KB) test can quantify the amount of 
fetal blood cells in maternal circulation so as to calculate 
the needed dose of Rh immune globulin.

Muench et al.24 studied the utility of KB testing in all 
cases of maternal trauma regardless of Rh status and 
reported that a positive KB correlated with presence of 
contractions and progression to preterm labor. These 
authors have advocated routine KB testing in all trauma 
cases, but others recommend routine testing only in 
Rh-negative patients23 since tocodynamometry is likely to 
be performed in all patients regardless.

COAGULOPATHY AND TRAUMA
Nonobstetric bleeding in a pregnant trauma patient 
should follow standard trauma protocols. Site-specific 
bleeding from a major injury can be life-threatening and 
should be stabilized emergently with either temporary 
(compression) or definitive (surgical or interventional) 
management. While anatomical bleeding can be cor-
rected surgically, diffuse microvascular bleeding from a 
deranged coagulation system cannot, and may vitiate life-
saving interventions.

Recent literature from trauma and critical care sources 
shows that coagulopathy is present in one-third of bleed-
ing trauma patients upon initial presentation to the hos-
pital.25 These patients require more transfusions and have 
longer stays in the intensive care unit (ICU), higher inci-
dence of multiorgan dysfunction and a fourfold increase 
in mortality, compared with patients with a functional 
coagulation system. Especially pertinent in obstetrics is 
the role of placental abruption, overt or concealed, and its 
potential to trigger coagulopathy.

Post-traumatic coagulopathy has been mainly attrib-
uted to either widespread activation of the clotting cas-
cade, leading to consumptive coagulopathy, or dilutional 
coagulopathy secondary to large-volume crystalloid 
resuscitation. While intravenous fluids can be lifesaving, 
large-volume infusions may worsen bleeding by increas-
ing intravascular hydrostatic pressures and washing away 
clots that are being formed.25,26 Strategies of hypotensive 
or hemostatic resuscitation are directed not at maintain-
ing normal blood pressure but at maintaining only the 
minimal cardiac output required to sustain organ func-
tion while preserving normal coagulation. This typically 
requires limiting crystalloids, accepting lower blood 
pressures, administering antifibrinolytic agents such as 
tranexamic acid, and transfusing plasma and platelets 
early, rather than red blood cells (RBC) only.26 Operative 
control of bleeding is achieved quickly, even if this means 
damage control rather than definitive surgery. It must be 
pointed out that hypotensive resuscitation has not been 
studied in pregnancy, though it has been proposed as an 
adjunct to surgical control of postpartum hemorrhage.27

Hypothermia and acidosis are known to hinder clotting 
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factor function and worsen coagulopathy: Thus, precau-
tions must be taken to avoid them.

Although the degree of coagulopathy is related to sever-
ity of injury, hemodynamically stable patients may, rarely, 
present with clotting dysfunction. A distinct coagulopa-
thy of trauma seems to be directly related to the degree 
of tissue hypoperfusion precipitated by the shock state. 
Acute coagulopathy of trauma-shock (ACoTS), character-
ized by systemic anticoagulation and hyperfibrinolysis, 
has not been specifically studied in pregnancy trauma and 
is beyond the scope of this chapter.

Pacheco et al., after a thorough review of current trauma 
literature, advocate changes in resuscitation protocols for 
obstetric hemorrhage,28 which may be considered in case 
of severe trauma complicating pregnancy. They recom-
mend hemostatic resuscitation that involves the following:

• Limitation of aggressive crystalloid use early in resusci-
tation, and perhaps permissive hypotension; permissive 
hypotension has not been studied during pregnancy, 
however, and the fetoplacental effects are unknown.

• Early administration of fresh frozen plasma (FFP) and 
platelets along with packed RBC, aiming for a ratio of 
1:1:1 without waiting for coagulation laboratory tests.

• Early use of recombinant factor VII (rFVIIa).

Trauma literature now strongly advocates a 1:1:1 ratio 
of transfusing FFP and platelets with RBC to reduce the 
development of coagulopathy. Combat injury data has 
shown significant improvement in survival outcomes with 
higher plasma to packed RBC (PRBC) transfusion ratio,29

as have subsequent trials in a civilian trauma population,30

and a policy of high plasma-to-RBC ratios has subsequently 
been adopted into many massive hemorrhage protocols, 
including obstetric hemorrhage. However, as Pacheco 
et al. point out, trauma studies are significantly weakened 
by the possibility of survival bias: FFP takes time to thaw 
and thus the patient who receives it has already survived 
longer. The few studies attempting to address this bias have 
shown no benefit from higher plasma transfusion ratios. 
More prospective studies are needed to provide guidance, 
but at the time of this writing, early FFP and platelet trans-
fusion is recommended.

In case of a planned (nonemergent) trip to the operat-
ing room, intraoperative cell salvage is a viable option for 
obstetric patients and can reduce the need for allogenic 
blood products. The theoretical concern for an amniotic 
fluid embolism caused by unfiltered amniotic fluid in sal-
vaged blood has not been seen in clinical practice in over 
400 obstetric patients.1

DIAGNOSTIC IMAGING MODALITIES AND SPECIAL 
CONSIDERATIONS DURING PREGNANCY
After maternal resuscitation and stabilization, focus is 
shifted to the diagnosis of nonobvious injuries and evalu-
ation and management of the fetus. This constitutes the 
secondary survey.

Diagnostic imaging is often important to determine the 
extent of intra-abdominal or other internal injury and to 

confirm whether there is a need for nonobstetric laparot-
omy or other surgery.

Focused assessment with sonography in trauma (FAST) 
is typically used during the secondary survey to look for 
free intraperitoneal fluid. During this examination one 
visualizes the pericardium, the right upper quadrant, left 
upper quadrant and the suprapubic area in a search for 
free fluid.17,23 In pregnant patients, FAST performs well: 
Sensitivity was 83% and specificity 98% in a group of 127 
who had sustained blunt abdominal trauma.31 It does 
depend to a certain extent on the sonographer’s skill and 
the acoustic attenuation of the abdominal wall, being less 
satisfactory in obesity.

Bedside ultrasonography (US) can also be utilized to 
determine the approximate gestational age (GA) of the 
fetus and presence (or absence) of fetal cardiac activity. The 
location of the placenta, presence of a retroplacental clot, 
and position of the fetus can be determined, but sensitiv-
ity of ultrasound for placental abruption is inadequate. As 
an adjunct to the secondary survey, continuous electronic 
fetal heart rate monitoring may be appropriate, depending 
on gestational age, severity of maternal injury and poten-
tial for fetal decompensation. Presence of fetal well-being 
can also be utilized as an additional marker of maternal 
physiologic stability. Fetal concerns cannot, of course, be 
allowed to override maternal concerns.

Computed tomography (CT) scanning is a crucial ele-
ment of trauma imaging. The concern for CT in a preg-
nant patient revolves around the radiation exposure to the 
developing fetus. The potential for harm from radiation 
exposure depends on the gestational age. Immediately 
after conception (<2 weeks), there may be blastocyst fail-
ure, with harm being an all-or-nothing event. Between 2 
and 10 weeks the embryo or fetus is vulnerable to tera-
togenesis with the threshold thought to be from 50 to 
150 mGy; after 10 weeks, the major concerns with high 
exposures would be fetal growth restriction or effects on 
brain development.23

Fetal exposure from background radiation ranges from 
0.5 to 1.0 mGy in a normal pregnancy. A single CT of the 
chest has an estimated exposure of 0.2 mGy.32 In contrast, 
a CT of the abdomen and pelvis with the fetus in direct 
view can approach 50 mGy but, unless repeated, usually 
still remains below the threshold. Techniques to reduce 
the fetal radiation dose may be employed if the radiologist 
deems they will not compromise image quality.

Reaching 50 mGy of exposure increases the overall life-
time cancer risk by 2% in the perinate and doubles the risk 
of fatal childhood cancer (new risk: 1 in 1000).32

NONOBSTETRIC SURGERY DURING PREGNANCY
Maternal injury during pregnancy may require surgical 
intervention. Craniotomy, thoracotomy, laparotomy, or 
surgery of the extremities may be required. Nonemergent 
procedures may be deferred for hours or, more rarely, 
even days in some cases, such as extremity fractures, in 
order to optimize presurgical and preanesthetic circum-
stances. In some cases, the surgical technique may be 
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altered by the fact of pregnancy, as when the orthopedist 
chooses an open plating technique for repair of long bone 
fracture rather than percutaneous plating or an intra-
medullary nail, so as to reduce total radiation exposure 
intraoperatively.33

If emergency laparotomy is indicated for trauma, the 
goals for surgery should be clearly elucidated. Gunshot 
wounds to the maternal abdomen will typically require 
exploration, but typically will be associated with fetal 
death. Penetrating abdominal trauma from stab wounds 
may injure the uterus and thereby injure the fetus, but if 
the uterus is large enough, will not usually have injured 
other maternal viscera. The enlarging uterus will have 
pushed bowel cephalad, however, so upper abdominal 
injuries may well be associated with bowel trauma.

In recent years, the concept of selective nonoperative 
management (SNOM) of abdominal trauma has come to 
the fore, first for blunt trauma and then for penetrating 
trauma.34,35 Candidates for this type of management must 
be hemodynamically stable, have no evidence of peritoni-
tis, and have no hollow viscus injury on CT scan; solid-
organ injury does not rule out SNOM. This approach has 
been successful in reducing exploratory laparotomy among 
adult (nonpregnant) patients after abdominal trauma, 
though 15%–20% will fail SNOM and require laparot-
omy.34 Evaluation of selective nonoperative management 
among pregnant patients after abdominal trauma remains 
limited, however. A small series from Lebanon reported 
on 14 pregnant patients injured by high-velocity bullets 
or shrapnel, among whom three were managed expec-
tantly, at 25, 32, and 34 weeks: All three fetuses survived 
and eventually delivered vaginally.36 The authors note that 
expectant management in these cases was predicated on 
the absence of major fetal injuries as shown by x-ray or 
ultrasound imaging. Outcomes were better than those in 
which immediate cesarean was undertaken, though the 
decision to take the patient to surgery was confounded by 
indication: That is, there was “fetal distress” in two cases, 
bullet-induced fetal fractures in two, two traumatic uter-
ine ruptures, and in two cases the uterus had to be emptied 
to get surgical access to a maternal injury in the liver or 
retroperitoneum. Three other cases in which cesarean was 
undertaken without either a fetal indication for cesarean 
or a clear maternal indication for laparotomy all resulted 
in stillbirth.

Intraoperative fetal monitoring is sometimes used 
during nonobstetric surgery but cannot be routinely 
recommended. Not only is it technically and logisti-
cally difficult to perform during abdominal surgery, but 
it raises the possibility that concerns about fetal well-
being may trump concerns about maternal stability. The 
Committee on Obstetric Practice of the American College 
of Obstetricians and Gynecologists states, “The decision 
to use fetal monitoring should be individualized,” and 
points out that all the following must apply if it is to be 
undertaken: “The fetus is viable; it is physically possible 
to perform intraoperative fetal monitoring; a health care 
provider with obstetric surgery privileges is available and 

willing to intervene during the surgical procedure for fetal 
indications; when possible, the woman has given informed 
consent to emergency cesarean delivery; the nature of the 
planned surgery will allow the safe interruption or altera-
tion of the procedure to provide access to perform emer-
gency delivery.”37

CARDIAC ARREST
In the event of cardiopulmonary arrest of a patient past 
mid-pregnancy, effective cardiopulmonary resuscita-
tion is difficult to achieve. Aortocaval compression by the 
uterus interferes with return to the heart when the patient 
is supine. Left uterine displacement has been advocated, 
with a wedge under the right hip, but manual uterine dis-
placement from above is more effective.38 Chest compres-
sions and ventilations should be delivered according to 
standard protocols.

There is good evidence to recommend expedited deliv-
ery of the fetus within 4 minutes of arrest for both mater-
nal and fetal benefit, especially after the threshold for 
neonatal viability (>24 weeks) or in the case of a potentially 
reversible cause of maternal arrest. Recent clinical practice 
guidelines from the SOGC23 and from the American Heart 
Association38 emphasize the role of perimortem cesarean 
delivery in improving the chances for return of spontane-
ous circulation in the mother as well as the outcome for 
the perinate.

The push for perimortem cesarean delivery (PMCD) 
within 4 minutes of maternal cardiac arrest originated 
from a seminal paper published 30 years ago.39 The authors 
outlined the potential maternal and fetal benefits and tar-
geted a time of 4 minutes to begin the procedure, 5 min-
utes to effect delivery. This target reflected the difficulty 
of performing effective cardiopulmonary resuscitation 
(CPR) in a gravid patient past midpregnancy and the time 
threshold believed to apply for maternal and fetal oxygen 
reserve. Subsequent case series have reported return of 
spontaneous circulation after aortocaval compression is 
relieved with delivery of the fetus. Katz40 reviewed more 
than 200 cases of maternal cardiac arrest and found only 
three cases in which effective CPR was achieved prior to 
delivery of the fetus.

As far as the fetus is concerned, ischemic brain injury 
occurs 4–5 minutes after cessation of blood flow, and the 
hope is that neurologic injury to the fetus may be pre-
vented if it is delivered within that time frame.39 Neonatal 
survival with normal neurological development has been 
documented, however, even 30 minutes after maternal 
arrest,41 so delivery should not be considered futile if more 
than 5 minutes have passed.

In nonresuscitatable causes of maternal cardiopul-
monary arrest (e.g., massive trauma), perimortem cesar-
ean section should be performed immediately for the 
benefit of the fetus. Nonobstetric providers can employ a 
“two fingerbreadth” rule if they need to estimate viability: 
Palpation of the uterine fundus two fingerbreadths above 
the umbilicus approximates 24 weeks gestation, at which 
time extrauterine survival is possible.
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Once the decision is made to proceed with PMCD, no 
delay should be made to check fetal heart rate or move the 
patient to the operating room. Ultrasonography is difficult 
to perform in such a setting and only wastes crucial time. 
Neither sterile technique nor anesthesia is required, and 
the consent of the mother will, obviously, be impossible. 
Neonatology providers should be informed and urgently 
available, but the procedure should not wait for them to 
arrive. CPR should be continued during the procedure and 
the obstetrician or delivering physician should perform 
laparotomy in a manner they are most comfortable with.38

Either midline vertical or Pfannenstiel (transverse) 
incision can be utilized, according to the operator’s prefer-
ence, as long as speed can be achieved. After delivery of 
the fetus, the placenta should be delivered and the uterus 
closed with care to prevent bladder and bowel injury in 
potentially resuscitable cases. While there will be no bleed-
ing during the surgery, because there will have been no 
circulation, hemorrhage is possible after return of spon-
taneous circulation.42 The surgeon should be prepared to 
treat both uterine atony and coagulopathy.

The ethics and legality of PMCD have been addressed by 
others40,42 and will be mentioned here briefly. In cases of 
fatal nonresuscitatable maternal trauma, the medical pro-
vider’s obligation to the fetus should be obvious and would 
require immediate action. In cases where maternal resus-
citation is possible, though PMCD may appear morbid and 
even barbaric, the evidence is clear on its potential both as 
an aid to maternal resuscitation and as a tool to deliver a 
liveborn baby. In terms of legality and consent, as of 2012 
no instances of legal action (either civil or criminal) have 
been entered against a physician for performing PMCD. 
However, there are cases in which physicians have been 
sued either for not performing PMCD or not doing so in a 
timely manner.40
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36Surgery during pregnancy
GEORGE A. MAZPULE, GREGORY GRIMBERG, TOGHRUL TALISHINSKIY, 
and DONALD A. MCCAIN

Approximately 0.75–2% of pregnant women need non-
obstetric surgery. This chapter’s objective is to provide a 
concise yet broad overview of the most common nonob-
stetric surgical issues in the pregnant patient. The top-
ics covered in this chapter range from the most common 
causes of abdominal pain, such as appendicitis, biliary tract 
disease, and bowel obstruction to the management of cer-
tain malignancies. Making an early diagnosis and imple-
menting timely treatment of these conditions is paramount 
in minimizing both fetal and maternal morbidity. However, 
physiological changes during pregnancy may confound the 
etiology and lead to difficulty in diagnosis (Table 36.1). 
Having knowledge of these changes that occur during preg-
nancy may lead to earlier diagnosis and more appropriate 
management plan.

APPENDICITIS
Acute appendicitis is the most common nonobstetric sur-
gical disease during pregnancy. Approximately 1 out of 
1250 pregnant females is diagnosed with appendicitis with 
about half of these cases occurring during the second tri-
mester. Anatomical changes in the size of the gravid uterus 

and normal physiologic leukocytosis during pregnancy 
may make the diagnosis challenging. The presence of nau-
sea and vomiting is nonspecific and may occur in a normal 
pregnant patient, especially during the first trimester.

The most consistent presenting symptom is right lower 
quadrant pain.1 However, the presence of this pain is not 
specific to appendicitis. Anorexia, nausea, and vomit-
ing usually occur within 24 hours of the onset of pain. 
The patient may develop right upper quadrant pain as 
the appendix is displaced medially and cephalad by the 
enlarging uterus. An increase in the normally elevated 
white blood cell count with a left shift may be seen.

An abdominal ultrasound examination is usually the 
first diagnostic test of choice. It poses no known risks to the 
fetus and has good diagnostic sensitivity. If the ultrasound 
examination is not diagnostic, the next choice of imag-
ing study remains controversial. Both computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) have 
greater than 95% sensitivity and specificity in the diag-
nosis of appendicitis. Low-dose CT can be used after the 
second week of embryonic age.7 MRI is generally consid-
ered safe in the second and third trimesters of pregnancy, 
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regarding safety in the first trimester is limited. However, 
it remains a useful imaging tool due to its lack of ionizing 
radiation. Because of this, some clinicians choose MRI 
before CT if both are readily available. Regardless of which 
imaging modality is utilized, prompt diagnosis of appendi-
citis is important, since fetal morbidity increases from 2% to 
8.5% in simple appendicitis to as high as 35% in perforated 
appendicitis.

The treatment of simple acute appendicitis is appendec-
tomy. However, if advanced appendicitis is seen, involv-
ing a phlegmon, abscess or perforation, nonoperative 
management is preferred. The patient is prescribed broad 
spectrum antimicrobials. Percutaneous drainage of fluid 
(abscess) collections with radiological guidance can be 
performed if needed. The role for interval appendectomy 
is still unclear, but should be considered.

BILIARY TRACT DISEASE
About 1–8 of every 10,000 pregnant women are affected 
by biliary tract disease.3 The symptomatology is similar to 
nonpregnant patients and includes nausea, vomiting, and 
right upper quadrant pain associated with the ingestion of 

a fatty meal. Abdominal pain that persists is often seen in 
those with acute cholecystitis. The diagnostic test of choice 
is an abdominal ultrasound examination. Ultrasound 
findings may include pericholecystic fluid, a thickened 
gallbladder wall, and a sonographic Murphy’s sign.

Biliary colic is treated with analgesia and usually does 
not require cholecystectomy unless the patient has persis-
tent vomiting. Elective cholecystectomy can be done after 
delivery, since over 90% of pregnant females with biliary 
colic have resolution of their symptoms with conservative 
management. However, cholecystectomy is safe in the first 
or second trimesters if clinically indicated. The laparoscopic 
approach has been proven to be safe during pregnancy 
and may be superior to open cholecystectomy.2 However, 
laparoscopy may be technically difficult during the third 
trimester due to the size of the uterus.3 Percutaneous chole-
cystostomy is also a viable option in unstable patients.

PANCREATITIS
Pancreatitis occurs in about 1 in 1,000–12,000 pregnan-
cies. Maternal mortality may range from 0% to 18%, 
depending on severity. Preterm delivery is seen from 15% 
to 32%. About 65% of acute pancreatitis is caused by gall-
stones, followed by hyperlipidemia.4 An elevated amylase 
and lipase are seen, along with a disproportionate eleva-
tion in alkaline phosphatase.

Aggressive resuscitation and nutrition are crucial in 
patients with pancreatitis. An abdominal ultrasound 
should be done to evaluate for cholelithiasis. If the pan-
creatitis is severe as determined by Ransom’s criteria or 
the Acute Physiology and Chronic Health Evaluation 
(APACHE) score, a CT scan with IV contrast is performed 
to assess the presence of pancreatic necrosis.

The management of gallstone pancreatitis may include 
cholecystectomy, most commonly done during the second 
trimester if possible. Endoscopic retrograde cholangio-
pancreatography can be safely utilized if indicated by the 
presence of biliary obstruction.5 If used within 48 hours of 
presentation in indicated patients, morbidity and mortality 
are decreased. Pelvic shielding should be utilized. In case 
of severe pancreatitis, the patient should be admitted to the 
intensive care unit (ICU) due to their high risk of cardiovas-
cular and respiratory failure. Parental nutrition is safe to use 
during pregnancy and should be implemented when ade-
quate oral nutrition is not possible. However, enteral feed-
ing is preferred if possible to prevent gut permeability and 
bacterial translocation. Antimicrobials may be indicated if 
>30% of the pancreas is necrotic. If so, the drug of choice is 
imipenem–cilestatin. If the patient shows no improvement 
after medical management for 10–14 days and has pancre-
atic necrosis, pancreatic debridement is necessary if infec-
tion is proven by a fine needle aspiration of the pancreatic 
fluid. If the necrosis is sterile, up to 3 weeks of nonoperative 
medical management may be needed.

INTESTINAL OBSTRUCTION
Intestinal obstruction is uncommon during pregnancy, 
occurring from 1 in 1,500 to 66,500 pregnancies. As in the 

Table 36.1 Maternal physiologic changes during 
pregnancy.

Clinical
Dyspnea
Peripheral edema
Systolic ejection murmur
Nausea

Cardiovascular
Increased heart rate (to about 90)
Decreased blood pressure (by about 5–10 mmHg)
Increased cardiac output (by 30–50%)
Decreased systemic vascular resistance (SVR)
Increased blood volume and plasma volume (by 1–1.5 L)
Decreased venous return of blood to the heart
Decreased iliac artery flow

Respiratory
Elevated diaphragm
Functional residual capacity (FRC) decrease by 15–20%
Increased minute ventilation

2
Pao  increase (to approximately 105 mmHg)

2
Paco  decrease (to approximately 30 mmHg)
pH increase (to approximately 7.44)

Gastrointestinal
Decreased gastric motility
Mild elevation in alkaline phosphatase

Hematologic
Hypercoagulability
Decreased plasma total protein and albumin levels

Renal
Dilation of collection systems
Relaxation of bladder with increased capacity
Increased glomerular filtration rate (GFR) by 30–50%
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nonobstetric patient, the most common etiology of obstruc-
tion is adhesions due to previous surgery, followed by 
volvulus, intussusception, malignancy, hernias, and diver-
ticular disease.6 Up to 25% of cases are due to cecal volvulus 
due to its displacement by the enlarging gravid uterus.

The presenting symptoms of intestinal obstruction 
include pain, nausea, vomiting, and distension. Patients 
may be obstipated, but some may still have bowel move-
ments due to evacuation of stool distal to the point of 
obstruction. Physical examination should focus on evalu-
ation for abdominal tenderness and the presence of her-
nias. Bowel ischemia should be suspected if the patient 
shows signs of peritonitis with or without fever and leu-
kocytosis. The first imaging study of choice is abdominal 
plain films. Radiologic signs of obstruction include small 
bowel distension with air fluid levels and a paucity of air 
in the large colon. If these images are inconclusive, further 
imaging studies, such as CT or MRI, may be appropriate.

The management of obstruction includes placement of 
a nasogastric tube, aggressive fluid resuscitation, electro-
lyte replacement, and the placement of a Foley catheter 
to adequately measure urine output. If the patient does 
not show signs of bowel ischemia or complete obstruc-
tion, nonoperative medical management can be success-
ful in up to 80% of patients. However, if there are signs of 
bowel ischemia or a complete obstruction, an urgent lapa-
rotomy is required. Untreated bowel ischemia may lead to 
preterm labor in over 50% of patients with fetal mortality 
approaching 50% if septic shock develops. Thus early sur-
gical intervention is critical.

INTRA-ABDOMINAL BLEEDING
Sudden hypotension with abdominal pain may be caused 
by a ruptured hepatic adenoma during pregnancy. Due to 
high circulating estrogen levels, adenomas can increase 
in size leading to a higher chance of rupture. Due to the 
lethality of massive intraabdominal hemorrhage from a 
ruptured adenoma, nonpregnant women with a known 
hepatic adenoma are advised not to take oral contraceptives 
as well as avoid pregnancy until the adenoma regresses in 
size. Prophylactic resection may play a role if pregnancy 
is planned. If a hepatic adenoma rupture is suspected, 
management involves aggressive fluid resuscitation and 
blood transfusion if needed. Bleeding may be controlled 
via hepatic artery embolization or hepatic artery ligation.

Splenic artery aneurysms may also cause intra-abdominal 
bleeding in pregnant patients. Management includes splenic 
artery embolization or surgery. If the aneurysm is proximal, 
it may be amenable to aneurysmectomy and reanastomosis 
of the splenic artery. If it is located near the spleen, then sple-
nectomy may be the only option to control the hemorrhage. 
Although rare, splenic artery aneurysm rupture may have a 
maternal mortality of 75% and fetal mortality of 95%.7

INFLAMMATORY BOWEL DISEASE
Pregnant females with inflammatory bowel disease 
(IBD) do not have an increased risk of relapse compared 
to nonpregnant females. However, there is an increased 

risk in adverse pregnancy outcomes. The most common 
complications are preterm delivery and low birth weight. 
If maternal IBD is active there may include a higher rate 
of miscarriage, and risks to the fetus may be increased at 
delivery. However, if the pregnancy is carried to term, fetal 
morbidity and mortality may be low.

Acute exacerbations during pregnancy increase the rate 
of adverse maternal and fetal outcomes. Urgent and appro-
priate treatment may prevent these complications. While 
most medications for IBD carry a low risk for the fetus, 
some such as methotrexate are contraindicated. 5-amino-
salicylic acid (5-ASA) and corticosteroids are the preferred 
drugs used to treat relapses. Infliximab may be given up 
until gestational weeks 24–26, due to it being able to cross 
the placenta. Ciprofloxacin and metronidazole should be 
avoided in the first trimester. Medications should not be 
stopped during pregnancy, as discontinuation of mainte-
nance therapy may lead to a higher chance of relapse and 
fetal morbidity. The indications for surgery are the same as 
in the nonpregnant female. The risk to the fetus of contin-
ued illness due to IBD is greater than the risks of surgery.8

DEEP VENOUS THROMBOSIS
Deep venous thrombosis (DVT) occurs in 12.1 per 10,000 
pregnant females with the highest risk later in gestation 
and until 3 weeks postpartum. Pulmonary embolism 
occurs at a rate of 5.4 per 10,000 pregnancies. Pregnant 
women are 6–10 times more likely to develop a DVT than 
nonpregnant women. Numerous factors contribute to 
this increased risk. Venous stasis of the lower extremi-
ties is caused by compression of the inferior vena cava by 
the gravid uterus. The levels of coagulation factors II, III, 
and X are increased and protein S is decreased, leading to 
a hypercoagulable state. Fibrin also becomes elevated in 
pregnancy due to an inhibited fibrinolysis. DVTs usually 
present in the left leg about 70% of the time.

DVT can usually be diagnosed via a venous Doppler 
ultrasound examination and is the diagnostic test of 
choice. In some cases, repeat Doppler ultrasound imaging 
or MRI may be required if the initial test fails to show a 
DVT in a patient with high suspicion. If pulmonary embo-
lism (PE) is suspected, a ventilation perfusion (VQ) scan 
or CT angiography of the chest may be done with low risk 
to the fetus. Due to potential counfounding by the nor-
mal physiologic changes of pregnancy, a hypercoagulable 
workup should be postponed until at least 6 weeks post-
partum. Molecular genetic testing may be done for pro-
thrombin and Factor V Leiden mutations, as these are not 
affected by pregnancy. Once diagnosed, patients should be 
hospitalized for medical management with low molecular 
weight heparin (LMWH) or unfractionated heparin (UH). 
However, LMWH is often preferred because of its ease of 
dosing and lower side effect profile.9 Therapy should be 
continued at a therapeutic dose for 3 months, and then 
continued at prophylactic doses until 3 weeks postpartum. 
LMWH and UH do not cross the placenta and are safe to 
use during pregnancy. Antifactor Xa levels should be fol-
lowed to ensure that the dose of LMWH is therapeutic. 
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If heparin is prescribed and heparin-induced thrombo-
cytopenia (HIT) develops, danaparoid and fondaparinux 
can be used. They are heparinoid molecules and do not 
cross-react with antibodies found in HIT. Direct throm-
bin inhibitors and factor Xa inhibitors are currently not 
recommended to be used due to lack of safety data during 
pregnancy. Vitamin K antagonists, such as warfarin, are 
relatively contraindicated due to their ability to cross the 
placenta and cause  teratogenicity. 10

DIAGNOSTIC IMAGING IN PREGNANT PATIENTS
Maternal and fetal radiation exposure from diagnostic 
imaging during pregnancy is affected by several factors 
such as the gestational age, anatomic site being imaged, 
imaging modality, and imaging technique. The effects 
of ionizing radiation include teratogenic and sometimes 
carcinogenic risks. Therefore, the benefit of the imaging 
study chosen in the workup of a pregnant female should 
outweigh its risks.

There is negligible effect of radiation on the fetus when 
it is exposed to less than 50 mGy, and pelvic shielding 
should be used when possible. Specific radiation risks are 
seen in Table 36.2.

If a CT is to be used, low-dose radiation modes should 
be used. While the safety of MRI has not yet been estab-
lished, no adverse effects to the fetus have been found. 
MRI is sometimes used in lieu of CT due to its lack of 
ionizing radiation, such as the evaluation of a pregnant 
patient with suspected appendicitis who has had an incon-
clusive ultrasound. Regardless of the imaging test used, a 
thorough discussion about its risks and benefits should be 
had with the patient. It is important to note that a delay in 
diagnosis may increase maternal and fetal morbidity and 
mortality. Therefore, if an imaging test is clinically indi-
cated, it should be done in order to make a diagnosis and 
to implement appropriate therapy.11,12

PREGNANCY-ASSOCIATED NEOPLASIA AND RELATED 
ENDOCRINE ISSUES
Cancer is the second most common cause of death in 
reproductive-aged females after accidental injury.13 Recent 
data indicate that the overall risk of malignancy during 

pregnancy has nearly doubled from 1 in 2000 in 196414

up to 1 per 1000 pregnant women in 1995 (Table 36.3),15

which is expected to increase as maternal age increases. 
The median age of pregnancy in the United States has been 
steadily increasing over the past 40 years to greater than 
26 years,16 up from 21 in 1970.17 A survey of the California 
State Cancer Registry demonstrated that the most com-
mon nongynecological cancers associated with preg-
nancy were breast, thyroid, melanoma, and Hodgkin’s 
lymphoma.18 This section will focus on the most common 
nongynecologic neoplasms and related diseases of general 
surgical importance in the pregnant patient.

DIAGNOSIS AND MANAGEMENT OF PUERPERAL 
BREAST MASSES
During pregnancy and lactation, examination of the breast 
is more difficult due to the changing hormonal milieu, 
alterations in breast texture, size, volume, water content, 
density, and tenderness. A careful breast examination is 
recommended to establish a baseline as soon as pregnancy 
is diagnosed since small masses can be missed as gestation 
progresses.19

Pregnancy-associated breast cancer (PABC) is defined as 
any breast cancer that occurs during pregnancy or within 
a year of childbirth. These breast cancers are usually infil-
trating ductal adenocarcinomas, poorly differentiated, 
associated with a poor prognosis, tend to present in an 
advanced stage, are hormonal receptor negative, HER-2/
neu positive and may be associated with a delay in diagno-
sis.20 Ultrasound, mammography, and MRI examinations 
are the usual imaging modalities that are available to evalu-
ate breast masses.21

It is recommended that all patients with a palpable 
breast mass that persists for longer than 2 weeks should 
be evaluated with an ultrasound examination. Ultrasound 
is the first-line imaging study of a palpable breast mass in 
pregnant patients due to a number of unique factors: safety 
(lack of ionizing radiation), distinguishing characteristics 
between benign and malignant lesions, high sensitivity 
and specificity, and ability to perform a guided core needle 
biopsy at the same time.

Differential diagnosis of breast  masses  includes  cystic 
lesions such as abscesses and galactoceles, benign solid 
masses including fibroadenomas, lactating adenomas, 
hamartomas, and rarely malignant solid masses such as 
lymphoma, leukemia, and sarcoma. For galactoceles, the 
diagnosis and treatment are by aspiration. For abscesses, 

Table 36.3 Risks of malignany in pregnancy.

Tumor type Incidence

Breast cancer 1:3,000–10,000
Hodgkin’s lymphoma 1:1000–6000
Melanoma 2–5:100,000
Thyroid cancer 14:100,000

Source: Reproduced from Pavlidis NA, Oncologist, 7(4), 279–287, 
2002. With permission.

Table 36.2 Estimated radiation exposure from 
radiography.

Radiographic test
Estimated ionizing radiation 
exposure (mGy)

Chest radiograph <0.01 mGy
Abdominal CT 29–42 mGy
Pelvic CT 20–80 mGy
Barium enema 10–20 mGy
Nuclear study <10 mGy
Fluoroscopy 10 mGy per minute
Ultrasound None
MRI None

Note: 1 rad = 10 mGy.
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treatment with incision and drainage or aspiration is 
acceptable, although for suspicious masses a biopsy includ-
ing the abscess wall is important to rule out a necrotic 
breast cancer. Some benign solid masses can grow in size 
throughout the pregnancy, sometimes rapidly as preg-
nancy progresses.

Mammography is often perceived to have a high radia-
tion dose although it has been shown to be safe during preg-
nancy.22 The radiation dose of standard mammography is 
less than 3 mGy to the mother; the dose to the uterus is less 
than 0.03 µGy,23 which is less than the 50 mGy threshold 
below which no teratogenic effects on the fetus have been 
reported.24 However, even with its relative safety and with 
the sensitivity and specificity of mammography in PABC 
between 78% and 90%, mammography is usually reserved 
for specific circumstances.25 It detects suspicious micro-
calcifications not picked up by ultrasound examination, 
and in multifocal, multicentric, and contralateral disease. 
In addition, bilateral mammography is recommended for 
any patient with a highly suspicious mass found on physi-
cal examination or on ultrasound imaging and any patient 
found to have a newly diagnosed PABC.26 In women over 
the age of 40 who are pregnant routine screening mam-
mography should not be done until after delivery and pref-
erably after cessation of lactation.

Although more sensitive in diagnosing breast cancer 
than mammography, contrast-enhanced MRI is usually 
not used in the evaluation/screening in pregnant patients 
as gadolinium ions can cross the placenta and can also 
dissociate into toxic-free ions.27 Gadolinium ions can 

cross the placenta and can also dissociate into toxic-free 
ions,27 which limits it routine use.

A suspicious breast mass (palpable solid and complex 
cystic mass) identified on ultrasound should be biopsied 
using ultrasound guided core needle biopsy technique. 
Benign lesions such as fibroadenoma, lactating ade-
noma, or hamartoma can be followed until the postpar-
tum period and then be subsequently excised. Excisional 
biopsy is needed for clinically and radiologically suspi-
cious masses that even have an equivocal or benign core 
needle biopsy. A rare complication of core needle biopsy 
is a milk fistula formation,28 a benign entity which can be 
treated by suppression of lactation. A management algo-
rithm for puerperal breast masses is shown in Figure 36.1.

DIAGNOSIS
PABC affects up to 1 in 3000 pregnant women, with breast 
cancer representing the second most common malignancy 
during pregnancy after cervical cancer.29 A high index of 
suspicion is needed to make the diagnosis of puerperal 
breast cancer. Delay in the diagnosis of PABC increases 
the risk of axillary metastasis. It has been reported that 
a 1-month delay in treatment in early-stage breast cancer 
increases the risk of axillary lymph node involvement by 
0.9–1.8%, a 3-month delay by 2.6–5.2%, and a 6 month 
delay by 5.1–10.2% depending on doubling time of 130 vs. 
65 days.30 A recent meta-analysis has shown a less favor-
able outcome for those diagnosed postpartum than during 
pregnancy. This may be due to the difficulty in making the 
diagnosis during pregnancy.31
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Since ultrasound is often used as the primary imaging 
modality for the evaluation of breast masses during preg-
nancy, it is important to note that the imaging features of 
suspicious masses include an increased posterior acoustic 
enhancement and large cystic components.32 Other suspi-
cious ultrasound findings include spiculated masses with 
heterogeneous internal echoes.

PRETHERAPEUTIC STAGING
Preoperative staging begins with a complete physical 
examination, which includes the size of the lesion, presence 
of palpable axillary, and/or supraclavicular lymph nodes. 
Axillary lymph nodes are the most important prognostic 
determinant for survival in breast cancer. The presence of 
a palpable supraclavicular lymph node requires a core nee-
dle biopsy or open biopsy since that is at the minimum a 
stage IIIC breast cancer. By using the clinical tumor, node, 
metastasis (TNM) staging system (Tables 36.4 and 36.5), 

appropriate workup for breast cancer can be ordered for 
a metastatic workup. The workup for PABC is the same 
as for nonpregnant patients, for clinical stage I or II; the 
only studies required besides the clinical examination are 
a chest X-ray and liver function tests. For clinical stage III, 
an MRI examination may be needed as the incidence of 
metastasis justifies its risk.

TREATMENT
The treatment goals of PABC are different than in the non-
pregnant patient because exposure to radiation therapy 
and endocrine therapy is usually contraindicated dur-
ing pregnancy. Selective chemotherapy may be permitted 
after the first trimester.33 A subsequent pregnancy should 
be avoided for 2 years after completion of chemotherapy. 
Therefore, the primary treatment for resectable breast can-
cer is surgical removal. The goals of surgery include the 
removal of the lesion with mastectomy or lumpectomy fol-
lowed by radiation therapy (generally reserved for patients 
with findings of breast cancer in mid to late third trimes-
ter); lymph node staging must be performed at the time of 
the initial operation for appropriate TNM clinical staging. 
Lymph node staging can be performed by sentinel lymph 
node biopsy (SLNB), with radioactive tracer injection and/
or blue dye. Isosulfan blue has a small, ~1%, severe risk 
of maternal allergic reaction and it is not used frequently. 
SLNB while once thought to be contraindicated during 
pregnancy has been demonstrated to be relatively safe with 
low prenatal doses of radiation and does not increase the 
risk of prenatal malformation or death.34 Positive SLNB or 
palpable axillary nodes require level I and II axillary node 
dissection.

Chemotherapy during pregnancy requires the under-
standing that there are several critical periods during 
gestation: days 8–14 from conception correspond to the 
all-or-none phenomenon during which survival from 
exposure during this period does not result in congeni-
tal defects. During the organogenesis period (weeks 2–8 
from conception) fetal exposure to potentially toxic com-
pounds may have teratogenic effects. From week 8 onward 
is the fetal phase, during which selective chemotherapy 
is generally considered safe but may be associated with 
an increased risk of intrauterine growth restriction, pre-
maturity, low birth weight, and bone marrow toxicity.35

Indications for the use of chemotherapy in PABC patients 
are similar to those of nonpregnant patients (those with 
tumor size over 1 cm with poorly differentiated or hor-
mone receptor negative and or those with lymph node 
metastasis). As most PABC are hormone receptor nega-
tive, chemotherapy is used more frequently than hor-
monal therapy. The most common chemotherapy agents 
used are 5-fluorauracil, doxorubicin, and cyclophospha-
mide. In an attempt to devise a standardized protocol 
for the management of breast cancer during pregnancy 
(Figure  36.2), one study demonstrated no congenital 
malformations or immediate postpartum deficits.36

Subsequent pregnancy should be allowed 2 years after the 
completion of chemotherapy.

Table 36.4 Clinical TNM staging of breast cancer.

Tis: carcinoma in situ
T1: tumor ≤ 2 cm
T2: tumor > 2 cm but ≤ 5 cm
T3: tumor > 5 cm
T4: tumor of any size with skin or chest wall involvement

N0: no palpable axillary lymph nodes
N1: palpable mobile axillary lymph nodes
N2: palpable fixed axillary lymph nodes
N3: palpable supraclavicular lymph nodes

M0: no metastasis
M1: metastatic disease present

Source:  NCCN Clinical Practice Guidelines in Oncology: Breast Cancer. 
V 1.2016. National Comprehensive Cancer Network. With 
permission

 Abbreviations: T: tumor; N: nodes; M: metastasis.

Table 36.5 Clinical stage grouping of breast cancer.

T N M Stage

1 0 0 I
1 1 0 IIA
2 0 0
2 1 0 IIB
3 0 0
1 2 0 IIIA
2 2 0
3 1 0
3 2 0
3 0–2 0 IIIB
Any 3 0 IIIC
Any Any 1 IV

Source:  NCCN Clinical Practice Guidelines in Oncology: Breast Cancer. 
V 1.2016. National Comprehensive Cancer Network. With 
permission.
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FUTURE PREGNANCY IN BREAST CANCER SURVIVORS
The issue of childbearing ability becomes an important 
issue to discuss with PABC patients. Factors including 
chemotherapy agents used, total dose of agent given, and 
patient’s age are the most significant risk factors for ovar-
ian dysfunction. For example, amenorrhea decreases with 
anthracycline-based adjuvant chemotherapy, whereas 
cyclophosphamide/methotrexate/5-fluorauracil combi-
nation regimen has an increased risk of amenorrhea. In 
some patients over the age of 40, amenorrhea was found to 
be irreversible.37 More importantly, multiple studies have 
demonstrated that subsequent pregnancies do not increase 
the risk of recurrence to the mother and the risk of mortal-
ity is not increased in the mother or the offspring.

MELANOMA
The workup and management for malignant mela-
noma are the same during pregnancy as in nonpregnant 
females. Suspicious lesions often follow the “ABCDE rule”: 
Asymmetry, border irregularity, color variation through-
out, diameter greater than 1 cm, and evolution of the lesion 
over time. With smaller lesions an excisional biopsy is usu-
ally performed; with larger lesions, a full-thickness punch 
biopsy will provide the most information. The strongest 
predictive factor for survival with melanoma is tumor thick-
ness, since it is correlated with lymph node metastasis. The 
Breslow thickness of the melanoma suggests the size of the 
margins to be taken as 0.5 cm for in situ lesions, 1 cm for less 

than 1 mm thickness, and 2 cm margins for tumors greater 
than 1 mm in thickness. Examination of lymph nodes 
should occur; patients with palpable lymph nodes should 
undergo lymphadenectomy. Tumors with a thickness size 
larger than 1 mm with no palpable nodes require a SLNB (as 
discussed in the section on PABC). SLNB is a safe procedure 
needed for staging. Clinical staging by Breslow thickness, 
presence of ulceration, nodal metastasis, and metastasis of 
melanoma is via TNM system (Tables 36.6 and 36.7).38

In a large study, the overall occurrence rate of cutane-
ous malignant melanoma was 8.5 per 100,000 pregnant 
women. Overall, there were no statistical differences 
between pregnancy-associated malignant melanoma 
and melanoma in a nonpregnant control as to incidence, 
tumor thickness, metastasis rate, to lymph nodes.39

Epidemiologic evidence points to a decreased risk of mel-
anoma in women with earlier age at first birth and multipa-
rous vs. nulliparous and the time since the most recent birth 
as unrelated to the risk of cutaneous malignant melanoma.40 
Of note, pregnant patients with stage IV disease should have 
a pathologic evaluation of the placenta because metastasis 
occurs in 31% of malignant melanomas. In those with pla-
cental involvement, the risk of fetal involvement is 22%.41

LYMPHOMA
The signs and symptoms of lymphoma during pregnancy 
are similar to those in nonpregnant females. The diag-
nosis of lymphoma requires a lymph node biopsy for 
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Figure 36.2 Management of breast cancer during pregnancy.
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pathologic analysis. Staging of the disease includes imag-
ing studies, a CT scan, and positron emission tomogra-
phy (PET)-CT. The radiation exposure for the mother/
fetus is a considerable amount but even if under the 50 
mGy limit, it is still a cause of concern and a topic of 
discussion for both the practitioner and the patient. 
The prognosis for the patient depends on type and then 
subtype: Hodgkin’s lymphoma (HL) vs. non-Hodgkin’s 
lymphoma (NHL). There are two factors to balance in 
pregnant patients with lymphoma: chance of cure for the 
mother and risk to the offspring.

HL increases in frequency during the third decade of 
life and is the most common form of lymphoma dur-
ing pregnancy.42 The current treatment for HL is the 
four-drug regimen: adriamycin, bleomycin, vinblas-
tine, and dacarbazine. Radiation therapy is limited to 
women with early stage HL, it is limited to the neck 
region and it involves proper shielding to the abdomen.42

Chemotherapy is the mainstay treatment for lymphoma, 
with the timing of initiation of chemotherapy based on 

the trimester of pregnancy. Patients are usually not given 
chemotherapy during the first trimester since the period 
of organogenesis leads to high teratogenicity rates. Use 
of chemotherapy agents during the first trimester is 
associated with spontaneous abortions and fetal death. 
Treatment with chemotherapeutic agents during the sec-
ond and third trimester is associated with preterm deliv-
ery, low birth weight, intrauterine growth restriction, 
and fetal death. However, with advanced stage disease 
and more aggressive subtypes of HL, delaying chemo-
therapy until after the first trimester is associated with 
lower maternal survival. Therefore, the option of elective 
termination of pregnancy and early initiation of chemo-
therapy may be advised. Overall, the prognosis of HL 
during pregnancy is similar compared to that in non-
pregnant controls43 (see Figure 36.3).

NHL is a group of malignancies whose treatment 
depends on the subtype: indolent, aggressive, and 
very aggressive. Indolent NHL includes follicular lym-
phoma, chronic lymphocytic leukemia, and marginal 

Table 36.6 TNM staging categories for cutaneous melanoma.

Classification Thickness (mm) Ulceration status/mitoses

T
Tis NA NA
T1 ≤1.00 a: Without ulceration and mitosis <1/mm2

b: With ulceration or mitoses ≥1/mm2

T2 1.01–2.00 a: Without ulceration
b: With ulceration

T3 2.01–4.00 a: Without ulceration
b: With ulceration

T4 >4.00 a: Without ulceration
b: With ulceration

N No. of Metastatic Nodes Nodal Metastatic Burden
N0 0 NA
N1 1 a: Micrometastasisa

b: Macrometastasisb

N2 2–3 a: Micrometastasisa

b: Macrometastasisb

c: In transit metastases/satellites without metastatic nodes
N3 4+ metastatic nodes, or matted nodes, 

or in transit metastases/satellites with 
metastatic nodes

M Site Serum LDH
M0 No distant metastases NA
M1a Distant skin, subcutaneous, or nodal 

metastases
Normal

M1b Lung metastases Normal
M1c All other visceral metastases Normal

Any distant metastases Elevated

Source: Balch CM et al., J Clin Oncol, 27/36, 6199–6206, 2009. With permission.
Abbreviations:     NA, not applicable; LDH, lactate dehydrogenase; T, tumor; N, nodes; M, metastasis.
a Micrometastases are diagnosed after sentinel lymph node biopsy.
b Macrometastases are defined as clinically detectable nodal metastases confirmed pathologically.
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Table 36.7 Anatomic group stagings for cutaneous melanoma.

Clinical staginga Pathologic stagingb

T N M T N M

0 Tis N0 M0 0 Tis N0 M0
IA T1a N0 M0 IA T1a N0 M0
IB T1b N0 M0 IB T1b N0 M0

T2a N0 M0 T2a N0 M0
IIA T2b N0 M0 IIA T2b N0 M0

T3a N0 M0 T3a N0 M0
IIB T3b N0 M0 IIB T3b N0 M0

T4a N0 M0 T4a N0 M0
IIC T4b N0 M0 IIC T4b N0 M0
III Any T N > N0 M0 IIIA T1-4a N1a M0

T1-4a N2a M0
IIIB T1-4b N1a M0

T1-4b N2a M0
T1-4a N1b M0
T1-4a N2b M0
T1-4a N2c M0

IIIC T1-4b N1b M0
T1-4b N2b M0
T1-4b N2c M0
Any T N3 M0

IV Any T Any N M1 IV Any T Any N M1

Source:  Balch CM et al., J Clin Oncol 27/36, 6199–6206, 2009. With permission
a Clinical staging includes microstaging of the primary melanoma and clinical/radiologic evaluation for metastases. By convention, it should be used 

after complete excision of the primary melanoma with clinical assessment for regional and distant metastases.
b Pathologic staging includes microstaging of the primary melanoma and pathologic information about the regional lymph nodes after partial (i.e., 

sentinel node biopsy) or complete lymphadenectomy. Pathologic stage 0 or stage 1A patients are the exception; they do not require pathologic 
evaluation of their lymph nodes.
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zone lymphoma, which is usually diagnosed at an older 
age and is thus uncommon in pregnancy; it progresses 
slowly and treatment is dependent upon whether the 
patient is asymptomatic (watchful waiting is recom-
mended) or symptomatic (a variety of chemotherapy 
agents are used). Aggressive NHL is the most common 
subtype and it includes mantle cell lymphoma and dif-
fuse large B-cell lymphoma. Combination chemotherapy 
with cyclophosphamide, doxorubicin, vincristine, and 
prednisone (CHOP) is typically used with rituximab 
added for CD 20-positive tumors. CHOP combination 
chemotherapy has not been well studied in literature and 
studies often have contradicting results as to the safety 
during first and subsequent trimesters. One study found 
no birth defects in children of pregnant patients given 
CHOP even during the first trimester44 and another 
study found no birth defects with the use of ritux-
imab throughout all trimesters.45 Very aggressive NHL 
includes Burkett’s lymphoma and B/T-cell lymphoblas-
tic lymphoma, all of which are best described by rapid 
tumor growth, CNS involvement, risk for tumor lysis 
syndrome, and relapse. Due to the aggressive and rapidly 
progressive nature, this subtype of NHL must be treated 
immediately with diagnosis, the toxicity of agents used 
especially the teratogenicity of methotrexate may require 
the option of abortion at early stages of pregnancy (see 
Figure 36.4).

ENDOCRINE TUMORS
Thyroid masses/differentiated thyroid cancer

Thyroid cancer is the most common endocrine malig-
nancy associated with pregnancy. Survival outcomes, 
recurrence rates, and thyroid cancer subtypes are similar 
between pregnant and nonpregnant females.46 The greatest 
risk factor for thyroid cancer appears to be ionizing radia-
tion.47 Increased estrogen production during pregnancy 
increases the size of the thyroid gland, T3, T4, Thyroid 
Stimulating Hormone (TSH), and is a risk factor for the 
development of thyroid nodules both benign and malig-
nant.48 A family history of thyroid cancer and suspicion 
for multiple endocrine neoplasia based on multiple malig-
nancies are important in obtaining a history for medullary 
thyroid cancer.

The workup of thyroid masses during pregnant patients 
includes a thorough history and physical examination, 
serum thyroid function testing, and an ultrasound exam-
ination of the neck. Fine needle aspiration of the thyroid 
gland is used for suspicious findings. Ultrasound find-
ings of differentiated thyroid cancer may be hypoechoic 
areas, irregular margins of the lesion, and fine punctate 
calcifications. Stable tumors without metastatic nodes 
or capsular invasion may be followed with serial thyroid 
ultrasound examinations every trimester49 and with thy-
roid function testing every 4 weeks. Indications for sur-
gery include an increase in size of the tumor diameter 
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by 20% and volume by 50%, and evidence of metasta-
sis.50 Most recommendations for the treatment of dif-
ferentiated thyroid cancer in pregnancy are to postpone 
treatment until after delivery because the prognosis in 
pregnant vs. nonpregnant patients is the same and out-
comes of surgery during pregnancy and afterwards were 
similar.51 However, in patients with medullary cancer, 
radical surgery including total thyroidectomy, central 
neck dissection with modified radical neck dissection 
with palpable nodes should be considered.52

Thyroid hormones

Due to the increased serum levels of hormones during 
pregnancy, the thyroid gland size and hormone levels vary 
throughout the course of pregnancy than in age-matched 
nonpregnant controls. Maternal total thyroid hormone lev-
els increase, however, TSH decreases in early pregnancy due 
to the weak stimulation of TSH receptors by increasing con-
centrations of human chorionic gonadotropin (hCG) during 
the first trimester. This decrease in TSH causes secretion of 
thyroid hormone and increases free T4 levels, causing even 
further TSH suppression by acting on thyroid releasing hor-
mone (TRH) centrally. However, after the first trimester of 
pregnancy, TSH levels begin to return to a baseline level and 
then even increase during the third trimester.53

Thyroid hormones have a significant effect on fetal 
brain development. Maternal thyroxine (T4) crosses the 
placenta to the fetus throughout gestation54; maternal thy-
roid hormone levels are especially important during the 
first trimester when the fetal thyroid gland can synthesize 
thyroid hormone after the 12th week.55 Both hypothyroid-
ism and hyperthyroidism may have a negative effect on 
maternal and fetal outcomes.

Hypothyroidism

Studies on dietary iodine deficiency in pregnancy demon-
strate that severe maternal and fetal hypothyroidism result 
in mental retardation and the neurologic defects of spas-
ticity, ataxia, and deaf-mutism; with less severe hypothy-
roidism only mental retardation resulted.56 Pregnancies 
in patients with subclinical hypothyroidism were associ-
ated with increasing risk for preterm birth and placental 
abruption57 compared to euthyroid patients.

Symptomatic hypothyroidism has nonspecific symptoms 
that can be difficult to distinguish from some of the usual 
complaints during pregnancy such as fatigue, cold intoler-
ance, weight gain, and constipation. It is estimated overt 
hypothyroidism affects up to 3 in 1000 pregnancies.58 The 
diagnosis is established by TSH and free T4 serum levels. 
The goal of treatment is return to euthyroid usually with 
the prescription of levothyroxine. The TSH level should be 
measured at 6- to 8-week intervals. While there is no rec-
ommendation for routine screening of thyroid levels during 
pregnancy, it is suggested that women with symptomatol-
ogy consistent with hypothyroidism undergo testing for 
TSH and free T3, T4 levels to allow for earlier diagnosis and 
treatment. Females with a history of hypothyroidism prior 

to pregnancy should have a serum TSH analysis during their 
first prenatal visit. In general, levothyroxine requirements 
increase during early pregnancy and therefore patients on 
levothyroxine supplementation should have their doses 
adjusted during pregnancy by having periodic serum TSH 
monitoring and clinical symptomatology.59

Hyperthyroidism

Overt hypothyroidism has an incidence of 1 in 2000 
pregnancies. The majority of symptomatic hyperthy-
roidism during pregnancy is due to Graves’ disease. 
Propylthiouracil or methimizole is the treatment of choice 
depending on gestational age. The symptoms of hyper-
thyroidism during pregnancy, much like the symptoms of 
hypothyroidism may be masked by “normal” symptoms 
of pregnancy. Hyperthyroidism is associated with heat 
intolerance, palpitations, nervousness, hyperemesis gravi-
dum, and weight loss/poor weight gain. The diagnosis is 
established by measurement of serum TSH and free T4 
levels. Treatment of hyperthyroidism during pregnancy 
is associated with improved maternal and fetal outcomes. 
Thioamides such as propylthiouracil and methimazole are 
used during pregnancy and each has its risks and benefits; 
however, both were demonstrated to be equally effective 
and safe in treating hyperthyroidism during pregnancy.60

Radioactive iodine should not be prescribed dur-
ing pregnancy since it can cross the placenta and per-
manently damage the fetal thyroid. A large study has 
demonstrated that euthyroid mothers had better out-
comes than those who were still hyperthyroid. Those still 
hyperthyroid were at increased risk for preterm birth, 
preeclampsia, fetal growth restriction, maternal heart 
failure, and pregnancy loss.61

Pheochromocytoma

Pheochromocytoma during pregnancy is a rare but poten-
tially fatal condition. The medical literature on the topic is 
sparse and mostly consists of case reports. Careful assess-
ment of family history is important in pregnant patients 
with new onset hypertension, multiple endocrine neopla-
sias IIA, and von Hippel–Lindau and other genetic tumors 
contributing up to 25% of pheochromocytomas in puer-
perium. Symptoms and signs are often similar to symp-
tomatology of other medical complications of pregnancy 
including hypertension, palpitations, headaches, vomiting. 
Pheochromocytoma is often mistaken for preeclampsia.

Urinary catecholamine levels are not altered by preg-
nancy but pheochromcytoma can be confirmed by mea-
suring a 24-hour urine vanylmandelic acid (VMA) or 
catecholamines.62 Abdominal ultrasound findings may 
include large, sharp margins, of a solid tumor with or 
without central necrosis, or hemorrhage in adrenal 
pheochromocytomas.63

Medical therapy is the first choice. It is important to start 
alpha adrenergic blockade in order to decrease hyperten-
sion and reduce mortality. Phenoxybenzamine or prazosin 
is typically used and safe in pregnancy with beta blockade 
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started once alpha blockers are effective.64 Surgical treat-
ment depends on the timing of discovery and gestational 
age. In early pregnancy, an exploratory laparotomy can 
be performed. Cases discovered in the second trimester 
can undergo resection once alpha and beta blockade are 
achieved. In late pregnancy, an exploratory laparotomy 
and cesarean section can be performed at the same time 
when fetal maturity is reached. Alternatively, if hyperten-
sion is well controlled, vaginal delivery with postpartum 
resection is possible.
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37Urologic complications during 
pregnancy
CHARBEL SALAMON

Pregnancy affects most maternal organ systems and the 
urinary tract is no exception. The physiologic changes of 
pregnancy may alter the presentation of many pathologic 
conditions ranging from urinary tract infections and 
nephrolithiasis to serious trauma.

Knowledge of the physiologic changes and their effect 
on the urinary tract is paramount to avoiding under-or 
overdiagnosis of pregnant women presenting with a uri-
nary tract related complaint. A high index of suspicion is 
often required to avoid a delay in diagnosis and treatment. 
The evaluation and management of the pregnant patient 
may differ significantly from patients experiencing simi-
lar urologic complaints in a nonobstetric setting. Thus, a 
thorough understanding of potential urologic problems 
encountered during pregnancy is crucial in order to mini-
mize morbidity to the mother and fetus through early 

recognition and intervention. This chapter will provide 
a comprehensive review of urologic complications and 
issues related to pregnancy.

PHYSIOLOGIC CHANGES OF PREGNANCY
Pregnancy affects the entire urinary tract from the kid-
neys to the urethra.

Renal changes

Both kidneys increase in size and volume during preg-
nancy. Kidney volume increases by up to 30% due to an 
increase in renal vascular and interstitial size leading to 
increase in glomerular filtration without any histological 
changes in the number of nephrons. Renal adaptations 
associated with pregnancy include a 30–50% increase in 
glomerular filtration rate and renal plasma flow.5 These 
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changes lead to a 25% reduction in serum creatinine and 
blood urea nitrogen levels. Serum levels of 1,25-dihy-
droxyvitamin D are found to be elevated during preg-
nancy, promoting a hypercalciuric state by increasing 
intestinal absorption of calcium and stimulating urinary 
calcium excretion.6 Dilation of the renal pelvis and ure-
ters, which begins by the end of the first trimester and is 
present in about 90% of women by the third trimester, has 
been recognized as a physiologic response to mechanical 
and hormonal changes of pregnancy.

Ureters

This physiologic dilation of the ureters and renal pelvises 
(pyelouretectasis) occurs only above the pelvic brim. The 
lower third of the ureters retain a normal caliber despite 
the fact that they must course around the rapidly enlarging 
gravid uterus. Hypertrophy of Waldeyer’s sheath may pre-
vent hormone-induced dilatation below the pelvic brim. The 
right ureter is more often affected than the left. In a review 
of 220 excretory urograms during pregnancy, Schulman 
and Herlinger reported greater dilation of the right side in 
86% of the cases.1 This is attributed to mechanical pressure 
at the pelvic brim by the dextrorotation of the pregnant 
uterus as it rises out of the pelvis, whereas the left ureter is 
protected by the sigmoid colon.2 Hormonal changes (high 
concentrations of progesterone) leading to increased uri-
nary tract compliance and reduced ureteral muscle tone 
are believed to be primarily responsible for dilation of the 
upper urinary system during the first trimester.3,4

Bladder

The bladder mucosa becomes edematous and hyperemic 
in pregnancy. The enlarging uterus displaces the bladder 
superiorly and anteriorly and flattens it. Progesterone-
induced bladder flaccidity may cause incompetence of the 
vesicoureteral valve. This change, combined with increased 
intravesical and decreased intraureteral pressure, appears 
to result in intermittent vesicoureteral reflux.

Urinary frequency and nocturia

Urinary frequency (voiding >7 times per day) and nocturia 
(night time voiding) are among the most common preg-
nancy-related complaints, affecting over 80% of women at 
some point during gestation. Frequency appears to be mul-
tifactorial, which is in part due to changes in bladder func-
tion and in part to an increase in urine output and begins in 
the first trimester. Nocturia is common and increases with 
advancing gestation. In a survey of 256 pregnant women, 
86% reported nocturia by the third trimester, with 20% of 
women indicating they voided three or more times at night. 
The major cause of nocturia appears to be that pregnant 
women excrete larger amounts of sodium and water during 
the night than nonpregnant women. In the latter stages of 
pregnancy, this may be partially attributable to nocturnal 
mobilization of dependent edema in the lateral position.

Urgency and incontinence—Several studies have 
described an increase in urgency and urinary incontinence 
during pregnancy, which may be due to uterine pressure on 

the bladder, hormonal effects on the suspensory ligaments 
of the urethra, and/or altered neuromuscular function of 
the urethral striated sphincter. Urinary incontinence dur-
ing pregnancy is associated with an increased risk of per-
sistent incontinence 6 months postpartum.

URINARY TRACT INFECTION AND PYELONEPHRITIS
Asymptomatic bacteriuria

Asymptomatic bacteriuria affects 2–7% of all pregnant 
women.5,6 Although pregnancy itself is not believed to pre-
dispose women to urinary tract infections, approximately 
25% of pregnant women with documented asymptomatic 
bacteriuria without treatment progress to pyelonephritis. 
Antimicrobial treatment of asymptomatic bacteriuria has 
been shown to reduce the incidence of pyelonephritis to 
3–4%.8 Prematurity, maternal hypertension, and maternal 
anemia have been associated with pyelonephritis during preg-
nancy.7,8 The guidelines from the Infectious Diseases Society 
of America and The American College of Obstetricians and 
Gynecologist recommend routine screening early in preg-
nancy for asymptomatic bacteriuria. The screening should 
be through a clean catch urine culture with sensitivities.

A test of cure about 1 week after the completion of ther-
apy is recommended given that up to 30% of women fail 
to clear asymptomatic bacteriuria. Women with persistent 
bacteriuria should receive a second course of antibiotics. 
Consideration should be given for repeat urine cultures 
at regular intervals throughout the pregnancy in women 
with persistent or recurrent asymptomatic bacteriuria. 
Persistent bacteriuria (with the same organism) despite 
two courses of appropriate antimicrobials might warrant 
suppressive therapy.

Acute cystitis

Acute cystitis should be suspected in pregnant women 
with dysuria. Urinary frequency and urgency are fre-
quently present in normal pregnancy and are less reliable 
although any acute change in symptoms should warrant a 
culture. The presence of fever and chills, flank pain, and 
costovertebral angle tenderness should raise suspicion for 
pyelonephritis. The diagnosis of acute cystitis is confirmed 
by finding of bacterial growth on urine culture. Prior to 
confirming the diagnosis, empiric treatment is typically 
initiated in a patient with consistent symptoms and pyuria 
on urinalysis. Pyuria is usually present in almost all preg-
nant women with symptomatic urinary tract infection, 
and its absence strongly suggests an alternative diagno-
sis. As with asymptomatic bacteriuria, a follow-up cul-
ture should be obtained as a test of cure. In women who 
have recurrent cystitis during pregnancy, antimicrobial 
prophylaxis for the duration of pregnancy is a reasonable 
strategy to prevent additional episodes. Prophylaxis can 
be postcoital or continuous. In the setting of other condi-
tions that potentially increase the risk of urinary compli-
cations during episodes of cystitis (e.g., diabetes or sickle 
cell trait), prophylaxis following the first episode of cystitis 
during pregnancy is also reasonable. Daily or postcoital 
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prophylaxis with low dose nitrofurantoin (50–100 mg PO 
postcoitally or at bedtime) or cephalexin (250–500 mg PO 
postcoitally or at bedtime) can be used.

An awareness of potential drug toxicities to the mother 
and fetus is important prior to antibiotic administration 
(Table 37.1).9 Recurrent or persistent bacteriuria episodes 
are associated with an increased risk of structural abnor-
malities of the urinary tract,9 and these patients might 
benefit from further postpartum, urologic workup.

Acute pyelonephritis

Acute pyelonephritis is a manifestation of infection of the 
upper urinary tract and kidneys. The typical symptoms of 
acute pyelonephritis include fever (>38ºC or 100.4ºF), flank 
pain, nausea, vomiting, and/or costovertebral angle ten-
derness. Given that pyelonephritis could develop follow-
ing asymptomatic bacteriuria. Symptoms of cystitis such 
as dysuria are not always present.

Pregnant women may become quite ill and are at risk for 
both medical and obstetrical complications from pyelo-
nephritis. It has been estimated that as many as 20% of 
women with severe pyelonephritis develop complications 
that include septic shock syndrome or its variants, such as 
acute respiratory distress syndrome (ARDS).

For pregnant women who present with such symptoms, 
a urinalysis and urine culture should be obtained. Pyuria 
is present in the majority of women with pyelonephritis, 
and its absence suggests an alternative diagnosis or com-
plete obstruction. It is reasonable to obtain blood cultures 
in those with signs of sepsis or serious underlying medical 
conditions such as diabetes.

Imaging is not routinely used to diagnose pyelone-
phritis. However, in patients with pyelonephritis who are 
severely ill or who also have symptoms of renal colic or 
history of renal stones, diabetes, history of prior urologic 
surgery, immunosuppression, repeated episodes of pyelo-
nephritis, or urosepsis, imaging of the kidneys can be 
helpful to evaluate for complications. In pregnant women, 
renal ultrasound is the preferred imaging modality in 
order to avoid contrast or radiation exposure.

Management of acute pyelonephritis in pregnant women 
includes hospital admission for parenteral antibiotics. 
Antibiotic therapy can be converted to an oral regimen 
tailored to the susceptibility profile of the isolated organ-
ism following clinical improvement. Following the treat-
ment course, suppressive antibiotics are typically used for 
the remainder of the pregnancy to prevent recurrence.

NEPHROLITHIASIS DURING PREGNANCY
The overall incidence of urolithiasis during pregnancy is 
estimated to be one in 1500 pregnancies,17 which approxi-
mates the incidence in nonpregnant women of child-
bearing age.22 Although 50–80% of stones in pregnant 
women pass spontaneously, 23 urinary calculi must be 
taken seriously, as they have been associated with pre-
mature labor.21,20 Although right-sided hydronephrosis 
is more commonly identified during pregnancy, multiple 
investigators report equivalent stone rates bilaterally.21

Approximately 90% of urinary stones occur during the 
second and third trimesters, making it a rare occurrence 
in the first trimester.

Clinical presentation

There is little difference in the presentation of urinary 
colic between the pregnant and nonpregnant females. 
Complaints of flank or abdominal pain, nausea, vomit-
ing, dysuria, frequency, urgency, or any combination 
of the above are customary. In the setting of calculi, the 
incidence of hematuria is 50–75%. Mechanical and hor-
monal changes have both been found to cause vascular 
dilation of the ureter and renal pelvis, leading to bleed-
ing. Therefore, hematuria alone is not enough to make the 
diagnosis. A thorough past medical history is vital to an 
accurate and timely diagnosis. Some 35–40% of patients 
were found to have prior urologic procedures or a history 
of stone disease.21,22 Fever is not infrequent, but it is a more 
ominous sign and must be monitored closely. Physicians 
should maintain a high index of suspicion for obstruct-
ing urinary calculi, especially in patients diagnosed with 
pyelonephritis who fail to defervesce after at least 48 hours 

Table 37.1 Potential toxicity of antibiotics during pregnancy

Drug Fetal Maternal

Aminoglycosides CNS toxicity, ototoxicity Ototoxicity, nephrotoxicity
Cephalosporins – –
Chloramphenicol Gray syndrome Bone marrow toxicity
Clindamycin – Pseudomembranous colitis
Erythromycins – –
Isoniazide Neuropathy, seizures Hepatotoxicity
Metronidazole – Blood dyscrasia
Nitrofurantoin G6PD hemolysis Neuropathy, interstitial pneumonia
Penicillin – –
Quinolones Bone growth malformation –
Sulfonamides G6PD hemolysis, kernicterus –
Tetracycline Tooth dysplasia, bone growth inhibition Hepatotoxicity, renal failure
Trimethoprim/sulfamethoxazole Folate depletion Vasculitis
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of intravenous antibiotic therapy. Peritoneal signs found 
on abdominal examination should raise suspicion of non-
urologic etiology; differential diagnoses include appendi-
citis, pyelonephritis, cholecystitis, small and large bowel 
disease, and ovarian and uterine etiology.

Diagnosis

Numerous diagnostic tests, including standard radiogra-
phy, ultrasound, computed tomography (CT), and mag-
netic resonance imaging (MRI), have been used to help 
identify stones during pregnancy.

Ultrasound appears particularly attractive as a first-line 
intervention because of the avoidance of radiation. With 
hydronephrosis of pregnancy being extremely common, 
ultrasound is nonspecific for obstruction when calculi are 
not clearly identified.21 Using color Doppler, some have 
associated the lack of ureteral jets,24 or the presence of a 
dilated ureter below the iliac artery with obstruction.32

Shokeir et al. reported on 22 pregnant patients, using ele-
vated renal resistive index to diagnose unilateral obstruc-
tion with sensitivity and specificity of 45% and 91%, 
respectively.25 Transvaginal ultrasound may aid in iden-
tifying calculi in the distal ureter or in the ureterovesical 
junction.

Magnetic resonance (MR) urography has also been used 
to differentiate the physiologic hydronephrosis of preg-
nancy from pathologic obstruction with good results.26

MRI has not been found to cause cellular mutagenesis and 
is believed to be safe during pregnancy.

Low-dose computed tomography (CT) can be used in 
the second and third trimester but not in the first trimes-
ter, when the fetus is most susceptible to radiation-induced 
injury. Some evidence suggests that low-dose CT is highly 
sensitive and specific for the detection of renal and ure-
teral calculi in pregnant women and confers a low risk of 
fetal harm.

Treatment

Given the high rates of spontaneous stone passage, the ini-
tial management should be conservative with hydration, 
antiemetics, and adequate pain control. The use of nonste-
roidal anti-inflammatories (NSAIDs) may cause constric-
tion of the fetal ductus arteriosus and should be restricted 
especially after 32 weeks’ gestation. Alternative pain man-
agement medications include acetaminophen and opioids.

Immediate surgical intervention is warranted in cases 
complicated by sepsis, intractable pain, renoureteral colic 
precipitating premature labor, a solitary kidney, or bilateral 
ureteral obstruction. Endoscopic ureteral stenting is part 
of the urologist’s routine stone management armamen-
tarium. Local or intravenous sedation is usually sufficient. 
Ultrasound has replaced fluoroscopy in many institutions 
to confirm accurate stent placement.27 Hyperuricosuria 
and absorptive hypercalciuria found during pregnancy 
may cause accelerated encrustation, requiring more fre-
quent stent exchanges every 4–6 weeks until delivery.28

There are few studies evaluating extracorporeal shock 
wave lithotripsy (ESWL) during pregnancy. More studies 

are required, but the present literature raises serious con-
cerns about ESWL treatment during pregnancy and should 
be considered experimental.

Innovative techniques and technological advances have 
made an astounding impact on the field of endourology 
in recent years. Originally, some believed that the ureter 
of the pregnant female would be difficult to navigate sec-
ondary to distortion.29 In reality, physiologic hydroure-
teronephrosis may make ureteroscopy easier. Over the 
past decade, a number of reports have supported the use 
of rigid and flexible ureteroscopy to treat pregnant women 
with calculi.19,22,25,27,30,30–34 Modern ureteroscopes are less 
traumatic, and ureteroscopy may often be performed with-
out fluoroscopy35 or dilation of the ureteral orifice.30 The 
majority of urologists maintain a temporary ureteral stent 
in place for 1–4 days after ureteroscopy. Some authorities 
prefer holmium:YAG laser lithotripsy to electrohydrau-
lic lithotripsy for its low peak pressures.36 Furthermore, 
some avoid using ultrasonic lithotripsy for fear of causing 
hearing injury to the fetus.33 Continuous fetal monitoring 
may be maintained at all times throughout the operative 
procedure. Ureteroscopy may also assist in differentiating 
ureteral colic from pain related to physiologic hydrone-
phrosis. Ulvik et al. detailed ureteroscopy in 24 pregnant 
patients.33 In 48% of those cases, urinary calculi were 
not identified. Without undergoing ureteroscopy, these 
patients might have suffered from a stent or nephrostomy 
tube for the remainder of their pregnancy without justi-
fication. To date, no major complications from ureteros-
copy have been reported. Minor complications include 
fever in three patients (two had preoperative urinary tract 
infections) and one ureteral perforation managed with a 
ureteral stent.33 Relative contraindications to ureteros-
copy include an inexperienced ureteroscopist, inadequate 
endoscopic instruments, stone burden greater than 1 cm, 
multiple calculi, transplanted kidney, sepsis, and a solitary 
kidney.37 Overall, ureteroscopy has been shown to be a 
safe and effective procedure for the diagnosis and treat-
ment of urinary calculi in the pregnant patient.

HYDROURETERONEPHROSIS AND SPONTANEOUS 
RENAL RUPTURE
Mechanical obstructive uropathy may cause acute pain, 
hypertension, or even acute renal failure.8–10 Spontaneous 
rupture of the kidney or collecting system is a rare event, 
often presenting with flank pain, hematuria, hypoten-
sion, an expanding flank mass, or signs of an acute abdo-
men.11 If unrecognized, rupture may lead to catastrophic 
consequences, including maternal shock and intrauterine 
fetal demise. Rupture associated with hydronephrosis of 
pregnancy is often preceded by abnormally massive dila-
tion, repeated episodes of pyelonephritis, or a history 
of prior renal disease causing inelastic or scarred renal 
parenchyma. Oesterling et al. described 16 cases of spon-
taneous rupture during pregnancy: 10 cases of collecting 
system rupture and six cases of renal parenchymal rup-
ture.12 Five cases occurred in the second trimester and 11 
were diagnosed during the third trimester or immediately 
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postpartum. Only three cases involved the left kidney, all 
of which had preexisting renal disease. Of the six cases 
with parenchymal rupture, five were managed with a 
nephrectomy and one patient died prior to surgery. In 
contrast, only 4 of the 10 patients with renal pelvic rupture 
underwent nephrectomy. The remainder of patients were 
managed conservatively with successful renal salvage and 
appropriate internal (five) or external (one) drainage.

The greatest risk of renal rupture occurs between week 
18 of gestation and the immediate postpartum period. A 
conservative approach with bed rest in the contralateral 
decubitus position should be attempted in cases recog-
nized early. Symptomatic hydronephrosis can be managed 
with early urinary diversion, utilizing a percutaneous 
nephrostomy or internal ureteral stent. Since renal cell 
carcinoma is the most common renal neoplasm during 
pregnancy, and spontaneous rupture is possible, postpar-
tum radiographic studies are important in those treated 
with successful renal salvage. Asymptomatic angio-
myolipomas have the propensity to grow rapidly during 
pregnancy.15 Therefore, to avoid the risk of spontaneous 
rupture, some have suggested that women who intend to 
conceive should undergo prophylactic angioembolization 
for tumors greater than 4 cm.16

PREVIOUS BLADDER AUGMENTATION OR URINARY 
DIVERSION
There is limited experience regarding pregnancy in 
patients with urinary diversion or bladder augmentation. 
Chronic bacteriuria and recurring urinary tract infections 
are common in this patient population. Hill and Kramer 
found that urinary tract infections or pyelonephritis devel-
oped in 9 of out 15 pregnancies.38 Therefore, some recom-
mend antibiotic prophylaxis with routine urine cultures to 
decrease the risk of serious infectious episodes.39–41 Close 
monitoring of renal function with routine blood work and 
monthly renal ultrasounds is important.

Obstetric indications should determine the preferred 
route of delivery. However, cesarean section should be 
considered in cases with artificial sphincter placement or 
bladder neck reconstruction.32,38 However, during cesar-
ean section, injury to the vascular pedicle of the cys-
toplasty is possible. To avoid this complication, a high 
uterine incision rather than a low transverse incision 
should be used. Urologic consultation may prove invalu-
able in complicated cases.

UROLOGIC MALIGNANCY
Malignancy during pregnancy is an uncommon occur-
rence with an estimated incidence of approximately one 
per 1000 gestations.42 Although the pregnant female 
undergoes immunologic changes that enable the fetus to 
survive, there is little evidence that pregnancy exacerbates 
the malignant course.23

Renal malignancy

Renal cell carcinoma, followed by angiomyolipoma, is the 
most common renal lesion discovered during pregnancy. 

Flank mass or hematuria is the presenting symptom in 
88% and 47% of pregnant patients with renal tumors, 
respectively.43 Diagnostic evaluations of renal lesions dur-
ing pregnancy are similar to nephrolithiasis and include 
ultrasound or MRI. Management strategies for suspicious 
renal tumors are usually based upon the stage of preg-
nancy, but cases must be individualized according to the 
wishes of the mother. Most agree that a nephrectomy is 
warranted if renal malignancy is discovered in the first 
trimester and that surgery should be postponed until after 
delivery if the diagnosis is made in the third trimester.44

Differences of opinion exist regarding second-trimester 
treatment. Some hold that one should postpone surgery 
until the third trimester,45 while others advocate waiting 
until later gestation with testing for fetal lung maturity, 
and then proceeding with nephrectomy.44 In this way, the 
morbidity of premature delivery is reduced.

Bladder malignancy

Fewer than 30 cases of bladder cancer diagnosed dur-
ing pregnancy have been reported in the literature. 
Therefore, physicians must be diligent to workup 
hematuria not explained by other benign causes with 
cystoscopy and renal ultrasound. Cystoscopy may be 
performed throughout pregnancy. Some have even sug-
gested that a well-performed bladder ultrasound can 
replace cystoscopy.44 If present bladder tumors should be 
resected transurethrally. Low-grade lesions may be fol-
lowed, while high-grade lesions with muscle involvement 
may require cystectomy.

URINARY TRACT INJURY
Obstetrical injuries to the urinary tract are usually related 
to the delivery process.

Urethral injury

Urethral injuries during pregnancy are almost exclu-
sively related to vaginal delivery. In the developing world, 
obstructed labor leads to ischemia and subsequent fistuli-
zation. These injuries are almost never seen in developed 
countries with attended hospital deliveries. Precipitous 
deliveries and operative vaginal deliveries might be asso-
ciated in rare instances with urethral lacerations that 
require significant repair.

Bladder injury

About a third of all deliveries in the United States are 
performed by cesarean section,47 the overwhelming 
majority of obstetric urinary tract injuries occur during 
this procedure. The most important concept pertaining 
to urinary tract injury occurring during surgery is to 
maintain a high index of suspicion. Injuries discovered 
intraoperatively may be repaired immediately to mini-
mize morbidity, while injuries identified in a delayed 
fashion may have devastating consequences, such as fis-
tula formation.

The reported incidence of bladder injury during cesar-
ean section ranges from 0.0016% to 0.94%.47 Eisenkop et al. 
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reported a higher incidence of cystotomies during repeat 
than primary cesarean section: 0.6% and 0.19%, respec-
tively. In that review of 52 bladder injuries, prior cesarean 
section with “dense bladder adhesions” was cited as the 
most common factor associated with bladder injury.48 In 
one large study, 75% (12/16) of cystotomies took place dur-
ing emergent cesarean section.46

In performing a cesarean section, all of the aforemen-
tioned risk factors should be considered. The peritoneal 
cavity should be entered at the superior most portion of the 
incision, particularly in patients with prior surgery. Even in 
emergent conditions, a disciplined approach should be fol-
lowed. Bladder drainage with an indwelling catheter is valu-
able. By preventing the gravid uterus from displacing the 
bladder superiorly, a urethral catheter may help avoid bladder 
injury upon entering the abdomen. In obtaining hemostasis, 
blind suturing or clamping should be strictly discouraged. 
Rather, the bleeding area should be compressed until iden-
tification of bleeding vessels and their anatomic relation-
ship to the bladder and ureters is determined. If significant 
dissection occurs in the vicinity of the bladder, a thorough 
evaluation of bladder integrity must be performed.

The instillation of sterile dye such as methylene blue or 
indigo carmine into the bladder through a urethral catheter 
is the easiest method to detect bladder injuries. Once the 
diagnosis of a bladder injury is made, the limits of the defect 
should be clearly defined and all devitalized tissue debrided.

Ureteral injury

The incidence of ureteral injury during cesarean section 
ranges from 0.027% to 0.09%.46,48 Both of these major stud-
ies reported equal injury rates in comparing the left and 
right ureters; however, others have found the left ureter to 
be more vulnerable.49,50 Fortunately, the overall incidence 
of ureteral injuries is decreasing.51 Intraoperative diagno-
sis of ureteral injury during cesarean section ranges from 
25% to 71%. Injuries initially missed were usually diagnosed 
within 14 days. The predominant belief is that ureteral inju-
ries result from hemostatic attempts at uterine incisions that 
extend into the broad ligament.51 In a study evaluating 21 
iatrogenic ureteral injuries from obstetric and gynecologic 
etiologies, Meirow et al. associated enlarged uteri, adhesions 
in the pelvis, and significant haemorrhage with ureteral 
damage.50 A complete understanding of pelvic anatomy 
and the course of the ureter is essential in the prevention of 
operative ureteral injury. As with bladder injuries, any sus-
picion of a ureteral injury requires a thorough evaluation.

Intraoperative recognition

Several modalities have been described to assess ureteral 
integrity intraoperatively. A diagnostic cystoscopy followed 
by intravenous injection of methylene blue has been used to 
identify ureteral injuries. One should observe equal efflux of 
urine bilaterally. Urine flow asymmetry may suggest partial 
obstruction, and further evaluation by performing a retro-
grade ureterogram and passing ureteral catheters in a retro-
grade fashion may be performed. Time should also be taken 
to look for blue dye in the retroperitoneal space.

Delayed postoperative recognition

The most critical principle of making the postoperative 
diagnosis of urinary tract injury is to have a high index of 
suspicion, since early symptoms and signs may be subtle. 
Any suspicion of injury should be promptly investigated. 
Early diagnosis facilitates management of the injury and 
speeds recovery. Some signs and symptoms may alert the 
clinician to the possibility of a missed injury. Bladder 
injuries may present with oliguria, fever, suprapubic pain, 
abdominal distention, ileus, gross hematuria, or vagi-
nal watery secretions. In addition to these findings, ure-
teral injuries may also present with flank tenderness and 
hydronephrosis. Numerous types of genitourinary fistulas 
are common with bladder and ureteral defects. Neuman 
et al. reviewed 30 years of experience with ureteral injuries 
and found urinary leakage (44%), pain (33%), fever (5%), 
and urosepsis (12%) to be the most common presenting 
symptoms.51

Bladder repair

Depending upon the experience and comfort level of the 
obstetrician, urology involvement may not be necessary 
for simple cystotomies. For more complicated repairs, 
intraoperative urology consultation is recommended. 
Fortunately, most cystotomies do not involve the ureteral 
orifices or trigone and a simple closure is satisfactory.

For simple cystotomies, a running or interrupted clo-
sure of the mucosa with 3–0 Vicryl suture followed by a 
running, imbricating stitch of the muscularis with 2–0 
Vicryl suture can be used. A running third layer to reap-
proximate the serosa could be performed as well. Suturing 
the mucosa layer separately appears to minimize bleeding 
from mucosal edges. Use of nonabsorbable suture is con-
traindicated, as it may function as a nidus for calculi or 
infection. Filling the bladder dye such as methylene blue 
allows the closure to be evaluated to determine whether 
additional sutures are needed. For simple cystotomies 
a urethral catheter remains for approximately 7 days. A 
voiding cystourethrogram prior to catheter removal is 
not required. No further antibiotic prophylaxis is needed 
beyond the preoperative ones.

Complicated bladder injuries that involve the ureteral 
orifices or bladder trigone should be closely evaluated for 
ureteral injury, a diagnostic cystoscopy with confirmation 
of bladder and ureteral integrity should be performed at 
the conclusion of the bladder repair.

Ureteral repair

Like bladder injuries, management of ureteral injuries 
depends upon the time of diagnosis, location, and extent 
of injury. Intraoperative discovery and repair are almost 
always preferred to delayed correction to avert the cost and 
morbidity of subsequent procedures.

Distal ureteral injuries may occur secondary to improp-
erly placed sutures. If the tissue has not been devitalized, 
they may be managed simply by removal of the offending 
agent and retrograde placement of an 8F double-J stent. 
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The Foley catheter and stent are usually removed at 1 and 
2 weeks, respectively.

Transection or “crush” injuries of the ureter within 5 cm of 
the bladder are most definitively managed with ureteroneo-
cystotomy. Lead better Politano is an intravesical technique 
that involves creating a submucosal tunnel to create a “flap 
valve” and prevent reflux. The ureter enters the bladder supe-
riorly for a distance of 2–3 cm, is tunneled under the mucosa, 
and anastomosed directly to the bladder mucosa with inter-
rupted absorbable sutures. Extravesical approaches, such as 
the Lich-Gregoire, involve incision of the detrusor muscle 
to create a trough for the ureter, followed by mucosal anas-
tomosis and subsequent closure of the trough to create an 
antirefluxing mechanism. Regardless of the reimplanta-
tion technique anastamosis of bladder mucosa to ureteral 
mucosa and a tension-free anastamosis must be performed 
and a temporary ureteral stent is usually placed.

Ureteral injuries 5–10 cm above the bladder can still be 
managed with a ureteroneocystotomy; however, a psoas 
hitch is often required to allow the ureter sufficient length 
for a tension-free anastamosis.52 This procedure mobilizes 
the bladder upward and secures it to the psoas fascia with 
absorbable suture. In some circumstances when additional 
length is needed, a Boari flap may be used. This technique, as 
shown in Figure 37.1, swings a flap of ipsilateral bladder cra-
nially to meet the distal portion of ureter. Very rarely, when 
none of the above procedures are possible, transureteroure-
terostomy may be performed, as shown in Figure 37.2. In all 

cases of ureteral reimplantation, an abdominal drain, ure-
teral stent, and urethral catheter are left in place.

Proximal ureteral injuries are extremely rare during 
cesarean section. In such cases, ureteroureterostomy is often 
the procedure of choice. The ureteral edges are debrided, 
spatulated obliquely with Pott’s scissors on opposite sides, 
and then reattached in an interrupted fashion, using 4-0 
or 5-0 chromic suture (Figure 37.3). An abdominal drain, 
stent, and catheter are left in place. Other options for man-
aging proximal ureteral injuries include autotransplanta-
tion or interposition of a segment of ileum.

Delayed repair

The management of ureteral injuries discovered postop-
eratively is more controversial.

A defect discovered within 7–10 days of delivery in 
an otherwise uncomplicated patient may still undergo 

(a) (b) (c)

(e)(d)

Figure 37.1 Ureteroneocystotomy utilizing a Boari flap.

Figure 37.2 Transureteroureterostomy.

Figure 37.3 Ureteroureterostomy.
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immediate repair at that time.47 Early immediate interven-
tion may save the patient significant morbidity that is asso-
ciated with delayed repair. One cannot stress enough the 
value of intraoperative discovery and repair of the injury. 
A high index of suspicion is paramount to early diagnosis 
and immediate repair, if not intraoperative, at least within 
a couple of days and prior to discharge.

Others support urinary diversion with a percutaneous 
nephrostomy tube followed by future definitive repair. 
In a review of over 300 genitourinary fistulas from 1970 
to 1985, Lee et al. stated that definitive repair should be 
delayed for 8–12 weeks.53 This allows edema and inflam-
mation to subside, tissue to regain its blood supply, prior 
suture material to disintegrate, and tissue planes to be 
more easily dissected. Time may even prove to be thera-
peutic, as one study found that 4 out of 21 cases of ureteral 
obstruction spontaneously resolved after urinary diver-
sion because of absorbed suture material.50

One of the most devastating consequences of urinary 
tract injury is genitourinary fistula formation. While a 
small percentage of fistulas resolve with urinary diver-
sion alone, the vast majority requires reoperation.53 In 
addition to a thorough history and physical examina-
tion, a complete diagnostic workup to define the fistula 
location and characteristics is necessary. This may con-
sist of dye studies, cystography, CT scan, endoscopic 
evaluation, retrograde pyelogram, and/or intravenous 
pyelogram.

A comprehensive review of genitourinary fistula repair 
is beyond the scope of this chapter; however, we strongly 
encourage a team approach with involvement of multiple 
specialties to confront these challenging issues.

ACKNOWLEDGMENT
This chapter contains material from the previous edition 
chapter co-authored by Stuart S. Kesler, Neel Shah, and 
Jonathan J. Hwang.

REFERENCES
1. Schulman A, Herlinger H. Urinary tract dilatation in 

pregnancy. Br J Radiol 1975; 48: 638–645.
2. Waltzer WC. The urinary tract in pregnancy. J Urol

1981; 125: 271–276.
 3. Klarskov P, Gerstenberg T, Ramirez D et al. 

Prostaglandin type E activity dominates in urinary tract 
smooth muscle in vitro. J Urol 1983; 129: 1071–1074.

 4. Hsia TY, Shortliffe LM. The effect of pregnancy on rat 
urinary tract dynamics. J Urol 1995; 154: 684–689.

 5. Lucas MJ, Cunningham FG. Urinary infection in 
pregnancy. Clin Obstet Gynecol 1993; 36: 855–868.

 6. Whalley P. Bacteriuria of pregnancy. Am J Obstet 
Gynecol 1967; 97: 723–738.

 7. Gilstrap LC, Leveno KJ, Cunningham FG et al. 
Renal infection and pregnancy outcome. Am J Obstet 
Gynecol 1981; 141: 709–716.

 8. Schieve LA, Handler A, Hershow R et al. Urinary 
tract infection during pregnancy: Its association 

with maternal morbidity and perinatal outcome. Am 
J Public Health 1994; 84: 405–410.

 9. Zinner SH, Kass EH. Long-term (10 to 14 years) 
follow-up of bacteriuria of pregnancy. N Engl J Med 
1971; 285: 820–824.

 10. Quinn AD, Kusuda L, Amar AD, Das S. Percutaneous 
nephrostomy for treatment of hydronephrosis of 
pregnancy. J Urol 1988; 139: 1037–1038.

 11. Laverson PL, Hankins GD, Quirk JG Jr. Ureteral 
obstruction during pregnancy. J Urol 1984; 131: 
327–329.

 12. Homans DC, Blake GD, Harrington JT, Cetrulo CL. 
Acute renal failure caused by ureteral obstruction by 
a gravid uterus. JAMA 1981; 246: 1230–1231.

 13. Meyers SJ, Lee RV, Munschauer RW. Dilatation and 
nontraumatic rupture of the urinary tract during preg-
nancy: A review. Obstet Gynecol 1985; 66: 809–815.

 14. Oesterling JE, Besinger RE, Brendler CB. Spontaneous 
rupture of the renal collecting system during preg-
nancy: Successful management with a temporary 
ureteral catheter. J Urol 1988; 140: 588–590.

 15. Fernandez AM, Minguez R, Serrano P et al. [Rapidly-
growing renal angiomyolipoma associated with 
pregnancy]. Actas Urol Esp 1994; 18: 755.

 16. Yanai H, Sasagawa I, Kubota Y et al. Spontaneous 
haemorrhage during pregnancy secondary to renal 
angiomyolipoma. Urol Int 1996; 56: 188–191.

 17. Drago JR, Rohner TJ, Jr, Chez RA. Management 
of urinary calculi in pregnancy. Urology 1982; 20: 
578–581.

 18. Coe FL, Parks JH, Lindheimer MD. Nephrolithiasis 
during pregnancy. N Engl J Med 1978; 298: 324–326.

 19. Denstedt JD, Razvi H. Management of urinary cal-
culi during pregnancy. J Urol 1992; 148: 1072–1074.

 20. Loughlin KR, Bailey RB, Jr. Internal ureteral stents 
for conservative management of ureteral calculi dur-
ing pregnancy. N Engl J Med 1986; 315: 1647–1649.

 21. Horowitz E, Schmidt JD. Renal calculi in pregnancy. 
Clin Obstet Gynecol 1985; 28: 324–338.

 22. Lifshitz DA, Lingeman JE. Ureteroscopy as a first-
line intervention for ureteral calculi in pregnancy. 
J Endourol 2002; 16: 19–22.

 23. Loughlin KR. Management of urologic problems 
during pregnancy. Urology 1994; 44: 159–169.

 24. Deyoe LA, Cronan JJ, Breslaw BH, Ridlen MS. New 
techniques of ultrasound and color Doppler in the 
prospective evaluation of acute renal obstruction. 
Do they replace the intravenous urogram? Abdom 
Imaging 1995; 20: 58–63.

 25. Shokeir AA, Mahran MR, Abdulmaaboud M. Renal 
colic in pregnant women: Role of renal resistive 
index. Urology 2000; 55: 344–347.

 26. Spencer JA, Tomlinson AJ, Weston MJ, Lloyd SN. 
Early report: Comparison of breath-hold MR excre-
tory urography, Doppler ultrasound and isotope 
renography in evaluation of symptomatic hydrone-
phrosis in pregnancy. Clin Radiol 2000; 55: 446–453.

  



References 507

27. Scarpa RM, De Lisa A, Usai E. Diagnosis and treat-
ment of ureteral calculi during pregnancy with rigid 
ureteroscopes. J Urol 1996; 155: 875–877.

28. Borboroglu PG, Kane CJ. Current management of 
severely encrusted ureteral stents with a large associ-
ated stone burden. J Urol 2000; 164: 648–650.

29. Kroovand RL. Stones in pregnancy and in children. 
J Urol 1992; 148: 1076–8.

30. Watterson JD, Girvan AR, Beiko DT et al. 
Ureteroscopy and holmium: YAG laser lithotripsy: 
An emerging definitive management strategy for 
symptomatic ureteral calculi in pregnancy. Urology
2002; 60: 383–387.

 31. Rittenberg MH, Bagley DH. Ureteroscopic diagnosis 
and treatment of urinary calculi during pregnancy. 
Urology 1988; 32: 427.

 32. Harmon WJ, Sershon PD, Blute ML et al. 
Ureteroscopy: Current practice and long-term com-
plications. J Urol 1997; 157: 28–32.

 33. Ulvik NM, Bakke A, Hoisaeter PA. Ureteroscopy in 
pregnancy. J Urol 1995; 154: 1660–1663.

 34. Vest JM, Warden SS. Ureteroscopic stone manipula-
tion during pregnancy. Urology 1990; 35: 250–252.

 35. Shokeir AA, Mutabagani H. Rigid ureteroscopy in 
pregnant women. Br J Urol 1998; 81: 678–681.

 36. Vorreuther R. New tip design and shock wave pat-
tern of electrohydraulic probes for endoureteral lith-
otripsy. J Endourol 1993; 7: 35–43.

 37. Biyani CS, Joyce AD. Urolithiasis in pregnancy. II. 
Management. BJU Int 2002; 89: 819–823.

 38. Hill DE, Kramer SA. Management of pregnancy after 
augmentation cystoplasty. J Urol 1990; 144: 457–459.

 39. Hensle TW, Bingham JB, Reiley EA et al. The uro-
logical care and outcome of pregnancy after urinary 
tract reconstruction. BJU Int 2004; 93: 588–590.

 40. Volkmer BG, Seidl EM, Gschwend JE et al. Pregnancy 
in women with ureterosigmoidostomy. Urology 2002; 
60: 979–982.

 41. Creagh TA, McInerney PD, Thomas PJ, Mundy AR. 
Pregnancy after lower urinary tract reconstruction 
in women. J Urol 1995; 154: 1323–1324.

 42. Williams SF, Bitran JD. Cancer and pregnancy. Clin 
Perinatol 1985; 12: 609–623.

 43. Walker JL, Knight EL. Renal cell carcinoma in preg-
nancy. Cancer 1986; 58: 2343–2347.

 44. Loughlin KR. The management of urological 
malignancies during pregnancy. Br J Urol 1995; 76: 
639–644.

 45. Hendry WF. Management of urological tumours in 
pregnancy. Br J Urol 1997; 80 (Suppl 1): 24.

 46. Rajasekar D, Hall M. Urinary tract injuries during 
obstetric intervention. Br J Obstet Gynaecol 1997; 
104: 731–734.

 47. Davis JD. Management of injuries to the urinary and 
gastrointestinal tract during cesarean section. Obstet 
Gynecol Clin North Am 1999; 26: 469–480.

 48. Eisenkop SM, Richman R, Platt LD, Paul RH. 
Urinary tract injury during cesarean section. Obstet 
Gynecol 1982; 60: 591–596.

 49. Thomas DP, Burgess NA, Gower RL, Peeling WB. 
Ureteric injury at caesarean section. Br J Urol 1994; 
74: 122–123.

 50. Meirow D, Moriel EZ, Zilberman M, Farhas A. 
Evaluation and treatment of iatrogenic ureteral inju-
ries during obstetric and gynecologic operations for 
nonmalignant conditions. J Am Coll Surg 1994; 178: 
144–148.

 51. Neuman M, Eidelman A, Langer R et al. Iatrogenic 
injuries to the ureter during gynecologic and 
obstetric operations. Surg Gynecol Obstet 1991; 173: 
268–272.

 52. Ehrlich RM, Melman A, Skinner DG. The use of 
vesico-psoas hitch in urologic surgery. J Urol 1978; 
119: 322–325.

 53. Lee RA, Symmonds RE, Williams TJ. Current status of 
genitourinary fistula. Obstet Gynecol 1988; 72: 313–319.

  



  

http://www.taylorandfrancis.com
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-38&iName=master.img-012.jpg&w=538&h=142


509

38Management of malignant and 
premalignant lesions of the female 
genital tract during pregnancy
VANCE BROACH and MARIO M. LEITAO

Approximately 1 in 1000 women will be diagnosed with 
cancer while pregnant.1–3 While this rate seems quite low, 
the incidence of cancer in pregnancy is increasing, in part 
due to the increasing age at which women are becoming 
pregnant.4 Cervical cancer is the most common malig-
nancy diagnosed in the pregnant patient, with an esti-
mated incidence of approximately 1 in 2200,5 followed by 
breast cancer, melanoma, ovarian cancer, thyroid cancer, 
and other malignancies.

Treatment of premalignant and malignant lesions in the 
pregnant patient presents a unique challenge. The impact of 

treatment on the mother and developing fetus needs to be 
considered, and there is a paucity of prospective literature 
available to guide treatment decisions. Randomized trials 
are sparse due to the unique ethical considerations of con-
ducting clinical trials involving pregnant patients. Given 
these challenges, clinicians are often reluctant to treat preg-
nant women who have been diagnosed with cancer. This 
reluctance was demonstrated in the results of a physician 
survey published in 2011. Physicians indicated a prefer-
ence toward pregnancy termination, delay of treatment, or 
preterm delivery even when these were not indicated. This 
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underscores the challenges of treating pregnant patients, as 
well as the importance and need for clinicians to familiarize 
themselves with all available data in this area.6

This chapter will discuss the diagnosis and manage-
ment of preinvasive and invasive cervical cancer, adnexal 
masses, and ovarian cancer in the pregnant patient. 
Vulvar and vaginal cancers are diagnosed with exceeding 
rarity in pregnant patients and will not be discussed in 
detail here. We will specifically highlight deviations from 
standard practice due to considerations of physiology of 
pregnancy and fetal development.

PREINVASIVE CERVICAL LESIONS
Cervical dysplasia is the result of human papilloma virus 
(HPV) infection in greater than 99% of squamous cell dys-
plasia cases.7–9 HPV prevalence among pregnant patients 
is reported to be up to 42%.10 There are more than 100 sub-
types of HPV; however, HPV types 16 and 18 are found 
in approximately 50% of preinvasive cervical lesions and 
approximately 70% of invasive cervical cancers. Five addi-
tional HPV types (31, 33, 45, 52, and 58) account for 19% 
of invasive cervical cancers.11

HPV vaccination

Currently, three different HPV vaccines are available in the 
United States and vary by the number and type of HPV they 
immunize against. Cervarix® (GlaxoSmithKline), a bivalent 
vaccine, targets HPV 16 and 18.12 Gardasil® (Merck & Co, 
Inc), a quadrivalent vaccine targets HPV types 16, 18, 6, and 
11.13,14 Gardasil® 9, a nine-valent vaccine, targets HPV types 
16, 18, 6, 11, 31, 33, 45, 52, and 58.15 Gardasil® 9 is currently 
the most widely used HPV vaccine worldwide.

None of these vaccines are U.S. Food and Drug 
Administration (FDA)–approved for use in pregnant 
women due to the lack of safety data. However, none of 
these vaccines contain a live virus and have little theoreti-
cal potential to harm the developing fetus. Women who 
receive the vaccine while unknowingly pregnant should 
be assured by their care provider that there is no evidence 
of adverse effects to the fetus. However, given the lack of 
safety data, women who begin the vaccine and become 
pregnant are recommended to complete the course post-
partum. The optimal time for HPV vaccination is before 
the initiation of sexual activity.

Cervical cancer screening

Guidelines for the management of abnormal cervical cytol-
ogy have been published in the 2006 Bethesda consensus 
guidelines and were revised and updated most recently in 
September 2012. Management of abnormal cytology per 
the Bethesda consensus guidelines in the pregnant patient 
is summarized below.16

Atypical squamous cells of undetermined significance 
(ASCUS) and low-grade squamous intraepithelial lesions 
(LSILs)

In women with ASCUS or LSILs, colposcopy is the pre-
ferred next step in management. However, it is acceptable 

to defer colposcopy until at least 6 weeks postpartum. 
HPV status in the setting of ASCUS cytology will provide 
useful information. If HPV testing is negative in the set-
ting of ASCUS, the patient will not require colposcopy but 
merely should resume routine screening.

Atypical squamous cells, high-grade lesions (ASC-H), 
high-grade squamous intraepithelial lesions (HSIL), and 
atypical glandular cells (AGC)

Women with atypical squamous cells, high-grade lesions 
(ASC-H), high-grade squamous intraepithelial lesions 
(HSIL), and atypical glandular cells (AGC) cannot be 
excluded and should be offered colposcopy as in the non-
pregnant patients.

Colposcopy in the pregnant patient

The goal of colposcopy in the pregnant patient is to 
identify any lesions suspicious for cervical intraepithe-
lial neoplasia (CIN) 2/3 or invasive cancer. Colposcopy 
can be facilitated in the pregnant patient, particularly 
in patients who are at >20 weeks gestation, due to the 
frequency with which cervical ectropion is more pro-
nounced in the gravid patient, thus increasing the 
ease with which the transition zone can be identified.17

However, physiologic changes of the cervix in preg-
nancy can also make identifying dysplastic lesions more 
challenging. Increased vascularity, cervical edema, and 
softening of the cervix can obscure dysplastic lesions or 
make normal cervical tissue appear malignant. When 
performing colposcopy during pregnancy, cervical 
biopsy can be performed safely and has not been shown 
to be associated with increased risk of complication.18 As 
in the nonpregnant patient, bleeding can be encountered 
at the time of biopsy and may be controlled with suture 
or hemostatic agents, including but not limited to fer-
ric subsulfate solution, silver nitrate, oxidized cellulose 
polymer (Surgicel), and others. Endocervical curettage 
(ECC) is not recommended in pregnant patients due 
to the theoretical risk of affecting cervical competency, 
although this has not been proven.

The reliability of identifying dysplastic lesions by col-
poscopy in the gravid patient has been evaluated in sev-
eral studies. Fader et al. reported the outcomes of 1079 
patients who had an abnormal Pap smear while pregnant. 
Final pathology was equal to or less than impression on 
colposcopic examination in all 89 patients who underwent 
cervical biopsies. Additionally, no patients had progres-
sion of dysplastic lesions to cancer while pregnant.19 In 
another report, Economos et al. evaluated 612 patients 
over a 17-year period who had abnormal cytologic screen-
ing.17 In these patients, no carcinoma was missed on col-
poscopic evaluation. Another study by Baldauf et al. noted 
that the colposcopic impression underestimated the sever-
ity of cervical dysplasia in 9.8% of cases; however, discor-
dance was not related to pregnancy.18 While colposcopic 
evaluation is accurate in the pregnant patient, dysplastic 
lesions frequently persist into the postpartum period.20

For this reason, if treatment is delayed until after delivery, 
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patients are advised to have repeat colposcopy in the post-
partum period.

Cervical conization in pregnancy

Cervical conization is indicated in the nonpregnant patient 
for carcinoma in situ (CIS) or invasive cancer on biopsy, 
moderate or severe dysplasia either on cervical biopsy or 
ECC, discrepancy between Pap and colposcopic-guided 
biopsy, or inadequate colposcopy. In gravid patients, these 
indications do not apply. Conization should only be per-
formed in the gravid patient if the diagnosis of invasive 
cancer will alter the timing or mode of delivery. This is due 
to the increased risk of complications associated with cone 
biopsy in pregnancy. Complications include bleeding, pre-
mature rupture of membranes, miscarriage, preterm labor, 
and chorioamnionitis. Hannigan et al. reviewed their 
experience in treating 82 pregnant patients with cervical 
conization,21 and found that bleeding was the most com-
mon complication. Ten patients (12.4%) had an estimated 
blood loss greater than 500 mL, two patients required 
blood transfusion, three required readmission for bleed-
ing, and one patient required multiple trips to the operat-
ing room in order to obtain hemostasis. Three patients had 
miscarriage following the procedure.21 Averette et al. pub-
lished a series of 180 patients who had cone biopsy during 
pregnancy in 1970. They found that the risk of bleeding 
increased with conization further along the pregnancy. In 
the series, fetal loss was likely associated with conization 
in eight pregnancies (4.5%).22

Cerclage at the time of conization has been reported; 
however, it is not clear whether or not cerclage abrogates 
the potential complications of conization. Goldberg et al. 
published their experience of 17 patients who had cerclage 
placed at the time of conization in 1991.23 The authors 
reported no complications from bleeding or pregnancy 
loss.

As with colposcopy, physiologic changes of pregnancy, 
specifically the eversion of the squamo-columnar junc-
tion, often make conization easier in the gravid patient. If 
conization is required, these anatomic changes allow for 
minimal tissue to be removed, theoretically limiting dis-
ruption of the internal cervical os and bleeding.

The loop electrosurgical excision procedure (LEEP) has 
been evaluated as an alternative to cold knife conization, 
with the benefit of LEEP being decreased blood loss with 
the use of electrocautery. The potential drawback of LEEP 
classically is the cauterized edge leading to difficulty in 
assessing dysplastic involvement of the margin. Robinson 
et al. reported their experience on 20 patients undergoing 
LEEP while pregnant. Two patients (10%) required blood 
transfusion due to bleeding. Of the patients with dysplasia, 
57% were found to have positive margins.24 Mitsuhashi 
and Sekiya reported their experience with nine patients 
undergoing LEEP in patients at less than 14 weeks gesta-
tion. No bleeding complications were reported, and two 
patients required additional treatment postpartum.25

While the use of LEEP in pregnant patients is infrequently 
reported in the literature, case reports have indicated that 

it is as safe as cold knife conization. Given that the goal of 
conization in pregnancy is for diagnosis of invasive can-
cer, LEEP may be appropriate in select pregnant patients.

Management of preinvasive cervical lesions

The risk of progression of even high-grade lesions to 
invasive cervical cancer during pregnancy is minimal.26

For this reason, treatment of cervical dysplasia should be 
deferred until 6–8 weeks following delivery. At that time, 
reevaluation of the cervix via colposcopy should be per-
formed. In some cases, regression of high-grade lesions 
may be seen and treatment should be guided by postpar-
tum colposcopy and biopsy results.27

The mode of delivery does not appear to have a defini-
tive effect on the rate of regression of cervical dysplasia. 
Adhoot et al. reviewed their experience with 138 patients 
with cervical dysplasia in 1998. Among the women with 
high-grade dysplasia, 60% who delivered vaginally had 
regression of the lesion versus 0% who delivered via cesar-
ean section. More recently, Kaneshiro et al. reviewed their 
experience with 201 patients with cervical dysplasia in 
pregnancy in 2005. They found no difference in rate of 
regression for dysplasia of any severity between patients 
who underwent vaginal and cesarean delivery.28–30

Recommendations for route of delivery should not be 
based on presence of cervical dysplasia, but should be 
based on obstetric indications.

INVASIVE CERVICAL LESIONS
Cervical cancer is the most common cancer of the female 
genital tract diagnosed during pregnancy. One to two of 
10,000 women will be diagnosed with cervical cancer while 
pregnant, accounting for 1–3% of all cervical cancers.31–33

Staging

Staging for cervical cancer is performed clinically 
irrespective of pregnancy status. Staging follows the 
guidelines of the International Federation of Gynecology 
and Obstetrics (FIGO) classification system, which was 
updated most recently in 2009 and is summarized in 
Table 38.134. Physical examination is the cornerstone of 
the staging assessment. Examination of the cervix with 
tumor, uterus, vulva and vagina, parametria, groins, and 
supraclavicular regions is essential. If needed to adequately 
assess these areas, examination under anesthesia can be 
considered. Anatomic changes of pregnancy can make 
designating the stage more difficult, particularly when 
assessing for involvement of the parametria, bladder, and 
rectum. In patients who are not pregnant, staging can be 
further aided by intravenous (IV) pyelogram to assess for 
hydronephrosis and barium enema, as well as plain film 
X-rays. However, these staging modalities are rarely used 
in developed countries. Computed tomography (CT), 
magnetic resonance imaging (MRI), and positron emis-
sion tomography (PET) can be used for pretreatment 
planning but are not permitted for staging. Many now 
routinely use clinical examination in the office and MRI 
information in lieu of exams under anesthesia.
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In the gravid patient, radiation should be limited and 
imaging should be obtained only when necessary for 
treatment planning. Therefore, abdominal X-rays and CT 
imaging should be avoided in pregnant patients if pos-
sible. In patients who have microscopic disease, routine 
imaging is actually not necessary. Plain film imaging of 
the chest with abdominal shielding is useful for identi-
fying metastases in patients with grossly visible lesions. 
Imaging of the urinary tract by MRI or ultrasound to 
assess for local spread should be considered in patients 
with stage IB1 and higher lesions. MRI has been estab-
lished as a useful modality for assessing regional spread 
in the nongravid patient with cervical cancer. In the non-
gravid patient, MRI accuracy of predicting parametrial 
involvement is 97%, with a negative predictive value rate 
approaching 100%. MRI is not as beneficial when used 
to identify nodal disease, particularly when the volume 
of disease is low.35 MRI is considered safe in pregnancy 
based on somewhat limited data and should be used 
when clinically appropriate.36

Management of invasive cervical cancer

Management of cervical cancer in pregnant patients 
requires a multidisciplinary approach. Treatment must 
be individualized and take into account the patient’s ges-
tational age, stage of disease, and desire to preserve the 
pregnancy. Surgical and chemotherapeutic treatment 
modalities have been used in pregnant patients; however, 
radiation therapy should be avoided in patients who wish 

to continue their pregnancy, as it is associated with fetal 
death and injury.37

Some patients may elect to terminate pregnancy. After 
termination, treatment may proceed as in the nonpregnant 
patient. In patients at less than 20 weeks gestation with 
early-stage disease (FIGO stage IB1 or less), either a simple 
or radical hysterectomy (depending on substage) may be 
performed with the fetus in situ provided the patient does 
not wish to preserve fertility (Figure 38.1). The ovaries 
should be preserved, if feasible, as in nonpregnant patients. 
In patients who desire termination and who receive non-
surgical management for advanced disease, spontaneous 
abortion may result from chemoradiation. However, uter-
ine evacuation should be considered in patients who desire 
termination of pregnancy and who have either locally 
advanced and/or metastatic disease given the possibility 
the pregnancy may persevere despite the side effects of 
chemoradiation.38 If patients receive chemoradiation for 
definitive treatment during the first trimester, the mean 
reported time to spontaneous abortion is 33 days (range, 
27–50 days). For patients who receive chemoradiation 
during the second trimester, the mean reported time to 
spontaneous abortion is 44 days (range, 33–66 days).39 It 
is extremely rare to diagnose locally advanced disease in 
patients who are in their third trimester. Delay of treat-
ment until fetal maturity may be considered in this rare 
situation. It would be prudent to consider cesarean deliv-
ery prior to onset of labor to minimize excessive bleeding 
from the cervical disease. It would also be prudent to have 

Table 38.1 International federation of gynecology and obstetrics (FIGO) cervical cancer staging.

FIGO stage Definition

IA1 Invasive carcinoma diagnosed only by microscopy; stromal invasion with a maximum depth of 5.0 mm 
measured from the base of the epithelium and a horizontal spread of 7.0 mm or less; vascular space 
involvement, venous or lymphatic, does not affect classification

IA2 Measured stromal invasion ≤3.0 mm in depth and ≤7.0 mm in horizontal spread
IB Measured stromal invasion >3.0 mm and ≤5.0 mm with a horizontal spread ≤7.0 mm
IB1 Clinically visible lesion confined to the cervix or microscopic lesion greater than T1a/IA2
IB2 Clinically visible lesion ≤4.0 cm in greatest dimension
II Clinically visible lesion >4.0 cm in greatest dimension
IIA Cervical carcinoma invades beyond uterus but not to pelvic wall or to lower third of vagina
IIA1 Tumor without parametrial invasion
IIA2 Clinically visible lesion ≤4.0 cm in greatest dimension
IIB Clinically visible lesion >4.0 cm in greatest dimension
III Tumor with parametrial invasion
IIIA Tumor extends to pelvic wall and/or involves lower third of vagina and/or causes hydronephrosis or 

nonfunctional kidney
IIIB Tumor involves lower third of vagina, no extension to pelvic wall
IV Tumor extends to pelvic wall and/or causes hydronephrosis or nonfunctional kidney
IVA Tumor invades mucosa of bladder or rectum and/or extends beyond true pelvis (bullous edema is not sufficient 

to classify a tumor as T4)
IVB Tumor invades mucosa of bladder or rectum (bullous edema is not sufficient to classify a tumor as T4)

Tumor extends beyond true pelvis

Source: Pecorelli S, Int J Gynaecol Obstet, 105(2), 103–4, 2009.
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a surgeon available who could assist in case of intraopera-
tive difficulties and/or bleeding.

Gestational age less than 25 weeks

In women with previable pregnancies diagnosed with 
cervical cancer, lymph node assessment should be offered 
(Figure 38.2).

Lymph node assessment

Lymph node involvement is an indication of advanced 
disease and patients with previable pregnancies who 
desire an opportunity to retain their pregnancy should 
receive neoadjuvant chemotherapy. If lymph nodes are not 
involved, patients should receive treatment based on the 
local extent of disease. Lymphadenectomy has been evalu-
ated in the pregnant patient. Vercellino et al. published 
their experience with minimally invasive lymphadenec-
tomy in 32 pregnant patients. The authors reported no 
intraoperative complications, a mean blood loss of 5.3 mL, 
and a mean nodal count of 14.40 Additional case reports 
have also demonstrated the safety and successful use of 
pelvic lymphadenectomy using conventional laparoscopy 
and robotic-assisted laparoscopy.41,42

Sentinel lymph node evaluation

In nongravid patients, sentinel lymph node (SLN) evalu-
ation is becoming more widely used for gynecologic 
cancers. In pregnant patients, data regarding its use are 

Figure 38.1 Radical hysterectomy specimen with a 
14-week fetus in utero. (From Gibbon DG, Nieves-Neira W, 
Wagreich A et al., Operative Obstetrics, Boca Raton, FL: Taylor & 
Francis, 2006. With permission.)
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Figure 38.2 Gestational age <25 weeks. (Adapted from Amant F, Halaska MJ, Fumagalli M et al., Int J Gynecol Cancer, 24(3), 
394–403, 2014.)
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limited to case reports and series. Papadia et al. reported 
the experience of two cases of SLN mapping using indo-
cyanine green (ICG). In both cases, bilateral mapping 
was successful and no adverse events related to ICG were 
reported.43 ICG is an FDA pregnancy category C medica-
tion. Silva et al. reported their experience of successful 
SLN identification using radiolabeled colloid injection in 
a pregnant patient.44 No definitive conclusions regarding 
safety and appropriateness of use can be made regarding 
SLN mapping in pregnant patients, but as the technique 
becomes more widely used, its utility in pregnant patients 
will become clearer. SLN mapping may help pregnant 
patients avoid the increased complexity and morbidity 
of comprehensive pelvic lymphadenectomy. Considering 
there will likely never be a randomized or a safety trial in 
the use of ICG in the pregnant patient, it may still be some-
thing to consider as an alternative to lymphadenectomy 
after thorough discussion with the patient.

Stage IA1 disease

For patients with stage IA1 disease at less than 25 weeks 
gestation, treatment with conization is appropriate. 
Takushi et al. published their experience treating eight 
patients with stage IA1 cervical cancer diagnosed by cone 
biopsy. Patients were treated expectantly and underwent 
definitive management after delivery by either repeat 
conization or hysterectomy, and no patients were found 
to have progression of disease during that time.45 Yahata 
et al. reported their experience in treating four patients 
with stage IA1 cervical adenocarcinoma with laser con-
ization in pregnancy. Two of these patients were found to 
have positive margins; one underwent repeat cone at 20 
weeks gestation while the other underwent repeat cone 
biopsy at 5 weeks postpartum. No patients had residual 
tumor on repeat biopsy or recurrence.46

After delivery, women who wish to maintain future 
fertility do not require further treatment. They should 
undergo surveillance per the American Society for 
Colposcopy & Cervical Pathology (ASCCP) consensus 
guidelines. In women who do not wish to maintain future 
fertility, simple hysterectomy can be considered either at 
the time of cesarean section or as a separate procedure at 
a later date.

Stage IA2 to IB1 disease with tumor <2 cm

For patients with stage IA2 to IB1 disease with tumors 
smaller than 2 cm in dimension, nongravid patients have 
classically been treated with radical procedures to remove 
the parametria. However, the risk of parametrial involve-
ment in these patients is quite low (<1%). Covens et al. 
reported their experience of 842 patients with radical 
surgery for early-stage cervical cancer and found an inci-
dence of 0.6% in patients with tumors <2 cm, no lymph 
node involvement, and <10 mm invasion.47,48 For this 
reason, conization or simple trachelectomy is being con-
sidered after lymph node evaluation. Radical procedures 
have been reported with both successful oncologic and 
obstetric outcomes.49,50 However, radical trachelectomy 

has been reported to have a 32% associated incidence of 
spontaneous abortion. Given the low risk of parametrial 
involvement, radical surgery can be avoided in these preg-
nant patients.37

Women who wish to preserve fertility should be coun-
seled regarding possible radical trachelectomy 6–8 weeks 
postpartum. Increasingly, stage IA2 to IB1 lesions smaller 
than 2 cm are being treated with conization and lymphad-
enectomy; the decision for radical trachelectomy should 
be made after a discussion with the patient regarding the 
risks and benefits, as in nongravid patients. Women who 
do not wish to preserve fertility should undergo definitive 
treatment with radical hysterectomy either at the time of 
cesarean section or as a second procedure.

Stage IB1 disease with tumor ≥2 cm

For patients with stage IB1 tumors ≥2 cm and with no 
evidence of lymph node involvement, the preferred treat-
ment is neoadjuvant chemotherapy if the patient wishes 
to continue with the pregnancy. Additionally, in preg-
nant patients who have IB1 tumors measuring 2–4 cm, 
radical trachelectomy has been described as an accept-
able treatment. As discussed above, radical trachelec-
tomy has been performed successfully in the pregnant 
patient; however, the procedure can carry an increased 
risk of miscarriage.49,50 The decision to proceed with radi-
cal trachelectomy versus chemotherapy needs to be dis-
cussed on a case-by-case basis and treatment should be 
individualized. The goal of neoadjuvant chemotherapy is 
to stabilize tumor growth until definitive management 
can be administered postpartum. Amant et al. reviewed 
their experience with 50 women who received neoadju-
vant chemotherapy for cervical cancer during pregnancy. 
The average gestational age at diagnosis was 19.2 weeks, 
and the average gestational age at delivery was 33.2 weeks. 
Only 3.1% of patients had progression of disease while on 
treatment. The chemotherapeutic regimen was platinum 
based and administered at 3-week intervals either alone or 
in combination with paclitaxel, vincristine, 5-flurouracil, 
cyclophosphamide, or bleomycin. The overall survival rate 
was 79%, with a median follow-up of 24 months. Among 
patients with stage IB1 disease, the overall survival rate 
was 94%, with a median follow-up of 12 months. For those 
with stage IB2 disease, the overall survival rate was 70%, 
with a median follow-up of 27 months. For higher-stage 
disease, the overall survival rate was 70%, with a median 
follow-up of 14 months.37,51 While there are no prospective 
data to guide management in pregnant patients, the com-
bination of cisplatin and paclitaxel has been reviewed in a 
series of 27 patients undergoing treatment for breast and 
ovarian cancers, and the use of taxane was not associated 
with increased fetal risks in this series.52

Chemotherapy should not be administered within 3 
weeks of anticipated delivery in an attempt to decrease the 
risk of bone marrow suppression of the fetus. Other che-
motherapeutic agents that may be used for treatment in 
nongravid patients, such as gemcitabine, vinorelbine, and 
topotecan, as well as biologic agents, such as bevacizumab, 
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are not recommended for use in pregnant patients as data 
regarding their safety are lacking.

Gestational age greater than 25 weeks

Lymph node sampling in patients of gestational age greater 
than 25 weeks is difficult to perform due to the size and 
location of the uterus. For this reason, the treatment deci-
sion is often not affected by nodal status in these patients.

Stage IA2 to IB1 with tumor <2 cm

In patients with stage IA2 to IB1 disease with tumor <2 
cm, treatment can be delayed until after delivery. Women 
should undergo routine pelvic examination and should be 
considered for repeat imaging studies to ensure no pro-
gression of disease during this time. If during this time, 
progression of disease is observed, treatment with neo-
adjuvant chemotherapy or delivery followed by definitive 
treatment should be considered. A number of case reports 
and series have been published showing outcomes in cases 
of delayed treatment of invasive cervical cancer in order to 
allow for further fetal development. For example, Takushi 
et al. published a series of 12 patients with stage IA1 to 
IB2 cervical cancer and delayed treatment for 6–25 weeks. 
No progression of disease was noted, and all patients 
were alive with no evidence of disease at last follow-up.45

Germann et al. published their experience treating 21 
patients, 9 of whom delayed therapy for stage IB1 cervi-
cal cancer. No difference was seen in outcomes of patients 
who delayed their treatment versus those who did not.53

Stage IB1 ≥2 cm

There are minimal retrospective data to help guide the 
treatment of women diagnosed at greater than 25 weeks 
gestation with stage IB1 disease and tumors ≥2 cm or 
higher stage. Options for therapy include delayed treat-
ment to allow for fetal maturity versus neoadjuvant che-
motherapy. Outcome data are lacking for these patients, 
and treatment should be individualized with multidisci-
plinary input. Delayed treatment may be preferred in these 
cases.

Metastatic disease

In women with evidence of metastatic disease (stage IV), 
curative treatment is not an option. Chemotherapy should 
be offered as in the nonpregnant patient. The mainstay of 
chemotherapy for advanced or metastatic cervical cancer 
is a combination of cisplatin and paclitaxel. These agents 
are administered every 3 weeks for a total of six cycles. 
Chemotherapy should be stopped approximately 3 weeks 
before delivery is expected in an attempt to decrease 
potential complications of bone marrow suppression in 
the fetus at the time of birth. Chemotherapy can generally 
be administered safely and with relatively low risk of harm 
to the developing fetus. Chemotherapy is ideally adminis-
tered after the first trimester when the risk of early miscar-
riage is lower and organogenesis has completed.54 Zagouri 
et al. published their review of the use of platinum-based 
chemotherapy for the treatment of cervical cancer in 2013. 

They reviewed outcomes of 48 pregnancies and found that 
the majority of complications were related to prematurity 
rather than the direct effect of chemotherapy.55

Recently, the results of the Gynecologic Oncology Group 
(GOG) 240 trial were published and showed a 4-month 
survival benefit in women with advanced cervical cancer 
when bevacizumab, an antiangiogenic biologic agent, was 
added to cisplatin and paclitaxel.56 However, given the lack 
of safety data available for biologic agents such as beva-
cizumab, they are not currently recommended for use in 
pregnant patients.

Conclusions

Cervical cancer is the most common cancer diagnosed in 
the pregnant patient, and treatment varies depending on 
the patient’s wish to continue with the pregnancy, desire 
for future fertility, stage of disease, and gestational age. 
Oncologic outcomes do not appear to be affected by the 
diagnosis and treatment of cervical cancer during preg-
nancy.57–59 Fetal outcomes also appear to be similar to 
those of babies of similar gestational age,60 although the 
diagnosis of cervical cancer in pregnancy has been linked 
to higher rates of iatrogenic prematurity and low birth 
weights as demonstrated in the study by Dalrymple et al., 
who evaluated 434 cases of cervical cancer diagnosed in or 
around pregnancy through California registry records.57

Treatment for cervical cancer requires a multidisciplinary 
approach and should be individualized.

ADNEXAL MASSES AND OVARIAN CANCER
Adnexal masses are infrequently encountered in the preg-
nant patient, with incidence rates ranging from 1 in 2200 
to 2 in 100. One percent to 7.9% of these masses will be 
malignant.61–65 Smith et al. published an observational 
study of 9375 patients with ovarian masses; 0.93% of the 
masses were found to be malignant and 1.2% of these 
masses were found to be borderline tumors.3 A review of 
epithelial ovarian cancers by Palmer et al. showed that the 
majority of epithelial ovarian malignancies diagnosed in 
pregnancy are stage I (59%); 5% are stage II, 26% are stage 
III, and 10% are stage IV.66 This section will discuss the 
diagnosis and management of both benign and malignant 
ovarian masses in the pregnant patient. (Figure 38.3)

Benign ovarian masses

Ovarian masses in pregnant patients are often asymptom-
atic but may present with nonspecific symptoms such as 
constipation, abdominal pain, urinary symptoms, and 
bloating, as in nonpregnant patients.67 Patients may also 
have an adnexal mass identified at the time of obstetric 
ultrasound or with acute onset of abdominal pain related 
to torsion or cyst rupture. Ovarian torsion is a rare event, 
particularly when adnexal masses are 5 cm or smaller. 
Ovarian torsion is similarly rare in the second and third 
trimesters, presumably due to the physical obstruction to 
twisting of the ovary around its pedicle provided by the 
growing uterus.68 Torsion appears to be most common in 
the late first trimester and early second trimester among 
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adnexal masses measuring 6–8 cm. In their review, Yen 
et al. found a 22% increased risk of torsion for masses 6–8 
cm in diameter compared with masses either smaller or 
larger.69

In the first trimester, the majority of adnexal masses less 
than 5 cm in diameter are functional cysts, and 70% of 
these masses will resolve spontaneously.70 For this reason, 
removal of ovarian masses in the first trimester should 
be avoided. Additionally, the corpus luteum supplies the 
majority of progesterone support during the first 8 weeks 
of gestation.71 If the corpus luteum is removed prior to 
this time, consideration should be made for progesterone 
supplementation until the placenta begins providing pro-
gesterone support for the pregnancy.

Simple ovarian masses of any size are most often func-
tional, although they may represent cystadenoma or 
hydrosalpinx. Complex ovarian masses larger than 5 cm 
in diameter are most often mature teratomas, although 
theca lutein cysts, endometrioma, and extrauterine preg-
nancies remain on the differential.64,72

Borderline tumors, or tumors of low-malignant poten-
tial, are associated with excellent outcomes in the non-
gravid patient as well as the gravid patient. However, 
patients who are found to have borderline tumors should 
continue to be followed long term after their pregnancy 
despite the relatively benign course of their disease. 
Gershenson et al. published on their experience with 
serous borderline tumors and found that 44% of patients 
with serous borderline tumors with noninvasive implants 
will have a recurrence within 20 years, and 80% of those 
patients will have low-grade invasive serous carcinoma.73

Suspected benign ovarian masses should be man-
aged conservatively in the first trimester due to the risk 
of miscarriage associated with surgical management, the 
possibility of spontaneous resolution without surgical 
intervention, and the minimization of potential terato-
genic effects of perisurgical medication administration.74

Similarly, surgical intervention appears to be associated 
with increased morbidity such as fetal stress and preterm 
labor in patients during the third trimester.75 If surgical 
management is indicated either due to concern for torsion 
or malignancy, the optimal timing is in the second trimes-
ter between 16 and 20 weeks.

Selection of surgical approach is based on gestational 
age, the size of the adnexal mass, and suspicion of malig-
nancy. Minimally invasive surgery for adnexal masses in 
the nonpregnant patient, whether via conventional laparo-
socopy or robotically assisted laparoscopy, has been shown 
to be of considerable benefit over laparotomy and is asso-
ciated with a reduction in fever, urinary tract infection, 
postoperative complications, postoperative pain, duration 
of hospital stay, and total cost.76 Adverse events appear to 
be related to the underlying indication for surgery and not 
the minimally invasive surgical modality.77

Imaging adnexal masses in pregnancy

The benefit of ultrasound in characterizing adnexal 
masses has been well established in the nongravid patient 
and is the primary imaging method of choice in the preg-
nant patient as well. If further imaging is required, MRI 
is preferred in the pregnant patient, as there is no risk of 
radiation to the developing fetus. The safety of MRI has 
been established in the pregnant patient and can help 
characterize adnexal masses that are not fully visualized 
by ultrasonography.78,79 CT should be avoided in the preg-
nant patient unless all other imaging modalities are not 
able to provide essential information regarding treatment 
planning. While the radiation exposure of an abdominal 
CT is less than the amount associated with fetal anoma-
lies, long-term outcome data for these exposed infants are 
not available, and cases of secondary cancers have been 
reported.80

Tumor markers

In distinguishing benign from malignant lesions and for 
assessing response to therapy in the nongravid patient, 
tumor markers are often of considerable benefit. However, 
some of these serologic tests used in the nongravid patient 
are physiologically elevated in pregnancy, and their useful-
ness is therefore limited in some instances. Cancer antigen 
125 (CA125) has been established as a useful biomarker in the 
nonpregnant patient for epithelial ovarian cancer.81 However, 
CA125 can be physiologically elevated in pregnancy, poten-
tially limiting its usefulness in some cases.82 Another marker 
of epithelial ovarian cancer, human epididymis protein 4 
(HE4), has more recently emerged as a marker for epithelial 
ovarian cancer.83 HE4 expression is, however, physiologically 
lower in pregnant patients compared with nonpregnant con-
trols, thus also potentially limiting its usefulness.84 Lactate 

Figure 38.3 Large ovarian cyst and gravid uterus. (From 
Gibbon DG, Nieves-Neira W, Wagreich A et al., Operative 
Obstetrics, Boca Raton, FL: Taylor & Francis, 2006. With 
permission.)
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dehydrogenase is a useful marker for ovarian dysgerminoma 
in the nongravid patient. Its expression has not been shown 
to be affected by pregnancy, except in cases of hypertensive 
disorders such as Hemolysis, ELevated liver enzymes, and 
Low Platelet (HELLP) syndrome.85 Alpha-fetoprotein (AFP) 
is used in the nonpregnant patient as a marker of germ cell 
tumors. Maternal serum AFP levels are normally elevated in 
pregnancy and are used as a marker of aneuploidy. AFP lev-
els should be correlated with clinical and radiographic find-
ings when being used as a marker of germ cell tumors in the 
pregnant patient.86 Inhibin A is useful in monitoring treat-
ment for ovarian granulosa cell tumors in the nonpregnant 
patient; however, its levels are physiologically elevated in the 
pregnant patient and interpretation is, therefore, not reliable 
in the gravid patient.87

Surgical and chemotherapeutic management of 
ovarian cancers

As stated earlier, the majority of ovarian malignancies are 
diagnosed at an early stage during pregnancy. The mainstay 
of management is surgical resection followed by chemo-
therapy. In patients in whom an adnexal mass is suspected, 
surgical resection of the mass with frozen section analysis 
should be performed by a gynecologic oncologist or with a 
gynecologic oncologist present should malignancy be iden-
tified. If malignancy is suspected on intraoperative frozen 
section, surgical staging should be performed. The surgi-
cal staging procedure for ovarian cancer should be per-
formed with the exception of omitting hysterectomy and 
removal of contralateral ovary depending on the wishes of 
the patient for maintenance of the current pregnancy and 
for future fertility. This staging procedure is summarized 
in Table 38.2. In the pregnant patient, the contralateral 
ovary may be retained unless grossly involved with disease. 
Traditionally, this procedure has been performed through a 
vertical midline incision. However, in the nonpregnant and 
pregnant patient, a minimally invasive approach to staging 
has gained popularity. Reports of conventional laparoscopy 
and robotic-assisted laparoscopic staging for ovarian cancer 
have been published, with good oncologic and maternal–
fetal outcomes, and can be considered in select patients.88

In patients who have metastatic disease noted at the 
time of surgical exploration, the goal of surgery should be 
the removal of all visible disease, as in the nonpregnant 

patient. In nonpregnant patients, complete gross resection 
of all visible disease has been associated with the longest 
overall survival.89 Individualization of the extent of surgi-
cal effort and debulking should be considered on a case-by-
case basis. In some instances, it may be most appropriate 
to delay surgical debulking and give neoadjuvant chemo-
therapy, delaying surgical cytoreduction until after deliv-
ery. Cases with this approach have been published, with 
acceptable oncologic and maternal–fetal outcomes.90–93

In women with epithelial ovarian cancer, patients with 
early-stage disease and high-risk features (serous or clear 
cell histology, high grade, stage IC or II) and those with 
advanced-stage disease should be offered chemotherapy 
either in the neoadjuvant setting or adjuvant setting follow-
ing surgical cytoreduction. For newly diagnosed ovarian 
cancer, the optimal treatment approach is a combination of 
a platinum and taxane-based therapy. The safety of plati-
num chemotherapy in the gravid patient was reviewed by 
Mir et al. in 2008. They reviewed 43 patients who underwent 
platinum administration, 36 with cisplatin, 6 with carbo-
platin, and 1 with both agents. In the patients who received 
cisplatin, three infants were found to have intrauterine 
growth restriction (IUGR), two had oligohydramnios, and 
one each had polyhydramnios and ventriculomegaly. No 
fetal toxicities were seen in the patients who received carbo-
platin.94 The use of taxanes is less well studied in pregnancy. 
The available case reports show no fetal anomalies or toxici-
ties associated with taxane administration.94–97

For the nongravid patient in whom an optimal cytore-
duction is achieved (<1 cm gross residual disease at the time 
of surgical debulking), a combination of intraperitoneal 
(IP) and IV chemotherapy has been associated with the 
longest overall survival, as demonstrated by the long-term 
follow-up results of the GOG 172 study.98,99 In the gravid 
patient, however, there are minimally published data on the 
side effects of IP therapy. Smith et al. published a case report 
of a patient diagnosed at 12 weeks gestation who received 
four cycles of IP/IV therapy and at 37 weeks delivered a 
male infant weighing 4 pounds 11 ounces with bilateral 
congenital talipes equinovarus.100 Given the paucity of data 
regarding IP chemotherapy use, IV paclitaxel and carbopla-
tin are considered the standard regimen for women receiv-
ing chemotherapy for epithelial ovarian cancer.

Chemotherapy should be delayed until after the first 
trimester as rates of miscarriage, fetal toxicity, and con-
genital malformations are high with chemotherapy use 
during organogenesis.101 Considerations of dose and 
cycle number and cycle frequency are the same as for the 
nongravid patient.

For germ cell tumors, the most common chemothera-
peutic regimen consists of bleomycin, etoposide, and 
cisplatin (BEP). Chemotherapy is recommended for all 
patients, except those with stage IA dysgerminomas or 
stage I, grade 1 immature teratomas. As with epithelial 
ovarian cancer, therapy should be delayed until after the 
first trimester and may be delayed until after delivery. 
Few case reports are available to guide the decision as to 
timing of therapy, but delay until after delivery has been 

Table 38.2 Surgical staging for ovarian carcinoma.

Peritoneal washings
Intact tumor removal
Abdominal exploration to identify visible metastatic disease
Removal of uterus, remaining tube and ovary. This may 

be omitted in the pregnant patient depending on the 
desire of the patient to maintain current pregnancy and 
future fertility.

Omentectomy
Lymph node sampling
Random peritoneal biopsies
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described.102 In one case published by Aoki et al., a patient 
was diagnosed with a yolk sac tumor at 22 weeks gesta-
tion, and chemotherapy was delayed until after delivery. 
Recurrence was diagnosed at 34 weeks gestation and the 
patient underwent delivery along with secondary cytore-
ductive surgery followed by BEP chemotherapy. She was 
alive with no evidence of disease 39 months following 
treatment.103

CONCLUSIONS
Management of malignancy in the pregnant patient 
requires a multidisciplinary approach. The developing 
fetus and unique physiology of the expectant mother can 
present challenges to treatment requiring deviations from 
standard practice. Knowledge of the physiology of preg-
nancy and the effect of therapies on both the mother and 
the fetus is paramount in order to provide safe and effec-
tive therapy.

REFERENCES
1. Oduncu FS, Kimmig R, Hepp H, Emmerich B. Cancer 

in pregnancy: Maternal–fetal conflict. J Cancer Res 
Clin Oncol 2003; 129(3): 133–46.

 2. Smith, LH, Danielsen B, Allen ME, Cress R. Cancer 
associated with obstetric delivery: Results of link-
age with the California cancer registry. Am J Obstet 
Gynecol 2003; 189(4): 1128–35.

3. Smith LH, Dalrymple JL, Leiserowiz GS, et al. 
Obstetrical deliveries associated with maternal malig-
nancy in California, 1992 through 1997. Am J Obstet 
Gynecol 2001; 184(7): 1504–12; discussion 1512–3.

4. Matthews TJ, Hamilton BE. Delayed childbearing: 
More women are having their first child later in life. 
NCHS Data Brief 2009; (21): 1–8.

5. Jolles CJ. Gynecologic cancer associated with preg-
nancy. Semin Oncol 1989; 16(5): 417–24.

6. Han SN, Kesic VI, Van Calsteren K, et al. Cancer in 
pregnancy: A survey of current clinical practice. Eur 
J Obstet Gynecol Reprod Biol 2013; 167(1): 18–23.

7. Walboomers JM, Jacobs MV, Manos MM, et al. 
Human papillomavirus is a necessary cause of inva-
sive cervical cancer worldwide. J Pathol 1999; 189(1): 
12–9.

 8. zur Hausen H., Papillomaviruses in the causation of 
human cancers—A brief historical account. Virology
2009; 384(2): 260–5.

 9. Forman D, de Martel C, Lacey Cj, et al. Global bur-
den of human papillomavirus and related diseases. 
Vaccine 2012; 30(suppl 5): F12–23.

10. Kemp EA, Hakenewerth AM, Laurent SL, et al. 
Human papillomavirus prevalence in pregnancy. 
Obstet Gynecol 1992; 79(5(Pt 1)): 649–56.

11. Serrano, B, Alemany L, Tous S, et al. Potential impact 
of a nine-valent vaccine in human papillomavirus 
related cervical disease. Infect Agent Cancer 2012; 
7(1): 38.

12. Cervarix—A second HPV vaccine. Med Lett Drugs 
Ther 2010; 52(1338): 37–8.

13. FUTURE II Study Group. Quadrivalent vaccine 
against human papillomavirus to prevent high-grade 
cervical lesions. N Engl J Med 2007; 356(19): 1915–27.

14. Munoz N, Kjaer SK, Sigurdsson K, et al. Impact of 
human papillomavirus (HPV)-6/11/16/18 vaccine on 
all HPV-associated genital diseases in young women. 
J Natl Cancer Inst 2010; 102(5): 325–39.

15. Joura EA, Giuliano AR, Iversen OE, et al. A 9-valent 
HPV vaccine against infection and intraepithelial neo-
plasia in women. N Engl J Med 2015; 372(8): 711–23.

16. Massad LS, Einstein MH, Huh WK, et al. 2012 
updated consensus guidelines for the management of 
abnormal cervical cancer screening tests and cancer 
precursors. Obstet Gynecol 2013; 121(4): 829–46.

17. Economos K, Perez Veridiano N, Delke I, et al. 
Abnormal cervical cytology in pregnancy: A 17-year 
experience. Obstet Gynecol 1993; 81(6): 915–8.

18. Baldauf JJ, Dreyfus M, Ritter J, Philippe E. 
Colposcopy and directed biopsy reliability during 
pregnancy: A cohort study. Eur J Obstet Gynecol 
Reprod Biol 1995; 62(1): 31–6.

19. Fader AN, Alward EK, Niederhauser A, et al. Cervical 
dysplasia in pregnancy: A multi-institutional evalua-
tion. Am J Obstet Gynecol 2010; 203(2): 113.e1–6.

20. Kaplan KJ, Dainty LA, Dolinsky B, et al. Prognosis 
and recurrence risk for patients with cervical squa-
mous intraepithelial lesions diagnosed during preg-
nancy. Cancer 2004; 102(4): 228–32.

21. Hannigan EV, Whitehouse HH 3rd, Atkinson WD, 
Becker SN. Cone biopsy during pregnancy. Obstet 
Gynecol 1982; 60(4): 450–5.

22. Averette HE, Nasser N, Yankow SL, Little WA. 
Cervical conization in pregnancy. Analysis of 180 
operations. Am J Obstet Gynecol 1970; 106(4): 543–9.

23. Goldberg GL, Altaras MM, Block B. Cone cerclage in 
pregnancy. Obstet Gynecol 1991; 77(2): 315–7.

24. Robinson WR, Webbb S, Tirpack J, et al. Management 
of cervical intraepithelial neoplasia during preg-
nancy with LOOP excision. Gynecol Oncol 1997; 
64(1): 153–5.

 25. Mitsuhashi A, Sekiya S. Loop electrosurgical exci-
sion procedure (LEEP) during first trimester of preg-
nancy. Int J Gynaecol Obstet 2000; 71(3): 237–9.

 26. Serati M, Uccella S, Laterza RM, et al. Natural his-
tory of cervical intraepithelial neoplasia during 
pregnancy. Acta Obstet Gynecol Scand 2008; 87(12): 
1296–300.

 27. Paraskevaidis E, Koliopoulos G, Kalantaridou S, 
et al. Management and evolution of cervical intraepi-
thelial neoplasia during pregnancy and postpartum. 
Eur J Obstet Gynecol Reprod Biol 2002; 104(1): 67–9.

 28. Kaneshiro BE, Acoba JD, Holzman J, et al. Effect of 
delivery route on natural history of cervical dyspla-
sia. Am J Obstet Gynecol 2005; 192(5): 1452–4.

 29. Ahdoot D, Van Nostrand KM, Nguyen NJ, et al. The 
effect of route of delivery on regression of abnormal 
cervical cytologic findings in the postpartum period. 
Am J Obstet Gynecol 1998; 178(6): 1116–20.

  



References 519

30. Siristatidis C, Vitoratos N, Michailidis E, et al. The 
role of the mode of delivery in the alteration of intra-
partum pathological cervical cytologic findings dur-
ing the postpartum period. Eur J Gynaecol Oncol 
2002; 23(4): 358–60.

31. Barber HR, Brunschwig A. Gynecologic cancer com-
plicating pregnancy. Am J Obstet Gynecol 1963; 85: 
156–64.

32. Nguyen C, Montz FJ, Bristow RE. Management of 
stage I cervical cancer in pregnancy. Obstet Gynecol 
Surv 2000; 55(10): 633–43.

33. Creasman WT. Cancer and pregnancy. Ann N Y 
Acad Sci 2001; 943: 281–6.

 34. Pecorelli S. Revised FIGO staging for carcinoma of 
the vulva, cervix, and endometrium. Int J Gynaecol 
Obstet 2009: 105(2): 103–4.

 35. Sahdev A, Sohaib SA, Wenaden AE, et al. The perfor-
mance of magnetic resonance imaging in early cervi-
cal carcinoma: A long-term experience. Int J Gynecol 
Cancer 2007; 17(3): 629–36.

36. Chen MM, Coakley FV, Kaimai A, Laros RK Jr. 
Guidelines for computed tomography and magnetic 
resonance imaging use during pregnancy and lacta-
tion. Obstet Gynecol 2008; 112(2 Pt 1): 333–40.

37. Amant F, Halaska MJ, Fumagalli M, et al. Gynecologic 
cancers in pregnancy: Guidelines of a second inter-
national consensus meeting. Int J Gynecol Cancer 
2014; 24(3): 394–403.

38. Sood AK, Sorosky JI, Mayr N, et al. Radiotherapeutic 
management of cervical carcinoma that complicates 
pregnancy. Cancer 1997; 80(6): 1073–8.

 39. Prem KA, Makowski EL, McKelvey JL. Carcinoma 
of the cervix associated with pregnancy. Am J Obstet 
Gynecol 1966; 95(1): 99–108.

40. Vercellino GF, Koehler C, Erdemoglu E, et al. 
Laparoscopic pelvic lymphadenectomy in 32 preg-
nant patients with cervical cancer: Rationale, 
description of the technique, and outcome. Int J 
Gynecol Cancer 2014; 24(2): 364–71.

 41. Rojas C, Moroney JW. Robotic surgical staging 
for cervical cancer diagnosed during pregnancy: 
Immediate versus delayed definitive treatment. 
Gynecol Oncol Case Rep 2013; 5: 40–2.

 42. Favero G, Lanowska M, Schneider A, et al. Laparoscopic 
pelvic lymphadenectomy in a patient with cervical 
cancer stage Ib1 complicated by a twin pregnancy. J 
Minim Invasive Gynecol 2010; 17(1): 118–20.

 43. Papadia A, Mohr S, Imboden S, et al. Laparoscopic 
ICG sentinel lymph node mapping in pregnant cer-
vical cancer patients. J Minim Invasive Gynecol 2015; 
23(2): 270–3.

 44. Silva LB, Silva-Filho AL, Traiman P, et al. Sentinel node 
mapping in a pregnant woman with cervical cancer: A 
case report. Int J Gynecol Cancer 2006; 16(3): 1454–7.

 45. Takushi M, Moromizato H, Sakumoto K, Kanazawa K. 
Management of invasive carcinoma of the uterine cer-
vix associated with pregnancy: Outcome of intentional 
delay in treatment. Gynecol Oncol 2002; 87(2): 185–9.

 46. Yahata T, Numata M, Kashima K, et al. Conservative 
treatment of stage IA1 adenocarcinoma of the cer-
vix during pregnancy. Gynecol Oncol 2008; 109(1): 
49–52.

 47. Covens A, Rosen B, Murphy J, et al. How impor-
tant is removal of the parametrium at surgery for 
carcinoma of the cervix? Gynecol Oncol 2002; 84(1): 
145–9.

 48. Herod JJ, Decruze SB, Patel RD. A report of two cases 
of the management of cervical cancer in pregnancy 
by cone biopsy and laparoscopic pelvic node dissec-
tion. BJOG 2010; 117(12): 1558–61.

 49. Abu-Rustum NR, Tal MN, DeLair D, et al. Radical 
abdominal trachelectomy for stage IB1 cervical can-
cer at 15-week gestation. Gynecol Oncol 2010; 116(1): 
151–2.

 50. Kyrgiou M, Horwell DH, Farthing A. Laparoscopic 
radical abdominal trachelectomy for the manage-
ment of stage IB1 cervical cancer at 14 weeks’ gesta-
tion: Case report and review of the literature. BJOG 
2015; 122(8): 1138–43.

 51. Rydzewska L, Tiernay J, Vale CL, Symonds PR. 
Neoadjuvant chemotherapy plus surgery versus sur-
gery for cervical cancer. Cochrane Database Syst Rev 
2012; 12: Cd007406.

 52. Cardonick E, Bhat A, Gilmandyar D, Somer R. 
Maternal and fetal outcomes of taxane chemother-
apy in breast and ovarian cancer during pregnancy: 
Case series and review of the literature. Ann Oncol 
2012; 23(12): 3016–23.

 53. Germann N, Haie-Meder C, Morice P, et al. 
Management and clinical outcomes of pregnant 
patients with invasive cervical cancer. Ann Oncol 
2005; 16(3): 397–402.

 54. Cardonick E, Iacobucci A. Use of chemotherapy during 
human pregnancy. Lancet Oncol 2004; 5(5): 283–91.

 55. Zagouri F, Sergentanis TN, Chrysikos D, Bartsch R. 
Platinum derivatives during pregnancy in cervical 
cancer: A systematic review and meta-analysis. Obstet 
Gynecol 2013; 121(2 Pt 1): 337–43.

 56. Tewari KS, Sill MW, Long HJ 3rd, et al. Improved 
survival with bevacizumab in advanced cervical 
cancer. N Engl J Med 2014; 370(8): 734–43.

 57. Dalrymple JL, Gilbert WM, Leiserowitz GS, et al. 
Pregnancy-associated cervical cancer: Obstetric 
outcomes. J Matern Fetal Neonatal Med 2005; 17(4): 
269–76.

 58. Stensheim H, Møller B, van Dijk T, Fosså SD. Cause-
specific survival for women diagnosed with cancer 
during pregnancy or lactation: A registry-based 
cohort study. J Clin Oncol 2009; 27(1): 45–51.

 59. Pettersson BF, Andersson S, Hellman K, Hellström 
AC. Invasive carcinoma of the uterine cervix associ-
ated with pregnancy: 90 years of experience. Cancer 
2010; 116(10): 2343–9.

 60. Zemlickis D, Lishner M, Degendorfer P, et al. Maternal 
and fetal outcome after invasive cervical cancer in 
pregnancy. J Clin Oncol 1991; 9(11): 1956–61.

  



520 Management of malignant and premalignant lesions of the female genital tract during pregnancy

61. Beischer NA, Buttery BW, Fortune DW, Macafee CA. 
Growth and malignancy of ovarian tumours in preg-
nancy. Aust N Z J Obstet Gynaecol 1971; 11(4): 208–20.

62. Hess LW, Peaceman A, O’Brein WF, et al. Adnexal 
mass occurring with intrauterine pregnancy: Report 
of fifty-four patients requiring laparotomy for defini-
tive management. Am J Obstet Gynecol 1988; 158(5): 
1029–34.

63. Koonings PP, Platt LD, Wallace R, Incidental adnexal 
neoplasms at cesarean section. Obstet Gynecol 1988; 
72(5): 767–9.

 64. Schmeler KM, Mayo-Smith WW, Peipert JF, et al. 
Adnexal masses in pregnancy: Surgery compared 
with observation. Obstet Gynecol 2005; 105(5 Pt 1): 
1098–103.

 65. Leiserowitz GS. Managing ovarian masses during 
pregnancy. Obstet Gynecol Surv 2006; 61(7): 463–70.

 66. Palmer J, Vatish M, Tidy J. Epithelial ovarian cancer 
in pregnancy: A review of the literature. BJOG 2009; 
116(4): 480–91.

 67. Goff BA, Mandel LS, Melancon CH, Muntz HG. 
Frequency of symptoms of ovarian cancer in women 
presenting to primary care clinics. JAMA 2004; 
291(22): 2705–12.

 68. Bernhard LM, Klebba PK, Gray DL, Mutch DG. 
Predictors of persistence of adnexal masses in preg-
nancy. Obstet Gynecol 1999; 93(4): 585–9.

 69. Yen CF, Lin SL, Murk W, et al. Risk analysis of tor-
sion and malignancy for adnexal masses during 
pregnancy. Fertil Steril 2009; 91(5): 1895–902.

 70. Giuntoli RL, 2nd, Vang RS, Bristow RE. Evaluation 
and management of adnexal masses during preg-
nancy. Clin Obstet Gynecol 2006; 49(3): 492–505.

 71. Csapo AI, Pulkkinen MO, Wiest WG. Effects of lute-
ectomy and progesterone replacement therapy in 
early pregnant patients. Am J Obstet Gynecol 1973; 
115(6): 759–65.

 72. Chiang G, Levine D. Imaging of adnexal masses in 
pregnancy. J Ultrasound Med 2004; 23(6): 805–19.

 73. Gershenson DM, Silva EG, Tortolero-Luna G, et al. 
Serous borderline tumors of the ovary with non-
invasive peritoneal implants. Cancer 1998; 83(10): 
2157–63.

 74. Novak ER, Lambrou CD, Woodruff JD. Ovarian 
tumors in pregnancy. An ovarian tumor registry 
review. Obstet Gynecol 1975; 46(4): 401–6.

 75. Whitecar MP, Turner S, Higby MK. Adnexal masses in 
pregnancy: A review of 130 cases undergoing surgical 
management. Am J Obstet Gynecol 1999; 181(1): 19–24.

 76. Medeiros LR, Rosa DD, Bozzetti MC, et al. Laparoscopy 
versus laparotomy for benign ovarian tumour. 
Cochrane Database Syst Rev 2009; (2): Cd004751.

 77. Al-Fozan, H, Tulandi T. Safety and risks of laparos-
copy in pregnancy. Curr Opin Obstet Gynecol 2002; 
14(4): 375–9.

 78. Telischak NA, Yeh BM, Joe BN, et al. MRI of adnexal 
masses in pregnancy. AJR Am J Roentgenol 2008; 
191(2): 364–70.

 79. Brown MA, Birchard KR, Semelka RC. Magnetic 
resonance evaluation of pregnant patients with acute 
abdominal pain. Semin Ultrasound CT MR 2005; 
26(4): 206–11.

 80. Prenatal X-ray exposure and childhood cancer in 
twins. N Engl J Med 1985; 312(24): 1574–5.

 81. Bast RC, Jr, Klug TL, St John E, et al. A radioimmu-
noassay using a monoclonal antibody to monitor 
the course of epithelial ovarian cancer. N Engl J Med 
1983; 309(15): 883–7.

 82. Sarandakou A, Protonotariou E, Rizos D. Tumor 
markers in biological fluids associated with preg-
nancy. Crit Rev Clin Lab Sci 2007; 44(2): 151–78.

 83. Molina R, Escudero JM, Augé, et al. HE4 a novel 
tumour marker for ovarian cancer: Comparison with 
CA 125 and ROMA algorithm in patients with gynae-
cological diseases. Tumour Biol 2011; 32(6): 1087–95.

 84. Moore RG, Miller MC, Eklund EE, et al. Serum levels 
of the ovarian cancer biomarker HE4 are decreased 
in pregnancy and increase with age. Am J Obstet 
Gynecol 2012; 206(4): 349.e1–7.

 85. Demir SC, Evruke C Ozgunen FT, et al. Factors that 
influence morbidity and mortality in severe pre-
eclampsia, eclampsia and hemolysis, elevated liver 
enzymes, and low platelet count syndrome. Saudi 
Med J 2006; 27(7): 1015–8.

 86. Elit L, Bocking A, Kenyon C, Natale R. An endo-
dermal sinus tumor diagnosed in pregnancy: Case 
report and review of the literature. Gynecol Oncol 
1999; 72(1): 123–7.

 87. Luisi S, Florio P, Reis FM, Petraglia F. Inhibins in 
female and male reproductive physiology: Role in 
gametogenesis, conception, implantation and early 
pregnancy. Hum Reprod Update 2005; 11(2): 123–35.

 88. Chen CH, Chiu LH, Chan C, Liu WM. Management 
of ovarian cancer in 14th gestational week of preg-
nancy by robotic approach with preservation of the 
fetus. Gynecol Obstet Invest 2015; 80(2): 139–44.

 89. Shih KK, Chi DS. Maximal cytoreductive effort in 
epithelial ovarian cancer surgery. J Gynecol Oncol 
2010; 21(2): 75–80.

 90. Sood AK, Shahin MS, Sorosky JI. Paclitaxel and plat-
inum chemotherapy for ovarian carcinoma during 
pregnancy. Gynecol Oncol 2001; 83(3): 599–600.

 91. Picone O, Lhommé C, Tournaire M, et al. 
Preservation of pregnancy in a patient with a stage 
IIIB ovarian epithelial carcinoma diagnosed at 22 
weeks of gestation and treated with initial chemo-
therapy: Case report and literature review. Gynecol 
Oncol 2004; 94(2): 600–4.

 92. Ferrandina G, Distefano M, Testa A, et al. 
Management of an advanced ovarian cancer at 15 
weeks of gestation: Case report and literature review. 
Gynecol Oncol 2005; 97(2): 693–6.

 93. Mendez LE, Mueller A, Salom E, et al. Paclitaxel 
and carboplatin chemotherapy administered during 
pregnancy for advanced epithelial ovarian cancer. 
Obstet Gynecol 2003; 102(5 Pt 2): 1200–2.

  



References 521

94. Mir O, Berveiller P, Ropert S, et al. Use of platinum 
derivatives during pregnancy. Cancer 2008; 113(11): 
3069–74.

95. Zagouri F, Sergentanis TN, Chrysikos D, et al. 
Taxanes for ovarian cancer during pregnancy: A sys-
tematic review. Oncology 2012; 83(4): 234–8.

 96. Zagouri F, Sergentanis TN, Chrysikos D, et al. 
Taxanes for breast cancer during pregnancy: A sys-
tematic review. Clin Breast Cancer 2013; 13(1): 16–23.

97. Mir O, Berveiller P, Goffinet F, et al. Taxanes for 
breast cancer during pregnancy: A systematic review. 
Ann Oncol 2010; 21(2): 425–6.

98. Barlin JN, Dao F, Bou Zgheib, et al. Progression-free 
and overall survival of a modified outpatient regimen 
of primary intravenous/intraperitoneal paclitaxel 
and intraperitoneal cisplatin in ovarian, fallopian 
tube, and primary peritoneal cancer. Gynecol Oncol
2012; 125(3): 621–4.

99. Tewari D, Java JJ, Salani R, et al. Long-term survival 
advantage and prognostic factors associated with 
intraperitoneal chemotherapy treatment in advanced 
ovarian cancer: A gynecologic oncology group study. 
J Clin Oncol 2015; 33(13): 1460–6.

100. Smith ER, Borowsky ME, Jain VD, Intraperitoneal 
chemotherapy in a pregnant woman with ovarian 
cancer. Obstet Gynecol 2013; 122(2 Pt 2): 481–3.

101. Selig BP, Furr JR Huey RW, et al. Cancer chemother-
apeutic agents as human teratogens. Birth Defects Res 
A Clin Mol Teratol 2012; 94(8): 626–50.

102. Shimizu Y, Komiyama S, Kobayashi T, et al. 
Successful management of endodermal sinus tumor 
of the ovary associated with pregnancy. Gynecol 
Oncol 2003; 88(3): 447–50.

103. Aoki Y, Higashino M, Ishii S, Tanaka K. Yolk sac 
tumor of the ovary during pregnancy: A case report. 
Gynecol Oncol 2005; 99(2): 497–9.

  



  

http://www.taylorandfrancis.com
http://www.crcnetbase.com/action/showImage?doi=10.1201/9781315382739-39&iName=master.img-002.jpg&w=538&h=142


523

39Gestational trophoblastic disease
BABAK LITKOUHI and ABDULLA AL-KHAN

Gestational trophoblastic diseases (GTD) are a number of 
related benign and malignant disorders characterized by 
trophoblastic proliferation. Complete (CHM) and partial 
(PHM) hydatidiform moles are benign gestational events 
that most often resolve after uterine evacuation. In a minor-
ity of patients, moles may persist or transform, resulting 
in malignant disease (gestational trophoblastic neoplasia 
[GTN]). Rarely, GTN may follow nonmolar gestations, 
including normal, aborted, or ectopic pregnancies. GTN 
comprises of invasive mole, choriocarcinoma, placental site 
trophoblastic tumor (PSTT), and epithelioid trophoblastic 
tumor (ETT), although most commonly the histology is 
unknown unless surgery is performed.

Although much of our knowledge of the etiology of 
GTD is incomplete, they are among the most curable types 
of gynecologic malignancy, even in the case of widely met-
astatic disease. The diagnosis, management, and follow-up 
of GTD are a multidisciplinary endeavor. This chapter will 
discuss the epidemiology, pathology, diagnosis, and man-
agement of GTD, as well as the future reproductive out-
comes of women affected by these diseases.

EPIDEMIOLOGY
Hydatidiform mole is a rare complication of pregnancy, 
and as such, its epidemiology is not completely under-
stood. Its incidence appears to vary among different eth-
nic groups and geographic areas. Most reports suggest the 
incidence of hydatidiform mole is greater in Southeast 
Asia than in the Western Hemisphere. The reported inci-
dence of this disease in the Western countries is estimated 
to be 1/2000 pregnancies, versus 1/77 for some countries 
in Asia such as Indonesia, China, and the Philippines. 
It is estimated that in the United States, one in 1000–1500 
pregnancies is complicated by trophoblastic disease. The 
reason for this difference in the rates of hydatidiform mole 
between the United States and Asian countries is uncer-
tain. It may involve genetic, nutritional, immunologic, or 
environmental factors.1–3

An increased incidence of hydatidiform mole has been 
noted among women at the extremes of reproductive age.3

The incidence seems to be higher4,5 among women over 45 
years of age and those under 15. Spontaneous or induced 
abortions and infertility have also been associated with 
an increased risk of mole, while term pregnancies seem 
to be protective.1,6 It has been hypothesized that altered 
nutrition and low socioeconomic status may contribute 
to the high incidence of hydatidiform mole in Asia. Low 
consumption of vitamin A (carotene) and animal pro-
tein has been associated with a higher incidence of molar 
pregnancy.7,8

It should be noted that not all studies agree with these 
observations.1,9 More so, these findings are more con-
sistently associated with CHM rather than PHM, as the 
epidemiology of PHM is less well understood and may be 
more related to reproductive risk factors such as oral con-
traceptive use and irregular menstrual cycles.10

A consistent finding has been that patients with a his-
tory of hydatidiform mole have an approximately 10- to 
20-fold increased risk of a future molar pregnancy.11,12

There are also reports of cases of familial recurrent hyda-
tidiform mole.13 These observations suggest that there may 
be genetic susceptibility to this disease, but do not rule out 
a common environmental factor.

PATHOGENESIS AND CLASSIFICATION OF 
HYDATIDIFORM MOLES
Hydatidiform mole is an abnormal gestational event 
characterized by abnormal fetal development and pla-
cental (trophoblastic) overgrowth. Vassilakos and Kajii14

proposed a classification scheme for molar gestations in 
1976. Their work was later supported by investigators such 
as Szulman and Surti,15 and is still the classification that 
is used. These investigators classified molar gestations as 
complete or partial based on morphologic and cytogenetic 
characteristics. Table 39.1 shows the current World Health 
Organization (WHO) classification of GTD.
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A CHM is characterized by (1) absent fetal or embry-
onic tissue (except in the rare case of a CHM with coex-
istent normal twin); (2) the absence of normal chorionic 
villi; (3) diffuse vesicular swelling of the villi; (4) diffuse 
trophoblastic hyperplasia and atypia. Macroscopically, 
CHM are classically clinically described as appearing as 
a “bunch of grapes.” Approximately 90% of the complete 
moles have a 46,XX chromosomal complement; the other 
10% have a 46,XY karyotype. Almost all CHM are of 
androgenic origin, and chromosome-banding techniques, 
enzyme markers, and HLA antigen typing can confirm 
the diploid chromosomal complement of paternal origin. 
CHM typically originates by the fertilization of an empty 
egg, or “blighted ovum,” by a haploid sperm, which later 
duplicates to give the 46,XX complement. The 46,XY mole 
originates by dispermy or the fertilization of a “blighted 
ovum” by two spermatozoa. The mechanisms involved in 
this abnormal fertilization pattern remain uncertain. The 
potential for subsequent malignancy (i.e., GTN) is greater 
with CHM than with PHM.

A partial mole is defined by the coexistence of a 
hydatidiform mole with fetal or embryonic tissues. 
Histologically, PHMs contain (1) focal hydropic swelling 
and cavitation of the villi; (2) focal trophoblastic hyper-
plasia with or without atypia; (3) scalloping of the outline 
of the villi; (4) trophoblastic inclusions; and (5) identifi-
able fetal or embryonic tissues (Figures 39.1 and 39.2). The 
fetus typically demonstrates the gross stigmata of trip-
loidy.16 Cytogenetically, PHMs contain a triploid karyo-
type, with an extra set of chromosomes of paternal origin, 
again either from reduplication or, less commonly, from 
dispermic fertilization. Rarely, a chromosomally normal 
fetus may coexist as a twin PHM, and extremely rarely, as 
a singleton normal diploid fetus may coexist with a partial 
molar placenta.17,18 Although some investigators have sug-
gested the existence of diploid PHM, this is most likely due 
to misclassification rather than the true existence of such 
an entity.19 Although the malignant potential of a PHM is 
less than that of a CHM, these pregnancies should be simi-
larly managed with close follow-up with human chorionic 
gonadotropin (HCG) titers after evacuation.16

With more widespread use ultrasound and early first 
termination of abnormal gestations, difficulties have 

arisen with pathology diagnosis of molar gestations, as 
there may be overlapping features to early first trimes-
ter CHM, PHM, and hydropic spontaneous abortion. 
Nonetheless, accurate diagnosis remains important as 
the clinical consequences, management, and progno-
sis of these entities differ significantly.20,21 This scenario 
may be seen when (1) most of the products of conception 
are passed before presentation, (2) tissue is inadvertently 
discarded during the evacuation procedure or during 
its handling in the laboratory, and (3) overlapping mor-
phologic features are present. In these circumstances, an 
accurate diagnosis may be facilitated by flow cytometry to 
assess the DNA ploidy. Moreover, immunohistochemical 
staining for p57 gene products may aid in the diagnosis. 
P57, as well as PHLDA2, is maternally expressed, pater-
nally imprinted. As such, CHM would be recognized by 
diploidy and absent p57 staining, PHM by triploidy and 
positive p57 staining, and hydropic abortions by diploidy 
and positive p57 staining.19

Figure 39.1 Partial hydatiform mole with hydropic swell-
ing of the villi.

Figure 39.2 Histopathology slide of partial hydatidiform 
mole showing hydropic villi and trophoblastic proliferation.

Table 39.1 WHO classification of GTD.

Molar pregnancies
Complete hydatidiform mole
Partial hydatidiform mole
Invasive mole

Neoplasms
Gestational choriocarcinoma
Placental site trophoblastic tumor
Epithelioid trophoblastic tumor

Nonneosplastic lesions
Exaggerated placental site
Placental site nodule
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CLINICAL PRESENTATION
The clinical presentation of a gravida with a molar gesta-
tion has changed over the last several decades with diag-
nosis by ultrasound and HCG testing.22,23 Presenting signs 
and symptoms will vary greatly depending on the gesta-
tional age at diagnosis, the HCG titer, and whether the 
gestation is a CHM or PHM.

HCG is generally higher in a molar gestation than in 
a normal pregnancy. During normal pregnancies, HCG 
typically peaks around 8–11 weeks at about 100,000 
mIU/mL. In contrast, titers in excess of 100,000 mIU/mL 
may be noted in up to half of CHM. PHMs, on the other 
hand, typically demonstrate19 lower titers that are rarely 
>100,000 mIU/mL.8 However, a single titer cannot be 
used as the only criterion for diagnosis, as the differential 
diagnosis for abnormally high HCG includes normal twin 
gestations, conditions that increase placenta mass, as well 
nongestational malignant tumors.

Excessive uterine size and vaginal bleeding are the 
two most commonly reported signs and symptoms. 
Historically, clinical examination may reveal a discrep-
ancy between uterine size and dates in up to 50% of the 
cases. The uterus can be enlarged by tissue as well as 
blood. Vaginal bleeding is a nearly universal symptom 
of hydatidiform mole. Although some cases present with 
severe bleeding and/or anemia, these sequela are less 
likely with earlier diagnosis and intervention.22

Theca lutein cysts may be observed in a quarter of 
molar pregnancies (Figures 39.3 and 39.4).24 These cysts 
are formed secondary to hyperstimulation of the ovaries 
by HCG secreted from trophoblastic tissue. The diagnosis 
can be made clinically by palpation of an adnexal mass, or 
sonographically. The management is conservative, as these 
cysts regress after evacuation of the mole and normaliza-
tion of the HCG. Rarely, they may result in acute ovarian 
torsion requiring surgery. In these cases, the cysts may be 
drained intraoperatively—oophorectomy is unnecessary, 
unless the ovary is found to be nonviable.

Approximately one quarter of molar pregnancies pre- 
sent with hyperemesis gravidarum. The occurrence of 
pregnancy-induced hypertension (PIH) before 24 weeks’ 
gestation has been regarded as a sine qua non of molar 
pregnancy. Rarely, subclinical or acute thyrotoxicosis can 
be seen in these patients due to high levels of serum HCG. 
Trophoblastic embolization resulting is respiratory dis-
tress and compromise occurs even more rarely, most com-
monly after evacuation of an advanced molar gestation 
with a high HCG titer.22 These severe sequela are discussed 
in more detail below.

As noted above, with earlier diagnosis and management, 
many of the above-noted presenting signs and symptoms have 
become more rare. Most correlate with the HCG titer and tro-
phoblastic tumor burden at diagnosis, and are accordingly 
less commonly seen with PHM than CHM. A recent report 
on CHMs from a large regional trophoblastic center reported 
vaginal bleeding and size greater than dates as the most com-
mon presenting signs (~50%, ~25% respectively). Over half of 

patients presenting in the last two decades presented at <11 
weeks’ gestation. Severe anemia, PIH,  clinical hyperthyroidism, 
and respiratory distress/trophoblastic embo lization occurred 
in less than 5% of patients, while hyperemesis was present in 
about 15%.23

The majority of patients with PHM present with vagi-
nal bleeding and absence of fetal heart activity. Missed or 
incomplete abortion is the most common diagnosis, and 
PHM is commonly not suspected prior to its identification 
on final pathology.8

Figure 39.3 Theca-lutein cysts noted at the time of 
surgery.

Figure 39.4 Ultrasound demonstrating theca-lutein cysts.
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DIAGNOSIS
Several diagnostic modalities have been used to iden-
tify molar pregnancy, including histologic evaluation, 
amniography, sonography, and HCG titers.

Diagnosis ultimately depends on histologic examina-
tion. Such an evaluation is required for all cases of missed or 
incomplete abortions, and in elective terminations of preg-
nancy. Histologic features of molar gestations are described 
above. Amniography is no longer used, as it requires the 
pregnancy to be over 14 weeks to permit access to an abdom-
inal uterus, and involves exposure to ionizing radiation.

Sonographic examination is the principal diagnostic 
tool for the diagnosis of molar pregnancy. Its advantages 
include the absence of ionizing radiation, the ability to 
identify the morphologic features of the placenta and the 
presence or absence of a normal fetus, and to correlate 
these findings to HCG levels. The introduction of vaginal 
sonography has facilitated the diagnosis of hydatidiform 
mole during the first trimester and in obese patients where 
the abdominal approach might be inconclusive.25 Molar 
changes can be detected around 8 weeks of gestation by 
ultrasonography. The classical “snowstorm pattern” was 
seen with older low-frequency ultrasound, while modern 
high-frequency ultrasound can show clearly defined cystic 
spaces representing hydropic villi. Computed tomography 
(CT) scan and magnetic resonance imaging (MRI) may 
be used selectively when there is a concern for concur-
rent metastatic disease or unclear uterine/fetal anatomy 
(Figure 39.5).26

Evaluation and management of GTD has been greatly 
aided by the availability of a reliable and highly sensitive 
tumor marker, HCG. Trophoblastic tissue produces HCG 
when viable tissue is present. This glycoprotein is composed 
of two polypeptide subunits (α and β). The structures of the 

α-subunits of HCG and the pituitary hormones TSH (thyroid 
stimulating hormone), FSH (follicular stimulating hormone, 
LH (luteinizing hormone) are similar. The β-subunits have 
a unique amino acid content and sequence, which confer 
the immunologic and biologic specificity of each hormone. 
Importantly, circulating HCG is not only secreted by cells, but 
also exists as HCG degradation fragments. These HCG frag-
ments are not biologically active, yet can function as tumor 
markers. Two types of HCG tests are commonly available, 
those that detect the intact HCG dimer only, and those that 
detect total HCG, including intact HCG dimer, free β-HCG, 
and other the variants/fragments. These total HCG assays are 
commonly known as “β-HCG tests.” More so, it is important 
to select an appropriate “HCG tumor marker” assay during 
the evaluation of GTD to assure appropriate sensitivity of 
the assay, especially as HCG levels drop to normal or near 
normal levels. At these levels, false-negative testing has been 
reported in patients with active trophoblastic tumors, and 
omission of timely therapy in this setting has resulted in 
disastrous clinical consequences. Importantly, HCG testing 
may also result in false-positive test as a result of “phantom-
HCG,” quiescent GTD, pituitary HCG, and nontrophoblastic 
neoplasms. Physicians evaluating patients presenting with 
atypical or low HCG levels are urged to consultant with a 
clinician with expertise in these matters. While beyond the 
scope of this text, in depth reviews of HCG testing can be 
found elsewhere.27–29

MEDICAL COMPLICATIONS OF GESTATIONAL 
TROPHOBLASTIC DISEASE
As outlined above, the severity and clinical presentation 
of molar gestations vary and depend to a large extent 
on the absolute HCG titer, and the presence of CHM vs. 
PHM. Some of the severe sequela may require a significant 
degree of clinical expertise during management.

Although rare, clinical hyperthyroidism may present 
with tremor, warm skin, tachycardia, weight loss, and a 
palpable goiter. The laboratory findings include normal or 
suppressed TSH levels, increased thyroxine (T4), and tri-
iodothyronine (T3), and a suppressed response to thyroid-
releasing hormone (TRH). There is a degree of homology 
between HCG and TSH, and it is thought that HCG has 
a weak thyrotropin-stimulating effect on the thyroid 
gland when present at high concentrations, although the 
exact mechanism for this effect has not been clarified. 
Hydatidiform mole-induced thyrotoxicosis may present as 
a medical emergency. In this setting, any significant stress 
may precipitate thyroid storm. These patients require med-
ical stabilization with beta-blockers and antithyroid drugs 
(e.g., PTU) prior to induction of anesthesia and surgery.

Some degree of anemia from vaginal bleeding is com-
mon with hydatiform moles. Rarely, major blood loss may 
precipitate the development of disseminated intravascular 
coagulation (DIC). DIC may also be precipitated by release 
of thromboplastic substances from the molar tissue into the 
maternal circulation. The treatment consists of evacuation 
of the molar tissue and supportive care with correction of 
the fibrinogen and platelet depletion as needed.

Figure 39.5 MRI showing a complete hydatidiform mole 
with theca-lutein cysts.
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Respiratory complications can be the sequelae of met-
astatic disease, pulmonary edema from fluid overload, 
trophoblastic embolization, or other perioperative com-
plications (e.g., adult respiratory distress syndrome). 
Historically, this phenomenon occurred in 2% of molar 
gestations and correlates with HCG burden and uter-
ine size (more common >14–16 weeks). Most often this 
occurs in the immediate postoperative period, and 
usually resolves within 48–72 hours. Patients may be 
asymptomatic or have minimal symptoms, while others 
may require oxygen support, sedation, steroids, and pos-
itive-pressure ventilation for their respiratory compro-
mise.30 Clinical evaluation may reveal diffuse rales and 
pulmonary infiltrates, which should not be confused 
with metastatic disease. The occurrence of subclinical 
trophoblastic embolization has been well documented 
by the finding of trophoblastic tissue in the lungs dur-
ing autopsy,31 and by the recovery of multinucleated 
giant cells and large mononuclear cells from pulmonary 
artery blood specimens.32 Hankins studied the hemody-
namic profile in six pregnancies with the diagnosis of 
mole prior to, during, and after evacuation, to assess the 
degree of thromboplastic embolization associated with 
pulmonary distress. Minimal thromboplastic embo-
lization did not appear to alter systemic or pulmonary 
hemodynamic parameters. Although the pulmonary 
vascular reaction did not appear to be anaphylactoid in 
nature, the phenomenon did appear to be dose related. 
Nonetheless, embolization sufficient to cause pulmo-
nary compromise was rare.

All patients with pulmonary dysfunction require a 
thorough workup, including physical examination with 
close attention to the respiratory system, chest radiogra-
phy, arterial blood-gas determination, and in rare cases, 
placement of a pulmonary artery catheter. The finding 
of severe hypoxemia and/or pulmonary edema requires 
access to intensive care and consultation with a pulmo-
nary specialist. If respiratory compromise occurs prior 
to evacuation of the mole, the procedure should still be 
performed after supportive measurements have been 
established.30,31

Very rarely, a molar gestation may coexist with a normal 
twin pregnancy. Initial management includes ultrasonog-
raphy, amniocentesis and chromosomal evaluation, HCG 
titers, chest imaging to assess for metastases, and addi-
tional laboratory studies (see below) to assess for maternal 
complications (e.g., thyrotoxicosis). MRI may yield addi-
tional information regarding fetal–placental anatomy and 
biopsy of the placenta maybe considered in select cases 
as well (e.g., to assess for mosaicism). Management com-
monly entails termination of pregnancy. There are, how-
ever, numerous case reports of successful conservative 
management of these twin pregnancies to term or near 
term,33,34 although large case series are lacking. A series 
from Charing Cross Hospital in London reported on 
77 pregnancies with CHM and a normal twin; 24 termi-
nated pregnancy, while 53 were managed conservatively. 
Of these, about half the pregnancies reached 24 weeks, and 

20 live births occurred. The risk of postmole GTN requir-
ing chemotherapy did not appear to be different between 
those managed conservatively and those managed with 
termination.35 In contrast, most other studies have also 
suggested an increased risk of postmole malignancy 
(GTN) and maternal complications such as PIH and thy-
rotoxicosis.31,36 Management of these complex cases should 
be done in a multidisciplinary manner, with specialists in 
maternal fetal medicine and gynecologic oncology.

TREATMENT AND FOLLOW-UP OF MOLAR GESTATIONS
Prior to the termination of a molar pregnancy, a complete 
history, physical examination, baseline laboratory studies 
are typically obtained (Table 39.2). Chest imaging (x-ray) 
should be obtained in the case of pulmonary symptoms. 
Chest imaging, along with liver, renal, and thyroid func-
tion test, should also be obtained with advanced pre-
sentations and/or very high HCG levels. In otherwise 
healthy individuals, it is rare that these studies will dis-
close clinically significant sequela prior to the second tri-
mester. Rh(D) antigen is expressed on trophoblasts and 
accordingly, Rh(D)-negative women should receive anti-D 
immunoglobulin after evacuation to prevent maternal 
alloimmunization.

The preferred method for treatment of a molar gesta-
tion is suction curettage. The uterus can be completely 
evacuated transvaginally with minimal danger of hemor-
rhage, even in cases of enlarged uterus. The patient should 
be typed and cross-matched for blood prior to the proce-
dure. Either general or conduction anesthesia can be used. 
In rare emergencies, paracervical block combined with 
intravenous narcotic analgesia can be used. The patient is 
placed in lithotomy, and the cervix is serially and gently 
dilated to allow the introduction of a 9- to 12-mm plastic 
cannula into the uterine cavity in the standard manner. 
An oxytocin drip is initiated simultaneously with the acti-
vation of the suction pump. The curette is rotated in place 
until the molar tissue is evacuated. This should be associ-
ated with a decrease in the uterine size. The suction curette 
can then be removed and the remaining products removed 
by gentle sharp curettage. This last specimen should be 
submitted for histologic investigation separately. The phy-
sician should exercise caution during the performance of 
the sharp curettage in order to avoid perforation or subse-
quent Asherman syndrome.37

Table 39.2 Laboratory workup for molar gestations.

Complete blood count with differential
Serum HCG titer
Blood type and cross-match
PT, PPT, ±fibrinogen
Liver function tests
Renal function tests
Thyroid function tests
Chest x-ray

Abbreviations: PT, prothrombin time; PTT, partial thromboplastin time.
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There is minimal data on the use of medical abortifa-
cients for nonsurgical evacuation of molar gestations. There 
is a theoretical concern that inducing uterine contractions 
may increase the risk of trophoblastic embolization or 
metastatic disease, in addition to increasing the risk of 
bleeding and retained trophoblastic tissue.37 Accordingly, 
their use for this purpose is not encouraged.

After evacuation of a molar gestation, a minority of 
patients will develop postmole malignant disease (GTN) 
and require further therapy. This occurs in approximately 
15–20% of patients with CHM.23,38 For patients with PHM, 
the risk of postmole GTN appears to be much lower, 
1–6%.38–40 Interestingly, the lower numbers within these 
reported ranges tend to be from larger series with central 
pathology review and uniform HCG testing and follow-up. 
Consequently, they may represent a more accurate estimate 
of the true likelihood of post-mole GTN. For CHM, three 
quarters of postmole GTN will be confined to the uterus, 
while metastases, most commonly to the lungs, will occur 
in approximately one quarter of patients (see below). In 
PHM, almost all cases of postmole GTN are confined to 
the uterus. In CHM, both age >40 and signs of marked tro-
phoblastic proliferation (excessive uterine size, theca-lutein 
cysts, preevacuation HCG >100,000) are prognostic factors 
for the development of postmole GTN.41,42 In fact, in patients 
with these features, 31% and 9% developed nonmetastatic 
and metastatic GTN, respectively. For patients lacking these 
features, the risks of nonmetastatic and metastatic GTN 
were 3.4% and 0.6%, respectively.42 A recent study suggested 
the rate of HCG decline after evacuation may be a better 
predictor of the subsequent risk of GTN.43 Risk factors 
for the development of postmole GTN with PHM are not 
as well defined. Histologically, invasive mole occurs more 
commonly than choriocarcinoma, although most often the 
histology will be unknown unless surgery occurs.

Given the risk of postmole GTN, all patients must 
be followed with a sensitive HCG assay in a serial fash-
ion to document remission. This should be done on a 
weekly or biweekly basis until the HCG levels are nor-
mal for three consecutive measurements. Thereafter, the 
American College of Obstetricians and Gynecologists sug-
gests HGG levels be followed monthly until levels are nor-
mal for 6 months. This duration of follow-up has recently 
been called into question, with studies suggesting a more 
abbreviated period of  surveillance may be appropriate, 
especially with use of a modern sensitive HCG assay and 
after evacuation of a PHM.44,38

Documentation of a rise or plateau in the HCG titer, a 
prolonged HCG normalization time (>6 months), or his-
topathologic diagnosis of choriocarcinoma is considered 
diagnostic of GTN (Table 39.3) (FIGO). A rise is com-
monly regarded as occurring when sequential HCG titers 
increase greater than 10%. Although not part of the for-
mal FIGO criteria, the development of metastases is also 
commonly used to define GTN. Patients diagnosed with 
GTN require evaluation and management with a gyneco-
logic oncologist or medical oncologist with expertise in 
their management. With a rare exception, these patients 

(diagnosed either postmole or otherwise) require chemo-
therapy for cure. Imaging studies used during this evalu-
ation process may include pelvic ultrasound, chest x-ray, 
CT of the chest, abdomen, pelvis, and head MRI.

Controversy exists regarding the benefit of repeat curet-
tage for a plateauing or rising HCG after evacuation of a 
mole. Most studies suggest this procedure may result in 
avoidance of chemotherapy for postmole GTN in 10–20% 
of patients.45,46 The risk of perforation at the time of repeat 
curettage has been reported as high as 8%. Repeat curet-
tage is rarely therefore indicated, but may have a role for 
patients with retained intracavitary molar contents and 
moderate or severe vaginal bleeding, or in the rare case of 
persistent disease that appears to be confined to the endo-
metrium when the HCG is low. It should not be used dur-
ing management of high-risk GTN or metastatic disease. 
A prospective trial investigating this issue has recently 
closed to accrual (GOG 242).

It is important to determine the patient’s reproduc-
tive desires before a management plan is initiated. In 
patients who have completed families, hysterectomy 
(without chemotherapy) may be considered as an alter-
native to uterine evacuation. As noted above, 15–20% of 
patients with CHM and up to 5% of patients with PHM 
will develop postmole GTN and require subsequent ther-
apy. In patients with CHM, three-quarters of these cases 
are confined to the uterus, while in PHM, extra-uterine 
disease is quite unlikely. For these patients, hysterectomy 
may be definitive and avoid the need for chemotherapy 
due to postmole GTN. Importantly, while the risk of 
invasive disease confined to the uterus is eliminated with 
primary hysterectomy, there is still a risk of metastatic 
GTN, and thus these patients should still be followed 
closely with HCG titers until normalization occurs as 
outlined above.

Prophylactic chemotherapy after molar evacuation 
has been suggested to decrease the incidence of postmole 
GTN. A prospective, randomized study to assess this 
was performed in South Korea.47 The authors reported 
a significant decrease in the risk of postmole GTN in 
high-risk patients. A similar conclusion was reached 
by the authors of a 2012 meta-analysis. Although there 
were concerns regarding the methodological quality 
of the included studies, these authors noted prophy-
lactic chemotherapy decreased the risk of postmole 
GTN. Yet, they also noted that in patients who received 

Table 39.3 Criteria for the diagnosis of GTN (FIGO).

1.  Plateau of HCG lasts for four measurements over the 
period of 3 weeks or longer; i.e., days 1, 7, 14, 21

2.  Rise in HCG on 3 weekly consecutive measurements over  
2 weeks or longer; i.e., days 1, 7, 14

3. HCG remains elevated 6 months or longer
4. Histologic diagnosis of choriocarcinoma

Source: FIGO Oncology Committee, FIGO staging for gestational tro-
phoblastic neoplasia 2000, FIGO Committee Report, Int J 
Gynaecol Obstet, 2002, 77, 285–287.
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prophylactic chemotherapy and nevertheless developed 
GTN, the time interval to diagnosis was delayed, and the 
overall number of cycles of chemotherapy necessary to 
achieve remission was increased.48 Furthermore, there 
is concern about exposing patients to a potentially toxic 
treatment when only 15–20% are at risk of developing 
GTN. Accordingly, routine prophylactic chemotherapy 
is not recommended, but its use may be considered 
selectively in woman at high risk of postmole GTN. 
This includes women over the age of 40 with a high 
trophoblastic burden (HCG titer >100,000 mIU/mL),41

especially when there is concern that clinical or HCG 
follow-up is impractical or unlikely.

A patient may ovulate as early as 2–4 weeks after uter-
ine evacuation.49 Therefore, effective contraception should 
be started early, and continued throughout the duration 
of HCG surveillance. The preferred method of contra-
ception is debatable, as some earlier studies suggested 
an increased risk of postmole GTN in patients using oral 
contraception.50 More contemporary studies performed in 
the era of modern low(er) dose oral contraceptives, suggest 
otherwise. Studies from both the Gynecologic Oncology 
Group in the United States51 and from The Charing Cross 
Hospital in London have shown no increased risk of 
postmole GTN with oral contraceptives.52 Barrier con-
traception is an alternative when oral contraception is 
contraindicated, but there is a higher overall failure rate 
with this technique.51 Intrauterine device is not recom-
mended due to the risk of infection and perforation.

Patients undergoing treatment for a molar gestation can 
largely anticipate normal subsequent pregnancy outcomes. 
Although the likelihood of most reproductive outcomes, 
such as live term and preterm birth, is unchanged, the risk 
of subsequent molar gestation increases 10- to 20-fold, 
with repeat mole occurring in 1–2% of patients.11,12 Molar 
pregnancy also appears to be associated with an increased 
risk of postmole GTN,11 and this may occur after a normal 
term or normal intervening pregnancy. Subsequent preg-
nancies should therefore be approached with this in mind. 
An early first trimester ultrasound should document the 
absence of molar changes. After delivery, the placenta 

should be sent for evaluation, and an HCG titer should be 
obtained at 6–8 weeks postpartum. Some patients might 
present during the postpartum period with abnormal 
uterine bleeding or an enlarged uterus. Such abnormalities 
during a seemingly normal puerperium should prompt a 
careful evaluation for GTN.

TREATMENT OF GTN
Histologically, malignant GTNs are categorized as out-
lined in Table 39.1. Although different staging systems 
have been used in the past, the FIGO staging system 
adopted in 2000 has been widely used and accepted and 
is the current favored international staging system. FIGO 
assigns an anatomic numerical stage (I–IV), as well as a 
modified WHO risk score based on multiple prognostic 
features (Tables 39.4 and 39.5). Scores of 0–6 are consid-
ered low risk, while those ≥7 are considered high risk.

A number of imaging modalities can be used during 
the clinical evaluation of the patient. These include chest 
x-ray, pelvic ultrasound, CT of the chest, abdomen, and 
pelvis, MRI of the head, and, at times, PET scan. While 
CT scan will identify pulmonary metastases in 40% of 
patients with negative chest x-ray,53 chest x-ray should be 
used when counting metastases during staging and calcu-
lating a FIGO risk score.

As outlined above, most cases of postmole GTN will 
present with either a risk or plateau in HCG titers. Often, 
patients will have continued bleeding from the uterus, 

Table 39.4 FIGO anatomic staging of GTN (FIGO).

Stage 1 GTN confined to the uterus
Stage 2 GTN extends outside of uterus, but limited 

to genital structures (vagina, adnexa, broad 
ligament)

Stage 3 GTN extends to lung, with or without genital 
tract involvement

Stage 4 All other metastatic sites (liver, GI, brain)

Source: FIGO Oncology Committee, FIGO staging for gestational tro-
phoblastic neoplasia 2000, FIGO Committee Report, Int J 
Gynaecol Obstet, 2002, 77, 285–287.

Table 39.5 Modified WHO prognostic scoring system adapted by FIGO.

Scores 0 1 2 4
Age <40 ≥40 – –
Antecedent pregnancy Mole Abortion Term –
Interval from index

pregnancy (months)
<4 4–<7 7–<13 ≥13

Pretreatment serum
HCG (mIU/mL)

<103 103–<104 104–<105 ≥105

Largest tumor size
(including uterus)

– 3–<5 cm ≥5 cm –

Site of metastases Lung Spleen, kidney GI Liver, brain
Number of metastases – 1–4 5–8 >8
Previous failed

chemotherapy
– – Single drug 2 or more drugs
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and may exhibit other signs of trophoblastic prolifera-
tion such as persistent theca-lutein cysts. GTN developing 
after nonmolar gestations presents with signs and symp-
toms related to the affected organ, along with an elevated 
HCG. Clinicians should consider GTN in a premeno-
pausal female presenting with a metastatic malignancy of 
unknown origin, as a positive HCG titer in the absence of 
pregnancy often confirms the diagnosis.

As noted above, three-quarters of patients with post-
mole GTN will have disease confined to the uterus. When 
present, metastatic disease most commonly occurs in the 
lungs (80% of cases) and vagina (30% of cases). Pulmonary 
metastases may be asymptomatic, or may present with 
cough, dyspnea, or hemoptysis. Imaging may show an 
alveolar “snowstorm” pattern or discrete rounded lesions. 
Vaginal metastases are highly vascular as may appear 
reddish-purple, most commonly being located in the 
vagina fornices or suburethrally. Biopsy of these lesions 
should be avoided as it may cause rapid exsanguination. 
Metastases to other sites, such as brain and liver, are rare 
in the absence of pulmonary metastases. Their prognosis, 
however, is much poorer, as reflected in the FIGO stag-
ing system; yet even in these patients a large majority will 
be cured with multiagent chemotherapy. Rarely, surgery is 
required secondary to complications such as bleeding, or 
to resect resistant disease sites that are not responding to 
chemotherapy.

Most patients developing GTN can anticipate cure with 
single-agent or multiagent chemotherapy, even in the 
setting of widely metastatic disease. Patients whom are 
stage I–III, with a low-risk score (0–6) can be managed 
by single-agent chemotherapy. In cases of resistance, they 
should be switched to multiagent chemotherapy. High-risk
patients (score ≥ 7), on the other hand, should be managed 
with multiagent chemotherapy at the onset, as failure to 
do so may result in the development of chemoresistance 
and a lower likelihood of cure.

Placental site trophoblastic tumor and epitheliod tro-
phoblastic tumor are rare forms of GTD that typically 
have a poor prognosis. The evaluation and management of 
these diseases are beyond the scope of this text.

CHEMOTHERAPY
Out outlined above, almost all patients with GTN require 
chemotherapy. Exceptions to this may be patients cured 
with a second curettage after primary uterine evacua-
tion of a hydatiform mole, or patients with small vaginal 
or pulmonary metastases after molar evacuation with a 
spontaneously dropping HCG. Chemotherapy should be 
given by a gynecologic oncologist or a medical oncologist 
with expertise dealing with this condition. Patients with 
nonmetastatic or stage II–III low-risk scores (0–6) can be 
managed by single-agent chemotherapy and switched to 
multiagent chemotherapy if resistance ensues. High-risk
patients (score ≥7), on the other hand, should be man-
aged with multiagent chemotherapy at the onset. Failure 
to initiate multiagent chemotherapy in high-risk patients 
is associated with a lower likelihood of cure.

Patients are followed with weekly HCG measurements 
during chemotherapy. An HCG rise or plateau is suggestive 
of resistant disease, and patients should be switched to an 
alternative single- or multiagent regimen as appropriate. 
Imaging should be repeated in this setting, as focal sites 
of resistant disease are often amenable to surgical resec-
tion. Chemotherapy is administered in a dose-intensive 
manner, and continues for two or three consolidation 
cycles after normalization of HCG (it is estimated that 105

malignant cells still exist in vivo at the time of initial HCG 
normalization). Patients are encouraged to stay on oral 
contraceptive pills during chemotherapy and during the 
posttreatment period of surveillance (typically 1 year).

A number of single-agent methotrexate or actinomycin-D
protocols have been described (Table 39.6).54 These are usu-
ally administered every 2 weeks. There is no definitive evi-
dence of the superiority of one regimen over another, yet 
most series suggest that daily treatment protocols are more 
effective than pulsed weekly or biweekly therapy. The use 
of multiagent chemotherapy with etoposide, methotrex-
ate, actinomycin-D alternating with cyclophosphamide 
and vincristine (EMA-CO) over the last three decades 
has led to a significant improvement in the outcome of 
high-risk and low-risk resistant patients. Modifications 
of this regimen include the use of high-dose methotrex-
ate (HD EMA-CO), the substitution of cisplatin and eto-
poside for cyclophosphamide and vincristine (EMA-EP). 
Paclitaxel/etoposide alternating with paclitaxel/cisplatin 
(TE/TP) can be used for resistant disease. Central nervous 
system (CNS) metastases may be treated with concurrent 
intrathecal methotrexate or brain irradiation. Survival 
after treatment for low-risk disease approaches 100%.55

Patients with high-risk disease can expect survival rates of 
greater than 90% with expert care and multiagent chemo-
therapy, combined with selective use of surgery for resis-
tant disease.56

The major side effects of chemotherapy are alope-
cia, myelosuppression, neuropathy, nausea, vomiting, 
mucositis/stomatitis, and end-organ damage (renal or 
hepatic toxicity). The common toxicities for a number of 
chemotherapeutic drugs used for the treatment of GTN 
are summarized in Table 39.7.

Table 39.6 Chemotherapy for low-risk GTN.

Methotrexate 0.4 mg/kg daily for 5 days IV or IM, given every 
2 weeks

Methotrexate 1 mg/kg IM days 1, 3, 5, 7; alternating 
with folinic acid 0.1 mg/kg IM days 2, 4, 6, 8, given every 
2 weeks

Methotrexate 50mg/m2 given weekly IM
Actinomycin-D 12 μg/kg daily for 5 days IV, given every 2 

weeks
Actinomycin D 1.25 mg/m2 IV, given every 2 weeks
Methotrexate 300 mg/m2 infusion over 12 hours, followed by 

folinic acid rescue, given every 18 days

Source: Ngan HY et al., Int J Gynaecol Obstet, 2012 Oct, 119 (Suppl 2), 
S130–S136.
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The majority of women undergoing chemotherapy for 
GTN will resume normal menses, although menopause 
seems to occur at a slightly earlier age.57,58 Administration of 
a gonadotropin-releasing hormone agonist during chemo-
therapy appears to prevent ovarian failure and increases the 
likelihood of future pregnancy.59,60 Patients whom become 
pregnant after treatment of GTN can generally expect nor-
mal pregnancy outcomes,11 although many will express 
anxiety and fear of disease recurrence.61 Patients treated 
with chemotherapy do not appear to be at an increased risk 
of having offspring with congenital anomalies.62
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40Patient safety
MARIA LYN QUINTOS-ALAGHEBAND and GENEVIEVE B. SICURANZA

“The patient safety movement has changed 
the way we practice medicine.”

—Anonymous

INTRODUCTION
Patient safety as defined by the Agency for Healthcare 
Research and Quality (AHRQ) is a discipline in the health 
care profession that applies safety science methods toward 
the goal of achieving a trustworthy system of health care 
delivery.1 Using key words such as discipline, safety science, 
and achieving trustworthiness, patient safety is conceptu-
alized. There is a growing body of safety science knowl-
edge applicable to the health care environment. Now, more 
than ever, there is increasing recognition that safety must 
be an integral part of the practice of medicine. As a matter 
of fact, we are already seeing this type of transformation in 
our health care system.

The Institute of Medicine (IOM) in its landmark publica-
tion To Err is Human: Building a Safer Healthcare System, 
in 2000, called to public attention the fact that delivery 
of health care is not error free and estimated that 98,000 
deaths annually might be attributed to preventable medi-
cal errors. The report cited that this epidemic of medical 
errors arises from a decentralized and fragmented health 
care delivery model or “nonsystem”2 and not particularly 
a result of individual recklessness or “bad apple problem.” 
This report calls for a comprehensive strategy to redesign 
the health care system toward a culture of safety. In order for 
this to happen, multiple stakeholders need to work together.

Some of the main strategies outlined include the cre-
ation of national leadership, i.e., an organization that will 
set national safety goals and monitor progress toward 
meeting them. Other strategies include increased fund-
ing for research, tools, and protocols to advance the appli-
cation of the science of safety to health care and also the 
creation of mandatory public reporting and voluntary 
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reporting systems. These systems will provide opportuni-
ties for shared learning and will foster accountability to 
the consumer.

After the year 2000 IOM report, there was another 
publication, in 2001, Crossing the Quality Chasm,3 which 
embodied the report issued by the Committee on Quality 
of Health Care in America. This report, a product of com-
prehensive literature review and expert opinion, highlights 
the gap between the current health care system and the 
one we should have. It describes needed changes in four 
key areas: (a) the use of information technology; (b) pay-
ment reforms; (c) development of best practices, decision 
support tools and accountability; and (d) professional edu-
cation and training.3 The committee presented an agenda 
that calls for quality improvements in six areas of patient 
care: Safety, timeliness, effectiveness, efficiency, equitabil-
ity, and patient-centeredness.

Since the year 2000 IOM report, the American College 
of Obstetricians and Gynecologist (ACOG) and other 
health care organizations have responded by focusing on 
key patient safety principles which include development 
of a culture of safety, implementation of safe medication 
practices; reduction of surgical errors; improvement of 
communication among healthcare providers; improve-
ment of communication with patients; creation of part-
nership with patients; and safety as a priority in every 
aspect of medical practice.4,5 In the United States today, 
the most frequent reason for hospital admission is obstet-
rics, with approximately four million hospitalizations per 
year.6 It is clear that the obstetrician has a large responsi-
bility to the patient, society, and the health care industry 
in providing safe and quality care. Adverse obstetrical out-
comes are difficult to estimate. One study over the course 
of 7 years estimated that near miss morbidities involved 
45.5% of all deliveries, 16% of all deliveries were compli-
cated by a severe morbidity and 40% of maternal deaths 
were preventable.6

MEDICAL ERRORS
Definition 

The safety literature defines an error as “an act of com-
mission (doing something wrong) or omission (failing 
to do the right thing) leading to an undesirable outcome 
or significant potential for such an outcome.”7 When an 
error reaches the patient, it can lead to an adverse event. 
The IOM defines a preventable adverse event as an injury 
caused by medical management, rather than the underly-
ing condition of the patient, which is attributable to medi-
cal error. Not all adverse events are created equal. Adverse 
events that lead to death or major disability are consid-
ered sentinel events. Errors that do not reach the patient or 
reach the patient but did not lead to harm are called “near 
misses.” Near misses can illustrate important systems vul-
nerabilities and offer tremendous learning opportunities 
to the organization. The different types of medical errors 
are shown in Table 40.1.2,8

Theories of error causation

One way of understanding the etiology of medical errors 
or systems’ accidents is the Swiss cheese model popularized 
by James Reason.9 Defences, barriers, and safeguards are 
portrayed as cheese slices. In an ideal world, all of these lay-
ers are intact. In reality, however, they are more like slices 
of Swiss cheese with each layer having many holes or gaps. 
These gaps are created by either active failures or latent con-
ditions.9 Active failures are the unsafe actions of humans 
in contact with the system. They include slips, lapses, and 
procedural violations. Latent conditions are defects residing 
in the system. The majority of adverse events arise from a 
combination of these two factors.

Root cause analysis (RCA)

RCA is a detailed retrospective analysis of sequence of events 
and underlying causes after an adverse event has occurred. It 
seeks to define systems’ failures and identify all the contrib-
uting factors that lead to the adverse event. A root cause is 
defined as the most basic causal factor that if corrected will 
prevent recurrence of a similar adverse event. Thus, identify-
ing the real root cause is critical to system redesign.

The RCA process needs a standardized approach that 
should start with timely and thorough data collection to 
map out the systems’ events leading to the error. Then, 
it requires a detailed analysis of underlying problems to 
determine all contributing causes. One practical approach 

Table 40.1 Classification of medical errors (Institute of 
Medicine approach).

Classification of medical errors

Diagnostic errors
• Error or delay in diagnosis
• Failure to employ indicated tests
• Use of outmoded tests or therapy
• Failure to act on results of monitoring or testing
• Failure to rescue

Treatment errors
• Errors in the performance of an operation, procedure 

or test
• Error in administering the treatment
• Error in the dose or method of using a drug
• Avoidable delay in treatment or responding to an 

abnormal test
• Inappropriate (not indicated) care

Prevention errors
• Failure to provide prophylactic treatment
• Inadequate monitoring or follow-up treatment

Other systems’ errors due to human or nonhuman factors
• Failure of communication
• Equipment failure

Sources: Kohn L, Corigan JM, Donaldson, MS, Institute of Medicine. 
To Err Is Human: Building a Safer Health System. Washington, 
DC: National Academy Press, 2000; Leape L, Qual Rev Bull, 
19: 144–149, 1993.
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is to ask the five “whys” or a more extensive series of 
“whys” until the root cause is identified. The fishbone or 
cause-and-effects diagram is a useful visual tool to plot the 
possible causes and subcauses. In order to be successful in 
preventing recurrences, corrective actions should directly 
target the root cause or causes. The RCA should produce 
a corrective action plan. The subsequent outcomes follow-
ing the corrective action plan should be tracked and mea-
sured. The RCA focuses on systems and processes starting 
at the bedside and spreading throughout the organization. 
The goal is to construct an action plan that will reduce the 
chance of similar adverse events occurring in the future.

RCA follows the five rules of causation. Rule #1 is to 
demonstrate the cause and the effect, i.e., there should be a 
clear link between the root cause and the adverse outcome. 
Rule #2 is to avoid negative terms and use clear, positive, 
and proactive language. Rule #3. If there is evidence of 
human error, the exact underlying cause should be identi-
fied (e.g., double shift). Rule #4. In the event of a proce-
dural deviation, the exact deviation should be identified. 
Rule #5: There is no failure in not doing something that 
was not explicitly known to be a duty. As Meltzoff argued, 
proximal events are not necessarily the cause of anything 
(post hoc ergo propter hoc).10

The RCA does acknowledge the plurality of causes 
(levers) in adverse outcomes. The Joint Commission 
database indicates an average of four to six root causes 
for each sentinel event. RCA’s aim is to identify the cau-
sality–comparative interactions where the addition of 
one or more variables results in a distinct adverse out-
come. The Joint Commission has identified common 
root cause categories including human factors (staffing, 
resident supervision), communication (staff, administra-
tion, patient or family), assessment (adequate, timely), 
and leadership (prioritization, resource allocation, per-
formance improvement).11

Failure modes and effect analysis (FMEA)

FMEA is prospective. FMEA was initially developed by reli-
ability engineers to address potential problems that may 
arise in the military. It is used to define every aspect of the 
system’s design and interactions and identify resultant effects 
on systems operations. Its primary benefit is early identifica-
tion of systems failure before a catastrophic event occurs.

FMEA is process focused.12 FMEA approach maps out 
the process and subprocesses to determine what can go 
wrong and how it can go wrong (failure mode). It then 
analyzes the probability, i.e., how many times it is likely 
to occur and the severity or impact, i.e., what can hap-
pen when it occurs. Targeted high-risk processes prevent 
adverse events from occurring. Thus, FMEA is a proactive 
approach to manage the system’s vulnerabilities.

FOCUSED PATIENT SAFETY INITIATIVES
Improving communication

The Joint Commission reports that in 2010, of all peri-
natal adverse events, 70% were associated with commu-
nication breakdown.11 The Joint Commission identified 

communication failure to be responsible for 60% of sentinel 
events and 50% of adverse anesthesia events. Formal com-
munication strategies used by multidisciplinary teams car-
ing for patients have proven to decrease medical errors, thus 
improving patient safety and quality. Communications aids 
such as situation, background, assessment, recommenda-
tion (SBAR) and “I Pass the Baton” in TeamStepps have 
both been proven to be effective.12,13

“Hand offs” and “sign outs” present some of the most crit-
ical events in medicine. The Joint Commission advises that 
a well-defined and specific process for hand offs be utilized 
between providers to ensure effective communication. Care 
should be taken to ensure that hand offs are performed in 
a standardized, multidisciplinary, confidential, and secure 
fashion and are free of interruptions or distractions. In 
Labor and Delivery units, the standardization of the nomen-
clature used to describe electronic fetal heart rate patterns 
has improved communication between providers and has 
minimized misinterpretation during fetal assessment.14

“Huddles” during patient care allow the team to come 
together, review the care of the patient, and give the oppor-
tunity for individual members of the team to express con-
cerns. It has been demonstrated that huddles result in a 
decrease in the number of errors, identification of near 
misses, and strengthening of the interdisciplinary working 
relationships.15 Staff members become empowered and there 
is a greater sense of responsibility and accountability. High 
reliability organizations encourage huddles as a means of 
“flattening” the hierarchy and recognizing the team member 
who has the most information regarding a particular patient. 
Huddles foster a community of collaboration, mutual 
respect among all team members, and improved collegiality. 
Huddles between obstetricians and neonatalologists have 
demonstrated improved neonatal resuscitation outcomes.14

Communication with patients and families is critical. 
The goal of patient safety, patient focused care, and com-
munication are all an integral part of the practice of medi-
cine. According to ACOG, communication with patients et 
al. is a “moral obligation” of the physician.15 Adverse events 
should be communicated or disclosed to the patient and 
family, as soon as possible, in a clear and concise manner. 
The relationship with the patient should be one of partner-
ship. This results in patients being included as members of 
the health care team and, as such, they should be advised 
and consulted regarding all possible treatment options.

Safe medication practice

Errors can occur at any point in the medication delivery pro-
cess including prescription, transcription, dispensing, and 
administration. Because the process is complex it is impor-
tant to analyze all the risk points in the pathway and design 
processes to reduce potential for errors (Table 40.2; see also 
Table 40.3).16,17 The use of computerized provider order 
entry systems (CPOE) and built-in clinical decision sup-
port systems can reduce the incidence of medication errors. 
Clinical decision support systems can help with correct 
dosage calculations and flag alerts for drug-to-drug interac-
tions or dosages that fall out of usual ranges.
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The pharmaceutical industry has just begun to address 
some of these issues to some extent by ensuring that labels are 
distinctive for different concentrations of the same drug. At 
the institutional level, a multidisciplinary medication safety 
workgroup should be established to monitor adverse drug 
events. Medication errors and near-miss reporting ensures 
safe medication practices. In addition, education and partner-
ship with patients can greatly improve medication safety.

Checklist

Successful use of checklists is possible when applied to 
processes that are simple, intuitive, stardardized, and time 
sensitive. Checklists are considered to be the essential 
resource for any High Reliability Organization (i.e., airline, 
nuclear submarines). However, equity is not readily appar-
ent across all industries due to the vastly different cultures. 
The adoption of checklists in medicine is a complex matter. 
Checklists will not replace the high level of cognitive func-
tion that is required when practicing medicine but they can 
play a powerful role in preventing errors.17,18

In 2010, The Joint Commission and the Society for 
Maternal Fetal Medicine advised adoption of protocols to 
decrease maternal mortality and morbidity due to hemor-
rhage.19 Adoption of these protocols by large health care 
systems demonstrated a reduction in the severity of mater-
nal hemorrhage, the number of blood products transfused, 
and the frequency of disseminated intravascular coagula-
tion.19 Checklists for obstetrical hemorrhage that support 
protocol adherence include hemorrhage risk assessment, 

blood bank request, blood and clots quantified by weigh-
ing, laboratory results during the various stages of hemor-
rhage, uterotonic use under direct physician supervision, 
blood products administered as per protocol, quantity and 
type of blood products administered, and number of peri-
partum hysterectomies.19

The World Health Organization’s safe surgery saves has 
been embraced by Federation of International Gynecological 
Oncologists (FIGO). This involves a 19-item checklist to be 
followed prior to the induction of anesthesia, incision, and 
sign out prior to leaving the operating room for the recovery 
room. Through the use of a “time out” prior to any surgi-
cal or invasive procedure, the correct nature of the proce-
dure is reviewed along with the patient’s identity. The Joint 
Commission Universal protocol is designed to ensure cor-
rect person, site, and procedure.20

Bundles

The National Partnership for Maternal Safety Council 
on Patient Safety in Women’s Healthcare established a 
Consensus Bundle on obstetric hemorrhage.21 A bundle 
of evidence-based practices when performed together 
have been shown to improve patient outcomes. The items 
included in the consensus hemorrhage bundle are shown 
in Table 40.4.22

This bundle was crafted with input from multiple 
authoritive groups including the American Association 
of Blood Banks, The American Academy of Family 
Physicians, the American College of Nurse–Midwives, 
and the American College of Obstetrics and Gynecology. 
The ultimate goal is that each institution should standard-
ize the bundle as fits their institution and utilize it at every
hemorrhage event.22

Electronic health records (EHR)

The EHR provides a platform enabling providers to com-
municate with each other efficiently, thus providing better 
patient care. The ideal EHR should support safe prescrib-
ing and administration of medications while tracking 
and reporting adverse events. The EHR should also foster 

Table 40.3 Official Joint Commission “do not use” list.

Do not use Potential problem Use instead

U, u (unit) Mistaken for “0” (zero), the number “4” (four) or “cc” Write “unit”
IU (International Unit) Mistaken for IV (intravenous) or the number 10 (ten) Write “International Unit”
Q.D., QD, q.d., qd (daily)
Q.O.D., QOD, q.o.d, qod 

(every other day)

Mistaken for each other
Period after the Q mistaken for “I” and the “O” mistaken for “I

Write “daily”
Write “every other day”

Trailing zero (X.0 mg)
Lack of leading zero (.X mg)

Decimal point is missed Write X mg
Write 0.X mg

MS
MSO4 and MgSO4

Can mean morphine sulfate or magnesium sulfate
Confused for one another

Write “morphine sulfate”
Write “magnesium sulfate”

*Exception:  A “trailing zero” may be used only where required to demonstrate the level of precision of the value being reported, such as for labora-
tory results, imaging studies that report size of lesions, or catheter/tube sizes. It may not be used in medication orders or other 
medication-related documentation.

Source: The Joint Commission, Facts about the Official “Do Not Use” List of Abbreviations, http://www.jointcommission.org/facts_about_ 
do_not_use_list/. Accessed October 28, 2016.

Table 40.2 Strategies to decrease medication errors.

Observe the Joint Commission “Do Not Use” list (Table 40.3)
Use of the “five rights” of medication administration: right 
patient, right route, right dose, right time and right drug.
Double checking for high-risk medications.
Prevention of interruptions and avoidance of verbal orders.
Medication reconciliation.

Source:  Wachter R, Understanding Patient Safety (2nd edition), New 
York, NY: McGraw Hill Medical, 2012.
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prescriber compliance with guidelines. The obstacles to 
the EHR have been numerous including cost, poor design, 
alteration in workflow, time, and resource consuming. 
Successful implementation requires physician champions 
to get involved with the creation of a design suitable to the 
needs of the patients and providers. In addition, universal 
use of one program within one organization would foster 
provider communication and efficient and quality medical 
care for patients. Future studies should be designed to dem-
onstrate the benefits for both the provider and the patient.16

Emergency preparedness

Rapid response teams (RRT) are designated emergency 
response teams that bring critical care expertise to the 
patient’s bedside. Any member of the health care staff, 
or family member or patient, should be able to activate 
a rapid response team. Each institution and department 
should establish their own criteria and the key staff of the 
RRT should be immediately available 24/7. Each member 
of the team should have a well-defined and specific role. 
The team should use standard communication tools such 
as situation, background, assessment, recommendation 
(SBAR) to ensure rapid and effective communication. 
Debriefing after every RRT event assures quality and pro-
cess improvement. The hospital’s administration involve-
ment is an integral part of this process in order to make 
sure that the appropriate resources are provided. If the 

condition of the patient requires an increase in the level 
of care, the RRT should facilitate this process by locating 
an available bed and facilitating the patient transfer. Some 
examples of Ob/Gyn scenarios requiring an RRT action 
are hypertensive crisis, hemorrhage, eclampsia, or respira-
tory distress.23

Partnership with patients

Engaging patients in a partnership will improve patient 
care, patient and provider satisfaction, and may ward off 
medical professional liability action. Informed consent 
needs to be regarded as a contract, which ensures that the 
patient understands the diagnosis, treatment, possible 
complications, as well as other available treatment options. 
Ideally, a friend or a family member should accompany a 
patient during this discussion.21

CULTURE OF SAFETY
The American Congress of Obstetrics and Gynecology is 
committed to patient safety and quality. The congress has 
suggested that the OB/Gyn community establishes prac-
tices, which will support the safe care of patients and pro-
mote the practice of high-quality medicine.5 To that end, 
developing a “culture of patient safety” is essential. A cul-
ture of safety recognizes the need to avoid medical errors. 
This culture extends across all levels of an organization, 
from the bedside (provider and staff) to the boardroom 
of the organization. A culture of safety requires a “ just 
culture”.

Just culture

Dr. Lucian Leape in his testimony to congress in 1997 
stated that the single greatest impediment to error preven-
tion is that “we punish people for making mistakes.”24 The 
traditional thinking of equating error with incompetence, 
and attributing blame and shame, as effective means to 
modify behavior pose barriers to reporting and oppor-
tunities for identifying the system’s failures to prevent 
recurrence.

In his book Whack-a-Mole, David Marx, an expert in 
human error and champion of the Just Culture philosophy, 
writes: “Just as tornados and lightning strikes are unavoid-
able, predictable components of the weather, I know that 
human fallibility, my own included, is an unavoidable, 
predictable component of being human.”25

Because humans will make mistakes one of the major 
attributes of Just Culture is the design of safe systems. Safe 
systems help humans with correct and safe choices and 
ensure that when an error occurs it can be detected early 
and mitigate harm to the patient.24

Just culture creates an environment where the individu-
als feel safe to report errors, are encouraged to continu-
ously learning from mistakes, and supports safe behavior 
choices. It analyzes behavioral choices along four con-
cepts: human error, negligence, intentional rule violations, 
and reckless conduct.26Just culture holds the organiza-
tion accountable to respond to staff behaviors fairly and 
justly and it is not to be construed for total amnesty; just 

Table 40.4 Consensus bundle on obstetric hemorrhage.

Readiness
• Hemorrhage cart on every unit complete with supplies, 

checklists and instruction cards on the use of intrauterine 
balloons and compression sutures

• Accessible uterotonics
• Hemorrhage response team delineation (bloodbank, 

gyn-oncology, etc.)
• Emergency release of blood products
• Unit education on protocols and simulations

Recognition and prevention
• Risk assessment prenatally, on admission and during 

labor/section
• Quantitative measurement of blood loss
• Active management of third stage of labor

Response
• Stage based hemorrhage management plan with 

checklists
• Support program for patient, families, and staff

Reporting
• Establish culture of huddles and debriefs
• Multidisciplinary review of serious hemorrhage for 

system issues
• Monitor outcomes and process metrics in perinatal 

quality improvement committee

Source: Modified from Council on Patient Safety in Women’s Health 
Care, http://www.safehealthcareforeverywoman.org/. Accessed 
October 28, 2016.
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culture supports disciplined behavioral choices and shared 
accountability.

A just culture recognizes that errors are inevitable. How 
an organization responds to an error will determine if a 
just culture exists. A just culture examines the error in 
order to determine if the error is secondary to a process 
or system failure or due to reckless behavior of the staff 
or provider. The investigation requires cool heads, trans-
parency, and a reproducible resolution. Staff involved may 
be consoled, counseled, or punished, all depending on the 
type of error.

Disruptive behavior affects both the staff and the patient 
negatively. Disruption can range from verbal tantrums 
and physical assaults to sarcasm, humiliation, and passive-
aggressive behavior. Organizations must have processes 
in place in order to deal with such individuals ensuring 
that such behaviors are stopped. Recognition, education, 
reporting, and training of all care givers ensure that such 
behavior does not occur or recur.27

Medical disclosure and apologies 

Full disclosure to the patient and/or family of what caused 
the adverse event is one of the most important conversa-
tions that the physician or hospital staff can have with 
the patient and their family.28 Full disclosure protects the 
existing trust between the patient and physician or hos-
pital staff, thus allowing continuation of the therapeutic 
relationship. Full disclosure also provides closure and 
healing. In addition, disclosure may mitigate against med-
ical malpractice action. It should be emphasized that many 
injured patients may pursue malpractice action simply as a 
means of discovering the cause of the adverse event.28

Patients and families deserve an apology, if the adverse 
event was the result of a human error or the system’s error. 
In some cases, patients and their families feel the need for 
someone to recognize that they may have been harmed 
and that the involved health care providers are sorry for 
the unfortunate adverse outcome. They also need to hear 
that the events leading up to the event will be investigated 
and that changes will be made to prevent this from hap-
pening again to another patient.29

Patient support 

If a patient has been hurt by a medical error and addi-
tional follow-up or care is required after discharge, such 
health care services need to be provided without submit-
ting the patient to any additional financial burden. In 
addition, the hospital and physician need to ensure that 
the transition as an outpatient is made as smoothly as 
possible.

Peer support 

This is the most important resource for a physician after 
an adverse event. The ability to discuss the medical 
aspects of the case is very important. According to Dr. 
Leonard, the medical profession has a moral obligation 
to take care of caregivers who are involved in an adverse 
outcome.30 These health care professionals may become 

very vulnerable and require and deserve compassion, 
caring, and respect.31

REPORTING AND MEASURING SAFETY
Incident reporting system

Monitoring and measuring adverse events, as well as near 
misses, are fundamental to patient safety. However, there 
are great challenges in data collection for producing accu-
rate metrics. The most commonly employed tool is the 
incident reporting system, which relies on self-reports of 
errors by health care providers. However, the reporting is 
usually voluntary and since many other factors influence 
reporting, including the culture of safety and transpar-
ency of the organization, the existing incident reporting 
systems may not be very reliable.32

Patient safety indicators (PSI)

The Agency for HealthCare Research and Quality (AHRQ) 
has recommended measurement of several important 
PSI.32 These PSIs consist of outcomes or process measures 
that designed to measure or assess patient safety. The 2010 
National Healthcare Quality Report (NHQR) from AHRQ 
includes the following patient safety indicators specific to 
maternal–child health care service32: (a) birth trauma injury 
to neonate per 1000 selected live births; (b) obstetric trauma 
per 1000 vaginal deliveries without instrument assistance; 
(c) obstetric trauma per 1000 instrument-assisted deliveries; 
and (d) obstetric trauma per 1000 cesarean deliveries.

However, it should be noted that PSI measures are fre-
quently extracted from administrative datasets which 
may present various limitations. These limitations 
include undercoding, inconsistencies in the use of diag-
nostic coding and lack of comprehensive clinical details. 
Retrospective chart review, although more exhaustive and 
labor intensive, has been traditionally considered the gold 
standard for identification of errors and adverse events.11

Global trigger tools

The use of trigger tools can improve the sensitivity and 
specificity of detecting adverse events. Trigger tools can be 
tracked and in some cases they can uncover adverse events. 
The Institute for Healthcare Improvement (IHI) has devel-
oped a list of global trigger tools that are widely accepted.33

Examples of IHI global trigger tools include readmissions 
within 30 days, return to surgery, and the use of nalox-
one. Obstetrical trigger tools include use of terbutaline, 
third or fourth degree perineal lacerations, platelet count 
less than 50,000, estimated blood loss greater than 500 cc 
for vaginal delivery or 1000 cc for cesarean, specialty con-
sults, administration of oxytocin, instrumental delivery, 
and administration of general anesthesia

Obstetric core measures

It has always been challenging and controversial to develop 
the appropriate quality metrics relevant to the practice of 
obstetrics. However, the Joint Commission has recently 
recommended two Obstetric Core measures such as 
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number of elective deliveries prior to 39 completed weeks 
of gestation, cesarean delivery rate in the low-risk nullipa-
rous at term with a singleton vertex, and rate of antenatal 
corticosteroid administration in infants born between 24 
and 34 weeks gestation.34

Howell et al. reviewed New York City birth certificate 
data from 2010 and found that elective delivery rates 
before 39 completed weeks of gestation and cesarean 
delivery rates in low-risk nulliparous vary widely and that 
there was no correlation between these quality indicators 
and maternal or neonatal morbidity; the authors ques-
tioned whether or not these quality indicators are suffi-
ciently valid to guide quality improvement management 
in obstetrics.35

MISCELLANEOUS
Hospitalists

Since first defined in 1996, hospitalist and laborist mod-
els continue to evolve. The need for high-value inpatient 
care combining safety with reduced costs has led to the 
development of the subspecialty of OB/Gyn hospitalists. 
OB/Gyn hospitalists provide continuous coverage of labor 
and delivery and initial promising results have shown a 
safe reduction in the primary cesarean delivery rate, an 
increase in the vaginal birth after cesarean (VBAC) rate 
and a lower rate of adverse neonatal outcomes.36

In addition, there is some suggestion that malpractice 
claims, adverse events, and sentinel evens are decreased.36

Hospitalist fellowship programs are now beginning to 
emerge in the United States as an option for OB/Gyn phy-
sicians, especially targeting recent residency graduates, 
who want to obtain training as hospital safety officers and 
at the same time strengthen their clinical skills.37

Simulation

The 1999 IOM report advised health care organizations to 
look toward the aviation industry and their simulation tech-
niques as a means of providing team training in medicine.2 
The Institute of Medicine, Joint Commission on Accreditation 
of Health Care Organizations, and numerous professional 
societies and authoritative bodies have advised simulation 
training. In 2004, the Joint Commission on Accreditation of 
Healthcare Organizations released a sentinel alert: 

Since the majority of perinatal death and injury 
cases reported root causes related to problems with 
 organization culture and with communication among 
caregivers, it is recommended that organizations, 
1) conduct team training in perinatal areas to teach 
staff to work together and communicate more effec-
tively, and 2) for high-risk events, such as shoulder 
dystocia, emergency cesarean delivery, maternal hem-
orrhage, maternal cardiac arrest and neonatal resusci-
tation, conduct clinical drills to help staff prepare for 
when such events actually occur, and conduct debrief-
ings to evaluate team performance and identify areas 
for improvement.5 

While medicine is a far more complex discipline than any 
of the others managed by High Reliability Organizations, 
simulations do offer the opportunity for staff to perform 
in a predictable manner when faced with an infrequent or 
emergent situation.

Currently the American College of Obstetricians and 
Gynecologists support simulation-based training in 
obstetric emergency drills in order to reduce communi-
cating errors and improve interdisciplinary teamwork.15

Over the past 5 years, there have been an increasing num-
ber of studies which have demonstrated decreased rates of 
brachial plexus injury damage38,39 and decreased rates in 
Apgar scores less than 7 in the setting of prolapsed cord.40

A combined team training of multiple disciplines simul-
taneously was shown to be superior.23 Simulations quickly 
identify process failures or deficiencies such as delays in 
accessing medications or need for additional staff. In sum-
mary, simulations teach obstetrical skills and maneuvers, 
foster teamwork and communication, and identify flaws 
in existing processes.41 According to Ziv,42 there is a moral 
imperative to utilize simulation training because it teaches 
and rehearses the medical staff without compromising the 
patient.

Patient safety in postgraduate education

The Council for Resident Education (CREOG) has estab-
lished guidelines for graduate medical education as it 
applies to OB/Gyn residents. Programs must be commit-
ted to for promoting patient safety. Program directors 
must ensure that residents are integrated and actively 
participate in interdisciplinary clinical quality improve-
ment and patient safety programs. The program director 
must ensure that a culture of professionalism exists and 
an environment that supports patient safety and personal 
accountability. The CREOG specifically addresses transi-
tions of care charging programs to ensure that there is a 
structured hand over processes to facilitate both conti-
nuity of care and patient safety. Residency programs are 
responsible for monitoring all transitions of care.

Patient safety in clinical research articles

Peer-reviewed journals are a rich source of new informa-
tion. This new information may be used as hypothesis 
generating for future research or can be used to improve 
clinical practice. Since only few of the published articles 
are “practice changers”, it is imperative that physicians 
do not misunderstand the conclusion or conclusions of 
the article. In order to avoid misunderstandings between 
authors and practitioners, Vintzileos et al.4 have sug-
gested that the practice implications and patient safety 
issues for each published article should be addressed by 
the authors and placed prominently in a text box so that 
communication among authors and health care provid-
ers is clear regarding the implications for practice changes 
and safety.4 It is our belief that if, in the future, all medical 
journals follow this suggestion this can only lead to better 
patient care.
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