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Preface

We have been pleased by the considerable popularity
achieved by the first edition of Ultrasonography in Obstetrics
and Gynecology: A Practical Approach to Clinical Problems. The
second edition builds on the foundation that was originally
laid at the Special Course on Ultrasound at the Meeting of
the Radiological Society of North America in 1996, and then
was further developed in the first edition of this text pub-
lished in 2000. This new edition greatly expands and updates
that previous work.

The overall aim of this textbook is to help the clinician as-
sess and decide whether sonography or another imaging
modality is the most appropriate for evaluating a clinical
problem. In contrast to standard textbooks, our chapters are
divided according to clinical questions rather than by organ
systems. Our aim is to review the most important clinical is-
sues faced by clinicians in their daily practice and to outline
approaches for the effective use of sonography and other im-
aging modalities. Most chapters in the second edition have
been extensively revised with new illustrations and images
being added. The authors have attempted to incorporate the
latest advances in ultrasound as well as to revise earlier rec-
ommendations based on advances in MRI, CT, and PET. 

Each editor has a special area of interest and all of the au-
thors are recognized authorities in the fields of ultrasound
and radiology. The role of the radiologist, obstetrician, and

gynecologist as a sonologist is changing. It is important to
develop not only accurate diagnostic skills, but also the ap-
propriate consultative skills to help direct the workup of clin-
ical problems. It is hoped that this textbook will assist radi-
ologists, obstetricians, gynecologists, residents, medical
students and mid-level providers in developing their consul-
tative skills regarding the use of ultrasound.

Although some of what is included in this book might be
considered an opinion, our goal for the second edition of Ul-
trasonography in Obstetrics and Gynecology: A Practical Ap-
proach to Clinical Problems is to provide a readable and man-
ageable book which will offer guidance for clinicians and
diagnosticians on the appropriate use of sonography to solve
important clinical problems. 

AAcckknnoowwlleeddggmmeennttss 

The authors would like to thank Drs. Peter Arger, Barbara
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Differential Diagnosis, Imaging,
and Treatment

Various lesions can present as an asymptomatic, palpable,
adnexal mass on routine gynecologic examination, such as
physiological ovarian cysts, endometriomas, benign, and
less commonly malignant ovarian tumors, as well as a va-
riety of nonovarian adnexal lesions. The patient’s age and
menstrual status, the apparent size of the mass, and the
feel of the mass will influence the diagnostic evaluation.
The prevalence of palpable adnexal masses in young
women is high, and the vast majority of these will be be-
nign and often physiological in nature. If the mass is rela-
tively small or has a soft feel, the examining physician may
decide to evaluate the premenopausal patient with a re-
peat physical examination after one or two menstrual cy-
cles; if the lesion has resolved, it was likely a physiological
cyst. If a palpable mass is large, feels firm, persists or in-
creases in size on follow-up physical exam, then a trans-
vaginal ultrasound is the usual next diagnostic step for fur-
ther characterization of the lesion. A serum cancer antigen
125 (CA 125) level or other imaging study such as magnetic
resonance imaging (MRI) is rarely done in the premeno-
pausal patient as part of the initial evaluation, but may be
obtained when the ultrasound findings are inconclusive.
Because the risk of malignancy is higher in a postmeno-
pausal woman, a transvaginal ultrasound examination and
CA 125 level are generally obtained when a mass is pal-
pated in these patients.

Sonography allows discrimination between those ad-
nexal lesions that are likely to be physiological and can be
observed from those lesions that require surgery. Trans-
vaginal ultrasound (TVUS), particularly with the use of
color Doppler, carries a relatively high accuracy in the dis-
crimination of benign from malignant ovarian masses.1–3 If
the sonographic characteristics of a mass are inconclusive,
yet are associated with a low risk of malignancy, the pa-
tient can be treated with laparoscopic removal of the mass.

Laparoscopic surgery has become the gold standard for
the treatment of known or presumed benign adnexal
masses because of its shorter convalescence and reduced
morbidity compared with laparotomy.4,5 If, on sonography,
a mass has features suggestive of a malignant ovarian
neoplasm, the patient can be referred to a gynecologic

surgeon capable of performing more comprehensive sur-
gery. The sonographic features and etiologic aspects of
some of the more common palpable masses are described
in the following sections of this chapter. Exophytic
fibroids are a common cause of an asymptomatic palpable
adnexal mass.

Diagnostic Evaluation

Etiology and Ultrasound Imaging

Physiological Cysts

An asymptomatic physiological cyst is a common cause of
a palpable adnexal mass in premenopausal adult women.
In the first half of the menstrual cycle one or more domi-
nant follicles will develop, grow to a diameter of ∼20 to 25
mm, and then rupture at ovulation. In a small number of
women, a mature follicle will fail to ovulate and continue
to enlarge, occasionally reaching large size.6 However, re-
gardless of size, the typical follicular cyst will appear as a
simple cyst on ultrasound, with thin walls, sharply defined
borders, and containing anechoic fluid (Fig. 1–1). Small

Asymptomatic Palpable 
Adnexal Masses
Jill E. Langer and Peter H. Arger

1

Figure 1–1 Simple ovarian cyst. Transvaginal sonogram of the ovary
shows a smooth-walled, anechoic mass with good sound transmis-
sion (white arrow).
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serial ultrasound exams. If the lesion enlarges, it is consid-
ered suspect for a neoplasm and should be removed.11

Larger postmenopausal cystic lesions usually undergo sur-
gical excision. Fortunately, because the majority will be
benign, the patients may still be treated with laparoscopic
removal.12

Hemorrhagic Cysts

Hemorrhagic cysts occur as a result of bleeding into a fol-
licular cyst or corpus luteum cyst and can happen at any-
time during the menstrual cycle. Hemorrhage within the

(< 3 cm), simple-appearing follicular cysts typically do not
need further diagnostic evaluation. Larger, unilocular cysts
should be evaluated by repeating the ultrasound exam af-
ter one or two menstrual cycles because most follicular
cysts will disappear.7,8

In premenopausal women, ∼30% of persistent, simple-
appearing cysts will be neoplasms, the overwhelming ma-
jority of which will be benign.9 Large lesion size (> 5 or 
6 cm) raises concern for a neoplasm. However, the major-
ity of large, simple-appearing cystic lesions in women of
reproductive age are still more likely to be a functional cyst
or other benign etiology rather than a malignant neo-
plasm.7,9,10 Whereas the vast majority of follicular cysts will
appear anechoic and unilocular, 14% may have septa and
3% may have nonvascular mural nodules.7 These slightly
more complicated lesions may be indistinguishable from
other ovarian cystic masses at the time of the initial sono-
graphic exam.

Corpus luteum cysts evolve from the remnant of the
mature follicle following ovulation. These lesions have a
thin (2 to 3 mm) echogenic and often highly vascular wall.
Although well defined from the surrounding parenchyma,
the corpus luteum may have an irregular outline if in the
process of involuting. Typically, the corpus luteum cyst is
under 2.5 cm in maximal dimension, reflecting its origin as
a follicle, but it may be larger, particularly if complicated
by internal hemorrhage6,7 (Fig. 1–2).

Although the postmenopausal pelvis was thought to be
hormonally quiescent, simple ovarian cysts are detected in
10 to 15% of all postmenopausal women undergoing trans-
vaginal sonography.9 The majority of these cysts are small
and tend to resolve spontaneously. If the lesion size is less
than 5 cm, or more conservatively 3 cm, and completely
simple in appearance, some clinicians will elect to follow a
simple-appearing cyst in a postmenopausal patient with

Ultrasonography in Obstetrics and Gynecology2

Figure 1–2 Corpus luteum cyst. This predominantly cystic mass has
faint internal septations, low-level echoes, and small echogenic mu-
ral nodules (white arrows). The mass completely disappeared after
two menstrual cycles, confirming the diagnosis of a hemorrhagic
physiological corpus luteum cyst.

Figure 1–3 Hemorrhagic cyst evaluation. (A) A 6 cm complex cystic
mass of the right ovary with an internal reticular pattern was noted in
this asymptomatic 26-year-old patient (black arrows). On follow-up
sonography, the lesion had decreased in size and the fibrin strands

resorbed, confirming a hemorrhagic cyst. (B) This hemorrhagic cyst
contains a retracting avascular thrombus with a straight border (ar-
rows).

A B
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cyst subsequently interferes with the normal physiological
involution and regression which would have occurred in
that menstrual cycle. Variable characteristics can be seen
in these hemorrhagic cysts, depending on the stage of clot
formation, lysis, and retraction. Multiple fibrous strands,
and retracting clot with convex or straight borders, suggest
the presence of hemorrhage, which allows a confident
diagnosis of a functional hemorrhagic cyst13–15 (Fig. 1–3).
The interdigitating strands of fibrin, often called a fish net
or reticular pattern, differ from true septations by their
thin size (< 1 mm), lack of vascularity, and poor reflectivity
of sound, making them only faintly visible.13,14 A dependent
clot may simulate a solid component or mural nodule, but
will fail to show vascular flow on Doppler exam.13 The most
common clinical presentation is the abrupt onset of acute
pelvic pain; less commonly the patient is asymptomatic.
Because hemorrhagic cysts will resolve or demonstrate re-
gression, repeat sonography in 4 to 6 weeks should be rec-
ommended if hemorrhagic cyst is considered as a possible
diagnosis for a complex adnexal mass in a premenopausal
patient.

Polycystic Ovarian Syndrome

Patients with polycystic ovarian syndrome (PCOS) have
complex clinical, laboratory, and ultrasound findings with
heterogeneous symptoms that may vary over time. The
original description by Stein and Leventhal in 1935 re-
quired direct visualization of the ovaries and histologic
confirmation on wedge biopsy. More recently, biochemical
criteria have become the mainstay for diagnosis.16 Most
women with PCOS present with menstrual cycle distur-
bances, hirsutism, acne, male pattern baldness, along with
metabolic alterations such as obesity and insulin resist-
ance.16,17 The ovaries in patients with PCOS are typically en-
larged, often over 14 cm3, and demonstrate an excess of

small follicles, arrested at the 6 to 9 mm stage of matura-
tion (Fig. 1–4).

Other common ovarian features are a spherical shape
and prominent central echogenic stroma tissue. However,
the clinical and biochemical features may vary widely;
some women with polycystic ovaries on sonography do
not have the clinical stigmata of PCOS and some women
with classic symptoms have normal-appearing ovaries. A
consensus conference held in 2003 established criteria for
the diagnosis of PCOS as the presence of two of the follow-
ing three criteria: (1) oligomenorrhea or anovulation; (2)
hyperandrogynism; (3) polycystic ovaries, defined as con-
taining either 12 or more immature follicles, each measur-
ing 2 to 9 mm in diameter, or an increased ovarian volume
of over 10 cm3.17 These features carried the highest sensi-
tivity and specificity for the differentiation of PCOS from
an ovary with many follicles, such as may be seen during
puberty and in women recovering from hypothalamic
amenorrhea. It is worth noting that a single ovary meeting
the criteria is sufficient for the diagnosis of PCOS and that
a unilateral presentation can be seen in up to 35% of pa-
tients.17,18 If there is a dominant follicle (710 mm) or a cor-
pus luteum, the scan should be repeated.17

Paraovarian and Paratubal Cysts

Paraovarian and paratubal cysts arise from mesothelial tis-
sue found in the broad ligament. They are most common in
premenopausal women but have been shown to occur in
women of all ages. Most commonly they are small and
simple in appearance, and detected incidentally. However,
larger lesions, particularly paraovarian cysts, may be pal-
pable or noted during pelvic sonography. If a clear tissue
plane can be demonstrated between the cyst and the adja-
cent ovary, the lesion can be correctly diagnosed as a
paraovarian cyst (Fig. 1–4, Fig. –5). Others may be difficult
to distinguish from exophytic ovarian lesions. These le-

1 Asymptomatic Palpable Adnexal Masses 3

Figure 1–4 Polycystic ovary syndrome (PCOS). Enlarged ovaries
with multiple peripheral follicles and echogenic central stromal tis-
sue (arrow) were seen in this patient with a hormone profile consis-
tent with PCOS. Incidentally noted is a small adjacent paraovarian
cyst (C).

Figure 1–5 Paraovarian cyst. Endovaginal exam shows tissue plane
(open arrow) separating this simple adnexal cyst from the ovary
(closed black arrows).
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tion, with a mean size of 11.6 cm. The lesions may be ane-
choic or contain only a few internal septations and may be
ovoid or irregular in shape, conforming to the anatomical
boundaries of the pelvis (Fig. 1–6). With extensive adhe-
sions, the septations may be thicker and irregular and even
have low-resistance vascular flow mimicking a cystic neo-
plasm.24 The key to the diagnosis is the recognition of a
normal-appearing ovary within the inclusion cyst, often
displaced to the pelvic sidewall. If asymptomatic, these le-
sions do not require intervention. If painful, percutaneous
drainage appears to be the best treatment option after a
high rate of recurrence following surgical resection.

Hydrosalpinx

A dilated fallopian tube (hydrosalpinx) may occur as a re-
sult of a previous pyosalpinx in which the prior infection
has resolved; the fallopian tube remains dilated and tortu-
ous, but the fluid content becomes simple. Hydrosalpinx
may also result from the accumulation of secretions fol-
lowing tubal ligation and after hysterectomy if the distal
portion of the tube becomes blocked by adhesions. The
ultrasound appearance is a tubular, anechoic structure
with a folded configuration.25,26 The tube is not typically
uniformly dilated; often the ampullary segments are
markedly dilated, whereas the proximal tube is less dis-
tended. The mildly inflamed mucosal lining of the tube
may appear as prominent rugal folds, which produce
echogenic or polypoid protrusions into the lumen of the
tube, resulting in the so-called cog wheel appearance.
A significantly scarred and dilated fallopian tube may
easily be mistaken for a multilocular cystic ovarian mass
and raise concern for a neoplasm. Scanning in multiple
planes on TVUS is usually successful in elucidating the tu-
bular configuration of a hydrosalpinx by noting that the

sions will persist on repeat sonogram and if not correctly
diagnosed are often referred for surgical excision.19–21

Peritoneal Inclusion Cyst

Peritoneal inclusion cysts occur when ovulatory fluid pro-
duced by the normal ovary is unable to be absorbed by the
peritoneum secondary to prior infection, inflammation, or
mechanical injury. These lesions, also called peritoneal
pseudocysts, occur in premenopausal women, typically
with a history of prior pelvic surgery, pelvic inflammatory
disease, and/or endometriosis.22–24 Over time, the ovulated
fluid accumulates and becomes trapped by peritoneal ad-
hesions, forming loculated fluid collections surrounding
the ovary. They are typically large when detected by palpa-

Ultrasonography in Obstetrics and Gynecology4

Figure 1–6 Peritoneal inclusion cyst. An irregularly shaped cyst (long
arrows) conforming to the anatomical borders of the pelvis with a
thin septation (arrowhead) is present adjacent to a normal-appearing
ovary (Ov) in this patient with prior pelvic surgery.

Figure 1–7 Hydrosalpinx. (A) A transverse image of the adnexa
shows what appears to be a multilocular mass (outlined by electronic
calipers). (B) Oblique scan through the same adnexa shows that the

“mass” is a dilated fallopian tube. Thickened folds (arrows) or the
walls of the folded tube may simulate septations. Ov, normal adja-
cent ovary.

A B
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perceived septa are incomplete and that the fluid-contain-
ing compartments can be connected (Fig. 1–7).

Endometriomas

Endometriomas occur as a complication of endometriosis,
a common disorder usually seen in women of reproductive
age, in which functional foci of endometrial tissue are im-
planted outside the uterus, most commonly in the adnexa
and cul-de-sac. Cyclical bleeding may occur into these hor-
monally sensitive endometrial implants, forming lesions
called endometriomas. Endometriomas contain dark, ge-
latinous blood products surrounded by a fibrous wall of
variable thickness and are often multiple and bilateral. The
most characteristic appearance of an endometrioma is a
cystic lesion with homogeneous low-level echoes and

good through-sound transmission (“ground-glass” ap-
pearance) without internal vascular flow (Fig. 1–8).27,28

However, some endometriomas have a more complex
appearance with dependent and retracting clot, debris lev-
els, thick septations, and wall nodularity. The sonographic
appearance of endometriomas is therefore nonspecific and
overlaps with a wide variety of other lesions, including he-
morrhagic cyst, dermoid cysts, and ovarian neoplasms
(Fig. 1–9). A follow-up ultrasound at 6 weeks may show an
interval decrease in size in some endometriomas. In prob-
lematic cases, MRI can demonstrate the hemorrhagic char-
acteristics of this entity, as well as other pelvic implants
common in this disorder.27,29

Dermoid Cysts

A dermoid cyst (mature cystic teratoma) is benign tumor
composed of well-differentiated derivations of at least two
of the three germ cell layers (ectoderm, mesoderm, and
endoderm). This commonly encountered lesion accounts
for 20% of all ovarian tumors in adults and 50% of all ovar-
ian tumors in children and is the most common benign tu-
mor in women less than 45 years of age. They are often
quite large when detected by physical exam, and bilateral
lesions are noted in 10 to 15% of patients. Depending on
the mixture of sebum, fat, hair, and epithelial tissue within
a dermoid, the sonographic appearance ranges from
purely cystic to complex cystic to an entirely solid, often
hyperechoic mass.30,31 Many dermoids contain an excres-
cence containing hair or bone fragments, called the der-
moid plug or Rokitansky nodule, which appears as an
echogenic mural nodule with distal acoustic shadowing
(Fig. 1–10). Other common sonographic features are re-

1 Asymptomatic Palpable Adnexal Masses 5

Figure 1–8 Endometrioma. This ovarian lesion demonstrates the
“ground-glass” appearance of homogeneous low-level internal
echoes with good sound transmission seen in many endometriomas.

Figure 1–9 Endometrioma. This large endometrioma had an
echogenic mural nodule (black arrow) and low-level echoes. The ap-
pearance is nonspecific and would overlap with a dermoid or other
ovarian neoplasm. U, uterus.

Figure 1–10 Dermoid cyst. A complex cystic lesion with a well-
defined echogenic nodule (arrows) is seen.
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Serous fluid-containing tumors are more common than
mucinous tumors and account for 50% of all ovarian carci-
nomas and 25% of benign ovarian neoplasms. Approxi-
mately 60% of serous tumors are benign cystadenomas,
25% are malignant cystadenocarcinomas, and 15% are clas-
sified as lesions of low malignant potential (LMP).34,35 LMP
lesions, also called borderline tumors, are true malignan-
cies, but tend to have minimal invasion on histologic
analysis. They tend to affect younger women and present
with early stage I disease and therefore carry a better prog-
nosis than ovarian malignancies of higher grade.36 Benign
serous tumors tend to be predominantly cystic lesions
with minimally complicated fluid, thin septations, and
small papillary projections (Fig. 1–12). Serous cystadeno-
carcinomas are usually more complex-appearing with
multiple loculations, large papillary projections, and
thicker septations (Fig. 1–13).

Approximately 20 to 25% of ovarian tumors are muci-
nous in origin; 80% of mucinous lesions are benign, 10% are
malignant, and 10% are tumors of LMP. Mucinous tumors

gional diffuse bright echoes, hyperechoic lines and dots,
and a fat-fluid level (Fig. 1–11).

Despite the wide variety of appearances, the identifica-
tion of two or more characteristic sonographic features al-
lows a highly confident diagnosis of a dermoid and at the
same time a confident exclusion of malignancy, allowing
the patient to proceed to laparoscopic removal.5,30,31 If the
sonographic exam is not conclusive, and a complex mass is
noted in a young patient, MRI may be helpful to identify the
lipid component found in the majority of these lesions.32

Ovarian Neoplasms

When an adnexal mass is palpated on pelvic exam, there is
always the concern that the lesion may be an ovarian neo-
plasm, and potentially, an ovarian carcinoma. Ovarian can-
cer is less common than either cervical or endometrial
cancer, but it is the leading cause of death related to gyne-
cologic malignancies because it tends to be diagnosed at a
more advanced stage. Approximately 80% of ovarian tu-
mors that occur in adult women are benign, 10 to 15% are
primary ovarian malignancies, and 5% are due to ovarian
metastases.33–35 The majority of ovarian neoplasms that are
found in younger women are benign, whereas the inci-
dence of malignancy increases dramatically around the
time of menopause and continues to rise such that ∼40% of
tumors in postmenopausal women are malignant.9

Primary ovarian tumors are classified based on their
tissue origin as epithelial tumors, germ cell tumors, or sex
cord–stromal tumors. Epithelial tumors account for 60% of
all ovarian neoplasms, but over 85% of all malignancies.
The two most common histologic subtypes of epithelial
tumors are serous and mucinous lesions.

Ultrasonography in Obstetrics and Gynecology6

Figure 1–11 Dermoid cyst. The dermoid contains hyperechoic lines
and dots (thin arrow) and a hyperechoic soft tissue nodule (thick ar-
row). The combination of these two features within the lesion is
strongly predictive of a dermoid cyst.

Figure 1–12 Benign serous cystadenoma. (A) This benign tumor ap-
pears as a unilocular cyst with minimal wall irregularity; no locula-
tions or nodules are seen. (B) Color-guided duplex Doppler in wall of
mass shows pulsatility index (PI) = 1.58 and resistive index (RI) = 0.79
in benign range.

A

B
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are usually multiloculated masses, often with one or more
locules containing complex or echogenic fluid. Serous tu-
mors are more likely to be bilateral than mucinous tumors
(20 vs. 5%) and when malignant are more likely to present
with evidence of metastatic disease such as ascites or peri-
toneal implants. Endometrioid carcinoma represents ∼10 to
15% of all ovarian carcinomas, with bilateral tumors noted
in 30 to 50% of patients. They are typically a large, complex,
mixed cystic and solid lesion and may be associated with
endometrial hyperplasia or endometrial carcinoma. Clear
cell carcinoma comprises ∼5% of all ovarian malignancies
and varies from a predominantly cystic appearance with
minimal solid elements to a more solid appearance.33–35

Approximately 10 to 15% of ovarian tumors are germ
cell tumors, with benign mature cystic teratomas (der-
moid cysts) comprising 95% of this type (see preceding dis-
cussion). The other 5% are more likely to be malignant and
include dysgerminomas, immature teratomas, and endo-
dermal sinus tumor. These tumors are often large, complex
lesions with a predominant solid component.

Sex cord and stromal tumors account for 5 to 10% of all
ovarian neoplasms and affect all age groups. The most
common type of sex cord tumor is the benign ovarian fi-
broma or fibrothecoma, which is typically a solid mass
composed predominantly of fibroblasts with varying
amounts of theca cells (Fig. 1–14). Some fibromas are so
dense as to cause complete attenuation of the sound beam,
a feature not typical of other solid ovarian masses.37 The re-
mainder of lesions in this category are called granulosa cell
tumors and are hormonally active tumors that contain a
mixture of granulosa cells, theca cells, Leydig cells, Sertoli
cells and fibroblasts. They account for 2 to 3% of all adult
ovarian cancers and, although usually malignant, carry
high survival rates because many are confined to the ovary
at the time of diagnosis. On ultrasound scan, these tumors
appear as solid echogenic or heterogeneous tumor masses
with cystic spaces (Fig. 1–15). An exophytic myoma pre-
senting as a solid adnexal mass should always be consid-
ered when a solid adnexal mass is observed. Identification

1 Asymptomatic Palpable Adnexal Masses 7

Figure 1–13 Papillary serous cystadenocarcinoma. This malignant
tumor has thick septations with soft tissue nodularity (curved white
arrows) and wall nodularity.

Figure 1–14 Fibroma. A uniformly solid mass (M) is seen surrounded
by a rim of ovarian tissue that contains a follicle (arrow). Identifica-
tion of the ovarian parenchyma surrounding the lesion confirms an
intraovarian location of this lesion and differentiates it from an exo-
phytic myoma.

Figure 1–15 Granulosa cell tumor. (A) This tumor is primarily solid with small cystic areas. (B) Doppler of internal vessels shows pulsatility index
(PI) = 0.55 and resistive index (RI) = 0.40, both in malignant range.

A B
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risk of malignancy as compared with peripheral flow
within the wall of a lesion2,46,48,53 (Fig. 1–16).

Management Guidelines

In general, the goal of the sonographic evaluation of the
asymptomatic palpable adnexal mass is to determine if the
lesion is likely physiological, likely benign, or in the case of
malignancy, to plan the appropriate diagnostic plan for
that patient. The sonographer should try to determine if
the lesion may possibly be arising outside the ovary
because many extraovarian cysts are benign, such as
hydrosalpinges, paraovarian cysts, and peritoneal inclu-
sion cysts. Identifying normal follicle-containing ovarian
parenchyma surrounding a mass, “the ovarian crescent
sign,” is helpful to document an intraovarian origin of a le-
sion,54 whereas identification of a separate and distinct ip-
silateral ovary indicates that the mass does not arise from
the ovary.23 The multiplanar capabilities of MRI may be
helpful for confirming the extraovarian location of some
lesions when the sonogram is equivocal.

Large and complex cystic lesions in the premenopausal
patient can be managed with follow-up sonography or
physical exam to assess for interval decrease in size. The
two most common persistent lesions in the pre-
menopausal patient are dermoids and endometriomas.4,55

In many instances, there may be characteristic features of
these lesions. If the sonographic features are inconclusive,
MRI may be helpful because it may offer a more specific
diagnosis.29,32,56

Many authors feel that laparoscopic removal may be
performed when a persistent minimally complicated cystic
ovarian mass is identified because the risk of an invasive
carcinoma is low in these lesions.4,5 In the small percentage

of the ipsilateral ovary helps to distinguish a pedunculated
myoma from a solid ovarian mass.

Evaluation of Ovarian Lesions

Several investigators have used a variety of factors in an ef-
fort to predict whether an ovarian lesion is malignant, in-
cluding sonographic gray-scale features,1,2,38–42 Doppler
analysis,2–4,43–47 as well as serum tumor markers such as CA
125 levels.7,48

Clearly, there is no specific, clinical, gray-scale, or
Doppler feature that allows reliable discrimination be-
tween a benign and a malignant lesion. Elevated CA 125
levels have been found to be more useful in predicting ma-
lignancy in postmenopausal patients with ovarian masses
as compared with premenopausal patients because CA 125
is elevated in a variety of benign conditions, such as en-
dometriosis, pelvic infection, and menstruation.48 On gray-
scale, the features that raise concern for a neoplasm in-
clude predominantly solid echotexture, a cystic lesion
with a nonechogenic solid component, thick or irregular
septations, and wall nodularity.1,2,38–42 For example, the risk
of a multilocular lesion with solid elements is as high as
75%, whereas the risk of malignancy of a unilocular cyst is
extremely low, regardless of the patient’s age.2,9,10,47

Experienced sonographers can often correctly diag-
nose many complex lesions, such as a dermoid, en-
dometrioma, or hemorrhagic cyst, using the features al-
ready described.4,49 However, many of these common
lesions may have atypical features and there is overlap in
the appearance of benign cystadenomas and cystic malig-
nancies. This has led investigators to explore the use of
spectral and color Doppler analysis to increase the speci-
ficity of sonography.

It is known that malignant tumors grow via a process
called neoangiogenesis in which small, disorganized ves-
sels are formed in the tumor that have low-resistance
flow.48 Early investigators found that the detection of low
impedance vascular flow within ovarian masses with a
pulsatility index (PI) of 1.0 or less and a resistive index (RI)
under 0.4 indicated the presence of malignant neovascu-
larity with relatively high accuracy.45 These results have
not proven to be universally reproducible with other in-
vestigators finding overlap in the flow velocity indices of
benign and malignant ovarian masses, particularly in pre-
menopausal patients.49–52

Additionally, the technique of obtaining adequate
Doppler arterial resistance signals is often time-consuming
and technically challenging; hence, this technique has not
gained wide acceptance.3,48 Attention has now turned to
the location of vascularity within a lesion. The identifica-
tion of vascular flow within the central aspect of a mass,
either within a nonechogenic solid component or within
septations, has been shown to correlate with an increased

Ultrasonography in Obstetrics and Gynecology8

Figure 1–16 Serous ovarian carcinoma. A vascular mural nodule (ar-
row) was noted in this malignancy.
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that are malignant, they are often low grade or nonaggres-
sive. Identification of a nonechogenic or vascular solid
component in an ovarian mass is highly concerning for a
neoplasm, particularly in a postmenopausal patient. The
identification of complex ascites, a marked amount of sim-
ple ascites, and/or soft tissue implants carries a very high
likelihood of metastatic ovarian malignancy requiring gy-
necologic oncological surgical evaluation.52 (The majority of
solid ovarian lesions will be neoplastic and usually warrant
removal unless the lesions can be proven to be an exophytic
myoma or benign ovarian fibroma.)
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Acute pelvic pain is a common problem seen in everyday
practice. There are multiple possible causes of acute pelvic
pain, and a quick, cost-effective evaluation is desirable for
timely diagnosis. Because ultrasound can distinguish be-
tween many of the diagnostic possibilities noninvasively, it
is the preferred initial imaging modality performed to
evaluate this condition. This chapter addresses the role of
ultrasound in the clinical evaluation of acute pelvic pain.
The value of other diagnostic modalities is also discussed.

Differential Diagnosis

Causes of acute pelvic pain can be divided into gynecologic
and nongynecologic etiologies. Gynecologic causes of
pelvic pain include ovarian cysts, pelvic inflammatory dis-
ease, ectopic pregnancy, and ovarian torsion. Less com-
monly, benign or malignant adnexal masses, such as fibroids
or ovarian cancer, and endometriosis, may produce acute
pelvic pain. Nongynecologic causes of pelvic pain include
appendicitis, urinary calculi, mesenteric adenitis, inflam-
matory bowel disease, bowel obstruction, metastatic dis-
ease, and diverticulitis.

Diagnostic Evaluation

Nonimaging Tests

The evaluation of the patient with acute pelvic pain begins
with the clinical history and physical examination. The
value of any imaging technique is enhanced by the addi-
tion of clinical information. Because multiple disease
processes may present with a similar clinical syndrome,
the differential diagnosis is constructed from data ob-
tained from the clinical history, including the age of the
patient and menopausal status. The duration and recur-
rence of the problem as well as current medications are
important considerations. Significant historical informa-
tion concerning prior urinary or gynecologic problems also
guide the diagnostic evaluation. For example, a prior his-
tory of ectopic pregnancy will focus the workup to exclude
recurrence of the disease.

This diagnostic evaluation is also supported by the phys-
ical examination. The location of pain as well as signs of
pelvic mass limit the differential diagnoses. Signs of infec-
tion, including fever and rebound tenderness, suggest in-
flammatory etiologies such as appendicitis or tubo-ovarian

abscess (TOA). Sudden decrease in blood pressure or
change in mental status portend more serious conditions
prompting immediate diagnostic or surgical examinations.

The differential diagnosis is also informed by laboratory
information. Hematologic and blood chemistry studies are
obviously important tools to determine the origin of pain.
An elevated white blood cell count and sedimentation rate
support an infectious or inflammatory etiology for pain.
Abnormal renal or liver function tests may suggest a spe-
cific cause for pain or point to a generalized process such
as diffuse metastatic disease. Urine or serum pregnancy
tests are essential in premenopausal patients, whereas
serum tumor markers may be helpful in postmenopausal
women.

Ultrasound Imaging

Ultrasound is the primary imaging modality utilized to
distinguish between the different causes of acute pelvic
pain. It is a noninvasive examination with no known ad-
verse effects. Other advantages of ultrasound include
ready availability, low cost, and high sensitivity for many
disease processes.

Endovaginal sonography (EVS) has proven highly accu-
rate for the diagnosis of many gynecologic conditions. EVS
offers improved visualization of the pelvic structures com-
pared with the transabdominal approach. EVS demon-
strates adnexal masses, collections, free fluid, hydroureter,
and other important clues to diagnosis.

Duplex and color flow Doppler techniques demonstrate
physiological as well as anatomical information and may
provide important diagnostic clues. Detection of tissue
vascularity and characterization of specific flow patterns
improve diagnostic accuracy and provide specific findings
not possible with gray-scale imaging alone. For example,
the detection of high-velocity, low-resistance flow signals
allows the detection of placental flow in the uterus and ad-
nexa even in the absence of significant gray-scale informa-
tion. Conversely, the absence of ovarian flow is consistent
with ovarian torsion.

Ovarian Cysts

The most common gynecologic cause of acute pelvic pain
is the growth of ovarian cysts. The occurrence of pain is
closely associated with follicular rupture during the mid-
portion of the menstrual cycle.1 Mittelschmerz (middle
pain) was initially thought to be due to peritoneal irritation

Acute Pelvic Pain
John S. Pellerito2
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noted on the side of the dominant follicle and is probably
related to follicular enlargement.

Characteristic sonographic findings are associated with
the periovulatory period. Prior to ovulation, the mature
follicle demonstrates a mean diameter of 20 to 24 mm.4,5

The cyst will demonstrate an echogenic rim (Fig. 2–1). Ir-
regularity of the inner lining of the cyst may be seen when
ovulation is imminent.1 A small echogenic focus or rim
may be seen along the wall of the mature follicle. This rep-
resents the cumulus oophorus and confirms that the folli-
cle contains the oocyte. Ovulation usually occurs within
36 hours of visualization of the cumulus oophorus.

Following ovulation, the size of the follicular cyst usu-
ally decreases. Fluid is commonly seen in the cul-de-sac
and surrounding adnexae. This is thought to be due to ex-
udation from the ovary and has been measured to be ∼15
to 25 mL at laparoscopy.6

Color and pulsed Doppler examination of the mature
follicle demonstrates a rim of increased vascularity sur-
rounding the cyst (Fig. 2–2). This is best visualized during
endovaginal color flow imaging and is helpful in the iden-
tification of the corpus luteum.7 The ring of vascularity
(“ring of fire”) is initially seen during day 8 of the men-
strual cycle and continues through day 24. Although the
ring of fire sign was originally described for the peripheral
vascularity associated with an extrauterine gestational sac,

from release of blood and follicular contents during ovula-
tion. This coincides with follicle-stimulating hormone/
luteinizing hormone (FSH/LH ) surge during days 14
through 16 of the menstrual cycle. Sonographic monitor-
ing of midcycle ovaries has shown that the symptoms pre-
cede follicular rupture in 97% of cases.2,3 The pain is usually
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Figure 2–1 Ovarian cyst. A well-circumscribed cyst is identified
within the ovary. Note the thickened rim (arrows) surrounding the
cyst and the echogenic focus (curved arrow) consistent with the
cumulus oophorus.

Figure 2–2 Corpus luteum. (A) A complex cyst (arrows) is
seen with internal echoes consistent with hemorrhage.
(B) Color Doppler demonstrates peripheral vascularity (ar-
rows) in a “ring of fire” pattern, consistent with a corpus
luteal cyst. (C) Pulsed Doppler reveals high velocity, low
impedance flow during sampling of the corpus luteum.
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the appearance is routinely identified in corpus luteal
cysts. Peripheral vascularization of the corpus luteum may
persist through the first trimester.

Color Doppler aids in the identification of the hemor-
rhagic corpus luteum. The cystic component may not be
visualized if the hemorrhage within the cyst is isoechoic to
the adjacent ovarian parenchyma. Increased vascularity is
identified around the periphery of the isoechoic ovarian
mass (Fig. 2–3). The detection of vascularity in the rim of
the cyst, and not in the hemorrhagic component, is an im-
portant discriminator between a complex cyst and a solid
ovarian mass. The finding of peripheral vascularity in a
complex midcycle cyst warrants interval follow-up in 4 to
6 weeks, during the first week of a subsequent menstrual
cycle, to confirm interval resolution of the cyst.

Pulsed Doppler sampling of the corpus luteum reveals
higher-velocity, low-impedance flow from the vascular
ring.8 Dillon et al demonstrated a peak systolic velocity of
27 ± 10 cm/s and resistive index (RI) = 0.44 ± 0.09 for cor-
pus luteal flow.9 This low-impedance flow pattern should
not be confused with low-resistance flow associated with
ovarian cancer. The pain associated with formation of the
dominant follicle and ovulation is self-limited, not requir-
ing treatment in most cases.

Ectopic Pregnancy

Ectopic pregnancy is one of the most common indications
for pelvic sonography in patients with acute pelvic pain.
Ectopic pregnancy represents approximately1 4% of all re-
ported pregnancies, with 75,000 cases occurring in the
United States each year.10 The risk of maternal death from
ectopic pregnancy is 10 times greater than that from natu-
ral childbirth.

Important risk factors include pelvic inflammatory dis-
ease, endometriosis, prior tubal surgery and prior ectopic
pregnancy. This is probably related to mechanical obstruc-

tion of the fallopian tube. Other risk factors include in vitro
fertilization and embryo transfer as well as ovulation in-
duction with gonadotropins.

Less than 50% of patients present with the classic clini-
cal presentation of adnexal pain, pelvic mass, and vaginal
bleeding.11,12 Patients typically present with one or more of
these nonspecific signs or symptoms. The menstrual his-
tory and pregnancy test are essential in the evaluation for
ectopic pregnancy. A positive pregnancy test increases the
suspicion for ectopic pregnancy. The differential diagnosis
includes threatened abortion and gestational trophoblas-
tic neoplasia.

Prompt sonographic examination is indicated to diag-
nose ectopic pregnancy because delayed diagnosis may re-
sult in life-threatening hemorrhage from tubal rupture.
Endovaginal sonography is the preferred initial examina-
tion because it can diagnose intrauterine and ectopic
pregnancy earlier than the transabdominal approach.13–15

Culdocentesis is no longer considered a first-line diagnos-
tic examination because a negative test does not exclude
ectopic pregnancy. Uterine curettage and laparoscopy are
useful but should be delayed pending the sonographic
results.

The definitive diagnosis of ectopic pregnancy is made
based on the observation of an extrauterine embryo or fe-
tal cardiac pulsations (Fig. 2–4). If these findings are not
identified, then a thorough evaluation of the uterus, ad-
nexae, and cul-de-sac is performed to look for other evi-
dence of pregnancy.

The uterus is evaluated first for evidence of an in-
trauterine pregnancy. If an intrauterine pregnancy is iden-
tified, then the likelihood of a concomitant or heterotopic
ectopic pregnancy is low, occurring in one of 30,000 spon-
taneous pregnancies. The frequency of heterotopic preg-
nancy increases if the patient has undergone ovulation in-
duction. If the uterus fails to demonstrate evidence of
pregnancy, the adnexae are carefully surveyed for signs of
ectopic pregnancy. Other possibilities include a complete
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Figure 2–3 Hemorrhagic luteal cyst. A ring of vascularity (arrows)
surrounds the hemorrhagic corpus luteum, which is isoechoic to the
ovarian parenchyma.

Figure 2–4 Ectopic embryo. An embryo (arrow) is identified within
the ectopic gestational sac. Cardiac activity was noted.
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separate from the ovary to avoid confusion with a corpus
luteum cyst. If the mass is not separate from the ovary,
then follow-up endovaginal scans and serum HCG titers
may be necessary for diagnosis.

Solid and complex adnexal masses may also represent
an ectopic pregnancy in conjunction with an empty
uterus and positive serum HCG titer. Placental flow may
be demonstrated within these complex masses during
endovaginal color flow imaging7 (Fig. 2–6). These masses
usually represent hemorrhage into the ectopic gesta-
tional sac or a ruptured ectopic pregnancy in the fallopian
tube. They may also present as free intraperitoneal
hematomas. Any extraovarian mass is suspicious for ec-
topic pregnancy in a pregnant patient without findings of
intrauterine gestation.

In a recent study, placental flow was found in 55 (85%)
of 65 ectopic pregnancies.7 There was a sensitivity of 95%
and specificity of 85% for the diagnosis of ectopic preg-
nancy with endovaginal color flow imaging. Detection of
placental flow in an adnexal mass separate from the ovary
is diagnostic of ectopic pregnancy. A velocity cutoff value
is not required for the detection of placental flow in the ad-
nexae. The detection of placental flow in adnexal lesions
has been helpful in the diagnosis of ectopic pregnancy in
the absence of an extrauterine sac or tubal ring.

Treatment of ectopic pregnancy includes surgical exci-
sion, preferably under laparoscopic guidance. Salpingectomy
and salpingostomy are the most commonly performed pro-
cedures. There is a trend toward nonsurgical treatment
utilizing methotrexate or expectant management.
Methotrexate has been found to be efficacious in several
series.18,19 The risk of recurrent ectopic pregnancy is in-
creased following tubal surgery, and close surveillance is
recommended in subsequent pregnancies.

Ovarian Torsion

Ovarian torsion accounts for ∼3% of gynecologic emergen-
cies. Torsion usually occurs in premenopausal patients and
is often associated with an ovarian mass. The mass serves
as the focal point for the torsion, which involves both the
ovary and the fallopian tube. Twenty percent of patients
are pregnant at the time of diagnosis. Torsion can also oc-
cur in postmenopausal patients and may be associated
with an ovarian neoplasm. Torsion of normal adnexa is un-
common but may be related to pregnancy or pelvic mass.

Patients with ovarian torsion present with acute, severe
onset of unilateral pelvic pain. The right ovary is more
commonly involved than the left.20 Pain may be accompa-
nied with nausea and vomiting, which mimics other con-
ditions, including appendicitis or small bowel obstruction.
Recurrent, intermittent bouts of pain may precede the cur-
rent episode by days to weeks.

Sonography is the primary noninvasive examination
for the diagnosis of ovarian torsion. Sonographic findings
in ovarian torsion are variable. Most patients with torsion

abortion or very early intrauterine pregnancy (less than
5 weeks gestational age). Careful correlation with menstrual
data and serum human chorionic gonadotropin (HCG) titers
is helpful in distinguishing these entities. A subnormal rise
or plateau of the serum HCG titers suggests a diagnosis of
ectopic pregnancy.

An abnormal sac in the endometrial canal may repre-
sent an abnormal intrauterine pregnancy such as an in-
complete abortion or a pseudogestational sac associated
with an ectopic pregnancy. Duplex and color Doppler can
distinguish these entities by demonstrating placental
flow.16 Endovaginal color flow imaging demonstrates pla-
cental flow as an area of increased vascularity around the
periphery of the true gestational sac. Taylor et al described
placental flow as a relatively high-velocity, low-impedance
signal localized to the site of placentation during pulsed
Doppler sampling.17 He theorized that placental flow is re-
lated to the invasion of maternal tissues by trophoblastic
villi. As the developing placenta invades the myometrium,
maternal spiral arteries shunt blood into the intervillous
space across a pressure gradient of ∼60 mm Hg. This re-
sults in the low-resistance flow pattern observed during
color and pulsed Doppler imaging.

Dillon et al showed that placental flow is noted in an
intrauterine pregnancy ∼36 days after the last menstrual
period.16 A velocity cut-off value of 21 cm/s was found to
distinguish an intrauterine pregnancy from a pseudogesta-
tional sac. Pulsed Doppler sampling is performed with
0 degrees angle correction with manual manipulation of
the transducer to obtain maximal Doppler velocity shifts.

The pseudogestational sac appears as an irregular
saclike structure or thickening of the endometrial canal.
This is related to a decidual reaction from an associated ec-
topic pregnancy. Unlike a normal gestational sac, the
pseudogestational sac does not exhibit a double decidual
lining, yolk sac, or fetal pole. Placental flow will not be
identified around a pseudogestational sac.

The most specific sonographic appearance for ectopic
pregnancy is an extrauterine sac or “tubal ring” (Fig. 2–5).
The sac usually demonstrates a thick echogenic ring and
may contain a yolk sac or fetal pole. The mass should be
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Figure 2–5 Ectopic gestational sac. An extrauterine gestational sac
(straight arrows) with a yolk sac (arrowhead) is identified. Also note
endometrial thickening (E) and left corpus luteal cyst (curved arrow).
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present with an enlarged ovary or mass. The sonographic
appearance of the mass can vary from cystic to complex
to completely solid.20 The torsed ovary may contain
hypoechoic areas representing hemorrhage or infarction.
Venous and lymphatic obstruction produce edema and
free intraperitoneal fluid. Clues to ovarian torsion in-
clude the presence of an enlarged ovary in an unusual lo-
cation such as the cul-de-sac or above the uterus. The
finding of a twisted or coiled vascular pedicle (“slinky
sign”) is also helpful. With partial torsion, the ovary can
attain massive size due to edema from lymphatic ob-
struction. In pediatric patients, two sonographic patterns
have emerged. In prepubertal girls, torsion tends to occur
in enlarged, complex cystic masses, whereas in pubertal
girls torsion occurs predominantly in solid, enlarged ad-
nexal masses.21

The diagnosis of ovarian torsion is confirmed by the
failure to detect arterial or venous flow from within ovar-
ian parenchyma with color and pulsed Doppler (Fig. 2–7).
The absence of flow within the torsed ovary during color
flow, power, and pulsed Doppler is diagnostic. All color
flow parameters must be optimized to ensure that the

absence of flow is not related to technical factors such as
high pulse repetition frequency (PRF), high wall filter, or
low color gain settings. Arterial flow may be seen only
around the periphery of the ovary with chronic torsion
due to reactive inflammation. Decreased vascularity
may be seen within the ovary with partial torsion. Sev-
eral authors have described the presence of venous and
arterial signals within surgically proven torsed
ovaries.21–23 This is likely related to the dual blood supply
to the ovary from the ovarian artery and branches of the
uterine artery. Thus, it is necessary to incorporate clini-
cal and sonographic information to consider the diagno-
sis of ovarian torsion in difficult cases. The presence of
an adnexal mass in a patient presenting with acute or
recurrent pelvic pain should suggest the diagnosis of
ovarian torsion.

Diagnostic laparoscopy is usually performed for ovarian
torsion following sonographic evaluation. If the ovary ap-
pears viable, it is detorsed with removal of ovarian mass, if
present. The ovary may be secured to prevent recurrent
torsion. The ovary is removed if found to be nonviable or
gangrenous.
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Figure 2–6 Solid ectopic with placental flow. (A) A pseudogesta-
tional sac (arrows) is seen in the uterus. Color flow imaging demon-
strates no flow within the pseudogestational sac. (B) An ill-defined
mass (arrows) is seen adjacent to the uterus (UT). The findings sug-

gest small bowel, hematoma, or ectopic pregnancy. (C) Color flow
imaging reveals flow (arrows) within the mass, confirming the loca-
tion of the ectopic pregnancy. (D) Spectral analysis demonstrates
low-impedance flow consistent with placental flow.
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vated erythrocyte sedimentation rate, and positive cultures
for Neisseria gonorrhoeae or Chlamydia trachomatis.

Ultrasound is not reliable to detect subtle signs of sal-
pingitis but can identify other signs of inflammation,
including endometritis, pyosalpinx, TOA, and pelvic collec-
tions. The endovaginal examination is particularly uncom-
fortable and frequently results in the “chandelier sign.”
Sonographic signs of endometritis include fluid or gas
within the endometrial cavity. Fluid or debris within the
fallopian tube is suspicious for pyosalpinx. The tube typi-
cally tapers as it enters the uterus and distends distally.
TOA appears as a cystic mass, which may demonstrate fluid
levels or echogenic debris within the collection (Fig. 2–8).
Occasionally, they may have a complex appearance with
solid regions, nodularity, and septations. The ovary may
not be identified separate from the mass. These masses
may be hypervascular, a nonspecific finding.

Endometrial biopsy and laparoscopy are useful for
confirming the diagnosis and obtaining cultures of the
upper genital tract. These studies are particularly useful
for patients failing antibiotic therapy due to severe disease
or incorrect diagnosis.

Pelvic Inflammatory Disease

Most cases of pelvic inflammatory disease (PID) are due to
an ascending infection from the cervix to the endome-
trium. Continued spread to the fallopian tubes may occur
due to reflux of menstrual blood with the eventual spill of
exudate into the peritoneal cavity. Signs of a lower geni-
tal tract infection usually precede symptoms of PID. Most
patients are premenopausal, with a typical history of
multiple sexual partners and gonococcal or chlamydial
infection.

TOA represents a severe complication of PID, occurring
in ∼15% of cases. This results from exudation of pus and
microorganisms from the tube to the adjacent ovary or
surrounding pelvic structures. This exudation leads to tis-
sue destruction and the formation of loculations or abscess
cavities affecting the tube, ovary, uterus, and bowel.

The most frequent symptom is bilateral lower abdominal
or pelvic pain or tenderness. There may be associated nau-
sea, vomiting, and fever, which reflect peritoneal inflamma-
tion. Physical examination may demonstrate cervical motion
tenderness, palpable, tender adnexae, and leukorrhea. Lab-
oratory data consistent with PID include leukocytosis, ele-
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Figure 2–7 Ovarian torsion. (A) An enlarged ovary is seen
behind the uterine fundus. Ovarian torsion. (B) No flow is
identified within the mass during power Doppler imaging.
(C) Pulsed Doppler evaluation fails to demonstrate arterial
or venous flow within the mass consistent with ovarian tor-
sion.
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Treatment for PID requires antibiotic therapy. Severe PID
and TOA require hospitalization for intravenous administra-
tion of broad-spectrum antibiotics and percutaneous
drainage. Surgical exploration is considered for patients who
do not respond to medical therapy within 72 to 96 hours.
Surgical drainage or total abdominal hysterectomy bilateral
salpingo-oophorectomy (TAH-BSO) may be performed for
impending abscess rupture or overwhelming sepsis.

Endometriosis

Endometriosis results from ectopic location of endome-
trial tissue outside the uterus within the peritoneal cavity
and on the surfaces of pelvic organs and ligaments. En-
dometriosis less commonly presents with acute pelvic
pain. The pain is described as aching and constant, begin-
ning 2 to 7 days before the onset of menses and increasing
in severity during menstruation. The patient may give a
history of similar prior episodes of dysmenorrhea. Patients
may also complain of infertility, dyspareunia, back pain,

and uterine bleeding. Symptoms may relate to endo-
metriosis at multiple sites, causing tenesmus, rectal bleed-
ing, dysuria, flank pain, and urgency. Physical findings are
variable and may include tenderness, nodularity, parame-
trial thickening, and adnexal masses.

Endometriosis is difficult to detect sonographically
when the implants are small (< 5 mm). These implants
may bleed and produce cystic or complex masses, which
can be seen with ultrasound. These represent endometri-
omas and may contain low-level internal echoes consis-
tent with hemorrhage (Fig. 2–9). The masses may contain
nodules or septations that may simulate ovarian neo-
plasms. They may wax and wane in size and vascularity
from cycle to cycle. These periodic changes are seen when
comparing serial examinations and are diagnostic for this
disease. Magnetic resonance imaging (MRI) confirms the
presence of blood products within these adnexal masses
and may find smaller implants in locations difficult to as-
sess with ultrasound. Laparoscopy is considered the gold
standard for this diagnosis because there is direct visuali-
zation and sampling of small implants.

The choice of treatment depends on the severity of
symptoms and the extent of disease. Implants may be cau-
terized and adhesions lysed at laparoscopy. Hormonal sup-
pression is reserved for invasive disease or cases resistant
to laparoscopic treatment. Hysterectomy and oophorec-
tomy are also options for severe cases.

Adnexal Tumors

Adnexal tumors are another uncommon cause of acute
pelvic pain. Pain usually results from infection, torsion, or
hemorrhage into the pelvic mass. Both benign and malig-
nant ovarian tumors may torse. Acute pain and adnexal
swelling with a decrease in the hematocrit are consistent
with hemorrhage into a pelvic mass. Similarly, an elevated
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Figure 2–8 Tubo-ovarian abscess. A large complex mass (arrows) is
filled with echogenic debris. The ovary was not identified separate
from the mass.

Figure 2–9 Endometrioma. (A) A complex cystic mass (arrows) is noted adjacent to the uterus (UT). (B) Magnetic resonance imaging demon-
strates increased signal within the mass (arrows) consistent with hemorrhage.
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may demonstrate right lower-quadrant calcification consis-
tent with an appendicolith or findings suggestive of another
process such as obstruction, ileus, or ureteral calculus.

Sonography is effective in the diagnosis of acute appen-
dicitis with sensitivity of 80 to 89% and accuracy of 90 to
95%.26–28 A graded compression technique is performed to
demonstrate a distended, noncompressible appendix. A
high-frequency (5 to 7 MHz) linear array transducer is
used to gradually compress and disperse overlying bowel
loops over the site of maximum tenderness. The inflamed
appendix will appear as a noncompressible, aperistaltic
blind loop on sagittal and transverse views (Fig. 2–10). The
inflamed appendix demonstrates a “target” appearance on
the transverse view with a diameter greater than 6 mm. An
appendicolith is occasionally seen within the appendix.
Sonography will also detect loculated periappendiceal
fluid consistent with perforation and abscess formation.
Gas can be seen within the appendix or adjacent abscess.
Loss of the echogenic submucosal ring is associated with
advanced infection and perforation.

CT is recommended for patients with suspected appen-
diceal perforation on clinical or sonographic grounds. CT
can better define the extent of inflammation compared
with ultrasound, and help guide percutaneous drainage
procedures. Similarly, CT can better define abscesses or
collections related to diverticulitis or Crohn’s disease. CT
should also be performed in patients with persistent
symptoms without a diagnosis.

white blood cell count, fever, and pelvic tenderness associ-
ated with an adnexal mass suggest superimposed infection.

Uterine fibroids can also undergo torsion, infection, or
hemorrhage. MRI is helpful for identification of an adnexal
mass as a fibroid. It is necessary to identify the uterine
pedicle attachment of a pedunculated fibroid to distin-
guish a torsed fibroid from other adnexal masses. Color
Doppler is particularly useful in demonstrating the vascu-
lar pedicle connection of the fibroid to the uterus.

Appendicitis

Appendicitis is one of the most common causes of acute ab-
dominal/pelvic pain and is the most common indication for
emergency laparotomy. Patients present with right lower-
quadrant pain, which may be accompanied by fever, leuko-
cytosis, and tenderness. Unfortunately, the clinical features
are not specific. Thirty percent of patients will have an atyp-
ical presentation resulting in a high (20 to 46%) negative ap-
pendectomy rate.24,25 The differential diagnosis includes all
the gynecologic problems discussed earlier, as well as
urolithiasis, diverticulitis, bowel obstruction, and other in-
flammatory conditions. A pregnancy test and endovaginal
sonography are helpful to exclude other conditions.

Because appendicitis can mimic other clinical entities, the
diagnostic evaluation should include the abdomen and
pelvis. Radiography, ultrasound, and computed tomography
(CT) are useful in the imaging workup. Plain-film radiographs
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Figure 2–10 Appendicitis. (A) Abdominal radiograph demonstrates
focal calcification (arrow) in the right lower quadrant consistent with
an appendicolith. (B) A noncompressible, distended loop (arrows) is

identified at the site of maximal tenderness. Note periappendiceal
fluid (curved arrow) and fecalith (arrowhead).
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Ureteral Calculus

Patients with urinary obstruction related to ureteral calcu-
lus may also present with acute lower quadrant or pelvic
pain. The pain is unilateral and may radiate to the back,
flank, or pelvis. There may be associated hematuria, fever,
and leukocytosis.

When the clinical presentation is nonspecific, the diag-
nostic evaluation should include the abdominal and pelvic
organs. A KUB may demonstrate renal or ureteral calculi.
Like appendicitis, sonography is employed to distinguish
between gynecologic and nongynecologic processes. Al-
though ultrasound may demonstrate dilatation of the renal
collecting system, there may be minimal or no hy-
dronephrosis with early obstruction.29 Ultrasound is less
sensitive than intravenous urography for the diagnosis of
acute renal obstruction. Sonography and KUB may replace
intravenous urography in patients with renal insufficiency
or contrast allergy.30 Unenhanced helical CT has proven ac-
curate and reliable for the detection of ureteral calculi in
patients with flank pain. A recent study demonstrated a
98% sensitivity and 100% specificity for the detection of

ureteral calculi with noncontrast-enhanced spiral CT in
patients referred with acute flank pain.31

When renal colic is suspected, a search for the level of
obstruction should be performed. Careful sonographic ex-
amination of the pelvis, including the region of the
ureterovesical junction (UVJ) may reveal the obstructing
calculus (Fig. 2–11). Endovaginal sonography may be help-
ful in identification of the distal ureteral stone. The trans-
ducer is directed toward the posteroinferior aspect of the
bladder at the level of the UVJ. A dilated distal ureter can
be followed to the level of obstruction. An obstructing cal-
culus appears as an echogenic structure with acoustic
shadowing (Fig. 2–12). In patients without obstruction, an
intermittent ureteral jet can be identified at the UVJ with
color flow imaging. An absent or persistent ureteral jet
suggests ureteral obstruction.

Summary

Acute pelvic pain is a common clinical problem with many
possible etiologies. The clinical history, physical examina-
tion, and laboratory data are necessary to formulate the
differential diagnosis. Ultrasound is the preferred first-line
noninvasive imaging examination due to ready availability,
low cost, and high diagnostic accuracy. Ultrasound can dis-
tinguish between gynecologic and nongynecologic causes
of pelvic pain. Duplex and color Doppler may add impor-
tant diagnostic information to improve diagnosis.
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Diagnostic Evaluation

The Initial Assessment

Abnormal uterine bleeding in a patient during her repro-
ductive years is more commonly than not associated with
a pregnancy. The clinician will first assess the likelihood of
pregnancy and will do a qualitative or quantitative preg-
nancy test to detect the presence of the � subunit of hu-
man chorionic gonadotrophin (hCG).

The Pregnancy Test

Human chorionic gonadotrophin is produced by the syn-
cytiotrophoblast of the chorionic sac as it invades and im-
plants in the decidual layer of the endometrium. Implanta-
tion takes place on or about day 22, or 8 days after
fertilization, and hCG can be detected in maternal serum
as early as 9 days postfertilization or day 23. The com-
monly used tests in the office and those available as home
pregnancy tests are immunologic tests based on the anti-
genic properties of the hCG protein and are positive 4 to 7
days after the first missed period. Testing time varies from
2 minutes to 2 hours. The most sensitive test is a radioim-
munoassay for hCG, which can detect serum levels as low
as 2 to 4 mU/mL. It requires 24 to 48 hours of incubation
time and gives a quantitative analysis.

It is important to remember that the half-life of � hCG in
maternal serum is 1.5 days. After termination of pregnancy,
spontaneous or induced, the test will remain positive for a
period of time relative to the initial level. At 10 weeks men-
strual age, the level of � hCG may be as high as 100,000
mIU/mL and will be detectable for 24 days after termination.

Further Evaluation

Abnormal uterine bleeding during the reproductive years
is a common occurrence. The gynecologist can evaluate
the patient completely in the office and the patient may
never present for imaging evaluation.

History

The history should focus on the potential or actuality of
pregnancy; the date of the last normal menstrual period;
the volume, duration, and color of the bleeding; and asso-

ciated pain, cramps, mass, infection, or intrauterine con-
traceptive device (IUCD).

Physical Exam

The physical exam of the gynecologist may detect uterine
enlargement commonly from pregnancy, fibroids, or ade-
nomyosis, but also possibly from endometrial carcinoma. A
mass lesion in the adnexa or localizing tenderness may in-
dicate presence of blood in the peritoneal cavity. Vulvar,
vaginal, and cervical lesions, as well as the type of bleeding
in those areas can be visualized directly upon speculum
exam and cervical dilatation. Pain on cervical motion may
be an important indicator of an ectopic pregnancy.

Nonimaging and Imaging Test Other than Ultrasound

Cytological Exam

The cervical or Pap smear may detect abnormal cervical
mucosal changes or, in some cases, abnormal endometrial
cells from carcinoma.

Endometrial Biopsy

As an office procedure, the introduction of a fine endome-
trial curette or suction curette (Pipelle) may sample abnor-
mal sites of endometrium, but more often than not, misses
focal abnormalities or mass lesions. The curette is a flexible
polypropylene cannula with an outer diameter of 3.1 mm,
which is introduced without the need for cervical dilata-
tion or anesthesia. These have replaced a large number of
dilation and curettages (D&Cs) as the method of choice for
the diagnosis of abnormal uterine bleeding. Histological
examination is performed on the tissue obtained.

Hysterosalpingography

This has been used for a wide variety of conditions, but is
being requested less commonly in favor of ultrasound and
direct hysteroscopy.

Office Hysteroscopy

With the advent of small, thin, flexible hysteroscopes, this
is becoming a more common office procedure, whereas
previously it was done only in hospitals. Local anesthesia is
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Fibroids

Fibroids or leiomyomata are said to be present in 20 to 25%
of women in the reproductive age group, increasing with
age and decreasing with parity. They are more common in
blacks than whites or Asians.2 The age-standardized rates
of ultrasound- or hysterectomy-confirmed diagnoses per
1000 woman-years were 8.9 among white women and
30.6 among black women. A 2.2 times increase in the inci-
dence of fibroids among first-degree relatives has also
been reported.3

Fibroids are often asymptomatic and grow only during
the reproductive years under the influence of estrogen.
During pregnancy they may enlarge and become tender,
whereas postpartum they shrink and calcify. In meno-
pause they tend to shrink and may even disappear. There
are frequently multiple fibroids of varying sizes. Abnormal
uterine bleeding is said to be present in 30% of patients
with fibroids.

A fibroid located in the submucous region is the likely
site when bleeding occurs and may be due to vascular en-
gorgement and/or erosion of the overlying endometrial
membrane. Abnormal bleeding can also occur with intra-
mural fibroids where there is no direct contact with the
endometrium. The mechanism is not well understood.

Pathologically, a fibroid is a rounded, firm, gray-white
tumor, with the characteristic whorled pattern of smooth
muscle bundles. As fibroid tumors grow, they push the my-
ometrium aside and compress it, forming a pseudocapsule.
This provides a cleavage plane for a fibroid to be shelled out
at surgery or hysteroscopy. When the uterus is incised, the
fibroid tends to pop out but not detach, as the myometrium
tries to assume its normal configuration (Fig. 3–1).

Sonographically, the features of fibroids include:

� A discrete, well-defined mass with a hypoechoic
periphery. The fibroid displaces and does not invade
myometrium. The hypoechoic periphery may only be 
a few mm thick and represents compressed myome-
trium (Fig. 3–2). They may distort the endometrial
cavity or the serosal surface (Fig. 3–3) or extend par-
tially (Fig. 3–4) or even lie entirely within the endome-
trial canal, occasionally prolapsing out of the cervix
(Fig. 3–5).

� They may be hypo-, iso-, or hyperechoic. The hyper-
echoic masses are usually due to hydropic degenera-
tion and are soft on palpation and easily distorted by
the endovaginal probe (Fig. 3–6) Lipoleiomyoma can
also present as an echogenic mass within the my-
ometrium, often with distal shadowing.

� Cystic areas of degeneration are uncommon in fibroids
although they certainly do occur. Their etiology is not
clearly understood; however, if there is associated
rapid growth, sarcomatous change, although uncom-
mon, should be considered. The cystic changes may
also be overlooked because the fluid usually has

frequently used via a paracervical block to dilate the
cervix, particularly in postmenopausal women.

Dilatation and Curettage

This has always been the gold standard for abnormal
bleeding. It is done mainly as day-surgery with local anes-
thesia or conscious sedation.

Ultrasound Imaging

This is being used to advantage by some knowledgeable
clinicians in the office in addition to the clinical exam. Of-
fice-based ultrasound is frequently limited by a less ex-
pensive, lower-resolution scanner, which often lacks color
Doppler. New and fully functional scanners are now avail-
able and are relatively inexpensive, making them afford-
able for the private office setting. One should always begin
with a transabdominal exam with or without a full blad-
der. This portion of the exam is focused on finding large
masses that may be obscured during the endovaginal
study or will be out of the field of view. Solid ovarian der-
moid tumors may not be appreciated during the endovagi-
nal study because of the echogenic fat that may resemble
bowel.

The endovaginal exam is essential for the most com-
plete evaluation of the nongravid uterus. It provides the
operator with a magnified view of the uterus, my-
ometrium, endometrial canal, and adnexa. The endovagi-
nal probe also provides a unique opportunity to palpate
the pelvic organs and to “visualize” the site of any pain or
tenderness. It is also useful in assessing mobility of struc-
tures and therefore their relationship. With additional
pressure on the anterior abdominal wall, normal ovaries or
masses may be visualized to better advantage.

Bleeding in the Nonpregnant Patient

In patients who are not pregnant, abnormal uterine bleed-
ing can be due to abnormal menstruation, systemic or lo-
cal disease, or urinary or gastrointestinal tract bleeding
that is misinterpreted as vaginal. The sonologist should be
aware of this when evaluating the pelvic sonogram.

Causes of Abnormal Menstrual Flow

Menorrhagia or Hypermenorrhea

Menstrual flow characterized by an increased volume or
duration of flow sometimes associated with a clot is al-
ways abnormal. The usual causes are adenomyosis, early
pregnancy loss, submucous fibroids, or just dysfunctional
bleeding. Endometrial hyperplasia and malignant tumors
are less common.1

Ultrasonography in Obstetrics and Gynecology22

14495OB_C03_pgs.qxd  8/20/07  3:17 PM  Page 22



3 Abnormal Premenopausal Vaginal Bleeding 23
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Figure 3–1 Fibroid uterus at pathology. This enlarged uterus con-
tains four fibroids. (A) The intact uterus showing the typical lobu-
lated appearance. (B) The uterus sectioned in the coronal plane. The
large fibroids are seen displacing the endometrial canal to the right.

(C) A side view of the sectioned uterus is showing the bulging of the
fibroids above the cut surface. (D) A close-up view of a fibroid show-
ing the typical disorganized and whorled appearance of the muscle
bundles.

C D

Figure 3–2 Fibroid with hypoechoic periphery. (A) There is a large,
relatively isoechoic mass within the uterus on this coronal scan. A hy-
poechoic line (arrow) can be seen around the periphery. This also

exhibits distal shadowing, another characteristic feature. (B) The
gross specimen is showing the well-defined fibroid.

A B
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Figure 3–3 Submucous fibroid shown on (A) sagittal and (B) coronal
scans that is distorting the echogenic endometrium posteriorly. The
fibroid is 9 mm in diameter and shows a typical hypoechoic pattern.
Notice the subtle shadow behind the fibroid on the sagittal scan. (C)
This color flow coronal scan shows the vessels that surround the fi-
broid; none are seen within it.

A B

C

Figure 3–4 Submucous fibroid shown in (A) sagittal scan and (B) the
gross specimen. The sonogram shows an isoechoic mass (calipers)
distorting the anterior myometrium and displacing the endometrial

canal. The gross specimen shows the intraluminal extension of the fi-
broid.

A B
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echogenic debris within it. Compression of the fibroid
with the endovaginal probe will create movement of
the debris and distortion of the mass and should allow
for the real-time confirmation of the cystic changes.

� Diffuse shadowing or distal attenuation of sound is
commonly seen.

� Vessels are usually seen in the periphery of fibroids
and occasionally within the fibroid as well (Fig. 3–3C)
Tsuda et al4 found in 70 women that only 6.1% of fi-
broids without a visible peripheral artery on endovagi-
nal exam increased in volume over a 1 year period.
This is compared with an increase in 46.2% of those
with an artery. Of the 101 leiomyomata, an artery was
detected in 51.5%.

� Fibroids are seldom tender except those that infarct
and those that have undergone red degeneration dur-
ing pregnancy.

3 Abnormal Premenopausal Vaginal Bleeding 25

Figure 3–5 This is a submucous fibroid that lies entirely within the
endometrial canal and is attached only by a short stalk (not visible).
(A) Sagittal scan showing the somewhat heterogeneous fibroid
within the fundal portion of the endometrial canal. (B) A coronal scan
through the body shows the fibroid (calipers) situated centrally. (C)
The gross specimen shows the 5 cm polypoid fibroid mass. Notice
the ecchymotic areas that may have been the site of the patient’s
spotting.

A B

C

Figure  3–6 This coronal scan through the uterine body of a 50-year-
old with cystic hyperplasia of the endometrium shows a brightly
echogenic mural mass on the left with distal shadowing. This is due
to hydropic degeneration of the fibroid.
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evaluation of pelvic pathology in the reproductive years.
The gold standard would be pathological confirmation. It is
recognized that the very small masses of less than 1 cm
and those that are isoechoic with normal myometrium
will be harder to identify. If these masses are not distorting
the endometrial cavity or the serosal surface, they may go
unrecognized; on the other hand, they are unlikely to be
causing any symptoms and would not need therapy. It may
also be difficult to recognize fibroids growing outside of
the uterus either as free polypoid masses or within the
broad ligament.

Adenomyosis or Endometriosis Interna

This is a condition characterized pathologically by nests of
endometrial glands and stroma within the myometrium at
least one high-power field (2 mm) deep to the endomy-
ometrial junction. Adenomyosis must also be associated
with compensatory hypertrophy of the myometrium sur-
rounding the ectopic endometrium. Grossly, the uterus is
enlarged and feels boggy. The cut surface through the area
of adenomyosis is often congested with a focal bulging
(Fig. 3–7). It is more infiltrative and does not have the dis-
crete mass effect of a fibroid. Adenomyosis is a common
finding, varying from 5 to 70% in routine sampling of uteri
following hysterectomy.7 This wide variation may depend
on the age of the patients and on how meticulous the
uterus was sectioned. It may be focal or diffuse and may be
totally asymptomatic.

The cause of adenomyosis is unknown, although it may
be related to pregnancy or childbirth because it is uncom-
mon in nulliparous women. It is most common in multi-
parous women over 30 years of age, with the majority
being in the fourth and fifth decades of life. There is no re-
lationship between the incidence and the type of delivery,
vaginal or cesarean, but it does tend to be higher in women
reporting abortions, either spontaneous or induced.8

The most common complaints are reported as menor-
rhagia (40 to 50%), dysmenorrhea (15 to 30%), and dys-
pareunia or pelvic tenderness (7%).7 In our center, 50% of
women who presented with pelvic pain had sonographi-
cally visible adenomyosis as their cause of the pain and
tenderness.

� Menorrhagia or heavy periods. These are often associ-
ated with clots and may even be reported as gushing of
blood. Onset of these can usually be traced back to a
time after childbirth.

� Dysmenorrhea or painful periods. These may vary in
length from 1 or 2 days to lasting throughout the cycle.
They may be cramping or continuous in nature.

� Pelvic tenderness or dyspareunia. Painful intercourse is
often an indication of a tender uterus or adnexa. One
should try to elicit tenderness during the endovaginal

� Calcification, likely dystrophic, is common, especially
after a pregnancy and in postmenopausal women. It
may have a curvilinear or flocculate appearance. The
calcific deposits are usually clumps ~0.5 to 1 cm and
seldom small.

For many years, sonologists have produced reports that
read, “The myometrium is diffusely inhomogeneous. This
may be due to the presence of multiple small fibroids.” I
cannot yet say that this statement is never true, but the oc-
currence is certainly close to never. Fibroids are discrete
masses and do not give an ill-defined, inhomogeneous ap-
pearance. This appearance is almost certainly due to ade-
nomyosis not fibroids.

Treatment of fibroids in general is done on a basis of
symptomatology. If there is a large mass causing pressure,
pain, or bleeding, a hysterectomy may be done in women
who have completed their childbearing. To preserve the
uterus and its reproductive capacity, a myomectomy may
be done. The initial therapy is often medical, with the
administration of gonadotropin-releasing hormone (GnRH)
agonists to shrink the mass enough to relieve symptoms
or in preparation for surgery. GnRH agonist therapy is
used only temporarily because it induces an artificial
menopause.

Fibroids in a submucous location that are causing
bleeding or are contributing to recurrent spontaneous
abortion can be removed under direct visualization with
hysteroscopy. This is now a commonplace procedure.

Fibroids are sensitive to ischemia. There are several
techniques that are now used to induce transient ischemia,
which also result in significant shrinkage of the fibroid
mass and reduction or cessation of any abnormal bleeding.
Angiographic embolization of both uterine arteries or just
the main fibroid feeding vessels is done with polyvinyl al-
cohol, a powderlike plastic material that is injected. Suc-
cess rates of 88% have been reported, with an average de-
crease in size of 39% and relief of symptoms.5 Premature
ovarian failure is an uncommon but recognized complica-
tion due to embolization of the ovaries through the ovarian
branch of the uterine arteries. New work has suggested
that temporary, noninvasive clamping of the uterine arter-
ies through the vaginal wall may give similar results to
embolization.

High-intensity focused ultrasound (HIFU) is also used
to ablate fibroids in a noninvasive manner. Therapeutic ul-
trasound units are attached to a magnetic resonance imag-
ing (MRI) scanner, which is used to localize the lesion as
well as to monitor the temperature rise within the fibroid.6

The accuracy of the ultrasound diagnosis of fibroids has
not been confirmed in the literature. Ultrasound in the
hands of knowledgeable users is currently the most sensi-
tive and cost-effective diagnostic modality for fibroid de-
tection. They are readily detectable by MRI and computed
tomography, but these are less commonly used for the
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exam applying pressure to different parts of the uterus.
Focal tenderness is very common in women who are
not on any medication.

� Diagnosis may be difficult and it is important to take a
good history at the time of scanning.

� MRI is a commonly used method for establishing the
diagnosis and may show ill-defined areas of low signal
intensity and/or focal or diffuse thickening of the junc-
tional zone greater than 5 mm.

� Sonographically, the characteristic features are:

� Ill-defined areas of abnormally decreased or increased
echogenicity. They vary in size from a few millimeters

to a large mass of several centimeters. There can be
numerous areas or a single mass, referred to as an ade-
nomyoma. This is an infiltrative process as compared
with a fibroid that is a well-defined mass (Fig. 3–7, 
Fig. 3–8).

� Asymmetrical myometrial thickening. This is com-
monly seen and may be quite pronounced. It has been
reported that the posterior uterus is more often in-
volved than the anterior portion.

� Myometrial cysts. They may be single or multiple, of-
ten in a subendometrial location and ranging in size
from 0.2 to 1.5 cm (Fig. 3–9). Around menstruation,
there may be echogenic blood filling the cyst, making

3 Abnormal Premenopausal Vaginal Bleeding 27

Figure 3–7 Adenomyosis involving the anterior myometrium and
fundus. (A) A gross specimen showing the fundal myometrial thick-
ening. Numerous vessels can be seen throughout the involved area.
There is also a bulging of the myometrium, commonly seen in ade-
nomyosis. This is an infiltrative process and is easily differentiated
from fibroids. (B) A sagittal sonogram of the same uterus showing
the thick inhomogeneous anterior myometrium, streaky shadowing,
and small cysts. (C) A photomicrograph showing a dilated endome-
trial gland, seen as a cyst on a sonogram.
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C
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� Don’t calcify. I have never seen an area of adenomyosis
with calcification, whereas fibroids, may calcify, espe-
cially after embolization therapy.

Endometriosis is associated with adenomyosis in only
~15% of cases and may also be associated with fibroids.

The results of Reinhold et al9 for the detection of adeno-
myosis are impressive (Table 3–1). They are based on
histopathologic correlation with a 95% confidence interval.
Their criteria are as follows: 

Endovaginal ultrasound: 
� A poorly defined area of abnormal echotexture (in-

creased, decreased, mixed, and/ or myometrial cysts)

� Central vasculature, tender. 

it more difficult to visualize. The presence of myome-
trial cysts has been shown to be highly specific for
adenomyosis. Reinhold et al9 found cysts in 13 of 28
(46%) of patients with histologically proven adeno-
myosis. No cysts were found in the group without
adenomyosis. Most important was that patients with
cysts all had adenomyosis. The cysts were shown to
be dilated endometrial glands, which would be most
prominent in the secretory phase. We now try to
examine patients with a suggestive history or myome-
trial inhomogeneity in the secretory phase around
day 19.

� Central vascularity. The vessels are spread throughout
the mass and are less well organized than those in
normal myometrium. The cysts seen are not vessels
(Fig. 3–10).

� Streaky shadowing. There is a streaky type of shadow
with small bands of shadow interspersed between
more normal areas. Some of this may be associated
with cysts, but not all. Remember that in sagittal sec-
tion at the lateral aspect of the uterus, one may nor-
mally get some irregular shadowing. This type of
shadowing is different from the diffuse shadowing
seen behind a fibroid.

� Tender on palpation. This is an important sign to elicit.
During the endovaginal exam, push lightly on the
uterus in various areas and ask the patient if it is ten-
der. The patient may well feel the same discomfort she
experiences during intercourse. Tenderness is focal 
and may be felt in some areas and not others. Often 
the areas with cysts or inhomogeneity are tender. 
After treatment or at different times during the normal
cycle, the tenderness may subside.

Ultrasonography in Obstetrics and Gynecology28

Figure 3–9 A sagittal scan of a uterus on day 19 of the menstrual cy-
cle. The subendometrial cyst (arrow) is seen with an echogenic
periphery.

Figure 3–8 A midsagittal scan of the uterus with a more focal area of
inhomogeneity just anterior to the endometrial canal. This was a fo-
cal area of adenomyosis at hysterectomy.

Figure 3–10 A midsagittal color Doppler scan of the uterus with dif-
fuse adenomyosis as seen in Fig. 3–7, showing vascularity within the
involved area.
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Magnetic resonance imaging:
� A subjective opinion of localized or diffuse thickening

of the uterine junctional zone or the presence of a low
signal intensity myometrial mass with ill-defined
borders.

In North America, the diagnosis of adenomyosis is still
seldom made with ultrasound. The diagnosis is more reli-
ably made when there are sonographic findings, physical
findings, and an appropriate history. The history will
include menorrhagia, often with clots, pelvic pain, and
tenderness, often during intercourse. The sonographic
findings include myometrial inhomogeneity, cysts, asym-
metrical myometrial thickening, and streaky shadowing.
The physical findings are of focal uterine tenderness deter-
mined by pressure using the endovaginal probe.

Sonologists should look for myometrial inhomogeneity
and cysts, should ask the patient about menorrhagia and
dysmenorrhea, and should be making the diagnosis. Ade-
nomyosis is a common cause of vaginal bleeding and
pelvic pain. If you are missing the diagnosis then a poten-
tially treatable condition is being overlooked.

The sonographic differences between fibroids and ade-
nomyosis are important to remember and are summarized
in Table 3–2.

Treatment is ultimately by hysterectomy or menopause
because it naturally regresses after menopause with the
lack of estrogen. It may be reactivated with hormone
replacement therapy and tamoxifen therapy for breast

cancer. Antiinflammatory agents such as Naprosin have
been found to be very useful in decreasing the pain and
tenderness and even the menorrhagia. The use of GnRH
agonists such as danazol and Lupron Depot (TAP Pharma-
ceutical Products Inc., Lake Forest, Illinois) are being used
successfully with low doses relieving the symptoms. They
are generally used only for 6 months at a time. The Mirena
IUCD (Berlex, Wayne, New Jersey) has levo-norgesterol
imbedded into the shaft of the device. This is released
slowly over 3 months and acts locally. It has been reported
that there is relief of symptoms due to atrophy of the ec-
topic endometrial glands and stroma. This may be the best
therapeutic approach inasmuch as all of the medication is
delivered locally, with little or no systemic effects.

Chemotherapy has generally not been successful and
oral contraceptives tend to accentuate the pain or bleeding.

Dysfunctional Uterine Bleeding

This is defined as the absence of an identifiable pathology
and is a diagnosis of exclusion. The endometrium likely
outgrows its blood supply and is sloughed in an irregular
manner. It occurs more commonly in adolescents and per-
imenopausal women. A higher than normal dose of oral
contraceptives is commonly used for three to six cycles.

Hypomenorrhea

Decreased volume or duration of menstrual flow may be
normal in women on oral contraceptives. A mechanical
obstruction such as an imperforate hymen or cervical steno-
sis may occur, although rarely in the premenopausal female.

Metrorrhagia

Intermenstrual bleeding occurs any time between normal
menstrual periods. The most common cause is spotting as-
sociated with ovulation, which can be documented with a
rise in basal body temperature. Endometrial polyps are the
next most common cause, followed by carcinoma of the
endometrium or cervix.

Endometrial Polyps

These are protruding stromal cores with mucosal surfaces
projecting into the endometrial canal. Histologically they
are of two types: (1) functional endometrium that mimics
the adjacent endometrium in its cyclic changes and (2) hy-
perplastic endometrium, which is the most common. They
respond to the growth effects of estrogen, but do not
regress with progesterone. They may be sessile or polypoid
on a stalk. These are common at all ages, but increase in
frequency after 50 years of age. They may be single or mul-
tiple and generally measure 0.5 to 3.0 cm in diameter. Most
arise in the fundus and project downward. Adenocarci-
noma rarely develops in a polyp.

3 Abnormal Premenopausal Vaginal Bleeding 29

Table 3–1 Sensitivity of Detection of Adenomyosis by
Endovaginal Ultrasound and Magnetic Resonance Imaging

Sensitivity Specificity PPV NPV

Endovaginal 89 89 71 96
ultrasound (%) 

Magnetic 86 86 65 95
resonance 
imaging (%)

Table 3–2 Sonographic Characteristics of Uterine Fibroids 
and Adenomyosis

Fibroids Adenomyosis

Often in nulliparous women Usually multiparous

Discrete mass Ill defined

Hypoechoic periphery Asymmetric myometrial 
thickening

Hypo-, iso-, or hyperechoic Mixed echogenicity

Cysts are uncommon Small cysts are common

Vessels peripheral Vessels usually central

Diffuse shadowing Streaky shadowing

Nontender on palpation Focal tenderness on palpation

Calcify late or after pregnancy Don’t calcify
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� Distention of the endometrial canal by the mass.

� Cyst or cysts in the endometrium. These are most often
within a polyp.

� A prominent artery or feeding vessel on color Doppler.
The vessel is less apparent and may be absent in post-
menopausal women.

� An echogenic line seen on the anterior and posterior
surfaces, representing the interface between the mass
and the endometrial surface. The line will be seen only
on one side if there is a broad-based polypoid mass.

� The moving mass. One can or should record a cine clip
of the mass with the vaginal probe held steady in the
sagittal plane of the uterus for 10 seconds. When the
clip is played back at high speed, you can “see” the
mass move within the endometrial canal in response
to myometrial contractions.

� Nothing at all. Occasionally the mass may not be ap-
parent on the sonogram.

Hysterosonography or fluid installation into the en-
dometrial canal is helpful and usually diagnostic. This will
detect even small polyps that are virtually invisible by other
sonographic studies. The following is a saline hystero-
sonography technique that I use.

1. Informed consent is obtained prior to beginning the
procedure.

2. I use a disposable plastic speculum with a light source
incorporated into the handle.

3. The cervix is cleaned using a sterile forceps and 4 � 4
gauze pads soaked in an iodine-based solution such as
Povidone. I then wipe the cervix with clean gauze to
remove any excess iodine solution.

The endovaginal scan is the most effective noninva-
sive method of assessment, but must be performed only
in the first half of the cycle (before day 7), when the en-
dometrium is thin and hypoechoic. Scans done in the se-
cretory phase or the second half of the cycle are seldom
if ever diagnostic. The endometrium is normally thick
and echogenic and often has polypoid changes, which
will be sloughed during menstruation. The secretory en-
dometrium is echogenic and often masks the presence of
a true polyp. Some patients have continuous bleeding
and may not have a well-defined menstrual flow. The
best approach is for the gynecologist to induce a period
medically with a course of progesterone, followed by
sonographic assessment 5 to 7 days after the onset of
bleeding.

Polyps within the endocervical canal can be confused
with normal changes in the endocervix. Small polyps may
be seen, whereas others are overlooked due to an inade-
quate assessment of the endocervical canal. If the endovagi-
nal probe is too close to the cervix or is on the lower uterine
segment, a large polyp may be overlooked, particularly if it
is protruding through the cervical os, where it is obvious to
the clinician during a speculum examination. The sonogra-
pher has to be aware that large polyps can be missed and
that the endocervical canal must be examined in cases
where no other cause for the vaginal bleeding has been
demonstrated.

The diagnosis can be made sonographically. The trans-
vesical examination is least sensitive. Endovaginal features
include:
� An oblong echogenic mass occasionally with fluid

around it. It is best visualized in the first half of the
menstrual cycle, the secretory phase when the en-
dometrium is less echogenic (Fig. 3–11, Fig. 3–12).
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Figure 3–11 Endometrial polyp in a woman at midcycle presenting with spotting. (A) A sagittal scan showing an echogenic mass (calipers) in the
endometrial canal. This patient is (B) A color Doppler scan showing the prominent feeding artery.
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4. Under direct visualization, I use a second sterile long
forceps to grasp a 5 French Ackrad catheter (Cooper-
Surgical, Inc., Trumbull, Connecticut) ~2 cm from
the tip. The catheter is introduced through the external
cervical os and pushed up into the canal near the -
fundus. The balloon is then filled with ~2 mL of sterile
saline once the catheter is clearly in the endometrial
canal. Pull the catheter back to the lower segment.
Some practitioners use a catheter without a balloon tip,
which I personally have not found to be helpful in that
there is often inadequate filling of the endometrial
canal. The balloon-tipped catheters are more expensive
than the others, which may be a consideration.

5. Sterile saline is instilled into the canal to provide
some distension. One has to evaluate the amount of
fluid to instill based on adequacy of visualizing the
endometrial canal and the amount of discomfort that
the patient is experiencing. Endometrial cavity disten-
sion is often better tolerated by multiparous than nul-
liparous women. Distension may be difficult in uteri
with multiple fibroids or extensive adenomyosis,
which makes the uterus semirigid.

6. Recording of the scan can be done in several ways.
One may note the findings during the procedure and
take only a few representative images. Recording cine
sweeps in the sagittal and transverse planes is helpful
for later review. We use a three-dimensional (3-D)
scanner to acquire a volume dataset that can be re-
viewed later with possibly the best postprocedure vi-
sualization of the canal.

7. The polyp is measured in two planes and the location
and size of the site of attachment are noted.

8. After assessing the fundal and body portions of the
endometrial canal, I deflate the balloon, instill more
fluid, and examine the endometrial canal in the lower
segment and cervix.

9. The catheter is removed and discarded together with
the plastic speculum and light holder.

10. The patient is observed in the waiting room for pain
or vasovagal attacks. Some patients will require some
medication for cramps, the best being an antiprosta-
glandins medication such as Advil (ibuprofen).

Hysteroscopy is also an excellent method of visualiza-
tion and diagnosis. It is being used more frequently, partic-
ularly in the office and in place of radiographic hystero-
salpingography.

Some polyps may be shed during the menstrual flow,
especially if they are small within the endometrium.
These may be seen as small, echogenic masses that spon-
taneously disappear at follow-up sonogram 1 month
later.

Treatment may be by dilation and curettage (D&C),
with a special Overstreet polyp forceps or, more commonly
now, direct visualization and removal during hysteroscopy.

Polymenorrhea

This is bleeding that occurs too frequently and is usually
associated with anovulation.

Menometrorrhagia

This is bleeding at irregular intervals in varying amounts. It
may be due to various causes whose symptoms include
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Figure 3–12 Endometrial polyp in a 48-year-old with heavy metror-
rhagia. (A) The echogenic polyp (arrow) is visible in the endometrial
canal but could not be appreciated 3 months earlier. (B) A hys-

terosonogram was done to outline the mass and shows it to be
attached to the fundal portion of the cavity.

A B
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� Heterotopic pregnancy

To differentiate these, the ultrasound study, and in par-
ticular, an endovaginal exam, is almost 100% diagnos-
tic. The recognition of an intrauterine sac alone or with
a yolk sac confirms an intrauterine gestation. It does
not guarantee the “viability” of the gestation (i.e.,
whether the pregnancy will go to term). It does, how-
ever, rule out an ectopic in all but one of 6000 cases of
“heterotopic” gestation will occur. Heterotopic preg-
nancies regnancies are much more common in cases
of assisted reproduction, especially in vitro fertilization
and embryo transfer, where the incidence can be as
high as 1%.10 This information must be part of the his-
tory taking for the imaging specialist because the in-
formation may fail to be transmitted or appreciated if
the patient presents to the emergency room.

The patient history is a vital part of the imaging exam,
particularly an ultrasound exam, where the studies rely so
heavily on the individual performing it. In fact, if the sono-
grapher fails to document the key diagnostic images, then
the interpreting physician may not be able to make the
correct interpretation.

Intrauterine Gestation

Normal

First-trimester bleeding is one of the most common obstet-
rical complications, occurring in 15 to 25% of all pregnan-
cies.11 Even in a normal pregnancy, spotting can occur from
bleeding at the implantation site 6 days after fertilization
and last until 29 to 35 days after the last normal period.

Sonographically, a pregnancy presenting with bleeding
can have an entirely normal-looking gestational sac, yolk
sac, and embryo (Fig. 3–13).

intermenstrual bleeding (e.g., polyps and carcinoma). The
complications of pregnancy may also present this way.

Oligomenorrhea

Oligomenorrhea menses that occur more than 35 days
apart are infrequent. The causes are generally systemic
(like excessive weight loss) or endocrine (pregnancy,
menopause, or estrogen-secreting tumors).

Contact Bleeding

Contact bleeding most commonly presents with a history
of postcoital spotting. Although cervical cancer can be a
cause, it is most commonly secondary to infection, vaginal
or cervical.

Causes of Nonmenstrual Bleeding

Discussion of the specific disease entities that cause non-
menstrual bleeding occurs elsewhere in this chapter or in
chapter 6 on postmenopausal bleeding. A list of possible
causes based on the site of the bleeding follows.
� Vulva and vagina

Atrophic vaginitis, vulvitis, trauma, infection (Tricho-
monas, Chlamydia), cancer (uncommon in this age
group).

� Cervix

Polyps, cancer, and pedunculated fibroids.
� Uterus

Endometritis particularly after instrumentation (D&C),
hyperplasia, cancer, polyps, adenomyosis, submucous
fibroids, oral contraceptives, IUCDs.

� Fallopian tubes

Salpingitis, tumors, ectopic pregnancy.
� Ovaries

Estrogen-producing tumors, other cancers, functional
ovarian cysts.

� Systemic, nongynecologic causes of bleeding

Hypothyroidism; liver disease, which interferes with
estrogen metabolism; blood dyscrasias or coagu-
lopathies; administration of anticoagulants or steroids.

Bleeding in the Pregnant Patient

Many people recommend the routine use of ultrasound in
early pregnancy. The differential diagnosis of bleeding in
the first trimester includes:
� Intrauterine gestation (normal, normal with a sub-

chorionic bleed, early failure)

� Extrauterine gestation (ectopic pregnancy)

Ultrasonography in Obstetrics and Gynecology32

Figure 3–13 Normal intrauterine gestation 7 weeks menstrual age.
The patient presented with spotting but went on to a full-term deliv-
ery. The fetus can be seen with the amniotic membrane surrounding
it and the yolk sac anterior to it.
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Normal with a Subchorionic Hemorrhage

Subchorionic hemorrhage can be seen in a pregnancy that
continues to term, but there is an increased risk of preg-
nancy failure depending on the size of the bleed (Fig.
3–14). Not all patients with a subchorionic hemorrhage
will present with bleeding. If near the internal os, the sub-
chorionic hemorrhage is more likely to be associated with
vaginal bleeding than if it is near the fundus and remains
concealed.

Sonographically, there may be a small fluid collection
beneath the membranes that is the cause of the vaginal
bleeding. The collection of blood can look echogenic ini-
tially, become echo-free, and may then disappear as the
blood is reabsorbed (Fig. 3–15).

This is also discussed later in relation to early preg-
nancy failure.

Figure 3–14 Normal intrauterine gestation 7 weeks menstrual age,
with a small echogenic subchorionic hemorrhage (arrow). The preg-
nancy carried on to term.

Figure 3–15 Subchorionic hemorrhage. Midsagittal scans of
a 12.5, 14, and 17.5 week pregnancy. (A) Demonstrates a pos-
terior placenta with an echogenic area (arrow) in the lower
uterine segment anteriorly. This is a recent subchorionic
bleed. (B) The amnion and chorionic membranes are elevated
but the space (arrow) is now echo-free. This is liquefied blood.
(C) This scan at 17.5 weeks shows that in the anterior lower
uterine segment, the subchorionic bleed is now gone.
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Immunologic Disorders—Antisperm or Anticonception
antibodies

� Antiphospholipid antibodies (APAs)

� Anticardiolipin antibodies
The role of APAs and anticardiolipin antibodies is a
matter of some debate. In 238 women, Simpson et al16

found that, these antibodies were present before and at
21 days of gestation, the time of implantation. They
found no increase in the levels when comparing women
who delivered normally with those who had single or
recurrent abortions.

� Lupus anticoagulant

� Thyroid-thyroglobulin and microsomal antibodies (TGT)

� Embryotoxic factor (ETA)

� Natural killer cells-systemic CD56 and CD16 cell

� Deficiency in transforming growth factor �-2 produc-
ing suppressor cells in uterine tissue near the placental
attachment site

� Uterine defects that affect implantation—scarring, my-
omata,17 congenitally small or distorted cavity caused
by a uterine septum18

� Unknown

First-Trimester Pregnancy Loss Without Bleeding

Goldstein19 studied 232 first-trimester private practice pa-
tients with an endovaginal scan at the first visit to deter-
mine the incidence of pregnancy loss. All patients had a
positive urinary pregnancy test and no history of vaginal
bleeding. All patients were followed to delivery or sponta-
neous abortion. In the embryonic period (i.e., 70 days from
last menstrual period), 27 (11.5%) losses occurred and 4
(1.7%) losses in the fetal period. Specifically, the losses dur-
ing the first 10 weeks can be further broken down based on
what was visible sonographically by endovaginal scanning
(Table 3–3). With each landmark, there was a reduction in

Early Failure

Bleeding is also the hallmark of the abnormal pregnancy,
occurring in most cases of early pregnancy failure. Approx-
imately half of the women who bleed in early pregnancy
will ultimately abort. In almost 40% of patients, a failed
early pregnancy will be diagnosed by the initial ultrasound
examination.12

Bleeding alone has a better prognosis than bleeding
with pain and cramps. The pain of abortion may simulate
that of labor, being anterior and rhythmic. It may, however,
be only an ache or simulate low back pain.

The treatment of non-life threatening bleeding in early
pregnancy is mostly expectant. The physical exam will rule
out local, more superficial causes. An ultrasound examina-
tion will identify the site and size of the gestation and may
indicate the likelihood for a successful outcome. In the
otherwise uncomplicated gestation with bleeding, bed
rest and occasionally intramuscular injections of proges-
terone are used. The scientific efficacy for the use of syn-
thetic progestational agents is not strong.

The etiology of first-trimester pregnancy loss is still
not fully understood. There is a multitude of known and
suspected causes. The spontaneous failure rate is ~75%
of all pregnancies. About 15% of fertilized ova fail to di-
vide, 15% are lost prior to implantation, 30% during im-
plantation, 13 to 16% after implantation and before the
first missed period,13 and 9 to 10% following the first
missed period. Multiple authors have found a postim-
plantation failure rate of 18 to 31%. The higher numbers
may reflect the use of a more sensitive pregnancy test to
detect a greater number of preclinical losses, which oth-
erwise had a following implantation and spontaneous
abortion.

Causes of First-Trimester Pregnancy Loss

Fetal (70%)

� Nonrecurring chromosomal abnormalities are the most
common cause. X monosomy or trisomy may be seen
due to errors at the time of gonadogenesis during
meiosis. Triploidy may occur during fertilization, with
two sperm entering the egg. Tetraploidy or mosaics
will occur during the first division of the zygote.

� Abnormal placental formation.

Maternal (30%)

� Maternal age over 35 years.14

� Paternal age over 35 years.

� Systemic influences—insulin-dependent diabetes,
smoking, alcohol consumption.

� Luteal phase defect or corpus luteum failure.15

Ultrasonography in Obstetrics and Gynecology34

Table 3–3 First-Trimester Pregnancy Loss in Private Patients
without Bleeding19

Sonographically Visible Loss Rate (%)

Gestational sac 11.5

Yolk sac 8.5

Embryo � 5 mm CRL 7.2

Embryo 6–10 mm CRL 3.3

Embryo � 10 mm CRL 0.5

From 8.5 to 14 weeks 0

Fetal period 14 to 20 weeks 2.0

Abbreviations: CRL, Crown rump length.
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the loss rate. Once an embryo had achieved a crown-rump
length (CRL) of greater than 6 mm or 7 weeks menstrual
age (MA), the loss rate until term was between 0 and 3%.

First-Trimester Pregnancy Loss with Bleeding

In the world of the primary care physician, bleeding in
early pregnancy is still defined in terms of the amount of
bleeding, passage of tissue, size of the uterus, and whether
the external cervical os is open. Nonetheless, it is impor-
tant for the sonologist to understand the traditional defini-
tions and classification. Remember that these designations
are used only prior to the sonographic evaluation.

Clinical Classification of First-Trimester Bleeding and
Potential Pregnancy Loss20

Spontaneous abortion—Termination of a pregnancy prior
to the 20th week gestation or 139 days. Spontaneous
abortion implies the expulsion of any or all of the
products of conception.

Complete abortion—Expulsion of all of the products of
conception before the 20th week of gestation.

Incomplete abortion—The expulsion of only some of the
products of conception up to the 20th week.

Threatened abortion—Uterine bleeding before the 20th
week, with or without uterine contractions, or expul-
sion of products of conception and without dilatation
of the cervix.

Inevitable abortion—Uterine bleeding before the 20th
week of gestation with continuous and progressive
cervical dilatation and without expulsion of products
of conception.

Missed abortion—The embryo or fetus dies in utero
before the 20th week and is retained for 8 weeks or
more.

Subclinical spontaneous abortion—The pregnancy is
aborted or resorbed before it has been recognized. The
incidence is ~16% in the normal fertile population.

Infected abortion—Abortion associated with infection of
the genital organs.

Septic abortion—An infected abortion with generalized
spread through the maternal circulation.

Studies of Pregnancy Loss with Bleeding
In 1987, Stabile et al12 reported on 624 women referred to an
emergency gynecological clinic with a provisional diagnosis
of threatened abortion. They all had a history of amenor-
rhea and vaginal bleeding, with or without pain. No preg-
nancy was present in 25% (158/624), with the most com-
mon causes of bleeding being follicular/luteal cyst (32)
and pelvic inflammatory disease (26). Ectopic pregnancy
was diagnosed in 9.6% (60/624). The remaining 406 patients
were pregnant and of these, 61.5% (250/406) presented be-
tween 7 and 10 weeks. All women underwent a transab-
dominal ultrasound study through a full urinary bladder

with a 3.5 MHz transducer. The clinical outcome resulted
in 55.9% live births and 44.1% failed pregnancies, a signifi-
cantly higher proportion than the 11.5% abortion rate of
nonbleeding patients in the Goldstein19 study (Table 3–4).

If one discounts the patients who had a subsequent
abortion (therapeutic or spontaneous), then 36% (146/406)
of patients with a threatened miscarriage had a nonviable
pregnancy (i.e., no live fetus) diagnosed at first presenta-
tion by transabdominal ultrasound. This study since its
publication is 13 years old and does not include studies in-
vestigated with the more sensitive endovaginal technique.

Falco et al21 prospectively studied a group of 270 patients
with transvaginal ultrasound between 5 and 12 weeks ges-
tation with first-trimester bleeding. Forty-five percent were
excluded, revealing a nonviable pregnancy, a sac without an
embryo, or multiple gestation. The exact numbers of each
were not recorded. Of the 149 remaining patients with
demonstrable fetal cardiac activity, 15% (23/149) patients
aborted. They predicted the probability of abortion based
on the following abnormal sonographic findings:
� Slow embryonic heart rate (less than �1.2 SD from the

mean).

� This varied with CRL from 90 bpm at 10 mm to 120
bpm at 30 mm and was the best criterion. This sign
was not very sensitive (0.30), but when present was
highly specific (0.93).

� Mean gestational sac diameter minus crown rump
length less than �0.5 SD of the mean.

� Small sac size was the next most important finding, al-
though it was seldom present (sensitivity of 0.39 and
specificity of 0.88). A difference of less than 5 mm was
associated with pregnancy failure in 80 to 90% of cases.22

A discrepancy of 5 to 8 mm also had an increased risk.

� Discrepancy between menstrual and sonographic age
of � 1 week due to slow embryonic growth.

� Subchorionic hematoma was seen in 17% of cases,
equally common in continuing and aborted pregnan-
cies, but of no value in predicting outcome.
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Table 3–4 Clinical Outcome of 406 Pregnant Patients with
Bleeding12

Results Number Percent Ultrasound

Normal pregnancy 227 55.9 Live fetus

Anembryonic pregnancy 67 16.5

Incomplete abortion 41 10.1

Missed abortion 34 8.4

Therapeutic abortion 26 6.4 Live fetus

Spontaneous abortion 6 1.5 Live fetus

Complete abortion 4 1.0

Molar pregnancy 1 0.2
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increased risk of preterm delivery between 34 and 37
weeks (5.6 vs. 11.9%), and increased prelabor rupture of
membranes (1.9 vs. 7%).

The rate of spontaneous abortion in the studies of women
with and without bleeding is summarized in Table 3–5.

Sonographic Findings of Early Pregnancy Failure

1. Small gestational sac size before 9 weeks; associated
with triploidy and trisomy 16.27

2. 3-D sac volume that is smaller than expected.28

3. No embryonic cardiac activity, with a CRL � 5 mm.29

4. Embryonic bradycardia relative to CRL.30

There is a 100% loss rate if: (a) the CRL is � 5 mm and
the rate is � 80 bpm, (b) the CRL is 5 to 9 mm and the
rate is � 100 bpm, or (c) the CRL is 10 to 15 mm and
the rate is � 110 bpm.

5. Gestational sac larger than 8 mm without a yolk sac.
6. Gestational sac larger than 16 mm without an embryo.
7. Mean sac diameter minus CRL is less than 5 mm (Fig.

3–16).
8. CRL that is smaller than expected.31

9. Poor sac growth.
The sac grows normally at a rate of 1 mm mean sac
diameter per day. If the patient is followed for 4 to 
7 days and the sac fails to grow appropriately, a failed
pregnancy will most likely result.

10. Large yolk sac (� 5.6 mm prior to 10 weeks).
11. Abnormally large or floppy amniotic sac.32

The description of a failed pregnancy based on the ul-
trasound examination should be more descriptive than has
been customary in the past. I favor the term early preg-
nancy failure to describe when there is an intrauterine ges-
tational sac but no clearly visible embryo, although there
may be a yolk sac and even an amniotic sac present. This
term is much more appropriate than the conventional
terms of blighted ovum or missed abortion.

If an embryo is present having a CRL � 5 mm, but with
no demonstrable cardiac activity, then I refer to it as an
early embryonic demise. In the second trimester, this
would, by definition, be called a fetal demise.

The routine use of ultrasound in early pregnancy has
helped clinicians manage cases of bleeding in early

Bennett et al23 found that the presence of a subchorionic
bleed was associated with a higher incidence of pregnancy
failure. In a retrospective study of 516 first-trimester pa-
tients with bleeding, a live fetus, and a subchorionic
hematoma, they found a loss rate of 18.8% for a large
hematoma involving two thirds of the chorionic sac. This
was double their overall loss rate of 9.3%. Pandya et al24

supported this association in a screening study, finding a
pregnancy failure rate with bleeding of 5.1% with spotting,
and 10.5% with heavy bleeding. The risk of spontaneous
abortion was increased by 2.3 times when spotting oc-
cured, and 4.7 times when there was heavy bleeding.

In a screening study of 17,870 women between 10 and
13 weeks gestation, Pandya et al24 found the early preg-
nancy failure rate in London, England, to be 2.8%. Of the
501 cases, 313 (62.5%) were missed abortions with a dead
embryo visible and 188 (37.5%) were anembryonic with an
empty sac. These were patients invited to participate in a
study of fetal nuchal fold thickness and included patients
with and without bleeding. A transabdominal study was
routinely done and if no fetal heart was detected then a
transvaginal exam was performed. The risk of sponta-
neous abortion, compared with the normal group, was in-
creased with vaginal bleeding and maternal age over 40
years (2.48 times). The risk was not significantly affected
by previous pregnancy loss or smoking, and decreased
with increasing gestational age. The latter association (i.e.,
gestational age) is understandable if one remembers that
there is a high reported incidence (45 to 70%) of chromo-
somal abnormalities, most commonly autosomal tri-
somies in miscarriages. The lethal forms will abort early in
pregnancy, giving a decreased rate of failure later in the
first trimester.

Ball et al25 found an increased risk of miscarriage (odds
ratio 2.8, 95% confidence interval 1.7 to 7.4), stillbirth (4.5,
1.5 to 13.2), abruptio placentae (11.2, 2.7 to 46.4), and
preterm labor (2.6, 1.5 to 4.6), when cases were compared
with controls without subchorionic hemorrhage or bleed-
ing. It is important to remember that bleeding alone in
early pregnancy increases the risk of miscarriage.

In a prospective, cohort-controlled study of 214 women
presenting with first-trimester bleeding, Johns and Jauni-
aux26 found a first-trimester miscarriage rate of 9.3%, an
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Table 3–5 Summary of the Rates of Spontaneous Abortion in Women with and without Bleeding

Author Gestational Age (Weeks) Number Indication Abortion Rate (%)

Goldstein (1994)19 5–10 232 Routine 11.5

Pandya et al (1996)24 10–13 17,870 Routine 2.8

Stabile et al (1987)12 5–16 624 Bleeding 45.0

Falco et al (1996)21 5–12 270 Bleeding 51.5

Falco et al (1996)21 5–12 149 Bleeding � live fetus 15.0

Pandya et al (1996)24 10–13 17,870 Bleeding 15.6

Johns, Jauniaux (2006)26 7–13 214 Bleeding 9.3
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pregnancy, but the pregnancy outcome is difficult to pre-
dict accurately and requires careful counseling and timely
followup.33 Most women will opt for conservative manage-
ment of an early pregnancy failure.

Extrauterine Gestation 
(Ectopic Pregnancy)

Abnormal uterine bleeding occurs in 75% of ectopics and is
due to involution of the endometrium and sloughing of the
decidua. It may be associated with pain and the presence
of an adnexal mass. The pregnancy test is not always avail-
able to the sonologist at the time of the study and, when
available, is not always helpful or positive.

The sonographic signs of an ectopic pregnancy are:

1. An empty, nongravid uterus
2. A live embryo in the adnexa
3. An adnexal mass with a tubal ring (gestational sac) 

� yolk sac
4. An adnexal mass with no definite tubal ring

5. Echogenic free fluid
6. Decidual cyst (Ackerman et al34)

The utility of the various signs is listed in Table 3–6,
which shows the sensitivity, specificity, negative predictive
value (NPV), and positive predictive value (PPV) of each.
The data have been derived principally from two authors.34

Heterotopic Pregnancy

The heterotopic gestation with an intrauterine and ex-
trauterine pregnancy is uncommon, with a rate of one per
6000 pregnancies. In our laboratory, we can expect to see
one case a year. The incidence increases to 1% in cases of in
vitro fertilization and embryo transfer.

A heterotopic gestation is difficult to recognize because
one seldom has an increased level of suspicion. An ec-
topic, on the other hand, presents with a positive preg-
nancy test and an empty uterus, so there must be a preg-
nancy somewhere. The ectopic sac may be difficult to
visualize if it is very early and small, or if it is within a he-
morrhagic mass. In a Danish survey of 13 cases, five were
diagnosed by ultrasound at 6- to 9-weeks gestation and
eight were diagnosed at surgery for acute abdominal pain.
Of all of the cases, four (30%) presented with vaginal
bleeding. Ten (77%) of these cases ended satisfactorily in a
term pregnancy.

The overall incidence of bleeding is hard to determine
because the literature contains mostly case reports.

Summary

Bleeding during the reproductive years can pose a
dilemma for the imaging specialist. Most often the patient
has already been assigned to a pregnant or nonpregnant
category. It is then up to the imaging team to detect the ex-
act cause of the bleeding using ultrasound as the primary
diagnostic modality because it is still the least invasive and
most informative in this situation.
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Figure 3–16 Scan of a 7-week gestation with a normal-sized embryo,
but a small mean gestational sac diameter. The yolk sac is also larger
than normal. There was cardiac activity that ceased 1 week later.

Table 3–6 Sensitivity and Specificity of Sonographic Criteria for Ectopic Pregnancy

Sonographic Criterion for Ectopic Pregnancy35 Sensitivity Specificity PPV NPV

Adnexal embryo with heartbeat 20.1 100 100 78.5

Adnexal mass with yolk sac or embryo 36.1 100 100 82.2

Adnexal mass with tubal ring 64.6 99.5 97.8 89.1

Any adnexal mass, not a simple cyst 84.4 98.9 96.3 94.8

Decidual cyst (from Ackerman et al34) 21 92 80 42

Abbreviations: PPV, positive predictive valve; NPV, negative predictive valve.
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Infertility is defined as the absence of one term birth after
1 year of unprotected intercourse. It affects ∼20% of
women up to the age of 44 years. Age is an extremely im-
portant variable because maximum fertility occurs early
and declines steadily.1 The diagnosis and management of
the infertile couple has become increasingly important, as
reproductive endocrinologists all over the world assist
patients who are attempting to conceive. Transvaginal
sonography (TVS) is a cornerstone in diagnosis and treat-
ment because it provides very detailed and reproducible
imaging of the female pelvis. The use of ultrasound in the
management of infertility can be divided into three main
categories: (1) diagnosis, (2) monitoring of treatment, and
(3) evaluation of early pregnancy.

Diagnosis

Sonography is an important component of the initial eval-
uation of women with impaired fertility. Initial evaluation
of each patient should begin with a brief transabdominal
image of the pelvis to evaluate for an enlarged uterus or
large masses that may extend beyond the reach (penetra-
tion) of the high-frequency transvaginal probe. The pres-
ence of two normal-appearing kidneys should be con-
firmed in all patients. The pelvic examination then
continues via the transvaginal approach. The uterus,
ovaries, and fallopian tubes are evaluated carefully with

transvaginal sonography for congenital anomalies and
pathological entities. The presence of free intraperitoneal
fluid can be noted. Because standard transvaginal probe
covers and sonographic gel have both been shown to be
embryotoxic,2 nonsterile clear plastic bags should be used
to cover the transvaginal transducer, and water should be
used as a lubricant in this patient population.

Evaluation of the Uterus

The uterus is imaged in longitudinal and coronal planes.
Particular care should be taken to include the entire fun-
dus and full length of the cervix. The normal uterine shape
is somewhat oval, with a rounded fundus. Often the initial
workup of the infertility patient begins with hysterosal-
pingography for tubal patency evaluation, and uterine
anomalies are identified at that time. In other patients, ul-
trasound is the initial imaging choice, and it has been shown
to be highly accurate in the evaluation of infertility.3,4 Con-
genital uterine malformations (lateral fusion defects) such
as a didelphys or a bicornuate or septate uterus can be iden-
tified at transvaginal sonography5 (Fig. 4–1A). In the coro-
nal plane, the endometrial stripe is followed from the

Infertility
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Figure 4–1 Uterine anomaly. (A) Transvaginal coronal image of a
complete septate uterus. Two separate echogenic endometrial cavi-
ties are seen, separated by hypoechoic myometrium. (B) Transvaginal
three-dimensional coronal reconstructed image of a complete

septate uterus [same patient as (A)]. The echogenic endometrial
canal is divided into two components. The hypoechoic septum is seen
to extend through the cervical canal.

A B
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shape of the cavity or cavities compared with other phases
of the cycle. If transvaginal sonography with the addition
of 3-D imaging is not definitive, magnetic resonance imag-
ing (MRI), hysterosalpingography, or even laparoscopic
evaluation may be required.

Pathology of the myometrium, such as the presence of
leiomyomata, can be readily identified with ultrasound
(Fig. 4–2). Fibroids demonstrate a typical circumferential
swirling pattern with usually well-defined borders at
sonography. Characteristic shadowing from the fibroid
further confirms the diagnosis.7 Most importantly for the
infertility patient, the location of the fibroids in relation
to the endometrial cavity, lower uterine segment, or uter-
ine fundus should be evaluated. Myomata impinging into
the endometrial cavity appear to be of clinical signifi-
cance with respect to infertility and should be carefully
excluded during the preliminary workup of the infertile
patient. Submucosal fibroids interfere with implantation8

and are associated with an increased rate of first
trimester pregnancy loss. In some studies, in vitro fertil-
ization (IVF) pregnancy success rates are lower in pa-
tients with intramural fibroids as small as 2 to 3 cm in di-
ameter,8,9 and lower in patients with any fibroid that
distorts the endometrial stripe.8,10 Resection of these fi-
broids appears to enhance fertility.11 However, some stud-
ies show no difference in implantation rates or ongoing
pregnancy rates in the presence of fibroids12,13 and no im-
provement in fertility success after myomectomy.14

Therefore, the management of fibroids in infertility pa-
tients remains controversial.

The endometrium is evaluated in both planes, with thick-
ness measured on the sagittal long-axis view (Fig. 4–3A).

cervix to the fundus, and if the stripe bifurcates into sepa-
rate left- and right-sided structures, an anomaly may be
suspected. This can range from the normal variant arcuate
uterus to the extreme of complete uterus didelphys. The
thickness of the fundus and overall uterine shape can help
the imager determine which anomaly may be present. In
addition, three-dimensional (3-D) sonography can be used
to particular advantage in the evaluation of uterine anom-
alies6 (Fig. 4–1B). Some imagers may find it useful to per-
form TVS for suspected uterine anomalies during the se-
cretory phase of the cycle because the hyperechoic
endometrium may allow improved delineation of the
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Figure 4–2 Transvaginal coronal image of a fibroid (calipers) shows
a typical circumferential swirling pattern with well-defined borders.
This fibroid is submucosal in location.

Figure 4–3 Various endometrial appearances. (A) Sagittal trans-
vaginal image of the uterus shows a linear endometrium measuring
less than 2 mm (calipers). (B) Sagittal transvaginal image of a uterus

with a multilayered endometrium (calipers) during the proliferative
phase of the menstrual cycle.

A B

14495OB_C04_pgs.qxd  8/16/07  1:47 PM  Page 40



If fluid is found in the uterine cavity, the measurement
should exclude the fluid interface. The endometrium in-
creases in thickness throughout the follicular phase in re-
sponse to rising serum estrogen concentrations. In the first
days of the menstrual cycle, the endometrial stripe is lin-
ear and echogenic, typically < 5 mm. In the days preceding
ovulation, a trilaminar pattern is apparent (Fig. 4–3B).
During the luteal phase of the menstrual cycle, high serum
progesterone levels cause the endometrium to transform
into a secretory histological pattern, characterized by in-
creased echogenicity and thickness and loss of the trilami-
nar pattern. Irregularities or deformities of the endome-
trial stripe suggest intracavitary lesions such as
endometrial polyps or submucosal myomata (Fig. 4–4).
These are typically resected prior to the initiation of fertil-
ity treatment because their removal appears to increase
pregnancy rates.11 Treatment of other potential sources of
endometrial pathology such as squamous metaplasia or
retained bony fragments can improve fertility as well.15 If
additional evaluation of the endometrium for filling de-
fects is required, sonohysterography may be useful16,17

(Fig. 4–5). Sonohysterography is best performed in the
early proliferative phase of a woman’s menstrual cycle
when the endometrium is thin.

One area of ongoing investigation is the evaluation
of blood flow to both uterus and ovaries. Using color,
pulsed, and power Doppler, occasionally together with
3-D imaging, researchers have found that patients
suffering from infertility have less flow to the endo-
metrium and subendometrium during the early luteal
phase than control patients.18–20 In addition, among
patients treated for infertility, those with higher blood
flow rates in the uterine arteries and intraovarian vessels
have more successful pregnancies than the group with
less flow.21

Evaluation of the Fallopian Tubes

Under normal circumstances, the fallopian tube cannot
be visualized with ultrasound. However, in a pathological
state, the fallopian tube is readily identifiable. The ultra-
sonographic finding of fluid in a tubular-shaped adnexal
structure suggests the presence of a hydrosalpinx
(Fig. 4–6). The accurate identification of a hydrosalpinx
is very important because its presence signifies a non-
patent tube, which will influence the choice of infertility
treatment. Additionally, the presence of a hydrosalpinx
decreases the success rate of in vitro fertilization and in-
creases the risk of ectopic pregnancy, and toxins in the
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Figure 4–4 Sagittal transvaginal image of a multilayered en-
dometrium with a focal echogenic lesion at the fundus consistent
with a polyp.

Figure 4–5 Coronal transvaginal image from a sonohysterogram.
An echogenic polyp projects from the left uterine wall into the saline-
filled endometrial cavity.

Figure 4–6 Coronal transvaginal image of a tubular fluid-filled struc-
ture adjacent to the uterus consistent with a hydrosalpinx. The fluid is
nearly anechoic, with a barely perceptible wall.
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At the time of ovulation, the dominant follicle ruptures
and subsequently collapses. A small amount of free fluid
can be seen at TVS following ovulation, and there is typi-
cally some bleeding into the center of the follicle. The wall
of the follicle thickens and the cells begin to secrete pro-
gesterone as the cyst transitions from dominant follicle
into the corpus luteum. At TVS, the corpus luteum has the
characteristic appearance of a thick-walled cyst with a
central cobweb appearance, ranging in size from 1.5 to
3 cm, with an intense vascular ring at color Doppler sonog-
raphy (Fig. 4–8).

During the initial evaluation of the infertile woman,
TVS may frequently identify abnormalities of the ovary.
Most often, these prove to be functional follicular or cor-
pus luteum cysts, but other pathology, such as endometri-

fluid that fill a blocked fallopian tube are toxic to the de-
veloping embryo.22 A known hydrosalpinx is often aspirated
at the time of egg retrieval, or resected prior to an assisted
reproduction cycle.23,24 If fluid debris levels are noted within
a hydrosalpinx, the possibility of a tuboovarian abscess
should be considered in the appropriate clinical situation.

Investigation continues into the assessment of fallopian
tube patency with the use of ultrasound. Using high-reso-
lution ultrasound in combination with injection of normal
saline, air, or contrast material, the patency of the fallopian
tubes can be assessed by visualizing bubbles or contrast
passing through the fallopian tube or the accumulation of
air in the peritoneal cavity.16,25–27 Although technology is
improving in the sonographic visualization of the fallopian
tube, currently, these techniques suffer from the inability
to distinguish unilateral from bilateral tubal patency.
Other limitations include the inability to keep the entire
tube in a single imaging plane due to tortuosity, and the
overlapping appearance of contrast in the tubes with peri-
stalsing bowel. The addition of 3-D imaging to sonography
with contrast injection may prove valuable in the future.28

However, at the present time, hysterosalpingography, the
traditional technique for evaluation of the fallopian tube,
with the unique advantage of improved pregnancy rates
following the procedure,29 remains the gold standard in as-
sessing fallopian tube patency.30

Evaluation of the Ovaries

Transvaginal ultrasound can be used to identify and de-
scribe the location, mobility, and appearance of the
ovaries. Ovarian follicles are easily recognized by their
characteristic anechoic, circular appearance within the
capsule of the ovary. The number and size of follicles on
each ovary can be documented. For proper interpretation
of ultrasound findings, it is critical to know the stage of the
menstrual cycle at the time the ultrasound is being per-
formed. Ovarian findings, such as the presence or absence
of a dominant follicle, the presence of a corpus luteum, or
a sonographic appearance that may suggest the presence
of polycystic ovarian syndrome, provide important infor-
mation for the infertility patient.

The presence of ovarian follicles is a normal physiolog-
ical finding. Antral ovarian follicles can be identified when
they are as small as 3 to 5 mm. As folliculogenesis pro-
gresses, some of the follicles will start to mature, and the
follicular size will increase. When an ovarian follicle has
reached a minimum size of ∼10 mm it should be consid-
ered to be among the cohort of follicles that may ovulate
during the current cycle. By day 9 or 10 of the menstrual
cycle, a dominant follicle ranging in size from 12 to 20 mm
should be apparent. The other follicles regress, and the
dominant follicle increases in size to ∼20 to 25 mm before
ovulation (Fig. 4–7). Ovulation usually occurs on day 14 or
15 of a 28 day menstrual cycle.

Ultrasonography in Obstetrics and Gynecology42

Figure 4–7 Coronal transvaginal image of the right ovary with a 24
mm simple cyst (calipers), which represents a dominant follicle.
Other tiny follicles can be seen along the surface of the ovary.

Figure 4–8 Coronal transvaginal image of the ovary, which contains
a hypoechoic complex cyst with a thick wall and a prominent vascular
ring. This is a corpus luteum cyst found in early pregnancy.
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omas, dermoids, or malignant ovarian neoplasms is possi-
ble. The size and sonographic characteristics of all ovarian
lesions should be identified and reported. Characteristic
findings of a functional ovarian cyst include a simple, thin,
regular wall and anechoic center. Size range is extremely
variable. The classic sonographic appearance of an en-
dometrioma is that of a complex cyst with homogeneous
internal echoes or “ground-glass” appearance (Fig. 4–9),
but endometriosis can have a wide range of appearances
that can overlap with other entities, both benign and ma-
lignant. Complex ovarian masses with cystic and solid
components, internal excrescences or mural nodules, mul-
tiple thick (> 3 mm) septations, a thick wall, and lack of
mobility are worrisome for neoplasm. Most ovarian le-
sions are benign and change appearance rapidly, and often
a repeat ultrasound examination following the patient’s
menses or following hormonal suppression with oral con-
traceptives or gonadotropin-releasing hormone analogs
will show resolution of the lesion. If, after treatment, the
mass has failed to regress or has grown, surgical excision is
the preferred approach to obtain a histological diagnosis.

Polycystic ovarian syndrome (PCOS), the clinical triad of
amenorrhea, hirsutism, and obesity, is commonly associ-
ated with infertility.31 PCOS can be diagnosed at sonogra-
phy if the ovaries are enlarged (volume > 10 mL), and one
ovary contains at least 12 subcapsular follicles measuring
4 to 6 mm32,33 (Fig. 4–10). The sonographic criteria should
be considered in combination with the clinical findings.

Ultrasound can also be used to determine the mobility
of the ovaries. The normal ovary is mobile, and movement
of the ovary can be appreciated using real-time ultrasound
with direct pressure by the transvaginal probe or while
providing abdominal pressure with a free hand. A fixed
ovary may suggest the presence of adhesions from en-
dometriosis, previous infection, or surgery.

Monitoring Infertility Treatments

Ultrasound has an important role in monitoring endome-
trial and follicular development in the patient undergoing
fertility treatment. Careful monitoring of induced ovarian
stimulation allows adjustment of gonadotropin dosing to
attempt to limit the percentage of women who develop
ovarian hyperstimulation syndrome. Additionally, sonog-
raphy is an integral part of IVF treatment, allowing real-
time guidance for transvaginal ovum retrieval and opti-
mizing the transfer of embryos into the uterus. The role for
sonographic monitoring during the treatment cycle is
clear. However, once a cycle has been completed, it is not
necessary to reevaluate every patient with sonography
prior to initiating a subsequent cycle.34

Evaluation of the Uterus

Transvaginal ultrasound can accurately identify the thick-
ness of the endometrium as it responds to estrogen. Dur-
ing ovulation induction therapy, the endometrium pro-
gressively thickens, and characteristic sonographic patterns
are seen. The endometrial stripe begins as a 2 to 3 mm
thin, linear stripe, and changes to a 12 to 14 mm multilay-
ered to trilaminar endometrium. This pattern has been as-
sociated with successful implantation after in vitro fertil-
ization and ovulation induction.35 Although the absence of
at least an 8 mm trilaminar endometrial stripe may de-
crease the chance of pregnancy during that particular
cycle,35,36 it remains inconclusive because others have
found no difference in pregnancy rates for infertility pa-
tients with thin versus thick endometria.37–39 Some uncer-
tainty exists regarding the upper normal endometrial
thickness for successful conception; a successful outcome
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Figure 4–10 Sagittal transvaginal image of the right ovary (calipers)
of a patient with polycystic ovarian syndrome. The ovary has an echoge-
nic, solid-appearing center, with multiple tiny subcapsular follicles.

Figure 4–9 Sagittal transvaginal image of the left ovary, which con-
tains a complex cyst (calipers). The cyst is filled with homogeneous
internal echoes, which is characteristic of an endometrioma.
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monitoring of ovulation induction techniques. Ultrasound
is commonly used to assess the process of folliculogenesis
during controlled ovarian stimulation with clomiphene
citrate, or, most commonly, parenterally administered go-
nadotropins. Additionally, ultrasound can be used to track
the development of a dominant follicle in a cycle without
pharmacological intervention.

Controlled ovarian stimulation begins with a baseline
ultrasound to ensure that the process of folliculogenesis
has not already selected a dominant follicle and to exclude
the presence of an ovarian cyst or mass. Ovarian stimula-
tion with either clomiphene citrate or gonadotropins is
initiated on days 3 to 5 of a normal menstrual cycle. It is
expected that multiple follicles will enlarge in contrast to
the emergence of a single dominant follicle in the natural
menstrual cycle. TVS is used to document the number as
well as the growth of the follicles. Sonographic monitoring
of follicle growth is performed intermittently throughout
the follicular phase. Imaging early in the follicular phase
confirms adequate follicular recruitment. Continued mon-
itoring of the follicles in conjunction with serum estradiol
determinations on days 7 through 10 helps determine the
optimal timing of ovulation. When ultrasound has identi-
fied the optimal follicular size, intramuscular human
chorionic gonadotropin (hCG) is administered as a substi-
tute for luteinizing hormone to trigger ovulation. This al-
lows for the optimal timing of intrauterine insemination or
oocyte retrieval for in vitro fertilization. A dominant folli-
cle should reach ∼25 mm in women stimulated with
clomiphene citrate. The optimal development of follicles
in a woman stimulated with gonadotropins is at least two
follicles of 18 mm diameter each. In the case of in vitro fer-
tilization, as many as 20 or more follicles may be recruited,
and ovulation is triggered when at least four follicles are 19
to 20 mm or greater (Fig. 4–11).

has recently been reported with an endometrial thickness
of 20 mm on the day of embryo transfer.40 Color Doppler
showing higher blood flow rates to the endometrium and
subendometrium on the day of embryo transfer may pre-
dict higher conception success, whereas absent flow to
both suggests a poor uterine environment and signifi-
cantly lower pregnancy rates.41

Evaluation of the Ovaries

One of the most important roles of ultrasound in the man-
agement of patients undergoing infertility treatment is the
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Figure 4–11 Coronal transvaginal image of the left ovary from a pa-
tient who has undergone follicular stimulation. Multiple anechoic fol-
licles distend the ovary. One follicle is marked by calipers.

Figure 4–12 Ovarian hyperstimulation syndrome. (A) Transverse
transabdominal image of the uterus and ovaries. The posterior as-
pect of the uterus (Ut) is surrounded by the markedly enlarged
ovaries (Ov), which contain multiple complex cysts. (B) Sagittal

image of the right upper quadrant showing a moderate amount of
ascites (**) anterior to the right lobe of the liver, and between the
liver and right kidney in Morison’s pouch (*).

A B
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One complication of ovulation induction with go-
nadotropins is ovarian hyperstimulation syndrome
(OHSS).42–44 The syndrome is composed of enlarged ovaries,
weight gain, and third spacing of fluid resulting in ascites,
pleural fluid, hemoconcentration, and oliguria. This entity
occurs if too many follicles have developed. In these pa-
tients, withholding hCG may prevent the full-blown syn-
drome. If ovarian hyperstimulation does occur, ultrasound
can be used to document free intraperitoneal fluid, evalu-
ate for the presence of pleural fluid, and measure ovarian
size (Fig. 4–12). In most cases, both ovaries are affected. A
transabdominal scanning approach is usually needed
when evaluating for ovarian hyperstimulation because the
vaginal probe cannot penetrate far enough to image the of-
ten markedly enlarged ovaries. The ovaries are filled with
complex cysts of varying sizes, and ovarian diameter is of-
ten > 10 cm. The ovaries are at increased risk for torsion or
rupture. Paracentesis may be indicated as part of the treat-
ment for OHSS, and transabdominal ultrasound can local-
ize a site for safe access.

The role of TVS continues during in vitro fertilization
treatment. Once an appropriate number of follicles are
found during ovulation induction monitoring, transvagi-
nal ultrasound provides real-time guidance for the aspi-
ration of ovarian follicles during ovum retrieval. The ul-
trasound probe is fitted with a guide for a specialized
needle. Under direct ultrasound guidance, the ovarian
follicles are punctured, their contents are aspirated, and
the oocyte is retrieved after microscopic examination of
the aspirated follicular fluid. In some patients, the loca-
tion of the ovary high in the abdomen requires the

retrieval to be performed via a transabdominal approach,
still with ultrasound guidance (Fig. 4–13). After fertiliza-
tion, embryos are transferred into the endometrial cavity.
Ultrasound is used to map the endometrial cavity and de-
termine the optimal length and direction a catheter
should be inserted to atraumatically transfer the em-
bryos. When real-time ultrasound is used to guide em-
bryo placement into the endometrial cavity, the implan-
tation rate and subsequent successful pregnancy rate are
both increased when compared to clinical touch embryo
transfer.45,46

Complications of oocyte retrieval are rare, but include
bleeding and infection.47,48 Some bleeding is inevitable
due to the multiple needle punctures of both ovaries and
vaginal wall, and in most instances, it is self-limited, in
the range of 10 to 20 mL.49 The amount of pelvic fluid cor-
relates with the number of oocytes retrieved. Multiple
complex cysts of varying size are typically seen in the
ovary postretrieval, representing hemorrhage into each
of the aspirated follicles (Fig. 4–14). Rarely, a larger vessel
may be injured during the retrieval. TVS may demon-
strate complex fluid in the cul-de-sac and adnexa sugges-
tive of hemoperitoneum. In these patients, additional im-
aging of the upper abdomen is necessary to evaluate for
large amounts of blood that may flow into the upper ab-
domen (Fig. 4–15), out of the range of the transvaginal
probe, particularly if the patient is in the lithotomy posi-
tion. Correlation with the hematocrit level will help dif-
ferentiate a large amount of blood loss from the ascites
associated with ovarian hyperstimulation. Another rare
complication of oocyte retrieval is infection, or tubo-
ovarian abscess. This is reported in far less than 1% of re-
trievals and may be related to preexisting abnormalities
such as hydrosalpinx.
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Figure 4–13 Transabdominal oocyte retrieval. The needle is identi-
fied within the guide markers, with the tip in an ovarian follicle. The
fluid will be aspirated and searched for an oocyte.

Figure 4–14 Coronal transvaginal image of the left ovary, which con-
tains multiple complex and thick-walled cysts (arrowheads). These
cysts are seen following needle aspiration of follicles due to hemor-
rhage from the needle puncture and may persist for several weeks.
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Assessment of Early Pregnancy Failure

Ultrasound can also assist the infertility physician in de-
termining the continued well-being of a pregnancy. A
pregnancy complicated by bleeding through a closed cer-
vical os is considered a threatened abortion. To assess the
status of a threatened abortion, serial ultrasounds can be
used. Unless an ectopic pregnancy is still in question, fol-
lowing quantitative hCG values is only of limited value.
Serial ultrasound examination can detect an abnormal or
failed pregnancy by detecting a distorted gestational sac,
a collapsed fragmented sac, or a lack of continued growth
and expected landmarks.53 If an embryo is < 5 mm long
and no cardiac activity is discernible, a follow-up scan
conducted at an appropriate interval should be per-
formed to confirm a failed pregnancy consistent with an
embryonic demise. Cardiac activity should be visible in
all embryos measuring > 5 mm. Additionally, the absence
of cardiac activity, when it had been detected previously,
confirms a failed pregnancy.

Assessment of Ectopic Pregnancy

One of the most common complications of infertility
treatment is an ectopic pregnancy. A history of infertility
or infertility treatments are recognized risk factors for
the development of ectopic pregnancy. Thus, all infertil-
ity patients achieving pregnancy are routinely followed
with TVS until an ectopic pregnancy has been excluded.
Ultrasound is very sensitive in identifying a intrauterine
pregnancy, which virtually eliminates an ectopic preg-
nancy with the exception of heterotopic pregnancy. The
presence of simultaneous intrauterine and extrauterine
pregnancies is extremely rare; however, in women
undergoing assisted reproduction, the rate of heterotopic

Diagnosis of Early Pregnancy

Ultrasound has revolutionized the diagnosis and man-
agement of early pregnancy. An intrauterine gestational
sac can be visualized with transvaginal ultrasound at 3
weeks from conception, or 5 weeks menstrual age (MA).
An early pregnancy sac is characterized by a sonolucent
center (the chorionic cavity) containing the amnion and
eventually the embryonic disk and yolk sac and a sym-
metrical thick echogenic ring formed by primary tro-
phoblasts. The gestational sac implants into the decidual-
ized endometrium. If fluid is present in the endometrial
cavity, the asymmetric nature of implantation can be
appreciated. Until a yolk sac or embryonic pole with car-
diac activity is visualized, an intrauterine pregnancy
might be impossible to differentiate from a small en-
dometrial cyst or a pseudosac associated with an ectopic
pregnancy.

Once an intrauterine pregnancy has been identified,
its growth can be assessed by serial ultrasounds. The
mean diameter of a gestational sac increases ∼1 mm a
day during early pregnancy.50 The yolk sac is a round
structure with an echogenic rim inside the gestational
sac that appears next, typically at 5.5 weeks MA. Cardiac
activity is first identified at TVS at 6 weeks MA, at times
before the embryonic pole is definitively seen. Assess-
ment of the embryonic heart rate may provide a useful
early predictor of pregnancy outcome.51,52 After the ap-
pearance of the embryo, the crown– rump length can be
used to determine gestational age and to monitor preg-
nancy progression. In IVF patients, the date of retrieval is
used for pregnancy dating. Delay in pregnancy develop-
ment in relation to retrieval dating is a poor prognostic
indicator.
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Figure 4–15 Hemorrhage following in vitro fertilization (2 weeks
postprocedure). (A) Transverse transabdominal image of large com-
plex collection (calipers) within the left ovary, representing an intra-

ovarian hemorrhage. (B) Sagittal image of a large complex fluid col-
lection (calipers) in the left flank consistent with hematoma.
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pregnancy is reported to be as high as 1%.54,55 An ectopic
pregnancy should remain in the differential for all pa-
tients who have undergone assisted reproduction and
present with pelvic pain.

The detection of an extrauterine pregnancy relies on
thorough evaluation of the adnexa at TVS.56 The entire
pelvis should be searched for an adnexal mass, which is of-
ten found between the uterus and ovary, in the expected
location of the fallopian tube. Any mass that is not a simple
cyst and that is separate from the ovary has a high speci-
ficity (98.9%) and high sensitivity (84.4%) for being an ec-
topic pregnancy.57 An intraovarian lesion is most likely the
corpus luteum. A simple cyst that is separate from the
ovary is most likely a paratubal cyst. The presence of free
fluid, particularly if it contains echoes suggesting that it is
blood, increases the likelihood that there is an ectopic
pregnancy.56,58,59 An adnexal or tubal ring, the classic finding
suggesting an ectopic pregnancy, represents the actual ex-
trauterine gestational sac, often surrounded by fallopian
tube (Fig. 4–16). The echogenic walls of the sac or ring are
a clue to the diagnosis,60 as well as the extraovarian loca-
tion. Close investigation of the tubal ring may reveal a cen-
tral yolk sac or even an embryo with cardiac activity. The
corpus luteum of early pregnancy can be recognized as
such and differentiated from an ectopic by its intraovarian
location and typically hypoechoic rim.60,61 Following treat-
ment for ectopic pregnancy, fertility declines, and the risk
for future ectopic pregnancy increases.62

Conclusion

Ultrasound has become an important clinical tool in the
management of a couple being evaluated and treated
for infertility. Transvaginal ultrasound provides high-

resolution imaging of the pelvic structures. It can be used
to diagnose existing uterine, tubal, or ovarian anomalies,
to monitor infertility treatment, and to assist in ovum re-
trieval and embryo transfer. TVS remains the gold standard
for the identification of an early intrauterine pregnancy,
for the discrimination between a normal and an abnormal
gestation, and for the diagnosis of ectopic pregnancy.
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Ultrasonography of the pelvis and reproductive organs is
an essential diagnostic imaging technique for the patient
who presents with amenorrhea. Primary amenorrhea is
defined as a lack of menses by age 16. Secondary amenor-
rhea is the cessation of menses at any point in time after
menarche and prior to menopause.1 To establish a diagno-
sis and cause of amenorrhea, the referring physician and
radiologist should understand the physiological mecha-
nisms regulating normal menses and the abnormalities
that may lead to its disruption. These abnormalities may
be embryological, genetic, and/or endocrinologic.2 Knowl-
edge of the patient’s history, physical findings, and labora-
tory values, as well as the spectrum of normal and abnor-
mal ultrasound and other imaging findings for the patient’s
age, is also important for understanding and diagnosing
the causes of amenorrhea.

Normal Structure, Function, 
and Development of Female 
Reproductive Organs

Menstrual Cycle

Menstruation is the periodic vaginal bleeding that is the
end result of cyclical stimulation of ovarian follicles and
the associated buildup and eventual shedding of uterine
mucosa. In humans, the average time between one menses
and the next is 28 days. Stages of the menstrual cycle are
defined by the cyclical changes involving the ovary, the en-
dometrium, and hormone levels. With regard to the ovary,
the menstrual cycle is divided into follicular and luteal
phases, with ovulation occurring 14 days before menses
(menstrual bleeding). The first day of the cycle is defined
as the first day of menstrual bleeding (menses).1,3–5 With
regard to the endometrium, the menstrual cycle is divided
into the proliferative and secretory phases, with menses
occurring after the secretory phase and before the prolifer-
ative phase begins again (Fig. 5–1).

The follicular phase of the normal cycle occurs between
the first day of the menstrual cycle and ovulation. This
phase is variable in length, and accounts for differences in
cycle lengths among ovulating women.5 During this phase,
low levels of estrogen and progesterone as well as the pul-

satile release of gonadotropin releasing hormone (GnRH)
from the hypothalamus stimulate the secretion of follicle
stimulating hormone (FSH) by the pituitary. This hormone
stimulates a group of preselected primordial ovarian folli-
cles (Fig. 5–2). By the sixth day of the cycle, one follicle be-
comes dominant. With the support of luteinizing hormone
(LH) and FSH, this maturing ovarian (graafian) follicle con-
tinues to grow and produce estrogen. FSH stimulates an in-
crease in the number of granulosa cells within the graafian
follicle as well as the number of FSH receptors on these
cells. It also induces production of aromatase, an enzyme
necessary for the conversion of androgen precursors to
estradiol. LH induces the ovarian theca cells to secrete an-
drostenedione, testosterone, and estradiol into the blood-
stream and into the follicle itself. By the midfollicular
phase, FSH levels begin to decline and the secondary or
nondominant follicles become atretic. Increasing levels of
estrogen and the release of inhibin by ovarian granulosa
cells contribute to the reduction in FSH production and re-
lease. However, the graafian follicle survives because of ac-
cumulation of FSH and estradiol in the follicular fluid as
well as the earlier increased production of granulosa cells
and FSH receptors, which amplify the effect of the avail-
able FSH.2,4,5 The last half of the follicular phase coincides
with the proliferative phase of the endometrial cycle.
Estradiol induces hyperplasia and hypertrophy of the en-
dometrium, with associated thickened mucosa and in-
creased glandular length.

Ovulation occurs at midcycle, which is typically at 14
days, but can be anywhere from 9 to 21 days after menses
in a normal population. The increasing estrogen and pro-
gesterone levels result in a surge of LH. This LH surge causes
the distended graafian follicle to rupture and release the
ovum (Fig. 5–2). The ovum enters the fallopian tube and
either implants in the uterus after fertilization or passes
through the uterus and out of the body through the vagina.

The length of the next step in the cycle, called the luteal
phase, is remarkably constant, averaging 14 ± 2 days in
most women and determined by the lifespan of the corpus
luteum. During this phase, the ruptured graafian follicle
becomes hemorrhagic (corpus hemorrhagicum). The clot-
ted blood is then replaced by lipid-rich luteal cells, which
form the corpus luteum. The luteal phase coincides with
the secretory phase of the endometrium. After ovulation,
estrogen and estradiol produced by the corpus luteum
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bleeding known as menstrual flow. The stratum func-
tionale, the superficial two thirds of the endometrium fed
by the long coiled spiral arteries, is shed. The stratum
basale, the deepest third of the endometrium supplied by
short straight basilar arteries, remains intact and serves as
a regenerative layer for new endometrial proliferation in
the next cycle.1,2,4,5

Physiology

Vaginal bleeding may be noted in the normal female in
the immediate neonatal period. It is believed this occa-
sional observation is secondary to withdrawal bleeding
from exposure to high levels of maternal estrogen and

cause the endometrium to become highly vascularized
and edematous in preparation for possible implantation by
a fertilized egg.5

If pregnancy occurs, the corpus luteum persists and no
menses occur until after delivery. If fertilization does not
occur, the corpus luteum degenerates (Fig. 5–2), eventu-
ally becoming an area of scar tissue (corpus albicans).
With corpus luteal degeneration, blood levels of estrogen
and progesterone fall. Foci of necrosis appear in the en-
dometrium and soon coalesce. With decreasing hormonal
support, the endometrium begins to liberate proteolytic
enzymes from lysosomes and increase prostaglandin pro-
duction. This subsequently causes vasoconstriction and
eventual rupture of the spiral arteries of the endometrium,
leading to the initially spotty and then more confluent

Figure 5–1 Cyclical changes in the endometrium during a normal 28
day menstrual cycle. The endometrium undergoes changes during a
normal cycle. The beginning of menstruation is arbitrarily defined as
day 0 of the endometrial cycle. During this phase, there is shedding of
the superficial layers of the endometrium noted on the schematic as
decreased height of the endometrial lining. Following this, in the prolif-
erative phase, there is hyperplasia and hypertrophy of the endo-
metrium with associated thickened mucosa and increased glandular

length. Just after ovulation occurs, anywhere from day 9 to day 21 of the
menstrual cycle, the secretory phase begins. It is during this time period
that the endometrium becomes highly vascularized with spiral arteries
and edematous in preparation for possible implantation by a fertilized
egg. The corresponding time periods of the ovary’s follicular and luteal
phases are annotated at the top of the drawing, allowing one to note
their relationship with the proliferative and secretory phases of the en-
dometrium. (Drawing courtesy of Anna E. Nidecker, M.D.)

Blood vessels

Corpus albicans

Mature
corpus luteum

Young 
corpus luteum

Primordial 
follicles

Developing
follicles

Graafian
follicle

Corpus
hemorrhagicum
Ovulated oocyte

Figure 5–2 Cyclical changes in the postmenarchal
ovary. The ovary undergoes various stages during the
menstrual cycle. These include the follicular phase
with formation of a dominant (graafian) follicle from
among several stimulated primordial follicles; the ovu-
latory phase with formation of the corpus hemorrhag-
icum; and the secretory phase with formation of the
corpus luteum, which produces estrogen and proges-
terone necessary for endometrial maturation. The cor-
pus luteum degenerates, leaving scar tissue (corpus
albicans), if no pregnancy occurs. (From Cohen HL.
Evaluation of the Adolescent and Young Adult with
Amenorrhea: Role of US. RSNA Special Course in Ultra-
sound. Radiological Society of North America; 1996:
171–183. Reprinted with permission from the Radio-
logical Society of North America.)
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progesterone in utero, which abruptly decrease after pla-
cental separation.2,6

Ordinarily, the final maturation of the reproductive sys-
tem and subsequent menses do not begin until at least 8
years of age. A central inhibitory mechanism that prevents
the pulsatile release of GnRH from the arcuate nucleus of
the hypothalamus is thought to prevent menses in
younger children. The inhibition of GnRH production in
patients with Turner’s syndrome who have no functioning
gonadal tissue is evidence for this being due to a central
control mechanism, rather than a negative feedback mech-
anism from ovarian hormone production.7 However, the
details of this mechanism remain a mystery.

At adolescence, most girls undergo ovarian folliculoge-
nesis without ovulation with the start of the pulsatile re-
lease of GnRH.2,8 Unopposed estrogen production leads to
progressive uterine growth and endometrial proliferation,
as well as physiological leukorrhea and accelerated linear
long-bone growth. Thelarche, or breast budding, occurs.
Soon afterwards, androgen production by the ovaries and
adrenal glands stimulates pubarche, the development of
axillary and pubic hair. Finally, menarche occurs, typically
2 to 5 years after breast bud development.2,9 During this
time, the hypothalamic–pituitary– ovarian–uterine axis
continues to mature. Over an approximately 2-year span,
anovulatory cycles with subnormal progesterone produc-
tion and shortened intermenstrual intervals are gradually
replaced by normal ovulatory menstrual cycles.2

The typical ovulatory cycle has a 24- to 35 day interval
between menses.10 Longer intervals are often associated
with anovulation, although when bleeding occurs, it is of-
ten associated with some corpus luteal activity.11 Improved
nutrition and living conditions are thought responsible for
the gradual decline in mean menarchal ages over the last
century. In North America, it is currently 12.4 years, with a
range of 9 to 17 years.12

Genital Embryology

The sex of the embryo is determined genetically at the time
of fertilization, but the gonads do not develop sex-specific
characteristics until the seventh week of gestation.13,14 The
mesodermal urogenital ridges give rise to parts of both the
genital and the urinary systems. Because of the association
of uterine and renal development, the concurrent presence
of abnormalities in both systems is quite common. Thus, if
a gynecologic anomaly is found in a patient, one should
evaluate for a possible renal or urinary tract anomaly, such
as complete renal agenesis (Fig. 5–3), and vice-versa.1,13,15,16

Both sexes develop two different pairs of genital ducts.
Components of the wolffian (mesonephric) duct system
develop into the epididymis, vas deferens, and seminal
vesicles under the influence of testosterone in males. By 6
weeks, a mullerian (paramesonephric) duct has developed
lateral to each ipsilateral wolffian duct. In the female fetus,

the mullerian duct system (MDS) develops into the fallop-
ian tubes, uterus, and upper two thirds of the vagina,
whereas the wolffian system degenerates. External genital
development proceeds along female lines in an embryo
unless androgens are present.2,13,15 If the MDS is dysgenetic,
as in Mayer-Rokitansky-Küster-Hauser syndrome, the
uterus or vagina may be absent or rudimentary. Patients
with this syndrome have normal karyotypes and normal
secondary sex development, but have associated renal
(50%) and skeletal (12%) anomalies.2,13,16,17

By 11-weeks gestational age, a Y-shaped uterovaginal
primordium has developed into the two fallopian tubes,
and fusion of a large portion of the MDS forms a single
uterus and upper two thirds of the vagina. This event oc-
curs with or without the presence of ovaries, as long as
testes are not present and there are not high levels of an-
drogens in the bloodstream.15

Lack of fusion or variably incomplete fusion of the mul-
lerian duct system can lead to a wide spectrum of anom-
alies. A complete lack of fusion results in a didelphys
uterus, which may consist of two vaginas, two cervices,
and two uterine bodies. Partial fusion of only the caudal
ends of the MDS results in a bicornuate uterus, character-
ized by variably separated uterine horns that communi-
cate with a single uterine body, cervix, and vagina. The bi-
cornuate uterus, which is often wider than normal, can be
diagnosed on physical exam (usually when the patient is
pregnant) by an anterior fundal depression, or sonograph-
ically when two endometrial cavities are imaged. The ul-
trasound diagnosis is most easily made when imaging is
performed either during the secretory phase of the men-
strual cycle or early in pregnancy, when the endometrial
cavity or cavities are most easily seen (Fig. 5–4).1,13,15

L

P

Figure 5–3 Renal agenesis associated with a congenital gynecologic
anomaly. Right upper quadrant ultrasound. Longitudinal plane. The
liver (L) and psoas muscle (P), but not the right kidney, are seen in
the right upper quadrant of a 17-year-old with a mullerian duct sys-
tem anomaly and right renal agenesis. If a kidney is not imaged in the
renal bed it should be sought by nuclear medicine or other methods
to rule out the possibility of an ectopic kidney rather than agenesis.
(Image courtesy of SUNY Stony Brook Division of Body Imaging
Teaching File.)
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can result in some sonographic findings that are consid-
ered more typical of the adult uterus, including an
echogenic central endometrial canal with a surrounding
hypoechoic halo (seen in 29% of infant girls) and
endometrial cavity fluid (seen in 23% of infant girls).1,16

Under the lower gonadotropin levels found typically at
∼3 months, the mean uterine length decreases to 2.6
to 3.0 cm.19,20 After the first year of life, the uterus is
typically tube-shaped (Fig. 5–7) and remains so through
the next several years of childhood.13,16,19

At the point where the MDS joins the urogenital sinus,
the lower third of the vagina develops by elongation of the
primitive vaginal plate into a core of tissue that canalizes
by week 20.1,15,18 The lumen of the vagina is separated from
the urogenital sinus vestibule by a hymenal membrane un-
til late in fetal life. The hymen usually ruptures in the peri-
natal period, with only a thin fold of mucous membrane
remaining around the vaginal entroitus.15,19

The Pediatric Uterus

Ultrasonography helps in the initial evaluation of patients
with amenorrhea by determining whether uterine shape
and size are premenarchal (infantile) or postmenarchal
(adult). The shape and size of the uterus change during
childhood. During the first few months of life, the uterus is
influenced by transiently high levels of gonadotropins fol-
lowing placental separation. The typical newborn uterus is
shaped like a spade, with the cervical anteroposterior (AP)
measurement greater than that of the fundus, and the cervix
twice as long as the fundus (Fig. 5–5). In a study of a group of
neonates, Nussbaum et al found that the majority (58%) had
a spade-shaped uterus. Of the remaining group, 32% had a
tube-shaped uterus, with the AP measurement of the cervix
equal to that of the fundus. They reported that 10% of their
subjects showed the classic adult pear-shaped uterus with a
fundus wider than the cervix (Fig. 5–6).19 We have not found
the pear-shaped uterus in the normal newborn group.

The neonatal uterus has a mean length of 3.5 cm.
Transient hormonal stimulation of the neonatal uterus

Figure 5–4 Bicornuate uterus. Transvaginal sonogram, transverse
plane. (A) Two echogenic endometrial cavities (arrows) are noted in
this patient whose uterus was imaged during a sonohystogram and
whose diagnosis of a bicornuate uterus was an incidental finding.
This image does not highlight the sometimes helpful associated find-

ing of an anterior uterine depression where the uterine horns are sep-
arated. (B) An arrow points to a single endometrial cavity in the lower
uterus. (Images courtesy of SUNY Stony Brook Division of Body Imag-
ing Teaching File.)

A B

Figure 5–5 Neonatal uterus, longitudinal midline plane. A typical
spade-shaped uterus of a newborn is seen posterior to the urinary
bladder. The cervix (long arrow) is wider than the fundus (short ar-
row). A central echogenic endometrial stripe can be seen in the first
few weeks of life (arrowhead).
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The length of the uterus increases gradually between 3
and 8 years of age, reaching an average measurement of
4.3 cm in the premenarchal child.20–22 The increase in uter-
ine length, its change to a pear shape, and the reversal of
the ratio of corpus to cervical length are believed to be a
consequence of increasing estradiol levels as well as two
other independent variables: patient age and height.20,21

There is a moderate correlation between uterine length
and weight (r = 0.69).21

After puberty, the typical uterus measures 5 to 8 cm in
length. It descends deeper into the pelvis and may become
anteverted or retroverted.1,23 In addition, cyclic endome-
trial changes can be seen on ultrasound. A well-defined

“triple line,” representing the echopenic functional layer
and the central echogenic line of the coapted endometrial
canal, is indicative of a proliferative endometrium. This
triple line is replaced by a single echogenic stripe, repre-
senting the meeting of the thickening hyperechoic func-
tional layers during the secretory phase of the endometrial
cycle.24

Imaging Tests to Congenital Uterine Anomalies

The identification of the uterus and determination of its
size are key pieces of diagnostic information in the evalua-
tion of several pediatric and adolescent gynecologic disor-
ders, including causes of amenorrhea.

Ultrasonography can aid in the diagnosis of anomalies of
the mullerian duct system, particularly the bicornuate
uterus and the uterus with partial or complete obstruction
(Fig. 5–8A). Three-dimensional (3-D) ultrasound shows
some further promise in the analysis of these anomalies.25

Magnetic resonance imaging (MRI) with its multiplanar im-
aging has been successfully used to evaluate several of these
anomalies (Fig. 5–8B). MRI, because of its accuracy and de-
tail, is the study of choice for the further evaluation of MDS
anomalies found on ultrasound, particularly in complex
cases.26 For example, MRI can identify the tissue composi-
tion of an intrauterine septum, helping to differentiate be-
tween a bicornuate uterus with a myometrium-containing
septum and a septate uterus with a fibrous septum.27–29

The Pediatric Ovary

Premenarchal ovaries are best imaged sonographically.
Normal premenarchal ovaries are almond shaped and typ-
ically found posterior and lateral to the uterus. They are of-
ten seen lateral to the uterus on transverse sonographic
images while the transducer is angulated in a superior-
inferior direction. On parasagittal scanning, ovaries appear
medial and anterior to the iliac vessels. Although usually
present at the level of the superior portion of the broad
ligament, the ovaries may be found anywhere along their
embryological course, from the inferior border of the kid-
neys to the broad ligament.4 The true absence of an ovary is
rare. If an ovary and its ipsilateral fallopian tube are found
to be absent during surgery, it is more likely due to an an-
tenatal torsion with secondary necrosis rather than ovar-
ian agenesis.1

Concepts with regard to the sonographic analysis of the
normal ovary for volume and echogenicity pattern have
evolved over the past 15 years through the evaluation of
both adults30 and children.31,32 The once classic adult ovary
measurement of 3 � 2 � 1 cm (3 cc volume) underesti-
mates the normal mean ovarian volumes now reported in
menstruating women, at 6 to 10 cc. At one time, the sono-
graphic demonstration of pediatric ovaries was thought to
be difficult and the normal mean ovarian volumes in pa-
tients under 10 years of age was reported to be as low as
0.7 cc.32 However, Cohen et al imaged ovaries in 64% of 77

Figure 5–6 Normal postmenarchal adolescent uterus. Longitudinal
midline plane. In the normal adult uterus, the anteroposterior di-
mension of the fundus (F) is greater than that of the cervix (c). The
central endometrial echogenicity has a triple echogenic line appear-
ance typical of the proliferative phase, rather than the single
echogenic stripe typical of the secretory phase.

Figure 5–7 Tubular premenarchal uterus, longitudinal midline plane.
A normal tubular premenarchal uterus in a 7-year-old girl. The large
arrow points to the fundus and the arrowhead points to the cervix. A
central endometrial stripe is seen. B, bladder.
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girls from birth to 2 years of age,31 and in 78% of 101 girls
between 2 and 12 years.32

Mean volumes for premenarchal girls range between
0.75 cc and 4.18 cc.21,23 Salardi et al reported a statistically
significant difference in ovarian size in children with Tan-
ner 3 and higher stages of sexual development. These au-
thors reported a volume of more than 3 cc for Tanner 3; 4
to 4.6 cc for Tanner 4; and 5 to 7.5 cc for Tanner 5.33 Golden
et al found the normal postpubertal ovarian volume in a
series of teenagers to be 5.2 cc with a standard deviation of
2.7 cc.34 Another study of women in their second decade
found the mean ovarian volume to be 7.8 cc.30

The typical premenarchal ovary is no longer considered
homogeneously solid in echogenicity, but heterogeneous,
containing follicles/cysts (Fig. 5–9).17,33 Microcysts (< 9
mm) can be demonstrated in as many as 72% of normal
ovaries in children 2 to 6 years of age and in 68% of chil-
dren 7 to 10 years of age. Even macrocysts (those > 9 mm)
can be seen in premenarchal girls, although not as fre-
quently as in postmenarchal girls.32 Herter et al found that
microcysts are common in prepubertal girls, but the pres-
ence of six or more follicles up to 10 mm in diameter in
girls younger than 8 years of age may suggest central pre-
cocious puberty. Multicystic ovaries seemed to correlate
with normal or premature pubertal stimuli.35 The findings
of cysts in the ovaries of premenarchal girls are consistent
with reports in the pathology literature that have docu-
mented the presence of cystic follicles in the ovaries of fe-

Figure 5–8 Vaginal obstruction in mullerian duct anomaly, didel-
phys uterus. (A) Transverse ultrasound showing the bladder (B) ante-
rior to a fluid-filled obstructed right vagina (arrow) and uterus
(arrowhead) of a teenager with two vaginas and two uteruses as part
of a müllerian duct anomaly. (B) Sagittal T2-weighted magnetic res-

onance image to the right of midline shows a fluid-filled bladder (ar-
rowhead) anterior to a fluid-filled obstructed right vagina (RV) in the
same patient. RU, right uterus. (Images courtesy of SUNY Stony
Brook Division of Body Imaging Teaching File.)

A B

Figure 5–9 Normal premenarchal ovaries, transverse plane. Follicles
and cysts are seen in the ovaries of a normal neonate, measuring up
to 1.8 � 1.7 cm. Follicles and cysts can be a normal finding, rather
than a rarity, in premenarchal children.
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tuses, neonates, and children as far back as Rokitansky’s
report in 1861.36 Therefore, the presence of a few follicles or
cysts in a child cannot be used to conclude that the patient
is in menarche or near menarche when evaluating for
amenorrhea. In addition, the presence of such follicles/
cysts cannot be used to differentiate between a normal
child and a child with true isosexual precocious puberty.
The pediatric ovary appears to be a dynamic organ under-
going constant internal change, with ovarian follicles be-
ginning to mature at or even before birth.17,23

Ultrasound Imaging Techniques 
for Female Reproductive Organs

Technological advances in sonographic equipment over
the last decade probably account for the more accurate im-
aging of premenarchal ovaries. The use of transvaginal
(TV) imaging and, in virginal and other select patients who
defer TV examination, transperineal or translabial scan-
ning, as well as the now common availability of sensitive
duplex and color Doppler imaging (CDI), have improved
imaging of the female pelvis.17 TV ultrasound has replaced
the “water enema” technique in nonvirginal adults, al-
though the latter technique is occasionally used for chil-
dren. In the “water enema” technique, fluid is placed into
the rectum by syringe injection through a Foley catheter.
This displaces air and stool in the rectum, which can simu-
late a normal uterus. This technique can confirm the ab-
sence of a uterus, which is important information in the
workup of very young patients with ambiguous genitalia
and in older patients with amenorrhea. In TV ultrasound, a
high-frequency transducer is placed into the upper vagina
to evaluate adjacent pelvic structures. TV ultrasound has
proven valuable in the identification of early intrauterine
and ectopic pregnancies, and in the analysis of adnexal
masses related to neoplasm or pelvic inflammatory dis-
ease (PID). Color Doppler imaging can be used as an ad-
junct in the evaluation of ectopic pregnancy by showing
the high-velocity, low-impedance color flow that can be
seen in the wall of a viable ectopic gestational sac. How-
ever, it should be noted that such flow can also be noted in
a physiological corpus luteal cyst, making it less reliable
for diagnosing an ectopic pregnancy. Color Doppler can be
used for evaluation of ovarian and uterine vascular flow.
However, the ability to image flow in ovaries, especially
when the ovaries are small and when using a transabdom-
inal (TA) approach, is limited.17,37

Transperineal or translabial sonography is performed
by placing a transducer, covered by a glove or sheath con-
taining gel, onto the introitus. This method has been used
successfully to identify placenta previa in the late third
trimester when TV ultrasound may be less desirable.38 In
children and adolescents, transperineal ultrasound has
been used to image vaginal outflow obstruction, usually
caused by an intact hymen.39

Diagnostic Evaluation of Amenorrhea

Clinical Features, Testing, and Imaging

Indications for the ultrasound evaluation of the teenage
pelvis include amenorrhea, delayed or retarded sexual de-
velopment, lower abdominal pain, and pelvic mass.1 Any of
these individual complaints or a combination of them may
be present in patients with amenorrhea, and the ultra-
sound findings, as well as the clinical presentation and
causes, may overlap.40 Conditions that may be responsible
for pubertal delay in some patients may be responsible for
primary or secondary amenorrhea in others. Primary
amenorrhea has many causes and may involve several or-
gan systems (Table 5–1). It may be seen in adolescents

Table 5–1 Etiologies of Primary Amenorrhea35

Hypothalamus

Systemic illness

Chronic disease

Familial

Stress

Competitive athletics

Eating disorders

Obesity

Drugs

Pituitary

Idiopathic hypopituitarism

Tumor

Hemochromatosis

Thyroid Gland

Hypothyroidism

Hyperthyroidism

Adrenal Glands

Congenital adrenocortical hyperplasia

Adrenal tumor

Ovaries

Gonadal dysgenesis

Ovarian failure

Polycystic ovary syndrome

Ovarian tumor

Cervix

Agenesis

Vagina

Agenesis

Transverse Septum

Hymen

Imperforate

Source: From Emans S, Goldstein D. Pediatric Adolescent Gynecology.
Boston: Little, Brown; 1990:149–242. Reprinted with permission.
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mic dysfunction as the cause of amenorrhea.40 High pro-
lactin levels suggest a pituitary cause of hypogonadotropic
amenorrhea, whereas low prolactin levels suggest hypo-
thalamic suppression of the pituitary.2 Pituitary dysfunc-
tion may be the result of head trauma, including that
caused by child abuse, leading to disruption of the pitu-
itary stalk (usually with associated panhypopituitarism),
tumors such as craniopharyngiomas (often presenting
with visual field disturbances, headaches, and behavioral
changes), pituitary microadenomas, infiltrative diseases,
or prolactinomas. Causes of hypothalamic dysfunction in-
clude hypothalamic tumors and Kallman’s disease (a lack
of pulsatile release of gonadotropin-releasing hormone,
associated with anosmia and midline craniofacial anom-
alies). Hypogonadotropic hypogonadism may also result
from central causes such as systemic illness, constitutional
growth delay, and extreme stress, which disrupt the en-
dogenous release of GnRH. Systemic illnesses associated
with such disruption include chronic diseases such as cys-
tic fibrosis, sickle cell disease, and inflammatory bowel
diseases (Fig. 5–11). Endocrinopathies associated with pu-
bertal delay include hypothyroidism, Cushing’s disease,
and diabetes mellitus.1,2,40,41

Anorexia nervosa should also be included among these
central causes of amenorrhea. Although typically this con-
dition presents as a cause of secondary amenorrhea after
the development of secondary sexual characteristics, it can
and does occur in younger age groups and may therefore

with normal pubertal development as well as in those
with delayed sexual development, with delayed menarche
and some pubertal development, or with delayed menar-
che with virilization.2,40

Lack of pubertal development by 13 years of age is 2
standard deviations from the mean and should be evalu-
ated. The workup for such a patient may be delayed for a
year if there is a known debilitating illness as the cause or
if the patient is involved in competitive or endurance
sports such as running or ballet. Any interruption in sexual
development is also a cause for concern and an endocrino-
logic workup should be performed. Only 0.03% of patients
who fail to undergo menarche by 15.5 years will develop it
later.40

Careful medical histories should be obtained from
patients with amenorrhea. This should include a neonatal
history, including information regarding maternal hor-
mone ingestion or the presence of an androgen-producing
tumor during pregnancy, which may account for viriliza-
tion. A history of neonatal hypoglycemia may suggest hy-
popituitarism. Pertinent historical information also in-
cludes facts beyond the neonatal period, including growth
data during childhood and any history of surgery, irradia-
tion, or chemotherapy, eating disorders, and other psycho-
logical difficulties. Finally, a family history should be ob-
tained, including the ages of menarche of family members
and any possible genetic medical history, including en-
docrine or gynecologic abnormalities, such as congenital
adrenocortical hyperplasia, thyroiditis, and ovarian tu-
mors.

The patient should undergo a physical examination to
determine whether she has a visual field disturbance or
other neurological problem that may suggest a pituitary
and/or other central nervous system cause of amenorrhea.
A pelvic exam should include a vaginal smear and direct
mucosal visualization. Red, thin vaginal mucosa is consis-
tent with estrogen deficiency, whereas pink, moist vaginal
mucosa is consistent with normal estrogenization. In pu-
bertal patients, a pregnancy test should be done to rule out
pregnancy as a cause of amenorrhea.2,40

Amenorrhea with Delayed Sexual Development

The age of onset of adolescence varies widely. Sexual de-
velopment is considered delayed if there is a lack of breast
budding by age 13 years. Patients whose sexual develop-
ment is delayed typically have a small tubular (infantile)
uterus rather than an adult uterus (Fig. 5–10). These hy-
poestrogenic patients can be divided into two major
groups, depending on their levels of gonadotropin (i.e.,
FSH, LH) production.1,2

Hypogonadotropic Hypogonadism

Hypogonadotropic hypogonadism, characterized by low to
normal LH and FSH levels, suggests pituitary or hypothala-

Figure 5–10 Infantile uterus in a 22-year-old woman with delayed
puberty, longitudinal midline plane. A small, premenarchal- or infan-
tile-appearing uterus with a tubular shape (arrows) is noted posterior
to a large, fluid-filled bladder. Uterus length is 3.2 cm. Arrowheads
outline the vagina. (From Cohen HL. Evaluation of the Adolescent
and Young Adult with Amenorrhea: Role of US. RSNA Special Course
in Ultrasound. Radiological Society of North America; 1996:171–183.
Reprinted with permission from the Radiological Society of North
America.)
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result in primary amenorrhea. Amenorrhea associated
with anorexia nervosa usually occurs when weight loss is
greater than 20% of normal body weight. Sobanski et al re-
ported that all of a studied group of anorexic patients had
ovaries that were significantly smaller than expected for
their age. Those patients whom they reported as recovered
with a “good outcome” had significantly greater ovarian
volume measurements during follow-up examination
than those patients who did not have a good outcome.
Sobanski suggested that sonographic measurements of
ovarian volumes may help determine recovery of ovarian
function and predict a resumption of menses.42

Delayed sexual development can also be associated with
anomalies, injuries, or infections of the central nervous
system, including brain abscesses, tuberculosis, and prior
cranial radiotherapy. Evaluation of amenorrhea caused by
central nervous system pathology (usually pituitary or
hypothalamic) is best done by computed tomography (CT)
or MRI (Fig. 5–12). The role of sonography in these patients
is the determination of the pelvic manifestations of these
extrapelvic causes of delayed puberty or amenorrhea.

Hypergonadotropic Hypogonadism

Adolescents with hypergonadotropic hypogonadism,
characterized by high FSH and high LH levels, have amen-
orrhea secondary to failure of the gonadal tissues to re-
spond to endogenous gonadotropins. In pure forms, there
is failure of development of secondary sexual characteris-
tics as well as amenorrhea. Hypergonadotropic amenor-
rhea can be due to an abnormal karyotype such as
Turner’s syndrome or XY gonadal dysgenesis. Patients
with normal karyotypes may have secondary ovarian fail-
ure due to radiation (usually 800 rads or greater to the
pelvis), chemotherapy (transient amenorrhea occurs in

50% of women who undergo chemotherapy), or autoim-
mune oophoritis. Patients with these secondary causes of
hypogonadotropic hypogonadism have varying degrees of
pubertal development. Premature menopause, as a com-
plication of chemotherapy or radiation therapy, is usually
seen in those who are treated when 25 years of age or
older. It is unusual in adolescents.40,43,44

Turner’s syndrome, the most common human chromo-
somal abnormality, is also the most common example of
gonadal dysgenesis associated with an abnormal kary-
otype. Half of these patients are isochromatous, 45X0. The
remaining patients with Turner’s syndrome may have a
mosaic 45X or 46XX karyotype, or have a structural abnor-
mality of their second X chromosome. These patients pres-
ent with a spectrum of clinical manifestations ranging
from normal development to the classic stigmata of the
pure 45XO karyotype. Those patients with an isochromo-
some of the short arm of one of the X chromosomes may
have associated Hashimoto’s thyroiditis.2,40

Patients with classic Turner’s syndrome are short in
stature, have widely spaced nipples, a shield-shaped chest,
low-set ears, cubitus valgus, lymphedema, a high-arched
palate, a low hairline, short fourth and/or fifth metacar-
pals, large aortic roots, multiple pigmented nevi, and a
webbed neck. One fourth of these patients have renal
anomalies, usually horseshoe kidneys. Affected patients
typically have a history of delayed onset of puberty and
primary amenorrhea. In early adolescence, patients with

Figure 5–11 Amenorrhea in a patient with inflammatory bowel dis-
ease. Amenorrhea or delayed puberty may be due to many chronic
diseases. Arrows point to intestinal wall thickening in a patient with
Crohn’s disease. (Images courtesy of SUNY Stony Brook Division of
Body Imaging Teaching File.)

Figure 5–12 Pituitary adenoma. T1-weighted, midline sagittal im-
age after gadolinium injection. A pituitary adenoma (arrow) is seen
within the sella turcica of a young adult with headaches. The pituitary
microadenoma is the most common pituitary tumor associated with
amenorrhea. It is characteristically hypointense compared with the
remainder of the pituitary on enhanced images. S, sphenoid sinus.
(From Cohen HL. Evaluation of the Adolescent and Young Adult with
Amenorrhea: Role of US. RSNA Special Course in Ultrasound. Radio-
logical Society of North America; 1996:171–183. Reprinted with per-
mission from the Radiological Society of North America.)
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development are not in accord. This group of patients in-
cludes true hermaphrodites (a rare phenomenon), pseudo-
hermaphrodites (also known as male and female intersex,
as defined by the type of gonad present), and patients with
mixed gonadal dysgenesis.1

Female pseudohermaphroditism (intersex) is a condi-
tion in which chromosomally normal females (46XX)
have masculinized external genitalia. It is usually diag-
nosed in the neonatal period and is most often due to ad-
renal hyperplasia, which is often congenital. Occasionally,
however, it results from maternal ingestion of androgens
in early pregnancy or less frequently from endogenous
production of androgens by a masculinizing ovarian tu-
mor in the mother. Sonography can depict the enlarged
adrenal glands as well the presence of a normal uterus in
the affected newborn. These patients are potentially fer-
tile after satisfactory genital reconstruction and female
sex assignment.1,19

Male pseudohermaphrodites (intersex) may present
with what appears to be hypergonadotropic amenorrhea.
Some patients may have incomplete testosterone produc-
tion, whereas others with early destruction or dysgenesis
of the testes will have no production of testosterone. De-
creased or lack of testosterone levels and a lack of produc-
tion of mullerian inhibition factor result in a karyotypically
normal male with a female phenotype (except for partial

Turner’s syndrome have prepubertal genitalia, sparse axil-
lary and pubic hair, and bilateral streak gonads. They have
a normally formed uterus and vagina that will respond to
exogenous hormones. In later adolescence, at around 15 to
16 years, many of these patients will develop pubic and ax-
illary hair, but have no breast development or vaginal mu-
cosal estrogenization.

Sonographic evaluation characteristically shows a pre-
pubertal (infantile) uterus (Fig. 5–13). The typical dysge-
netic or streak gonads are difficult to image. When im-
aged, the ovaries typically measure less than 1 cc and
there is oocyte depletion seen upon pathological exami-
nation. Shawker et al45 noted that some patients with
Turner’s syndrome, particularly those with mosaic kary-
otypes, have normal ovaries. Such patients may have only
partial ovarian failure and consequently the ovaries may
be able to produce estrogen. However, estrogen produc-
tion in patients with Turner’s syndrome can also be sec-
ondary to an associated theca lutein cyst or a germ cell tu-
mor. If the karyotype of a patient with gonadal dysgenesis
and ovaries includes a Y chromosome, there is an in-
creased risk for the development of gonadoblastoma
within the dysgenetic ovary. Evidence of an asymmetri-
cally enlarged, solid adnexa on sonography should arouse
suspicion for a gonadoblastoma.1,2,40,45

Pseudohermaphroditism

Sonography has been shown to be helpful in the evaluation
of children whose karyotype, gonadal anatomy, and genital

Figure 5–13 Turner’s syndrome in a teenager with delayed puberty.
Midline longitudinal plane. An infantile uterus (arrowheads) is seen in
this 151⁄2-year-old girl with a 45X0 karyotype. Her ovaries could not
be definitively imaged. (From Cohen HL. Evaluation of the Adoles-
cent and Young Adult with Amenorrhea: Role of US. RSNA Special
Course in Ultrasound. Radiological Society of North America;
1996:171–183. Reprinted with permission from the Radiological
Society of North America.)

Figure 5–14 Testicular feminization syndrome. Midline longitudinal
view. No uterus could be imaged in a phenotypically normal 17-year-
old girl who was raised as such and presented with amenorrhea. She
proved to have a 45 XY karyotype with complete androgen insensi-
tivity (i.e., testicular feminization syndrome). Echogenic air in the
rectosigmoid region (R) facilitates demonstration of the absence of a
uterus, which normally should be seen between the bowel and the
bladder wall (B). (From Cohen HL, Bober S, Bow S. Imaging the pedi-
atric pelvis: the normal and abnormal genital system and simulators
of its diseases. Urol Radiol 1992;14:273–283. Reprinted with permis-
sion from Springer Verlag, New York.)
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masculinization of the external genitalia). There is variable
development of the mullerian elements, such as the
uterus, vagina, and fallopian tubes. These patients have no
secondary sexual development at puberty and may have
an infantile uterus on sonography.1,14

An unusual form of male intersex is the testicular
feminization syndrome in which patients have 46XY
karyotypes and well-formed testes (usually unde-
scended within the abdomen or inguinal region) that
produce androgens and mullerian inhibition factor.
These patients, however, lack an end organ response to
androgens. Mullerian system development is inhibited
and therefore, affected patients do not develop a uterus,
fallopian tubes, or upper two thirds of the vagina. Pa-
tients appear as phenotypically normal females, al-
though they may have inguinal or labial masses due to
the undescended testes. They have normal breast devel-
opment (i.e., secondary female sexual characteristics)
due to circulating estrogens (produced by the testes and
adrenal gland) and a peculiar lack of body hair, as well as
absence of acne. When these patients present, typically
with amenorrhea, ultrasonography demonstrates the ab-
sence of either a uterus (Fig. 5–14) or ovaries.1,46

Female Adolescence with Virilization

Testosterone is the most potent of the circulating andro-
gens. It is produced in normal females by the adrenal gland
(25%), by the ovaries (25%), and by peripheral conversion
of delta-4-androstenedione (50%). Only 1% of testosterone
is typically free and biologically active. Virilization from
excess androgens produces voice deepening, clitoro-
megaly, increased muscle mass, and temporal balding.

One in 20 ovarian tumors are hormonally active. Amen-
orrhea and virilization can occur in patients with hormon-
ally active, androgen-producing tumors. Increased free
testosterone may be seen in virilizing tumors of the ado-
lescent ovary. These are usually Sertoli-Leydig cell tumors
(once known as androblastomas or arrhenoblastomas) or
hilar cell tumors. The marked androgen production of
these rare, rapidly growing tumors results in amenorrhea,
vaginal mucosal atrophy, decreased breast size, and viril-
ization. Sonography will show a unilaterally enlarged solid
ovary with abnormal echogenicity. Of interest is the fact
that testosterone-producing adrenal tumors rarely result
in amenorrhea in adolescent patients.1,2,40,47

There are also hormonally active ovarian tumors that
produce estrogen. The most common such malignant tu-
mor of the ovary is the granulosa cell tumor. These tumors
grow rapidly and often disrupt the normal menstrual cy-
cle, producing either amenorrhea or menorrhagia. Theco-
mas can also result in significant estrogen production.2

Polycystic Ovary Syndrome

Androgen excess may result from causes unrelated to
tumors. It may occur in association with idiopathic hir-

sutism, late-onset congenital adrenal hyperplasia, exag-
gerated adrenarche, Cushing’s disease, hyperprolactine-
mia, and acromegaly. However, most hyperandrogenic
adolescents will have polycystic ovary syndrome (PCOS),
also known as Stein-Leventhal syndrome.48 Polycystic
ovary syndrome is the most common cause of secondary
amenorrhea associated with a hyperandrogenic state.
Patients with this syndrome are usually 15 to 30 years of
age and present with hirsutism (62%) and obesity (31%).1

In a study of 466 women with PCOS, 80% had menstrual
irregularities.2,49 This is thought to be secondary to
chronic anovulation.50

Laboratory confirmation of PCOS is based on the
demonstration of an increased ratio of LH to FSH and ele-
vated androgen levels.45,50 The sonographic criteria for di-
agnosing PCOS remain confusing because of the variable
criteria reported in the literature, whether patients are ex-
amined by transabdominal or TV ultrasonography.51 In ad-
dition, normal ultrasound findings overlap with those con-
sidered to be evidence of PCOS in patients with known
PCOS. Patients with PCOS often have an increased number
of subcapsular follicles as well as enlarged, hyperechoic
ovaries (Fig. 5–15).

Authors have suggested that PCOS may be diagnosed if
patients have at least one of the following: two or more
follicles measuring 2 to 9 mm (but no greater) in diameter,

Figure 5–15 Polycystic ovary syndrome (PCOS) in a 20-year-old
woman with hirsutism, obesity, and oligomenorrhea. Transvaginal
ultrasound, transverse oblique plane. This right ovary is enlarged and
contains more than 10 follicles that measure less than 8 mm in diam-
eter. The left ovary had a similar appearance. Arrowheads point to a
few of the follicles. The area of bright echogenicity (arrowhead) in
the middle of the ovary may represent increased ovarian stroma
found in patients with PCOS. (From Cohen HL. Evaluation of the Ado-
lescent and Young Adult with Amenorrhea: Role of US. RSNA Special
Course in Ultrasound. Radiological Society of North America;
1996:171–183. Reprinted with permission from the Radiological So-
ciety of North America, Oakbrook, IL.)
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thalamic–pituitary–ovarian–uterine axis or outflow (uter-
ine or vaginal) obstruction.2 Ultrasound provides the best
images for evaluation of such patients with primary amen-
orrhea and estrogenization because it depicts the genital
anatomy, allowing the diagnosis of possible congenital
anomalies or uterine outflow obstruction. This group also
includes the myriad of causes of hypogonadotropic hypo-
gonadism, in which estrogen levels are high enough to al-
low the normal follicular portion of the cycle but not high
enough to allow normal menstrual cyclicity. Pelvic ultra-
sound findings in these patients may show abnormalities
related to the vagina (imperforate hymen, vaginal atresia,
or stenosis), the uterus (intersex-agenesis or testicular
feminization syndrome), or the ovary (gonadal dysgenesis,
Stein-Leventhal syndrome, or neoplasm).

If an ultrasound examination shows a solid midline
mass in an adolescent girl with amenorrhea, the patient
may have a distended uterus (metro) or vagina (colpos) or
a combination of the two, which contains relatively echo-
less fluid or secretions (hydro) or variably echogenic blood
(hemato) resulting from hormonal stimulation and ob-
structed menstrual outflow. Hematometrocolpos (Fig.
5–16) appears on ultrasound scans as a distended midline
tubular structure between the bladder and the rectum that
contains fluid with variable echogenicity. The peripheral
wall is thick at the level of the uterus (due to the normal
myometrial thickness) and thin at the level of the vagina.
The scattered echoes in the fluid are due to cellular debris,
mucoid material, and/or blood. Two thirds of cases are sec-
ondary to an imperforate hymen. In the remaining pa-
tients, the obstruction may be due to a complete vaginal

or increased ovarian volume (> 10 cc).52 This is problematic
because many normal patients can have these findings.
Herter et al reported that ovarian volumes of greater than
10 cc in adolescent girls with either or both menstrual dis-
orders and hirsutism are suggestive of PCOS.53,54 Takahashi
et al noted mean ovarian volumes of 10.3 cc in 47 affected
patients, a volume significantly greater than those of their
control group. In that study, 94% of the patients with PCOS
had either an ovarian volume greater than 6.2 cc or more
than 10 follicles ranging between 2 and 8 mm in diameter.
Only 6% of patients had what the authors defined as a nor-
mal number of follicles and ovarian volume.51 Areas of in-
creased intraovarian echogenicity have been attributed to
ovarian stromal hypertrophy, which is thought to be sec-
ondary to hyperandrogenism in PCOS patients. Compared
with normal ovaries, ovaries with stromal hypertrophy
have larger volumes and demonstrate lower vascular re-
sistance on Doppler evaluation.45,52 High resistive indices
are noted in the uterine arteries due to high androstene-
dione levels.55,56

Not all polycystic ovaries are due to hyperandrogenism.
Unopposed estrogen stimulation from any source can
result in polycystic ovaries. Genetic deficiencies of the en-
zymes 21-hydroxylase, 3-�-hydroxysteroid dehydroge-
nase, or 11-� hydroxylase are also associated with the de-
velopment of polycystic ovaries.1

Eugonadism Estrogenization or Vaginal Obstruction

The absence of menses after development of secondary
sexual characteristics suggests late disruption of the hypo-

Figure 5–16 Hematometrocolpos. (A) Longitudinal midline plane.
There is echogenic (hemorrhagic) debris within the fluid-filled and di-
lated vagina and uterus of this 14-year-old girl with hematometro-
colpos due to an imperforate hymen. An open arrow points to the
thick uterine wall; by comparison, the wall of the distended vagina is
thin. (From Cohen HL, Bober S, Bow S. Imaging the pediatric pelvis:
the normal and abnormal genital system and simulators of its dis-
eases. Urol Radiol 1992;14:273–283. Reprinted with permission from

Springer Verlag, New York.) (B) Pelvic ultrasound, transverse plane.
An arrow points to the distended, debris-filled vagina of another
teenager with hematometrocolpos due to an imperforate hymen.
(From Cohen HL. Evaluation of the Adolescent and Young Adult with
Amenorrhea: Role of US. RSNA Special Course in Ultrasound. Radio-
logical Society of North America; 1996:171–183. Reprinted with per-
mission from the Radiological Society of North America, Oakbrook,
IL.)
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membrane, vaginal stenosis, or vaginal atresia. Vaginal
stenosis and atresia have been associated with anomalies
of the gastrointestinal tract, genitourinary tract, and car-
diovascular and skeletal systems.1,17

Postmenarchal females with vaginal or uterine obstruc-
tion can present with a history of intermittent monthly ab-
dominal or pelvic pain and no history of menses or with an
abdominal mass. The degree of distention of the uterus/
vagina is related to the degree of obstruction and the time
that has elapsed between menarche and presentation. The
hematometrocolpos may be large enough to obstruct ve-
nous or lymphatic flow in the lower extremities or cause
hydronephrosis due to obstruction of the ureters or blad-
der. Occasionally, patients have a history of difficulty with
micturition. This condition is rare in neonatal life, but oc-
curs in one of 1000 to 2000 teenagers.

When only hematometra is present, one must consider
a more unusual abnormality such as cervical dysgenesis or
obstruction of one horn of a bicornuate system. It can be
more difficult to make a diagnosis when there is obstruc-
tion of only one uterine horn or one vagina in a duplicated
genital system (Fig. 5–8). Urometrocolpos has been re-
ported in patients with ectopic ureters implanting in the
vagina proximal to the site of obstruction.1,6,14,17

Sonography or MRI of the vagina, cervix, and uterus
helps provide important presurgical anatomical informa-
tion.1,6,14,17,26 For example, transverse perineal ultrasound may
define the thickness of an imperforate hymen (Fig. 5–17).39

Amenorrhea due to Uterine Aplasia or Hypoplasia

Fifteen percent of primary amenorrhea cases are thought
to be due to absence or hypoplasia of the uterus. This diag-
nosis is suggested by a total absence of the uterus, but the
presence of normal ovaries. Uterine agenesis is most often
a result of testicular feminization or the Mayer–Rokitansky–
Küster–Hauser syndrome. Mayer–Rokitansky–Küster–
Hauser syndrome patients have amenorrhea due to vagi-
nal atresia with variable uterine abnormalities. Despite an
absent or severely atretic uterus and vagina, the ovaries
and the fallopian tubes are normal. Approximately 50% of
patients have unilateral renal anomalies and one eighth
have skeletal abnormalities. They have a normal female
karyotype and normal secondary sexual characteristics.1,17,57

Secondary Amenorrhea

Secondary amenorrhea is amenorrhea that occurs after
menses has been established. The conditions that cause
delayed puberty and primary amenorrhea may also cause
secondary amenorrhea.

Pregnancy is the most common cause of secondary
amenorrhea in girls older than 9 years of age. As little as a
2- to 3-week delay in menses should raise a clinical con-
cern for pregnancy and the need to perform a pregnancy
test.40 Ultrasonography is most effective in the diagnosis of
suspected pregnancy. TV sonography allows earlier and
more accurate diagnosis of early pregnancy, whether in-
trauterine or extrauterine (ectopic) in location (Fig. 5–18).

Figure 5–17 Hematometrocolpos, transperineal technique. A trans-
ducer placed on the perineum of a teenager with an imperforate hy-
men and hematometrocolpos shows a membrane (cursors) measuring
1.04 cm in thickness superficial to the distended, fluid-filled vagina. The
vagina contains echogenic (hemorrhagic) debris. v, vagina. (From Co-
hen HL. Evaluation of the Adolescent and Young Adult with Amenor-
rhea: Role of US. RSNA Special Course in Ultrasound. Radiological
Society of North America; 1996:171–183. Reprinted with permission
from the Radiological Society of North America,Oakbrook, IL.)

Figure 5–18 Ectopic pregnancy, transverse plane. An arrow points to
the ectopic gestational sac in the right adnexa of a 16-year-old girl with
amenorrhea. No intrauterine pregnancy was noted. U, uterus. (From
Cohen HL. Evaluation of the Adolescent and Young Adult with Amen-
orrhea: Role of US. RSNA Special Course in Ultrasound. Radiological So-
ciety of North America; 1996:171–183. Reprinted with permission
from the Radiological Society of North America, Oakbrook IL.)
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An unusual cause of secondary amenorrhea is Asher-
man’s syndrome. This disorder, which is unusual in adoles-
cence, follows intrauterine instrumentation, such as en-
dometrial curettage. Deep curettage with denudation of
the basalis layer of the endometrium is thought to inter-
fere with normal endometrial regeneration. The inability
to regenerate endometrium allows the formation of adhe-
sions in the endometrial cavity. Asherman’s syndrome
causes not only amenorrhea, but also hypomenorrhea,
sterility, or habitual abortions.58

Conclusion

The normal menstrual cycle and female reproductive
physiology are marvels of complexity that depend on the
integrated actions of several body systems. The intricacies
of menses are not completely understood. Multiple factors
have a role in menarche and in regulating the menstrual
cycle; these include embryological, genetic (karyotype),
anatomical, and endocrinologic factors, along with psy-
chological and other, as of yet, not clearly understood fac-
tors. Imaging is only one part of the workup of patients
with amenorrhea, but the information provided by imag-
ing is vital. Ultrasonography is the key tool for screening
patients with amenorrhea and is often the only imaging
tool necessary for the pelvic evaluation of such patients.
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Postmenopausal vaginal bleeding is an important, and
fairly common, problem in older women. It can be the pre-
senting symptom of endometrial cancer, the fourth most
common malignancy in women in the United States,1 and
the most common pelvic gynecologic malignancy.2 Be-
cause of this, “unscheduled” postmenopausal bleeding
(i.e., any bleeding other than that occurring at the ex-
pected time in the cycle of a woman on sequential hor-
mone replacement therapy3) merits diagnostic evaluation.
Henceforth, the term postmenopausal bleeding will refer to
unscheduled bleeding.

Conventional teaching, until recently, has been that any
woman with postmenopausal bleeding should undergo
endometrial sampling (via one of the methods that will be
described here).2,3 With the advent of transvaginal sonog-
raphy, done on its own or following the instillation of
saline into the uterine cavity, the endometrium can be ex-
amined in exquisite detail in a minimally invasive fashion.
This permits a more selective and directed approach to
biopsying the endometrium in women with postmeno-
pausal bleeding.

Differential Diagnosis

There are several etiologies of postmenopausal bleeding.
The most common cause is endometrial atrophy.4,5 The
endometrium in a postmenopausal woman typically be-
comes thin and atrophic. This atrophic endometrium is
prone to develop superficial ulcers that bleed. Bleeding
can also be caused by several endometrial lesions, in-
cluding endometrial carcinoma, which accounts for ∼7 to
30% of cases of postmenopausal bleeding,4–6 endometrial
hyperplasia, and endometrial polyps. These lesions are
somewhat interrelated, in that polyps may contain foci
of malignancy or hyperplasia, and endometrial hyper-
plasia (especially in the presence of cytological atypia)
may progress to carcinoma. In one series, 23% of women
with atypical hyperplasia subsequently developed endo-
metrial carcinoma, as did 1.6% of women with simple
hyperplasia.7 In addition to endometrial lesions, sub-
mucosal fibroids can be a cause of postmenopausal
bleeding.

Diagnostic Evaluation

Nonimaging Tests

There are several ways to obtain an endometrial tissue
specimen for pathological evaluation. Endometrial tissue
can be obtained by dilation and curettage (D&C), usually
performed in an operating room, or via an “office biopsy.”
The latter is substantially lower in cost and morbidity.8,9

Both of these procedures obtain tissue from only a portion
of the endometrium and so may miss lesions due to sam-
pling error. In a study of 50 patients who had D&C imme-
diately preceding hysterectomy, examination of the hys-
terectomy specimen revealed that in 16% of patients less
than a quarter of the cavity had been sampled, and in 60%
of patients less than half the endometrium had been sam-
pled.10 Office biopsies are likely to obtain even more lim-
ited samples.

Both D&C and office biopsy have been shown to have
sensitivities below 100% for endometrial pathology, with
polypoid lesions being missed most frequently. The false-
negative rate of D&C is often found to be in the range of 2
to 6%, with somewhat higher rates for office biopsy.11 Some
studies have found even higher false-negative rates.
Grimes estimated office biopsy to have a sensitivity of 96%
for endometrial cancer and 80% for endometrial hyperpla-
sia.8 In 407 patients undergoing D&C prior to hysterectomy,
Stovall et al found that D&C correctly diagnosed 28 of 30
cancers (93%) and 28 of 51 cases of hyperplasia (55%).12 Al-
though the reported sensitivity of office biopsy and D&C
varies from study to study, it is clear that both of these
sampling procedures miss some cases of endometrial
pathology.

Another method of obtaining endometrial tissue for
pathological examination is hysteroscopically guided
biopsy. Because the biopsy is not performed blindly, but
instead can be directed to sites of grossly visible abnor-
malities, this approach is less prone to sampling error. In
particular, focal lesions such as polyps, or a small patch of
malignant tissue, are less likely to be missed by hystero-
scopically guided biopsy than by blind biopsy techniques
(office biopsy or D&C). However, the cost of this procedure,
and the skill required to carry it out expertly, limits its

Postmenopausal Vaginal Bleeding
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conditions? Can sonohysterography aid in the differential
diagnosis of postmenopausal bleeding?

Postmenopausal endometrial thickness and its rela-
tionship to endometrial pathology have been extensively
studied.17–26 Although the technique for measuring endome-
trial thickness varies somewhat among different authors,
most use double-layer endometrial measurements (anterior
and posterior layers) obtained via transvaginal sonogra-
phy. The endometrium is imaged sagittally and is meas-
ured at its thickest point from the anterior to the posterior
endometrial–myometrial junction (Fig. 6–1). Each of these
junctions is generally easy to identify because the en-
dometrium is typically hyperechoic and the inner my-
ometrium hypoechoic. If there is fluid in the endometrial
cavity, the anterior and posterior layers of the endometrium
are measured separately and the two values are summed
(Fig. 6–2).

Table 6–1 summarizes the results of several studies
examining whether there is a thickness cutoff below
which significant endometrial pathology can be ex-
cluded in women with postmenopausal bleeding. In each
study, patients underwent sonography shortly before
endometrial tissue sampling, usually by D&C or hyster-
ectomy. Most of the studies employ a cutoff of 4 or 5 mm.
Although the findings vary somewhat among studies, the
overall pattern of results suggests that postmenopausal
bleeding is rarely due to significant endometrial pathol-
ogy (carcinoma, hyperplasia, or polyp), and almost never
due to carcinoma, when the endometrial thickness is

applicability to selected cases. Furthermore, some hystero-
scopes do not have an operating channel through which
biopsy can be performed, which necessitates removing the
scope prior to biopsy.

Imaging Tests Other than Ultrasound

Hysterosalpingography and magnetic resonance imaging
(MRI) can provide diagnostic information about the
endometrium. The former can play a useful role in the
workup of infertility,13 but does not contribute to the evalua-
tion of postmenopausal bleeding. Magnetic resonance im-
aging can occasionally be used for this purpose in patients
with inadequate sonogram and sonohysterogram and who
cannot undergo endometrial sampling due to cervical
stenosis.14 Its main role in endometrial evaluation, how-
ever, lies not in the workup of postmenopausal bleeding,
but in the preoperative staging in cases of proven endome-
trial carcinoma.15,16

Ultrasound Imaging

The literature on ultrasound of the postmenopausal uterus
is extensive and has focused on several questions. Is there
an endometrial thickness below which significant endo-
metrial pathology can be confidently excluded? How is
endometrial thickness affected by various regimens of
hormone replacement therapy? Besides endometrial
thickness, can other sonographic features (e.g., echotex-
ture of the endometrium, Doppler waveforms) identify
pathology and distinguish among various pathological
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Figure 6–1 Endometrial thickness measurement technique. The
measurement is done on a sagittal transvaginal image, measuring
from the anterior endometrial–myometrial interface to the posterior
endometrial–myometrial interface (calipers). This is a double-layer
measurement because it includes both the anterior and the posterior
layers of endometrium.

Figure 6–2 Endometrial thickness measurement with fluid in the
endometrial cavity. The anterior endometrium (calipers #1) and pos-
terior endometrium (calipers #2) are measured, and the values of
0.25 cm and 0.23 cm are summed to yield the endometrial thickness
measurement of 0.48 cm (4.8 mm).
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� 4 to 5 mm. Using a conservative cutoff of � 4 mm
(Fig. 6–3), postmenopausal bleeding can be attributed to
endometrial atrophy with a high degree of confidence
when the endometrial thickness is below this cutoff.27,28

It should be noted that, although a thickness below 4 to
5 mm largely excludes significant pathology, a greater
measurement does not exclude endometrial atrophy. In
the 1995 Karlsson study, for example, among 245 women
with endometrial thicknesses of 6 to 10 mm, 88 (36%) had
endometrial atrophy.26

In a small fraction of cases the endometrial margins are
obscure, so that the thickness cannot be measured. This is
most likely to occur when there are uterine fibroids dis-
torting the endometrium. In these cases, the sonogram
provides no information about the presence or nature of
endometrial pathology.18

Most studies have found that the endometrial thickness
in cases of endometrial carcinoma is larger, on average,
than it is with polyps or hyperplasia.17,19,21,22,24–26 In the largest
study, for example, the mean thickness with endometrial
cancer was 21.1 mm, compared with 12.9 mm for polyps
and 12.0 mm for hyperplasia.26 However, there is consider-
able overlap in endometrial thickness among these three
lesions, so that the degree of thickening cannot be used to
make a specific diagnosis.

Endometrial thickness in postmenopausal women is
somewhat affected by hormone replacement therapy,
which some women take to counter the effects of meno-
pause. Several treatment regimes are available, employing
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Table 6–1 Endometrial Pathology in Women with Postmenopausal Bleeding and Endometrial Thickness < 4 to 6 mm:
Literature Review

Endometrial Thickness # of Cases Minimal Thickness of 
Study Cutoff (mm) below Cutoff Histological Findings Endometrial Carcinoma

Osmers et al17 � 6** 46 Negative**: 32 (70%)

Hyperplasia or polyps: 14 (30%)

Goldstein et al18 � 5 11 Negative: 11 (100%)

Nasri et al19 � 5 117 Negative: 117 (100%) 9 mm

Varner et al20 � 4 60 Negative: 60 (100%)

Granberg et al21 � 5 150 Negative: 150 (100%) 9 mm

Karlsson et al22 � 5 58 Negative: 57 (98%)

Endometrial carcinoma: 1 (2%) 5 mm

Dorum et al23 � 4 54 Not malignant: 51 (94%)

Malignant: 3 (6%) 2 mm

Cacciatore et al24 � 5 11 Negative: 10 (91%)

Polyp: 1 (9%) 10 mm

Conoscenti et al25 � 4 46 Negative: 44 (96%)

Endometrial polyp: 1 (2%)

Endometrial carcinoma: 1 (2%) 3 mm

Karlsson et al26 � 4 518 Negative: 491 (95%)

Endometrial polyp: 6 (1%)

Endometrial hyperplasia: 6 (1%) 5 mm

*Was reported as a < 4 mm single-layer measurement.

**Negative histological findings include histological readings of “atrophic endometrium,” “inactive endometrium,” “tissue insufficient for diagnosis,”
and related findings.

Figure 6–3 Thin endometrium. The endometrial thickness (calipers)
is 0.18 cm (1.8 mm).
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graphic appearance of the various pathological entities,
however, to allow a diagnosis to be made with confidence
based on echotexture alone. Analysis of echotexture,
therefore, has little or no practical impact on the diagnos-
tic evaluation or management of patients with post-
menopausal bleeding.

The data on Doppler for diagnosing endometrial
pathology are mixed, at best. Bourne et al found that the
uterine artery pulsatility index accurately distinguished
between endometria with and without cancer,34 but Aleem
et al found no significant difference in uterine artery pul-
satility index or resistive index in pathological versus
control groups.35 Sheth et al found that Doppler of en-
dometrial vessels in postmenopausal women with thick
(� 8 mm) endometria was not helpful because there was
no significant difference in mean pulsatility and resistive
indices in benign versus malignant lesions.36 It is notewor-
thy that the lead author of a favorable Doppler study in
199034 later wrote in a 1995 editorial, “Doppler has a rela-
tively insignificant role to play in the context of evaluating
the postmenopausal endometrium for the presence of
carcinoma.”11

Saline infusion sonohysterography (SIS)—transvagi-
nal sonography immediately following saline instilla-
tion into the uterine cavity—provides excellent visuali-
zation of the endometrium and can be useful for
diagnosing endometrial lesions.37–42 To perform the pro-
cedure, a speculum is inserted into the vagina and a
catheter is threaded through the cervix into the uterine
cavity. The speculum is removed, taking care not to dis-
lodge the catheter, a transvaginal ultrasound transducer
is inserted, ∼10 mL of saline is instilled, and the uterus is

estrogen with or without progesterone. Estrogen sup-
presses hot flashes and reduces the risk of osteoporosis
and cardiovascular disease in postmenopausal women.
It has the drawback of increasing the likelihood of
endometrial hyperplasia or carcinoma and so is often
given in combination with progesterone, which decreases
the risk of endometrial pathology. Progesterone, when
used, can be given either continuously or periodically
(e.g., the first 10 to 14 days of each month), leading to
three types of treatment regimen: estrogen only, continu-
ous estrogen/progesterone, and sequential estrogen/
progesterone. On the last of these regimens, “withdrawal”
bleeding is expected each month and is not associated
with endometrial pathology, so that bleeding in women
on sequential therapy merits diagnostic workup only
when unscheduled.3,29

Hormone replacement therapy tends to increase en-
dometrial thickness, by ∼1 to 1.5 mm for continuous estro-
gen or estrogen/progesterone, and by 3 mm for sequential
therapy.30 Women on sequential therapy also have more
variation in thickness during each month than do those on
continuous or no therapy, with the thinnest endometrium
following progesterone withdrawal.

Several studies have examined whether sonographic
features other than endometrial thickness, such as echo-
texture or Doppler indices, may be useful in the diagnosis
of endometrial pathology. Several studies have found that
the sonographic finding of cystic spaces in the post-
menopausal endometrium suggests polyps, a heteroge-
neous appearance suggests malignancy (Fig. 6–4), and a
homogeneously thickened endometrium suggests hyper-
plasia (Fig. 6–5).31–33 There is too much overlap in the sono-

Ultrasonography in Obstetrics and Gynecology68

Figure 6–4 Endometrial carcinoma. The endometrium (arrows) is
markedly thickened and has indistinct margins. Dilation and curet-
tage revealed endometrial carcinoma.

Figure 6–5 Endometrial hyperplasia. The endometrium is thick and
homogeneous and has a distinct interface with the myometrium. En-
dometrial biopsy revealed hyperplasia.
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scanned thoroughly in sagittal and transverse planes
(Fig. 6–6). Because fluid may leave the uterus through
the cervix and fallopian tubes, several saline injections
may be needed during the course of the examination.
Some practitioners use a catheter with an inflatable bal-
loon and place traction on the balloon-filled catheter to
prevent fluid from escaping out of the cervix, especially
in patients with a patulous cervix,38 whereas others use
a balloonless catheter.39

Sonohysterography can contribute useful diagnostic
information in several clinical settings, including the
workup of postmenopausal bleeding.43 In a woman with
postmenopausal bleeding in whom transvaginal sonogra-
phy demonstrates endometrial thickening, an SIS can de-
termine whether the thickening is diffuse (Fig. 6–7) or due
to a focal lesion, such as a polyp (Fig. 6–8). This distinction
can be used to help guide the selection of a biopsy
approach.38,39,41,42 In the presence of a submucosal fibroid,
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Figure 6–6 Normal sonohysterogram. Fluid in the uterine cavity delineates smooth, thin endometrium surrounding the entire cavity. (A) Sagit-
tal view, with catheter tip (arrow) seen within the fluid-filled uterine cavity in the lower uterine segment. (B) Coronal view.

A B

Figure 6–7 Diffuse endometrial thickening. (A) Sagittal sonogram demonstrates thickened endometrium (calipers). (B) Sonohysterogram
demonstrates diffuse endometrial thickening (arrows).

A B
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Three-dimensional (3-D) sonography can be useful for
evaluating the endometrium,44 whether used with saline
(3-D-SIS) or without saline. Three-dimensional ultrasound
permits reconstruction in any plane, by allowing for the
selection of the optimal plane for measuring endometrial
thickness, or the plane that best depicts endometrial
pathology (Fig. 6–9).

SIS can aid in its diagnosis, and also assess whether it is pe-
dunculated or superficial enough to permit transcervical
resection via an operative hysteroscope.38,39

If the endometrial thickness cannot be measured on
transvaginal sonography, SIS can clarify whether it appears
normal (atrophic) or not, as well as identify one or more sub-
mucosal fibroids that may be distorting the endometrium.
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Figure 6–8 Endometrial polyp. (A) Sagittal sonogram demonstrates thickened endometrium (calipers) measuring 1.66 cm (16.6 mm). (B) Sono-
hysterogram demonstrates polyp (arrows) surrounded by saline (S).

A B

Figure 6–9 Endometrial polyps demonstrated by three-dimensional
sonography. (A) Conventional coronal sonogram demonstrates a
small echogenic mass in the left lateral aspect of the endometrium

(calipers). (B) Planar reconstruction from a three-dimensional scan
better demonstrates this polyp (thick arrow), and also identifies two
other polyps (thin arrows).

A B
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Benefits of Ultrasound Imaging

Until recently, the conventional teaching had been that a
woman with unscheduled postmenopausal bleeding
should be biopsied, via either office biopsy or D&C.2,3 The
main benefits of ultrasound are twofold. First, ultrasound
can identify a subset of women with postmenopausal
bleeding in whom the risk of significant endometrial
pathology is so low that biopsy may not be necessary.
Second, in patients in whom biopsy is indicated, sono-
hysterography can help to select the optimal biopsy
technique.

The ultrasound finding of an endometrial thickness � 5
mm is near-definitive proof of endometrial atrophy28 and
excludes malignancy with very high confidence (Table
6–1). In fact, the false-negative rate associated with a
sonographic thickness of � 5 mm appears to be as low as,
or lower than, that of office biopsy or D&C, so that a nega-
tive ultrasound may be at least as reliable as a negative
biopsy or D&C. Transvaginal ultrasound can thus play a key
role in the evaluation of postmenopausal bleeding in one
of two ways. First, it can be performed prior to biopsy, and
if the endometrial thickness is found to be � 5 mm, it is
reasonable to attribute the bleeding to endometrial atro-
phy and not perform a biopsy. In one study, this diagnostic
strategy led to a 46% reduction in the number of biopsies
performed, without loss of diagnostic accuracy.26 Second, if
endometrial biopsy has been performed (without prior ul-
trasound) and if there is “insufficient tissue for diagnosis,”
ultrasound can then help to decide whether to believe the
result (i.e., attribute the bleeding to endometrial atrophy)
or to proceed to D&C or hysteroscopy.45,46 If the sonograph-
ically measured endometrial thickness is � 5 mm, the
biopsy result can be accepted, and if > 5 mm then further
tissue sampling should be considered.

Ideally, diagnostic strategies for postmenopausal bleed-
ing should involve a combination of sonography, SIS, and
tissue sampling.27 Sonography, using the � 5 mm cutoff,
can guide the decision concerning whom to biopsy or
whether to accept the result of an office biopsy that yields
scanty tissue. Sonohysterography can help to choose the
best biopsy approach—office biopsy or D&C for diffuse en-
dometrial thickening (Fig. 6–7) or hysteroscopically
guided biopsy for focal or polypoid lesion (Fig. 6–8), as
well as to clarify the significance of an unmeasurable en-
dometrial thickness or to identify the best way to excise a
submucosal fibroid. Tissue sampling yields a specific
histopathologic diagnosis.

Two reasonable diagnostic algorithms that employ
these tests are an ultrasound-first strategy (Fig. 6–10A) or
a biopsy-first strategy (Fig. 6–10B). With the ultrasound-
first strategy, the sonographically measured endometrial
thickness is used to decide whether further workup is
needed: no if � 5 mm, yes if > 5 mm. If the thickness is > 5
mm or is unmeasurable, SIS is performed and the next

step is based on the SIS findings. Using the biopsy-first ap-
proach, positive biopsy results end the diagnostic workup,
whereas ultrasound (and, in some cases, SIS) is used fol-
lowing a negative biopsy. Both of these algorithms will
lead to decreased cost and/or improved diagnostic accu-
racy, compared with relying on tissue sampling alone.

With either of these algorithms, if the evaluation is
negative (i.e., negative biopsy and/or thin endometrium),
the likelihood of endometrial carcinoma is very low, but
not zero. In most cases, no additional testing is needed,
but further evaluation should be considered if the pa-
tient has persistent bleeding. Long-term follow-up of
women whose initial evaluation for postmenopausal
bleeding is negative and who have persistent bleeding
has demonstrated that there is a substantial chance that
complex atypical hyperplasia or cancer will ultimately be
diagnosed.47

These algorithms apply to any woman with post-
menopausal bleeding, including those with unscheduled
bleeding on hormone replacement therapy. For a woman
with unscheduled bleeding on sequential therapy, the
sonogram and SIS should be performed shortly after
subsequent progesterone withdrawal bleeding, when the
endometrium is expected to be at its thinnest. Although
hormone therapy tends to increase endometrial thick-
ness, the prudent and conservative approach in the face
of unscheduled bleeding is to employ the same � 5 mm
cutoff for the decision concerning biopsy in women on
hormones that is used in women who are not taking
hormones.

It is important to recognize that these algorithms apply
only to postmenopausal women who have vaginal bleed-
ing, not to asymptomatic ones. The measurement of 5 mm
is not a “normal” or “upper limit of normal” value for post-
menopausal endometrial thickness, but instead is an “ac-
tion threshold” for women with bleeding. In the absence of
bleeding, the sonographic finding of an endometrial thick-
ness > 5 mm in a postmenopausal woman does not neces-
sarily indicate that she should be biopsied.48 In this setting,
the decision about whether to biopsy should take into ac-
count factors such as the degree of thickening, whether
and what regimen of hormone replacement therapy she is
on, the endometrial echotexture, as well as age and other
risk factors for endometrial carcinoma.49

Summary

Postmenopausal bleeding, except that occurring at the ex-
pected time in certain hormone replacement regimens,
may be a sign of malignant or premalignant endometrial
lesions. Conventional teaching has been that any woman
with unscheduled bleeding should undergo endometrial
tissue sampling, via office biopsy or D&C. Because these
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whether the thickening is diffuse or due to a polyp or
other focal lesion, and thus help guide the choice of
biopsy technique. Incorporating sonography and sonohys-
terography into the diagnostic algorithm for post-
menopausal bleeding can lead to decreased cost and mor-
bidity with no loss of, or improvement in, diagnostic
accuracy.

tests carry costs, risk, and a chance of false-negative re-
sults, sonography and sonohysterography can contribute
to the diagnostic workup. A sonographically measured en-
dometrial thickness of � 5 mm indicates a high likelihood
of endometrial atrophy being the cause of bleeding, and
so may obviate the need for biopsy. When the endometrial
thickness is > 5 mm, sonohysterography can determine
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Figure 6–10 Algorithms for diagnostic workup of postmenopausal bleeding using sonography, sonohysterography, and endometrial sampling.
(A) Ultrasound-first strategy. (Continued)

A
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B

Figure 6–10 (Continued)  (B) Biopsy-first strategy. D&C, dilation and curettage.
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The prevalence of ovarian carcinoma in the United States
has been estimated at 30 to 50 cases per 100,000 women,
translating into a lifetime incidence of one case per 70
women in the general population. With an anticipated
22,000 new cases and 16,000 deaths from the disease each
year, ovarian cancer is the leading cause of death from gy-
necologic malignancies in this country.1

The preponderance (95%) of cases of ovarian carcinoma
are sporadic in nature with no discernible pattern of inher-
itance. Some 5% occur in women considered at increased
risk for the disease by virtue of first-degree relatives with
ovarian cancer or a family history of one of three heritable
syndromes discussed following here.

Because ovarian cancer in its early stages produces few
if any symptoms, and those symptoms that do result are
typically nonspecific, ∼70% of these tumors are detected at
advanced stages (stages III and IV), when the process has
already spread beyond the ovaries. Only ∼20% are discov-
ered while still in stage I. Because the 5-year survival rate
for stage III or IV disease is 15%, whereas that for stage I ex-
ceeds 90%, the impetus for early detection is obvious.2–4

Certain general factors contribute to an increased risk
for ovarian cancer: advancing age, nulliparity, North Amer-
ican or Northern European descent, family members with
documented ovarian cancers, and a personal history of
cancer of the colon, endometrium, or breast. Forty-five
percent of ovarian masses removed from postmenopausal
patients proved to be malignant as opposed to 13% from
premenopausal women in one large study.5 In another re-
port, 85% of all cases of ovarian cancer were found in
women over 45 years of age.6 Conditions that seem to im-
part a measure of protection against ovarian cancer in-
clude more than one full-term pregnancy, oral contracep-
tive use, and breast feeding. The physiological factor
common to all these is the interruption of ovulation for
some period of time.

A woman with one first- or second-degree relative with
ovarian cancer faces a risk of developing the disease that is
3.1 times that of the general population (5% lifetime risk);
the risk increases to 4.6-fold (7% lifetime risk) with two or
three affected relatives7; some recommend annual screen-
ing to all women 25 years old and above with such a fam-
ily history.8 A very small number of women (0.05% of the
population) are known to be at markedly increased risk for
the development of ovarian cancer by virtue of a family
history of one of three hereditary syndromes. Patients
with a family history of hereditary nonpolyposis colorectal

cancer (Lynch II syndrome), breast–ovarian cancer syn-
drome, or site-specific ovarian cancer incur a lifetime
risk of developing ovarian cancer approaching 40%. In
this small group of high-risk women, in addition to an-
nual screening, comes the recommendation for prophy-
lactic oophorectomy at age 35 or whenever childbearing
is complete.7–9 This is not applied to women who simply
have a history of affected relatives without one of the
defined syndromes.

Heritable Syndromes that Correlate 
with Increased Risk of Ovarian Cancer

Malignant ovarian neoplasms are found with much higher
frequency in women with one of three heritable syn-
dromes than in the general population. They also occur at
significantly younger ages in this small group. Women
with hereditary nonpolyposis colorectal cancer syndrome
develop ovarian cancer at a mean age of 40 years; with
hereditary breast–ovarian cancer syndrome at a mean age
of 52 years. This is in contrast to the general population in
whom sporadic cases of ovarian carcinoma occur at a
mean age of 59 years.

Lynch II syndrome (hereditary nonpolyposis colorectal
carcinoma syndrome) is an autosomal dominant trait with
high penetrance. Affected women tend to develop colorec-
tal cancers under the age of 45 years and have an increased
risk for endometrial carcinoma. Women with this syn-
drome have an elevated risk of developing ovarian carci-
noma.10 Histologically, these tumors are most likely to be
cystadenocarcinomas.

The recently identified BRCA 1 gene (on the long arm of
chromosome 17) is the marker for the hereditary breast–
ovarian cancer syndrome, which carries with it a 50%
lifetime risk of developing ovarian cancer.11,12 BRCA 2 is
similarly implicated. The BRCA 1 gene is characterized as a
tumor-suppressor gene; it is considered responsible for
disease in 45% of families with multiple cases of breast car-
cinoma and the preponderance of the families with both
breast and ovarian malignancies.13

The site-specific ovarian cancer syndrome is much less
common than either the Lynch II syndrome or the
breast–ovarian cancer syndrome. Only an increased inci-
dence of ovarian neoplasm is seen without involvement of
breast, colon, or other organs.12

Family History of Ovarian Carcinoma
Andrew M. Fried and Carol B. Benson7
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study.24 The PPVs in the general population, however, are
not high enough to justify large screening programs.

History and Physical Examination

A targeted family history is a critical element in the evalua-
tion of a woman to identify if she is at increased risk for
ovarian cancer. Patients with a pertinent history for familial
or syndromic predisposition to ovarian malignancy should
undergo a careful bimanual rectovaginal examination
yearly.24 Unfortunately, the physical examination is rela-
tively nonspecific and has limited sensitivity.25 Limitations
include examiner experience, patient body habitus, and a
variety of pelvic pathologies that can produce masses or
masslike effects on the physical examination. Nonetheless,
physical examination continues to be viewed, rightly so, as
the proper starting point in the screening process.

Serum CA 125 Levels

Serum CA 125, a tumor marker for ovarian cancer, does not
have sufficiently high sensitivity and PPV to be used effec-
tively for screening for ovarian malignancy. Although ele-
vated in 85% of women diagnosed with ovarian cancer, it is
also elevated in a variety of nonmalignant conditions, in-
cluding pregnancy, liver failure, and endometriosis, and
can be elevated from malignancies other than the ovary,
such as breast cancer and colorectal cancer.15 Serum levels
greater than 35 U/mL are generally considered abnor-
mal.15,24,26,27 Overall, CA 125 is elevated in more than 90% of
patients with epithelial cancers of the ovary of Interna-
tional Federation of Gynecology and Obstetrics (FIGO)
stages II, III, and IV; unfortunately, fewer than 50% of
women with stage I disease are found to have abnormal
levels.28,29 This latter group is the very one in which early de-
tection might have a profound effect upon outcome.

Although other serum markers have been evaluated,
none has been shown to have a sufficient PPV to be helpful
in screening for ovarian cancer.30,31 Although the combina-
tion of CA 125 and transvaginal ultrasound has shown
promise,25 the specificity of CA 125 levels is less useful in pre-
menopausal women than in the postmenopausal group by
virtue of a variety of physiological conditions (e.g., menstrua-
tion, pregnancy) and benign pathologies (e.g., endometriosis)
associated with elevated CA 125 serum levels.14,24,43

Ultrasound

The basis for ultrasound screening by itself for ovarian
neoplasm was established before the availability of trans-
vaginal scanning using transabdominal techniques with
transducer frequencies in the range of 3.5 MHz. Although
these early studies form the basis for the current approach,
it is universally recognized that transvaginal ultrasound is
the only acceptable method of evaluating the ovary for

Screening for Women at Increased 
Risk of Ovarian Cancer

The decision to implement a screening program is based
on estimates of prevalence of the disease, cost per case
discovered, altered clinical outcomes, and availability of a
practical, sensitive screening test, among other factors.
Despite its obvious morbidity and mortality, ovarian can-
cer has a relatively low incidence and prevalence (as com-
pared, for example, with breast cancer, whose prevalence
and incidence unquestionably make mammographic
screening worthwhile). Current recommendations, there-
fore, are for screening only a small subset of the popula-
tion considered at increased risk for the disease by virtue
of a family history of ovarian cancer or the presence of one
of the syndromes known to confer a substantially in-
creased risk of ovarian malignancy. Screening of the
general population is not advocated by any authorities
at this time.

Certain caveats with respect to screening bear mention.
The detection of ovarian cancer by screening may still not
be early enough in the evolution of the disease to affect ul-
timate outcome despite prompt intervention. The duration
of preclinical disease has not been established; if it is
short, screening at sufficiently close intervals to affect out-
come may not be practically possible. There is also no as-
surance that tumors detected at an early stage by a screen-
ing program will exhibit the same biological behavior as
those that are clinically manifested at the same stage.8 That
said, there is still a perceived benefit to be derived from
screening a selected population.

Screening the high-risk patient is considered appropri-
ate and advisable despite the current lack of definitive data
to confirm improved outcomes from early detection. Logic
dictates, however, that, because there is such a vast gap in
5-year survivals between early and advanced stages of the
disease (90% vs. 15%, respectively), discovering and treat-
ing ovarian cancer in stage I will inevitably be of benefit.
The goal in a screening program would understandably be
the highest possible positive predictive value (PPV) for the
process [i.e., (true-positive results/true-positive + false-
negative) � 100]. Clinical investigators have suggested
that a PPV of less than 10% (i.e., nine negative surgeries for
the discovery of each ovarian cancer) would not be accept-
able to either clinician or patient.14

Screening programs have used the combination of CA
125 and transvaginal ultrasound. CA 125 is a protein in the
blood that is increased in the majority of women with
ovarian cancer.15 Screening using both CA 125 and trans-
vaginal ultrasound has been studied in the general popula-
tion16–20 and in women with an increased risk for ovarian
cancer due to family history.21–23 Preliminary results sug-
gest benefit of screening in the high-risk population with
an overall specificity of 99.9% and a PPV of 26.8% in one
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early-stage tumors.33–36 Three parameters are considered in
the sonographic assessment of the ovary: gray-scale mor-
phology, spectral Doppler waveforms and quantification,
and color Doppler imaging. These three have been studied
for specificity, sensitivity, and predictive values in screen-
ing for ovarian cancer; each will be discussed and its over-
all contribution to effective screening outlined.

Gray-Scale Morphology

Essentially, all investigators attempting to define gray-
scale characteristics of benign versus malignant ovarian
neoplasms have established some form of morphological
classification that assesses several parameters: size, wall
thickness, number and thickness of septa, soft tissue ex-
crescences (from walls or septa), and overall echogenic-
ity.29,37–47 Several authors have devised morphological clas-
sification systems that take into account sonographic
characteristics, including size, wall characteristics, number
and thickness of internal septa, and presence of internal
debris. They assign numerical values to each factor and de-
rive a composite score that reflects the likelihood of malig-
nancy. This allows for at least a semiquantitative assess-
ment of the likelihood a mass is malignant, although,
admittedly, there is some measure of subjectivity to the in-
terpretation of the transvaginal ultrasound. Most of the
classification systems have considerable common ground;
we have chosen that published by DePriest et al47 by way of
example (Fig. 7–1).

Size of Ovaries

Estimation of ovarian size is accomplished with the for-
mula for the volume of a prolate ellipsoid (oval with flat-
tened ends): volume = length � width � height � 0.5233
(or, by approximation, one half the product of the three di-
mensions). In premenopausal women, the normal ovary
typically has a volume between 5 and 15 mL, decreasing in
size with advancing age. In postmenopausal women, ovar-
ian volume is usually less than 10 mL41 (Fig. 7–2). Although
larger ovaries, those greater than 5 cm in largest diameter,
have a higher risk of malignancy than smaller ovaries, the
parameter of overall ovarian size is not as useful for identi-
fying ovarian cancer as is the sonographic evaluation of
ovarian parenchyma.38 The size of ovarian lesions does cor-
relate somewhat with the risk of cancer because, in gen-
eral, the larger the ovarian mass, the more likely it is to be
malignant.37,40

Wall Features of Ovarian Mass

The thickness and contours of the walls of an ovarian mass
are particularly important for predicting malignancy.42,43

Solid tissue excrescences from the inner walls of a cystic
mass and focal or diffuse thickening of the walls exceeding

3 mm are most worrisome for malignancy.38,40,44–47 Overall,
the greater the wall thickness and the more the number of
soft tissue projections present, the higher the risk of ma-
lignancy (Fig. 7–3, Fig. 7–4, Fig. 7–5).

Septa within Ovarian Mass

Septa within an ovarian mass are evaluated with respect to
number, thickness, and irregularity. Masses with many
septa have a greater chance of malignancy than those with
few. Those with thick septa, especially septa measuring
more than 3 mm or septa with focal thickening, have an
increased chance of malignancy. Although the number of
septa does correlate somewhat with malignancy, it
should be noted that mucinous ovarian tumors, whether
benign or malignant, tend to have more septations than
serous tumors. Thus, no specific number of septa nor any
ratio of septations to tumor volume can be used to dis-
criminate a benign ovarian cystic mass from a malignant
one (Fig. 7–6, Fig. 7–7, Fig. 7–8).38,40,44,48

Figure 7–1 Morphology index for classifying ovarian tumors based
on size, wall structure, and septa. (From Ueland FR, DePriest PD,
Pavlik EJ, Kryscio RJ, van Nagell JR Jr. Preoperative differentiation of
malignant from benign ovarian tumors: the efficacy of morphology
indexing and Doppler flow sonography. Gynecol Oncol. 2003 Oct,
91: 47. Reprinted by permission.)
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Figure 7–2 Normal ovaries. Sonographic images of ovaries from
two different premenopausal patients. Multiple small follicles are
seen in both. (A) Normal ovary; note multiple small follicles. (B) Nor-
mal ovary with radial arrangement of normal follicles. (C) Sonogram

of ovary (arrows) in postmenopausal woman. The ovary contains no
small follicles and is smaller than the ovaries in premenopausal
women. (D) Normal ovary (arrows) with flow seen within it (arrow-
head).

C D

A B

14495OB_C07_pgs.qxd  8/16/07  1:49 PM  Page 79



Ultrasonography in Obstetrics and Gynecology80

Figure 7–3 Simple cyst. Normal ovary (arrows) contains a simple
cyst measuring ∼33 mm in maximum diameter. This represents a
functional (corpus luteum) cyst and will regress spontaneously. Folli-
cles typically range up to 24 mm.

Figure 7–4 Thickening of cyst wall. Complex ovarian lesion
(calipers) with thickening of some parts of the wall (arrows).

Figure 7–5 Mural nodules. (A) This histologically malignant ovarian
neoplasm has at least two solid mural nodules (arrows), increasing its
change of malignancy based on morphological criteria. 

(B) Another ovarian cystic neoplasm with solid tumor nodule (ar-
rows) along one wall.

A B
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Figure 7–6 Serous cystadenoma. (A) This benign cystic mass con-
tains a few thin septa (arrows) less than 3 mm thick, but is otherwise
purely cystic. (B) Another benign serous cystadenoma, this cystic

mass contains more septations (arrows), but they are still quite thin.
b, urinary bladder with artifactual echoes (open arrowhead).

A B

Figure 7–7 Thin septations. (A) Complex hemorrhagic ovarian cyst with many fine septations crisscrossing the cyst. (B) Mucinous cystadenoma
with multiple fine septation and echoes within the cystic portion of the neoplasm.

A B
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Echotexture of Ovarian Mass

The majority of primary neoplasms of the ovary are ep-
ithelial in origin; they are, to a greater or lesser degree,
cystic. There is considerable variation in the amount of
solid tissue within an epithelial tumor of the ovary and in
the echotexture of the material within the mass. Tumors
with a higher proportion of solid tissue admixed with the

cystic components have a higher likelihood of malignancy
than those with less solid tissue, as do those masses with
substantial echogenic internal debris in the cystic compo-
nents, when compared with those whose cystic compo-
nents have few internal echoes. In general, the cystic com-
ponents of mucin-producing tumors often demonstrate
low-level internal echoes, sometimes with fluid/debris
levels, presumed to represent the mildly echogenic mucin
itself. Quantification of the amount of solid tissue present
in any given tumor is subjective at best; and classification
systems that assign numerical values to this factor do so on
the basis of the subjective assessment.38,44,49 Diagrammatic
representation of the spectrum of solid tissue proportions
is provided by charts such as the one in Fig. 7–1 to serve as
a reference guideline (Fig. 7–9, Fig. 7–10, Fig. 7–11).

Ovarian benign teratomas or dermoid tumors consti-
tute a significant exception to the correlation between in-
ternal echogenicity of an ovarian mass and its risk of ma-
lignancy. Ovarian teratomas are usually benign tumors,
although there are no reliable sonographic criteria for dif-
ferentiating the benign from the malignant. Teratomas
commonly have substantial internal echogenicity in the
form of highly echogenic mural nodules of tissue (the
“Rokitansky nodule” or “dermoid plug”) or considerable
amounts of highly echogenic material, representing fat or
hair, often within a cystic area with fluid/debris levels.50–53

It should be noted that the hair or fat found in a dermoid
will be considerably more echogenic than the low-level re-
flectivity of mucin in an epithelial malignant neoplasm.

Figure 7–8 Thick septations. (A) Cystic ovarian benign neoplasm with thick septation (arrow) crossing it. (B) Cystic ovarian malignant neoplasm
with several thick septations (arrows). Blood flow is seen with color Doppler within one of the septations on this image.

A B

Figure 7–9 Ovarian cyst with internal echoes. Sonogram of right
ovary containing a cyst (calipers) filled with homogeneous echoes.
This proved to be a benign endometrioma.
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echotexture. Morphologies that are typically benign, in-
cluding anechoic simple cysts, cysts with smooth, thin sep-
tations less than 3 mm, complex cysts with homogeneous
internal echoes, and typical dermoid tumors, have high
negative predictive value of 99%.48 Masses with sono-
graphic findings worrisome for malignancy, including

The finding of a highly echogenic focus producing shadow-
ing within a cystic mass strongly suggests calcification and
reinforces the diagnosis of a dermoid tumor (Fig. 7–12).

The sonographic appearance of an ovarian mass can be
used to predict whether it is benign versus malignant
based on its composition (cystic versus solid) and internal

Figure 7–10 Mixed cystic and solid ovarian lesions. (A) Mucinous cystadenofibroma with solid component (arrows) and echoes in the cystic por-
tion. (B) Mucinous cystadenoma with solid component (arrows) making up almost half the tumor.

A B

Figure 7–11 Ovarian cancer. (A) Large cystic ovarian carcinoma with irregular solid component (arrows) located centrally. (B) Another ovarian
malignancy (calipers) with large solid component (arrows).

A B
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multiple septations, thick septations, solid components,
and echogenic cystic areas, have a positive predictive value
for malignancy of ∼50%.

Most clinicians consider that a simple unilocular cyst
less than 6 cm in a premenopausal woman has such a low
chance of malignancy that it can be followed to resolution
by ultrasound, rather than needing surgical removal. Like-
wise, a simple unilocular cyst less than 5 cm in a post-
menopausal woman is considered safe to monitor with pe-
riodic ultrasound examinations.54

Several other neoplastic processes in the ovary (both
primary and secondary) demonstrate high proportions

of solid tissue. Endometrioid carcinoma of the ovary,
metastatic tumors from several different primary ma-
lignancies (e.g., breast, lung, gastrointestinal tract)
grouped under the broad heading of Krukenberg’s tu-
mors, germ cell tumors, and lymphoma all produce pre-
dominantly solid enlargement of the ovary or solid ovar-
ian masses55–60 (Fig. 7–13). It is uncommon for these
processes to resemble epithelial carcinomas of the ovary
sonographically.

Spectral Doppler Imaging

The neovascularity produced by malignant neoplasms
typically lacks both vasomotor control and muscular
walls. As a result, the vascularity in a malignant tumor is
usually high flow with a low-resistance perfusion pattern
that translates into large passive forward diastolic flow.
This effect is reflected in measurements of both the resis-
tive index (RI) and the pulsatility index (PI). The RI [(peak
systolic flow – end diastolic flow)/peak systolic flow] is
calculated from the spectral Doppler waveform, as is the
PI [(peak systolic flow – end diastolic flow)/mean Doppler
shift]. Lower RI and PI values are associated with in-
creased risk of malignancy, with acceptable cutoffs for RI
of 0.40 and for PI of 1.0. Doppler waveforms yielding an RI
or PI less than these values are indicative of increased di-
astolic flow and thus are suggestive of malignancy. Benign
neoplasms, on the other hand, generally display little passive
diastolic flow because they have high-resistance vascular

Figure 7–12 Dermoid. (A) Transverse image. (B) Left parasagittal
image. In many cases, the echotexture of an ovarian mass will
strongly suggest dermoid. This highly echogenic mass (arrows and

calipers) containing mostly fat is seen to have an even more
echogenic focus [wavy arrow in (B)] representing calcification. b, uri-
nary bladder; u, uterus.

A B

Figure 7–13 Lymphoma. Coronal image of both ovaries. Both the
right (RT) and left (LT) ovaries are enlarged and solid due to lym-
phoma.
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Color Doppler Imaging

Logic dictates that the neovascularity generated by a
neoplasm would produce a significant increase in the
color flow Doppler pattern. This premise has led several
investigators to evaluate the presence, distribution, and
prevalence of color flow signals in ovarian masses in an
attempt to distinguish between benign and malignant
processes.48,61,71–73 Unfortunately, as with spectral Doppler in
ovarian masses, there is considerable overlap in the color
Doppler findings in benign and malignant ovarian masses,

beds and therefore, produce higher RI and PI val-
ues42,44,45,61–67 (Fig. 7–14 and Fig. 7–15).

Unfortunately, there is considerable overlap in RI and PI
values from spectral Doppler waveforms of benign and
malignant ovarian neoplasms, making these parameters
on their own of little clinical utility for distinguishing be-
tween benign and malignant disease.40,46,48,49,68–71 No cutoff
value for RI or PI has acceptable sensitivity and specificity.
Spectral Doppler on its own is, therefore, not considered a
diagnostic parameter to distinguish between benign and
malignant ovarian processes.

Figure 7–14 High-resistance flow. (A) Doppler
waveform from a vessel in the solid component of
an ovarian neoplasm. The pulsatility index (PI) of
1.52 indicates high-resistance flow, more often
seen in benign than in malignant tumors.

Figure 7–15 Doppler flow in ovarian cancer. (A) Doppler
waveform from a vessel in the solid component of a malig-
nant ovarian neoplasm. The resistive index (RI) of 0.50 is
higher than the cutoff of 0.4 used to define low-resistance
flow characteristic of malignancy.
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making this parameter of limited value for distinguishing
benign from malignant. In general, the less flow in a mass,
the less likely it is to be malignant.44,48 Flow within a nodule
in the wall of a cystic mass or within a thick septation is
suggestive of malignancy (Fig. 7–16, Fig. 7–17).44 The pres-
ence of central flow is seen more often in malignant
masses than in benign ones, and absence of central flow
suggests a benign process74,75; however, complete absence
of color flow still does not exclude malignancy.48,69 Further-
more, these observations may not hold as color Doppler
equipment improves and more sensitive equipment is able
to detect scant and slower flow than could previously be
detected.

In short, the basic premise that malignant tumors of the
ovary will generally demonstrate more color flow, lower-

resistance spectral tracings with higher passive diastolic
flow, and lower RI (< 0.4) and PI (< 1.0) values compared
with benign masses, appears to be valid. However, at-
tempts thus far to establish discriminatory parameters
that result in adequate sensitivity, specificity, and PPV
have not been successful. Studies are ongoing, including
those assessing ultrasound contrast agents,76 and there is
reason to believe that practical, applicable criteria will be
developed to improve the ability of ultrasound and
Doppler to distinguish benign from malignant ovarian
masses. At present, findings of increased vascularity of low
resistance by either spectral or color flow techniques will
at least serve to raise suspicion of a malignant process and
prompt further workup. It should be remembered that
several nonmalignant processes (e.g., pelvic inflammatory

Figure 7–16 Color Doppler flow in an ovarian neoplasm. (A) Image of ovarian carcinoma with a central solid component in which blood flow is
seen on color Doppler. (B) Extensive blood flow seen with color Doppler within the solid component (arrows) of another ovarian neoplasm.

A B

Figure 7–17 Color Doppler flow in a thick septation. (A) Flow identified with color Doppler within a thick septation (arrows) and (B) within two
septations in two different ovarian neoplasms.

A B
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with advanced disease (stage III and IV). Several authors
now advise prophylactic oophorectomy at age 35 or when
childbearing is complete for women with two first-degree
relatives with ovarian cancer or the inherited conditions
discussed above.7,13

Both spectral and color flow Doppler are currently felt
to be of adjunctive value in the assessment of ovarian
masses; findings with these modalities influence levels of
suspicion, but currently have insufficient discriminatory
value to be used as stand-alone criteria to characterize a
mass as benign or malignant.

References
1. American Cancer Society. Cancer facts & figures 2005. Atlanta:

American Cancer Society; 2005
2. Young RC, Decker DG, Wharton TJ, et al. Staging laparotomy in

early ovarian cancer. JAMA 1983;250:3072–3076
3. Ozols RF, Rubin SC, Dembo AJ, Robboy SJ. Epithelial ovarian cancer.

In: Hoskins WJ, Perez CA, Young RC, eds. Principles and Practice of
Gynecologic Oncology. Philadelphia: Lippincott; 1992:731–781

4. Morrow CP. Malignant and borderline epithelial tumors of the ovary:
clinical features, staging, diagnosis, intraoperative assessment and
review of management. In: Coppleson M, ed. Gynecologic Oncology.
Edinburgh, Scotland: Churchill Livingstone, 1992:889–915

5. Koonings PP, Campbell K, Mishell D, et al. Relative frequency of pri-
mary ovarian neoplasms: a ten-year review. Obstet Gynecol 1989;
74:921–925

6. Westoff C, Randall MC. Ovarian cancer screening: potential effect
on mortality. Am J Obstet Gynecol 1991;165:502–505

7. Kerlikowske K, Brown JS, Grady DG. Should women with familial
ovarian cancer undergo prophylactic oophorectomy? Obstet Gyne-
col 1992;80:700–707

8. Jacobs I, van Nagell JR Jr, DePriest PD. Screening for epithelial ovar-
ian cancer. In: Gershenson DM, McGuire WP, ed. Controversies in
Management of Ovarian Cancer. New York: Churchill Livingstone;
1998:1–16

9. National Institute of Health. Ovarian cancer: screening, treatment
and followup: Consensus Development Conference statement.
Washington, DC: National Institute of Health, 1994, 1–29

10. Lynch HT, Kimberling WJ, Albano WA, et al. Hereditary non-poly-
posis colorectal cancer: Lynch syndrome I + II. Cancer 1985;56:
939–951

11. Lynch HT, Harris RE, Guirgis HA, et al. Familial association of
breast/ovarian carcinoma. Cancer 1978;41:1543–1548

12. Lynch HT, Albano WA, Black L, et al. Familial excess of cancer of the
ovary and anatomic sites. JAMA 1981;245:261–264

13. Gallion HH, Smith SA. Hereditary ovarian carcinoma. Semin Surg
Oncol 1994;10:249–254

14. Jacobs I, Bridges J, Reynolds C, et al. Multimodal approach to
screening for ovarian cancer. Lancet 1988;1:268–271

15. Ovarian Cancer. www.OncologyChannel.com/Ovarian Cancer.
Healthcommunities.com, Inc. 1998–2006

16. Buys SS, Partridge E, Greene MH, et al. Ovarian cancer screening in
the Prostate, Lung, Colorectal and Ovarian (PLCO) cancer screening
trial: findings from the initial screen of a randomized trial. Am J
Obstet Gynecol 2005;5:1630–1639

17. Menon U, Skates SJ, Lewis S, et al. Prospective study using the risk
of ovarian cancer algorithm to screen for ovarian cancer. J Clin On-
col 2005;31:7919–7926

disease, ectopic pregnancy, corpus luteum of pregnancy)
may also produce hypervascularity with relatively low-
resistance flow patterns.

Summary

The role of ultrasound in screening for ovarian malignancy
is still evolving with respect to technique, criteria, and ap-
plication. Screening of the general population is not felt to
be justified by virtue of the low prevalence of the disease
and the unfavorable cost-per-case-discovered ratio. Exten-
sive experimental screening protocols are ongoing and
may yield strong objective data in the next several years by
which our current approach can be reassessed.

A population considered at high risk by virtue of family
history of ovarian malignancy (more than one first-degree
relative) or the presence of a heritable syndrome that pre-
disposes to the disease has been clearly identified and is
considered appropriate for annual screening. Screening
should begin at age 25 to 30 and include physical examina-
tion, serum CA 125, and transvaginal ultrasound. Women
deemed to be at intermediate risk (single first-degree rela-
tive, several more distant relatives, or personal history of
breast cancer) may be offered screening with CA 125 fol-
lowed by ultrasound only if the serum CA 125 is elevated.8

The mainstay of sonographic evaluation of ovarian
masses is currently their sonographic morphological char-
acteristics. Enlargement of the ovary is generally consid-
ered abnormal and deserving of further evaluation.8,36 Any
patient with an abnormal volume at initial screening
should be scheduled for repeat examination in 4 to 6
weeks. Any ovarian mass that exhibits wall thickening, fo-
cal or diffuse, of greater than 3 mm, or mural soft tissue
excrescences of greater than 3 mm projecting into the cys-
tic components is suspect. Likewise, the mass with multi-
ple or thickened (greater than 3 mm, focal or diffuse) septa
demands at least close follow-up, if not excision.

Several morphological classification systems are avail-
able, providing a means of summarizing and, to some ex-
tent, quantifying characteristics to arrive at a numerical
scoring value; from this the level of suspicion with respect
to malignancy is established. Although certain clinical sit-
uations allow for close follow-up of questionable lesions
by rescanning in 6 to 8 weeks, cases in which the ultra-
sound morphology suggests malignancy should be recom-
mended for surgical excision. Percutaneous biopsy is not
considered an acceptable alternative because of the risk of
tumor spread in the peritoneal cavity with rupture of ma-
lignant cystic mass. The tendency toward early surgery for
suspicious lesions is justifiable on the basis of the excellent
prognosis for early-stage ovarian malignancy (stage I and
II) with greater than 90% five-year survival, and the dis-
couraging outcomes (15 to 20% five-year survival) for those
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Although this chapter is somewhat unique in the sense
that the title does not describe a particular clinical symp-
tom, the subject matter is extremely relevant and impor-
tant because tamoxifen remains the most widely pre-
scribed endocrine therapy for breast cancer. Dramatic
findings showed that tamoxifen reduced the rate of breast
cancer by an estimated 45% for healthy women over the
age of 34 at increased risk. This was reported by news
agencies worldwide in 1998 when the Breast Cancer Pre-
vention Trial was halted early.1

Tamoxifen is a member of a drug class called selective
estrogen receptor modulators (SERMs). These drugs ap-
pear chemically similar to estrogen and function by block-
ing the action of estrogen in breast tissue. Tamoxifen was
the first SERM to be investigated extensively for its anti-
cancer properties and it remains the standard of care for
early breast cancer today.

Breast cancer is the second leading cause of cancer
deaths in women. It has long been a major public health
problem for Americans, accounting for one of every three
cancer diagnoses.2 Currently, this disease cannot be pre-
vented, and most risk factors cannot be modified. The high
rate of morbidity and mortality associated with breast
cancer has sparked renewed research efforts directed at
the treatment and prevention of this dreaded disease.
Therapeutic regimes currently include surgery, radiation,
hormones, and/or chemotherapy.

Tamoxifen has been one of the most widely used, yet
hotly debated treatments to date. Reported serious ad-
verse effects, including an increased risk of endometrial
cancer and venous thromboembolic events, initially raised
the question of whether the net benefits outweigh the
risks. There are now second-generation SERMs such as
raloxifene. This drug was developed to avoid some of the
undesirable estrogen agonist action of tamoxifen. Ralox-
ifene is currently being used in the prevention and treat-
ment of postmenopausal osteoporosis, with other poten-
tial indications still undergoing study. In the Multiple
Outcomes of Raloxifene Evaluation (MORE) trial, ralox-
ifene compared with placebo increased bone minimal
density by 2 to 3% and reduced the incidence of new verte-
bral fractures by 30 to 50%.3 Further studies have shown
that raloxifene significantly decreases the incidence of
breast cancer in selective populations; however, unlike Ta-
moxifen, any long-term use of raloxifene does not increase
the risk of endometrial carcinoma.4

There is a new class of drugs challenging tamoxifen’s
status as a treatment of choice for advanced breast cancer.

Aromatase inhibitors (AIs) have recently gained attention
as a possible alternative therapy that can be taken instead
of or as additional therapy after the completion of long-
term tamoxifen. In several large, international clinical tri-
als, AIs, drugs that block the synthesis of estrogen from
precursor hormones, were shown to be very beneficial in
that they delayed breast cancer longer than tamoxifen in
women with advanced disease, who are sensitive to es-
trogen and progesterone. AIs had fewer side effects than
tamoxifen, such as vaginal bleeding and deep venous
thrombosis; however, unfortunately, some AIs were as-
sociated with increased bone loss with resultant higher
fracture rates and musculoskeletal pain.5

Tamoxifen Effects and Mechanism of Action

Tamoxifen is a synthetic, nonsteroidal drug that acts pri-
marily as an estrogen antagonist on breast tissue and as an
estrogen agonist on the endometrium. It was introduced in
the early 1970s and was found to be widely effective as
palliative therapy for women with advanced or recurrent
breast cancer. Tamoxifen competes for estrogen receptors
when administered to women who produce estrogen,
thereby decreasing the net estrogenic effect. It has been
hypothesized that tamoxifen deprives estrogen recep-
tor–positive tumor cells of one of their necessary growth
stimulatory factors.6 Another theory is that tamoxifen also
interacts with estrogen receptors to induce synthesis of
inhibitory substances that block the growth of mammary
tumor cells and the cells of other organs as well.7–9 Tamox-
ifen also has a weak estrogen effect in hypoestrogenic
women.10,11 About 50% of women with metastatic breast
cancer benefit from tamoxifen.12 The beneficial effects are
most apparent for postmenopausal women with estrogen
receptor–positive tumors and therefore, tamoxifen and
other SERMs are not indicated in women with estrogen re-
ceptor–negative tumors, who are generally treated with
chemotherapy.

By the 1980s, the success of tamoxifen in the manage-
ment of advanced breast cancer provoked interest in its
utility as adjuvant therapy in the treatment of surgically
resected early-stage tumors. Overall survival statistics, as
well as disease-free survival with reduced recurrence
rates, have been documented for postmenopausal women
when tamoxifen was added to other treatments. Several
clinical trials also demonstrated prolonged disease-free
survival for premenopausal women, as well as those with

Tamoxifen
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estrogen receptor–negative disease.12 The Scottish trial re-
sults suggested that postsurgical treatment with tamoxifen
is more effective in prolonging survival than treatment at
first signs of relapse. These data were used to support the
rationale for preventative therapy in women at increased
risk of developing breast cancer.13 Large, randomized, con-
trolled clinical trials of adjuvant therapy for early-stage
breast cancer demonstrated a 35 to 40% decrease in con-
tralateral breast tumors for women treated with tamoxifen
compared with controls.14,15

Additional reported potential benefits derived from the
estrogenic action of tamoxifen included the stabilization of
bone mineral loss, which may prevent morbidity due to
osteoporosis, and lowered circulating cholesterol levels,
which may significantly reduce the risk of death from
coronary artery disease.16,17 Interestingly, tamoxifen is es-
trogenic on bones in postmenopausal women and anti-
estrogenic on bones in premenopausal women. It is anti-
estrogenic on certain parts of the brain, which can cause
menopausal symptoms such as hot flashes, insomnia, and
night sweats. Tamoxifen is estrogenic in the liver, produc-
ing an increase in blood clotting proteins, which slightly
increases the risk of heart attacks and strokes, especially in
those at high risk, such as cigarette smokers. Numerous
studies report conflicting data on the effects of tamoxifen
on total cholesterol.18 Experts generally agree that tamox-
ifen provides very effective treatment for women with all
stages of breast cancer. Evidence now supports the use of
long-term adjuvant tamoxifen therapy for extended
periods of up to 5 years to prevent the reemergence of
tumors.19 The benefits from 5 years of tamoxifen therapy,
20 mg daily, persists through 10 years of follow-up with no
additional advantage to more prolonged treatment.20

Tamoxifen and the Endometrium

Tamoxifen’s complex mode of action involves an estrogenic
effect on the female genital tract. Estrogenic changes in the
vaginal epithelium of postmenopausal women with breast
cancer were first described in detail in the late 1970s.21,22

Laboratory studies then demonstrated tamoxifen-stimu-
lated growth of human endometrial carcinoma trans-
planted into athymic mice and breast cancer cells in culture
medium.23 Endometrial hyperplasia, polyps, uterine leiomy-
omas, uterine sarcomas, adenomyosis, and endometriosis
were subsequently described in tamoxifen-treated patients
by numerous researchers who implicated the prolonged es-
trogenic effects on the sensitive endometrium.14,24,25 The en-
dometrial response to tamoxifen may even vary according
to the menopausal status of the patient. A small study of 46
patients described polyps mainly in younger women
treated with tamoxifen compared with predominantly hy-
perplastic and neoplastic lesions among postmenopausal
women.26 The first case report of endometrial carcinoma as-
sociated with continuous postmenopausal tamoxifen expo-

sure appeared in 1985 and many others soon followed.14,24–27

Most experts agree that proliferation of the endometrium
with tamoxifen is associated with a significantly increased
risk of the development of endometrial carcinoma.

The relative risk of endometrial adenocarcinoma in pa-
tients with breast cancer has been reported as 1.72: 1.0 in
women younger than 50 years, and almost 2.4 in women
70 years or older.28 In asymptomatic postmenopausal
women, the estimated prevalence of endometrial cancer
approaches 7 per 1000.29 In view of these statistics and the
uncertain association between these two malignancies, a
consideration is that a finite number of women will de-
velop endometrial cancer, irrespective of their treatment
protocol for breast cancer.

Some researchers also raise the issue of whether the in-
crease in incidence of endometrial carcinoma was a true
phenomenon or perhaps due to an improved detection
rate of very early tumors.7 A randomized Swedish trial of
tamoxifen in 1846 postmenopausal patients undergoing
primary surgery for early breast cancer with a median fol-
low-up of 4 to 5 years reported a 6.5-fold higher occur-
rence of endometrial cancer in the tamoxifen group com-
pared with that of controls. In addition, the cumulative
frequency of endometrial cancer was significantly greater
in those who continued on tamoxifen compared with
those who stopped treatment at 2 years.30

Supporting data by others have shown relative risks for
developing endometrial cancer ranging from 1.7 to 4.6.31,32

Both the dose level and the duration of tamoxifen therapy
are believed to be relevant to some degree. There may be a
dose-dependency relationship associated with the prolif-
erative effects of tamoxifen on endometrial tissue because
the higher-dose Swedish trial had a more dramatic in-
crease in endometrial cancer than other series using ta-
moxifen at lower doses of 20 mg daily.13,33 However, en-
dometrial cancers have developed in patients on daily
dosages ranging from 20 to 60 mg. A higher frequency of
endometrial cancer with increasing duration of therapy
has also been reported by other investigators.30 Endome-
trial cancer occurring after tamoxifen therapy is not of a
different type with a worse prognosis than are such tu-
mors in non–tamoxifen-treated patients.19

One study advocated pretreatment screening to iden-
tify patients at a higher risk of developing endometrial
cancer. The authors reported a 17.4% incidence of asympto-
matic endometrial lesions in 264 postmenopausal women
who underwent pelvic sonography before starting tamox-
ifen at a daily dose of 20 mg. At 3 years of follow-up, the in-
cidence of atypical endometrial lesions was significantly
higher in women with initial lesions compared with those
with a normal endometrium on pretreatment scans.34

There is currently no general consensus as to whether it
would be beneficial to perform pretreatment pelvic sonog-
raphy before tamoxifen therapy.

Most researchers now concur that there is a definite in-
creased risk of endometrial cancer, approximately two- to
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a distended urinary bladder to provide a general overview
of the entire pelvis. TVS became an established tool in the
investigation of obstetric and gynecologic pathology be-
cause it affords high-resolution scanning capability with
multifocal 7 MHz or higher vaginal probes used in close
proximity to the pelvic organs with an empty bladder. The
many technological improvements have included the in-
troduction of vaginal transducers with color/power Doppler
and three-dimensional (3-D) imaging capability.

The vaginal technique is very well accepted by most
premenopausal and postmenopausal women. TVS permits
excellent visualization of the endometrium in the vast ma-
jority of patients and is far superior to TAS in this regard
due to the improved resolution and near-field focusing.
The endometrial–myometrial interface is much better de-
picted than was possible with full-bladder TAS (Fig. 8–1).
The vaginal technique has been shown to consistently
yield diagnostic information regarding subtle endometrial
changes not detectable with transabdominal sonogra-
phy.36–38 Meticulous scanning techniques may be necessary
to image the endometrium of the retroverted or retroflexed
uterus, which sometimes is at odd angles to the incident
sound beam (Fig. 8–2).

TVS can accurately measure endometrial thickness,
which is the total measurement across the lumen of the
endometrial cavity from one endometrial–myometrial in-
terface to the other. This measurement should be per-
formed with digital calipers in the sagittal plane at the site
of maximal thickness, which is generally at or just below
the uterine fundus. The value obtained actually represents
two closely opposed endometrial layers. Endometrial fluid
and the hypoechoic, inner compact layer of the my-
ometrium should be excluded to avoid overestimation of
endometrial thickness (Fig. 8–3). In experienced hands,
sonographic measurements of the endometrium are usually

threefold, following chronic tamoxifen therapy for invasive
breast cancer. However, this increased risk does not neces-
sarily translate to a very high absolute risk, which can be
affected by other factors such as hypertension, diabetes,
obesity, and prior hormone therapy. Although endometrial
cancer and rarer uterine sarcoma are the worse complica-
tions of long-term tamoxifen use, the majority of tamox-
ifen-induced uterine pathology is benign. Many abnormal
uterine growths associated with tamoxifen are endome-
trial polyps.

Although tamoxifen has proven valuable in the treat-
ment of patients with various stages of breast cancer, some
researchers object to its use as prophylaxis in healthy
women until further information becomes available. A
more stringent standard of safety is believed imperative
for a primary prevention measure before it becomes ac-
ceptable for the general population.18 Others report
that the benefits of tamoxifen in saved lives exceed the in-
cidence of endometrial cancer, which is predominantly a
low-grade, well-differentiated disease.35 However, the
benefit:risk ratio must be assessed for each individual, es-
pecially when tamoxifen is being considered for prophy-
laxis. Regardless of how the drug is administered, in-
formed consent should be obtained and patients should be
counseled regarding its side effects. Gynecologic examina-
tion, PAP smears, endometrial biopsy, hysteroscopy, and
pelvic ultrasound have been described as valuable meth-
ods of evaluating pelvic symptoms and complaints involv-
ing women on long-term tamoxifen therapy.24–26

Ultrasound Imaging

The imaging approach to evaluating the female pelvis in-
cludes both transabdominal (TAS) and transvaginal (TVS)
sonography. TAS uses probes up to 5 MHz with scans over
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Figure 8–1 Normal postmenopausal uterus. Sagittal transvaginal
sonography depicts the endometrium (cursors) as a 2 mm echogenic
line in a patient on tamoxifen for 3 years, off therapy for 1 year, and
then on Aromasin for the past year with numerous episodes of light
spotting for 6 months.

Figure 8–2 Mildly heterogeneous endometrium in retroverted
uterus. Sagittal transvaginal sonography in a postmenopausal pa-
tient on tamoxifen for 5 years with elevated serum tumor markers,
CA 125, and positive family history of ovarian carcinoma with 7 mm
thick endometrium (cursors) containing tiny cysts (arrows).
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in excellent agreement among observers and have been
shown to correlate well with measurements from gross
specimens.39,40

During the menstrual cycle in premenopausal women,
the endometrium displays a wide range of appearances
that can be correlated to the proliferative, secretory, or
menstrual phase. Both the thickness and the texture of the
endometrium are influenced by the amount of circulating
estrogen and progesterone. In the early proliferative phase,
the endometrium appears as a slightly irregular, thin
echogenic interface. It progressively thickens and develops
a multilayered appearance with the opposed endometrial
surfaces constituting the central echogenic line, sur-
rounded by the hypoechoic, developing functional layer
with the basal endometrium as the outer echogenic layer.
During the proliferative phase, the endometrium appears
distinct and uniformly hyperechoic and ranges from 4 to 8
mm in thickness. The secretory phase of the endometrium
begins after ovulation; during this time the maximum
thickness and echogenicity is achieved. The secretory en-
dometrium measures 10 to 15 mm or more in thickness.
The endometrium has a variable appearance during
menses, but once the functional layer has shed, it generally
becomes thin with the degree of reflectivity based on the
presence of blood or clots.

In postmenopausal patients, the endometrium be-
comes atrophic due to a lack of epithelial stimulation. It
appears on sonography as a thin echogenic line that nor-
mally measures a few millimeters in thickness (Fig. 8–1).
The relatively vascular and compact inner third of the my-
ometrium appears as a surrounding hypoechoic halo.41 It
has been shown conclusively that endometrial thickness
declines with age, yet measurements may increase to 6 to
10 mm following hormone replacement therapy (HRT).
Most experts are advocating biopsy in asymptomatic post-

menopausal patients only when the endometrial thickness
exceeds 8 mm.

The Society of Radiologists in Ultrasound (SRU) consen-
sus conference held in 2000, addressed the role of TVS in
the evaluation of women with postmenopausal bleeding.
All panelists agreed that TVS or endometrial biopsy (EMB)
could be used safely and effectively as the first diagnostic
step. The prevalence of benign endometrial abnormalities
in postmenopausal women with bleeding was felt to be
higher than previously thought. In addition, the panelists
felt that further investigation into the clinical significance
of benign endometrial abnormalities associated with post-
menopausal bleeding is warranted.42

Clearly, some women may present for evaluation be-
cause of abnormal bleeding due to the friable nature of at-
rophic endometrial vessels.43 However, numerous studies
have consistently shown that regardless of symptoms, an
endometrial thickness of � 4 to 5 mm is associated with
benign histopathology in the vast majority of cases.44,45 The
SRU consensus conference recommended a threshold level
of 5 mm to serve as a useful guide for determining which
patients should undergo endometrial biopsy.42 Statistical
analysis of the probability of endometrial pathology at a
specific thickness indicates that the risk of missing an en-
dometrial abnormality using a single measurement of 5
mm as a cutoff is ∼5.5%, comparing favorably with the
false-negative rate of 4 to 6% for dilation and curettage.46

Unfortunately, this cutoff value cannot be applied to pa-
tients on HRT, in whom abnormal bleeding occurs fre-
quently due to breakdown of the atrophic endometrium. It
is essential to ascertain which hormonal regimen a patient
is actually taking. Commonly used sequential estrogen and
progesterone induces cyclical endometrial changes similar
to those occurring in premenopausal patients. Endome-
trial thickness is, therefore, significantly greater in these
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Figure 8–3 Endometrial fluid with tiny endometrial cysts. (A) Sagit-
tal scan of the uterus in postmenopausal patient on tamoxifen for ∼6
months demonstrates a large quantity of endometrial fluid (F) and
numerous tiny cysts (arrows). (B) Coronal power Doppler scan

demonstrates no areas of hypervascularity in this asymptomatic
patient in whom the endometrial abnormalities were first noted
incidentally on a renal sonogram.

A B
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tend to have a greater percentage of endometrial thicken-
ing because of the cellular proliferation that occurs. Biopsy
of endometria greater than 8 mm thick is required in these
patients because of the known risk of endometrial cancer.
Because of the accuracy of endometrial assessment with
TVS, serial sonograms may be of value to closely monitor
patients at high risk for malignancy.

The most important sign of carcinoma, endometrial
thickening, unfortunately is not very specific. In sympto-
matic and asymptomatic patients, including those on ta-
moxifen or other SERMs, benign conditions such as hyper-
plasia, cystic atrophy, polyps, and proliferation occur more
frequently than carcinoma. Nevertheless, a persistently
thickened endometrium is worrisome even in patients on

women compared with controls, reaching maximum val-
ues on days 13 through 23.

Patients on sequential HRT should be scanned early in
their cycle, 4 to 5 days after completion of cyclic bleeding,
when the endometrium is most likely to be thin. Changes
in endometrial thickness greater than 3 mm during a sin-
gle cycle have been documented in patients on sequential
hormones.47 Scans can be performed anytime for patients
on continuous HRT regimens, including unopposed estro-
gen and no HRT.

The use of continuous estrogen and progesterone regi-
mens leads to endometrial atrophy, and, therefore, en-
dometrial thickness in these patients usually measures
within the normal range. Women on unopposed estrogen
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Figure 8–4 Endometrial polyp with trace fluid. (A) Sagittal trans-
vaginal sonography (TVS) demonstrates a small amount of endome-
trial fluid (arrows) with a thin endometrium (cursors) in a 45-year-old

patient on tamoxifen for 4 years with spotting. (B) Sagittal TVS of
well-defined, echogenic polyp (cursors) in the right uterine fundus.
TVS also showed findings of fibroids and adenomyosis.

A B

Figure 8–5 In situ cervical carcinoma. Sagittal transvaginal sonog-
raphy of the endometrium demonstrates a slightly heterogeneous
stripe (arrow) with a suggestion of a tiny amount of fluid (arrow-
head). Histopathology in this tamoxifen-treated patient revealed
inactive endometrium and squamous cell carcinoma of the cervix in
situ.

Figure 8–6 Retroverted uterus with endometrial venous flow. Sagit-
tal transvaginal sonography was performed in this postmenopausal
tamoxifen-treated patient with abnormal bleeding. The en-
dometrium was thickened in the lower uterine segment (arrow)
where venous flow was noted (arrowhead). Insufficient tissue for di-
agnosis was obtained on biopsy.
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sequential therapy, and a change in hormonal regimen or
biopsy is indicated. Endometrial fluid in postmenopausal
patients is a more common finding than initially thought
and is not unusual in women on HRT.46 It is more often
an indicator of benign rather than malignant disorders
(Fig. 8–4, Fig. 8–5). The presence of a moderate degree
of fluid helps in evaluating the appearance of the adja-
cent endometrium, which is the most important consid-
eration (Fig. 8–3).

Although TVS is very sensitive in visualizing endome-
trial morphology, including abnormal thickening and
small fluid collections, the differential diagnosis of such
findings in postmenopausal patients includes so many be-
nign disorders that the false-positive rate for malignancy is
significant. In considering cost-effectiveness, the SRU con-
sensus conference reported that the greater false-positive
sonographic findings among hormone users seem consid-
erably higher than those among patients who do not take
HRT. The panel recommended that symptomatic women
treated with tamoxifen or other SERMs be evaluated in a
fashion similar to that of other postmenopausal women
with vaginal bleeding, using a threshold thickness of 5
mm. The panelists acknowledged that tamoxifen-treated
women are at an increased risk of endometrial cancer;
however, they reported that there was insufficient evi-
dence to warrant recommendation of routine evaluation of
asymptomatic women on these therapies.

It is important to note that several researchers have
documented that postmenopausal women taking tamox-
ifen, whether symptomatic or not, tend to have endome-
trial measurements that are frequently thicker than control
subjects screened with TVS.32 Color Doppler with TVS has
been used to measure impedance to blood flow in the
uterine arteries, which normally increases with years

from menopause. Investigations have assessed uterine
blood flow with color Doppler to determine if tumor
neovascularity induces detectable arterial changes in en-
dometrial cancer. Several researchers have reported al-
terations in uterine blood flow with endometrial cancer;
one study suggests that the presence of malignant tissue
decreases the impedance to blood flow in the main uter-
ine artery.

It was thought that the observed changes were possibly
due to neoangiogenesis in the endometrial cavity.48 Other
larger series compared color Doppler findings on TVS with
endometrial biopsy, which was performed after the sono-
gram. The endometrium was significantly thicker in pa-
tients with cancer, compared with those with endometrial
atrophy, and the PI value of the uterine vessels was signif-
icantly lower in endometrial cancer compared with atro-
phy.49 More recent studies have shown that Doppler ultra-
sound, in contradistinction to saline infusion sonography,
(SIS) does not add to the value of endometrial thickness
measurements by TVS in the evaluation of endometrial
pathology and tamoxifen-treated patients (Fig. 8–6). How-
ever, instead of reliance on specific spectral Doppler in-
dices, we believe the various flow patterns of the en-
dometrium seen on color Doppler may help in the
differentiation of some pathological conditions involving
the postmenopausal endometrium.

We have observed endometrial hypervascularity in nu-
merous cases of endometrial polyps with the finding of a
prominent feeding vessel supplying an area of endometrial
thickening (Fig. 8–7, Fig. 8–8). Uterine leiomyomas
have been reported to often display low-resistance, high-
velocity flow patterns in the periphery of a hypoechoic, het-
erogeneous, sound-attenuating mass.50 The concomitant oc-
currence of leiomyomas, adenomyosis, tamoxifen-induced
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Figure 8–7 Endometrial polyp with large feeding vessel. (A) Sagittal
scan in a postmenopausal patient whose endometrial stripe has dou-
bled from 12 to 24 mm in the past 6 months. The patient has been on
tamoxifen therapy for ∼4 years. Endometrial polyps and cystic atro-

phy were noted at total abdominal hysterectomy and bilateral salp-
ingo-oophorectomy. Endometrium (E) and tiny cysts (arrow).
(B) Coronal power Doppler scan of large feeding vessel (arrows).

A B
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trial biopsy, and hysteroscopy. A normal appearance of the
endometrium with TVS reliably excludes significant en-
dometrial pathology. In tamoxifen-treated patients with
an abnormally thickened endometrium, various sono-
graphic patterns have been described, including hyper-
echoic, homogeneous endometrial thickening; hyperechoic,
heterogeneous endometrial thickening; and hyperechoic
endometrial thickening with cystic spaces that vary in size
and number.51 These endometrial changes are not specific
for tamoxifen-treated patients and may actually be seen in
asymptomatic postmenopausal patients without a con-
tributory history.

In our experience, the extensive cystic changes that
may occur in and around the endometrium are unique
and more typical of tamoxifen stimulation. Careful in-
spection of the endometrial echotexture may be helpful
in distinguishing between different endometrial
processes. Although studies have correlated changes in
the texture and thickness of the endometrium with
histopathology, there is no particular distinguishing
sonographic feature that permits a specific diagnosis
(Fig. 8–12). It has been suggested that a well-defined,
thickened, very echogenic endometrial cavity is likely
due to hyperplasia, yet we have noted similar findings in
polyps and other conditions.

Endometrial carcinoma, on the other hand, has been
described as an irregular, thickened, hyperechoic area of
the endometrium, with accompanying loss of the hypoe-
choic inner myometrial layer (Fig. 8–11).52 However, in our
experience, tamoxifen-treated patients not infrequently
have mixed histology following biopsy, and we have seen
poor definition of the subendometrial layer in various con-
ditions (Fig. 8–13, Fig. 8–14).

Perhaps one of the most intriguing aspects of endome-
trial abnormalities in tamoxifen-treated patients has been

cystic change, and endometrial cancer can pose a diagnos-
tic dilemma when attempting to assess uterine blood flow
(Fig. 8–9, Fig. 8–10). It is therefore unlikely that color
Doppler will play any role other than that of a comple-
mentary tool, perhaps in some cases to increase diagnostic
confidence. (Fig. 8–11).

Benefits of Ultrasound

The radiologist has a pivotal consulting role to play in the
utilization of TVS in evaluating symptomatic and asympto-
matic tamoxifen-treated patients. TVS is accepted as a
screening tool because it affords excellent visualization of
the endometrium and is less invasive than D&C, endome-
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Figure 8–8 Endometrial polyp and atrophic endometrium. Sagittal
transvaginal sonography in this patient with abnormal bleeding and
a 4-year history of tamoxifen therapy demonstrates a markedly thick-
ened endometrium (E), which had high-velocity, low-resistance flow.

Figure 8–9 Endometrial carcinoma and leiomyomas. (A) Sagittal
color Doppler scan in a postmenopausal patient on tamoxifen for 11
years in whom the endometrium (arrows) was not measured due

to heterogeneity, poor marginal definition, and hypervascularity. 
(B) Coronal scan of myometrial hypervascularity probably arising in a
leiomyoma.

A B
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Figure 8–10 Endometrial carcinoma. (A) Sagittal transvaginal sonog-
raphy in this patient on long-term tamoxifen therapy demonstrated
extensive cysts and foci of hypervascularity (arrow). (B) Arterial wave-

form demonstrates low-resistance flow (arrow) with PI 0.49 and RI
0.36. Initial endometrial biopsy yielded benign tissue; however, poorly
differentiated adenocarcinoma was subsequently diagnosed.

A B

Figure 8–11 Endometrial carcinoma. (A) Sagittal transvaginal
sonography of retroverted uterus with hypoechoic, thick endome-
trial stripe (cursors) referred for 5 days of vaginal bleeding. Patient
had been on tamoxifen for 2 years, but this had been discontinued

for 5 years. Attempted office biopsy was unsuccessful due to cervical
stenosis. (B) Color Doppler demonstrates hypervascular endometrium
with numerous foci of color flow (arrows).

A B

Figure 8–12 Chronic endometritis. Sagittal transvaginal sonogra-
phy in this postmenopausal tamoxifen-treated patient demonstrates
marked endometrial thickening (cursors) and fibroids (arrow).

the finding of atrophy and insufficient tissue for diagnosis
following EMB of markedly thickened endometria with
multiple small cysts (Fig. 8–15, Fig. 8–16). These findings
were originally felt to be due to atypical, complex hyper-
plasia or endometrial polyps with cystically dilated
glands.53,54 SIS, in which sterile saline is instilled into the
endometrial cavity, has been very helpful in improving the
direct visualization of the endometrium.

In a high percentage of cases, the associated polyps
with cystic change are well outlined by the adjacent fluid
(Fig. 8–17, Fig. 8–18). In addition, researchers have found
that the heterogeneous, bizarre appearance of the en-
dometrium was actually due to subendometrial cystic
change occurring in the inner myometrial layer.55 The en-
dometrium in these patients is actually quite thin, which
explains the histological diagnosis of benign or atrophic
endometrium, as well as the frequent lack of clinical signs
such as abnormal bleeding, which often heralds endometrial
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Figure 8–13 Recurrent endometrial polyps. Sagittal transvaginal
sonography (TVS) in a postmenopausal patient on tamoxifen for 4
years with irregular vaginal bleeding. Endometrial polyp, which was
diagnosed on TVS 7 months ago, was removed via dilation and curet-

tage. (A) Thickened endometrium with multiple tiny cysts (arrows),
endometrial and subendometrial. (B) Large polyp (cursors) on saline
infusion sonography.

A B

Figure 8–14 Endometrial polyp and complex hyperplasia. (A) Sagit-
tal transvaginal sonography in patient on tamoxifen for 4 years shows
a heterogeneous, markedly thickened endometrium (E). 
(B) Power Doppler scan of areas of endometrial hypervascularity. 
(C) Arterial waveform of low resistance flow (arrow) with PI 0.60
and RI 0.45.

A B

C
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malignancy or hyperplasia. This type of extensive cystic
change with marked thickening can also occur with single
or multiple endometrial polyps (Fig. 8–19). In some cases,
it may be virtually impossible to discern the exact site of
diffuse cystic change (Fig. 8–16). Among panelists at the
SRU consensus conference, it was uniformly felt that either
SIS or hysteroscopy is appropriate when TVS suspects a fo-
cal abnormality in a symptomatic postmenopausal pa-
tient.

Hysteroscopy has the distinctive advantage of allowing
one to perform a biopsy or a section of a focal mass at the
time of the procedure. Interestingly, the panelists favored
surgical hysteroscopy compared with office hysteroscopy,
despite the requirement for operating room time, consid-
erable anesthesia, and greater expense.42 Radiologists who
are comfortable with SIS find that this procedure can be
performed safely and less expensively in an outpatient set-
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Figure 8–15 Endometrium with cystic atrophy. (A) Sagittal trans-
vaginal sonography of thickened endometrium (cursors) with ques-
tionable fluid (f). (B) At total abdominal hysterectomy and bilateral

salpingo-oophorectomy, multiple endometrial cysts (arrow) and en-
docervical cysts (arrowhead) were noted. The endometrial cavity ac-
tually measured 2.5 � 2 cm.

A B

Figure 8–16 Cystic atrophy and endometrial polyp. Coronal trans-
vaginal sonography of markedly thickened, highly reflective en-
dometrium with numerous cysts of various sizes.

Figure 8–17 Endometrial polyp with cystic change. (A) Sagittal trans-
vaginal sonography (TVS) of one large and several tiny central cysts
(arrows), which obscure the endometrium in this patient, who was on

tamoxifen for 3.5 years and exhibited a progressively thickened stripe
on serial studies. (B) Sagittal TVS from sonohysterography (SHG) of
large feeding vessel (arrow) within a solitary polyp with cystic change.

A B
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Figure 8–18 Endometrial polyp with cystic change. (A) Power
Doppler scan of large feeding vessel (arrow) supplying a focal area of
thickening in the uterine fundus in this patient who has been on

tamoxifen for 4.5 years. (B) During saline infusion sonography, a
large, broad-based, pedunculated polyp (arrows) originating from
the fundus was noted with a tiny area of cystic change (arrow).

A B

Figure 8–19 Multiple endometrial polyps with cys-
tic change. Sagittal transvaginal sonography (TVS)
in retroverted uterus in patient postmenopausal for
20 years, asymptomatic on tamoxifen therapy for
the past 2 years. (A) Follow-up sagittal TVS of very
thickened endometrial stripe (cursors), with pro-
gressive cystic change in a 1-year period. (B) Sagit-
tal TVS of increased endometrial flow (arrows) with
arterial waveform.

A

B
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ting. It can be extremely useful when TVS suggests a possi-
ble focal endometrial abnormality, and it can be equally
useful in effectively triaging patients to various sampling
techniques such as office endometrial biopsy, office/surgi-
cal hysteroscopy or surgical D&C. SIS can also eliminate
unnecessary, more invasive procedures when the endome-
trial lining is shown to be very thin but associated with en-
dometrial tamoxifen-induced cystic changes. In inexperi-
enced hands, SIS should clearly depict intracavitary
lesions, characterize TVS-detected endometrial abnormal-
ities as either focal or diffuse, and definitively localize cys-
tic change as endometrial or subendometrial. SIS can be
especially helpful when the endometrium is suboptimally
visualized and cannot be accurately measured with TVS,
regardless of etiology.

Summary

The long-term use of tamoxifen has been linked to a higher
prevalence of proliferative endometrial lesions, including
carcinoma, hyperplasia, uterine sarcoma, endometrial
polyps, adenomyosis, submucosal fibroids, and cystic atro-
phy. Malignancies of the uterus are most concerning; how-
ever, it is important again to emphasize that the majority
of tamoxifen-related changes are indeed benign. The risk
of development of malignancy has been shown to increase
with the duration of tamoxifen use and accumulative dose,
prior estrogen replacement therapy, obesity, hypertension,
diabetes, and the presence of preexisting endometrial
pathology.

TVS is widely available, readily accepted by most post-
menopausal patients, relatively inexpensive, and the least
invasive method other than gynecologic examination for
the evaluation of patients on long-term tamoxifen. Be-
cause tamoxifen and other SERMs will probably be in-
creasingly used in more patients who will require evalua-
tion of pelvic symptomatology, the radiologist will often
be responsible for the actual triage of cases. TVS with the
added benefits of SIS is simple and can be performed in the
office setting. Patients who have a normal-appearing en-
dometrium on TVS can be conservatively managed with-
out follow-up sonograms unless symptoms change or
progress. SIS is likely the preferred method of evaluating
tamoxifen-treated patients with heterogeneous, markedly
thickened endometria on TVS. This procedure affords ex-
cellent visualization of the endometrium and may actually
obviate the need for more invasive and costly surgical
procedures.

Endometrial sampling, if necessary, can be performed
precisely at the site of the abnormality noted on SIS and
can be directed by the radiologist as in the case of multiple,
variably sized endometrial polyps. Increasing use of this
procedure will perhaps decrease the frequency of unsuc-

cessful, “blind” endometrial biopsies in which insufficient
tissue for diagnosis is obtained.
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Transvaginal sonography (TVS) has a pivotal role in the
evaluation of the patient presenting with first-trimester
pain or bleeding or both. Along with the pregnancy test,
TVS is the most important diagnostic test used to deter-
mine the cause and proper treatment of the patient pre-
senting with pain or bleeding in the first trimester.

The diagnostic entities that are considered in the pa-
tient who presents with first-trimester pain or bleeding
include ectopic pregnancy, threatened abortion, gesta-
tional trophoblastic disease, and adnexal torsion. With the
improved resolution afforded by TVS and the additional
diagnostic information available through color Doppler
sonography (CDS), these entities can be confidently distin-
guished from each other. This chapter emphasizes newly
described sonographic signs, including CDS, which may
enable more specific diagnosis in these patients.

Ultrasound Evaluation

Ectopic Pregnancy

The improved resolution afforded by TVS and CDS has
greatly enhanced the ability to confidently diagnose
ectopic pregnancy. These parameters are pivotal in deter-
mining the optimal management of patients with this
condition.1

Fortunately, the fatality rate associated with this condi-
tion has been decreasing substantially, even though its in-
cidence has increased significantly over the past 20 years.
Many patients with ectopic pregnancy have a clinical his-
tory of pelvic inflammatory disease. The abnormal and
irregular bleeding that occurs in ectopic pregnancies is as-
sociated with abnormal hormonal levels. The “classical”
clinical triad for ectopic pregnancy, consisting of pain, ab-
normal vaginal bleeding, and an adnexal mass, occurs in
fewer than half of patients. In fact, on pelvic examination
in patients with ectopic pregnancy, only 50% of patients
will have a palpable adnexal mass.

Pregnancy tests assist in establishing the presence of a
pregnancy, but do not indicate whether it is intra- or
extrauterine. The two major types of pregnancy tests avail-
able consist of maternal serum radioimmunoassay (RIA)
and urinary enzyme-linked immunosorbent assay
(ELISA) for the hormone �-human chorionic gonadotropin
(�-hCG). The advantage of the serum test is that it is very

sensitive, although it may not be available at the time of
the patient’s presentation. The urine pregnancy test is
qualitative rather than quantitative, but now approaches
the accuracy of the maternal serum test.

In general, most intrauterine pregnancies will exhibit
an intrauterine gestational sac when the serum �-hCG is
above 1500 mIU/mL. Thus, the lack of a sonographically
apparent gestational sac in a patient whose �-hCG is
greater than 1500 mIU/mL is considered suspicious of an
ectopic pregnancy. Depending on the institution, �-hCG
that ranges from 1000 to 2000 mIU/mL can help to
discriminate between an intrauterine and an ectopic
pregnancy (“discriminatory zone”).

It is important to realize that in up to 20% of ectopic
pregnancies examined transabdominally and 0 to 8% ex-
amined transvaginally, no apparent sonographic signs of
an ectopic pregnancy are observed.1 As a medicolegal pre-
caution, it may be prudent to include a statement such as
“although an ectopic pregnancy is considered unlikely, it
cannot be totally excluded” in the official report in cases
where no definite sonographic abnormality is seen.

Ultrasound Findings

TVS is clearly the most accurate means for documentating
the presence or absence of an ectopic pregnancy. CDS can
also be used as a means for detection and assessment of
the vascularity of any adnexal masses detected. CDS can
assist in the discrimination of intra- versus extraovarian
masses as well as periuterine vessels versus tubal masses.
Rarely, CDS may demonstrate a “ring of fire,” representing
the vascularity associated with an ectopic pregnancy that
is not appreciated on TVS.2

The sonographic findings in ectopic pregnancy can be
divided into consideration of uterine, adnexal, and cul-de-
sac findings; however, in a single patient, any combination
of findings may exist.

Uterine findings focus on the presence or absence of a
gestational sac with intact choriodecidua. Typically, in early
pregnancy the endometrium undergoes a decidualization,
which is a microscopic change in the nuclei of the endome-
trial stromal cells. With ectopic pregnancy the
endometrium may thicken and in some cases the cavity
contains fluid or blood, having the appearance of a
“pseudogestational sac.” However, the decidua in ectopic
pregnancies lacks the low-impedance flow seen on Doppler
in normal early intrauterine pregnancy. In addition, the

9 First-Trimester Pain or Bleeding or Both
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sonographically, an intrauterine pregnancy is highly
likely (Fig. 9–1).

In most cases of ectopic pregnancy, the endometrium is
slightly thickened, similar to a secretory-phase endo-
metrium. In more advanced ectopic pregnancies (8 weeks
and more), there can be intraluminal blood and clotting
due to sloughing of the endometrium secondary to poor
corpus luteum support.

The adnexal findings in ectopic pregnancies form the
basis for sonographic diagnosis of this entity. In most ec-

decidualized endometrium in ectopic pregnancy lacks
the focal thickening in the decidua basalis region seen in
normal early pregnancies. In some cases of normal early
(less than 6 weeks) intrauterine pregnancy, a double lin-
ing of decidua is present, representing decidua capsularis
and opposing decidua vera. When this is documented
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Figure 9–1 Composite transvaginal sonog-
raphy of normal 6-week intrauterine preg-
nancy, showing decidua capsularis and vera.
A yolk sac/embryo complex is also seen in the
lower right-hand image.

Figure 9–2 Transvaginal sonography of an unruptured tubal preg-
nancy showing a decidual ring containing an embryo.

A

Figure 9–3 Enhanced visualization of an unruptured ectopic
pregnancy adjacent to a corpus luteum with color Doppler sonography.
(A) Transvaginal sonography showing a normal left ovary with tiny
cystic areas. (Continued)

14495OB_C09_pgs.qxd  8/16/07  1:51 PM  Page 104



9 First-Trimester Pain or Bleeding 105

topic pregnancies, an adnexal ring of echogenic tissue with
a hypoechoic center can be identified separate from the
ovary (Fig. 9–2). One should be careful not to confuse a
corpus luteum in the ovary with the presence of an ectopic
pregnancy on TVS.

In some cases, CDS can be used as a “roadmap,” outlin-
ing the presence of a corpus luteum as separate from the
tubal mass itself (Fig. 9–3). The flow pattern seen in ec-
topic pregnancies can vary from absent diastolic flow to
low-impedance, high-velocity flow, so this parameter is
not accurate in determining whether an adnexal mass is
a corpus luteum or an ectopic pregnancy (Fig. 9–4,

Figure 9–3 (Continued) (B) Transvaginal color Doppler sonography showing a vascular ring adjacent to the corpus luteum, suggesting the possi-
bility of an unruptured ectopic pregnancy. (C) Histologic specimen showing a 3 � 4 mm unruptured ectopic pregnancy.

B C

Figure 9–4 Transvaginal color Doppler sonography (TV-CDS) of an
unruptured ectopic pregnancy. (A) TV-CDS of the uterus, showing
mild endometrial thickening with sparse myometrial flow. (B) TV-
CDS of the right ovary showing a mostly cystic mass with low-imped-
ance flow within the wall. This represented a hemorrhagic corpus
luteum. (C) In the left adnexa, a ringlike structure with relatively
high-velocity and intermediate-impedance flow was seen. This was
an unruptured ectopic pregnancy.

A B

C
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Intraperitoneal or cul-de-sac fluid that has low-level
echoes is highly indicative of a hemoperitoneum asso-
ciated with an ectopic pregnancy. The presence of intra-
peritoneal fluid, however, does not always indicate that
rupture is present because bleeding can occur as the gesta-
tional sac is being passed out the fimbriated end of the
tube into the peritoneum.

Ultrasound can diagnose uncommon types of ectopic
pregnancies, the most important of which include intersti-
tial ectopic pregnancy, where the gestational sac is im-
planted at the end of the fallopian tube in the corner of the
uterus.4 One must be careful not to mistake a normal preg-
nancy implanted eccentrically within the uterine cavity for
an interstitial pregnancy, which is implanted superolateral
to and outside the cavity. However, when the gestational
sac abuts the uterine serosa and is eccentric to the en-
dometrium, this condition should be suspected—particu-
larly if there is no myometrium or a very thin layer of
myometrium surrounding the gestational sac.

Fig. 9–5, Fig. 9–6). However, using CDS, one can get a gen-
eral approximation of the relative vascularity of the
ectopic pregnancy (Fig. 9–5). Spontaneous resolution of an
ectopic is more likely to occur when there is little or no ad-
nexal ring flow than when there is an abundant flow.
“Bizarre” waveforms that exhibit significant reversed dias-
tolic flow have been described in ectopic pregnancies
undergoing necrosis and resorption. If bleeding occurs sur-
rounding an ectopic pregnancy within the tube, a fusiform
adnexal mass can be seen, especially when associated with
hemoperitoneum.

CDS can be used to assess the response of an ectopic
pregnancy to methotrexate treatment.3 In most cases,
there is an initial increase in blood flow probably due to
vasodilatation, as indicated by low-impedance diastolic
flow, followed by a gradual increase in resistance to flow
within the adnexal mass. Patients may experience addi-
tional pain when the decidualized endometrium begins to
slough or if hemorrhage occurs.

A

B

Figure 9–5 Vascularity of ectopic pregnancies. (A) Composite color
Doppler sonography showing a hypervascular ectopic pregnancy, in-
cluding flow to the embryo (lower left image). (B) In contrast to the
patient shown in (A), this ectopic is hypovascular, probably the result
of sloughing.
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In abdominal ectopic pregnancies, the uterus can be
seen as separate from the developing gestational sac. This
condition may not be suspected until the second and third
trimester, when the finding of a “pseudo placenta previa,”
abnormal amniotic fluid collection, or abnormal fetal posi-
tion is seen on transabdominal sonography. It should be
noted that over one quarter of abdominal ectopic pregnan-
cies may be missed sonographically.5

Sonography has become a means for assessing proper
management of patients with ectopic pregnancies. In
some centers, systemic methotrexate is used for treatment
of known ectopic pregnancies, whereas in others, local in-
jection is performed utilizing TVS as a means for guid-
ance.3 In some cases, ectopic pregnancies are observed and
followed sonographically for changes in blood flow, as well
as abnormal increases in �-hCG.

Threatened Abortion

TVS plays a pivotal role in the evaluation of the patient
presenting with pain or bleeding in the first trimester.
Because bleeding can occur in up to 20% of normal preg-
nancies in the first trimester, TVS is used to distinguish
conditions that are physiological from those that may
require surgical intervention.

Subchorionic Hemorrhage

Subchorionic hemorrhage appears as a crescentic hypo-
echoic area adjacent to the choriodecidua in early preg-
nancy. Although there is significant controversy as to its
importance, if it is localized to the placental edge and
small (less than one quarter of the gestational sac size), it
is usually not associated with adverse pregnancy outcome.
However, if it extends behind the chorion and is large (over
two thirds sac size), the prognosis for pregnancy comple-
tion is usually guarded (Fig. 9–7).6–8 Other factors that
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Figure 9–6 Transvaginal color Doppler sonography of a hemor-
rhagic corpus luteum that mimicked the appearance of an ectopic
pregnancy except that it could be localized within the right ovary.

Figure 9–7 Hemorrhagic processes. (A) A hypoechoic space adja-
cent to choriodecidua. This is frequently seen in normal pregnancies.
(B) Two areas of subchorionic hemorrhage adjacent to intact chori-
odecidua. This was associated with a spontaneous abortion. (C) Com-
pleted abortion with thin and closely opposed endometrial layers.

A

B

C
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closed. In these latter patients, conservative treatment
might be indicated, with monitoring using serial �-HCG
(Fig. 9–7C).13

Gestational Trophoblastic Disease

This rare condition occurs when there is fertilization of a
chromosomally empty zygote. The typical morphological
appearance of hydropic villi may not be seen in the first
trimester. In fact, only echogenic irregular tissue may be
seen in the uterus (Fig. 9–9). This condition is occasionally
associated with ovarian theca lutein cysts and very high �-
hCG levels.

seem to indicate poor prognosis include weeks of gesta-
tion (less than 6 weeks) and more advanced maternal age
(over 35 years).9

A similar sonographic finding involving a “blighted
twin” can be encountered when two gestational sacs are
observed with only one living embryo. In this condition,
there is embryonic demise in one gestational sac with a
living embryo or fetus in the second gestational sac. Usu-
ally, the gestational sac of the demised embryo deflates
and is eventually absorbed.

Embryonic Demise

Embryonic heart activity can usually be identified as early
as 6 weeks when the embryo is 3 to 4 mm in length. Heart
rate analysis indicates that slow heart rates of 85 beats per
minute or less are typically associated with spontaneous
demise.10 Embryonic demise may be associated with either
a “deflated” yolk sac or an enlarged yolk sac (greater than
6 mm in size) (Fig. 9–8).11

Incomplete versus Complete Abortion

There are certain sonographic milestones that can be used to
establish normalcy of pregnancy in the first trimester. In
general, these include the presence of a yolk sac within a
gestational sac and with a mean diameter of 10 mm or more,
and/or the presence of an embryo at 15 mm mean gesta-
tional sac dimension with heart motion. In an incomplete
abortion, there may be a small gestational sac, defined as less
than a 5 mm difference between embryonic length and
mean sac dimension, a nonvisible embryonic heart beat, or a
very large gestational sac with no visible embryo.12 The
choriodecidua is typically irregular, and, on color Doppler,
increased venous flow is seen within the choriodecidua.

In complete abortion, there is a thin and regular en-
dometrium; and, on speculum examination, the cervix is
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Figure 9–8 Too large and too small yolk sacs. (A) Hydropic yolk sac (between cursors) associated with embryonic disease. (B) Tiny, deflated yolk
sac associated with long-standing embryonic demise.

A B

Figure 9–9 Transvaginal color Doppler sonography showing low-im-
pedance flow within echogenic trophoblastic tissue.
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Adnexal Torsion

Approximately 20% of ovarian torsion occurs in pregnant
women. This may be related to enlargement of the ovary
with a corpus luteum, with increased arterial flow to the
ovary coupled with decreased venous return. This may
result in diffuse ovarian edema and enlargement, thereby
increasing susceptibility to torsion. Because intraovarian
venous flow is most sensitive to interstitial pressure
changes, venous flow is typically absent and arterial flow
shows high impedance in most cases of adnexal torsion.14

As the condition progresses, intraovarian arterial flow may
cease. Sonographic depiction of the “twisted pedicle” may
be diagnostic in some cases (Fig. 9–10).

Summary

TVS offers an accurate means not only for diagnosis, but
also for establishing proper management of these patients
with first-trimester pain and bleeding.15
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Figure 9–10 Transvaginal color Doppler sonography showing
“twisted pedicle” sign associated with adnexal torsion. There is no
flow within the enlarged ovary located in the cul-de-sac. (Courtesy of
Dr. E. Lee)
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Ultrasound plays an important role in the workup of the
patient who presents with vaginal bleeding. Bleeding is a
common complication of pregnancy1–4 and a frequent indi-
cation for sonography. Although the majority of patients
who present with second- or third-trimester vaginal
bleeding experience only slight blood loss, even minor
bleeds can signal the presence of a life-threatening condi-
tion. Hemorrhage is a major source of perinatal morbidity
and mortality: along with pulmonary embolism and preg-
nancy-induced hypertension, bleeding is one of the three
leading causes of maternal death.5

Ultrasonography is a critical step in the evaluation for
potentially life-threatening obstetric sources of hemor-
rhage. This discussion focuses on the role of ultrasonogra-
phy in diagnosing serious obstetric causes of bleeding,
including placenta previa, placental abruption, circumval-
late placenta, vasa previa, and uterine rupture.

Diagnostic Considerations

The conditions causing second- and third-trimester hem-
orrhage fall into two main groups: obstetric and nonobstet-
ric etiologies. Nonobstetric sources of hemorrhage are
generally less hazardous and typically result in relatively
little blood loss compared with the obstetric etiologies.3

Among the nonobstetric causes of second- and third-
trimester bleeding are benign vaginal and cervical lesions
such as lacerations, varices, benign neoplasias, eversions,
and polyps, and malignant lesions such as cervical carci-
noma. Unusual nonobstetric etiologies of bleeding during
pregnancy include urethral varices and condyloma acumi-
nata.2,6 In some patients, the source of bleeding is not found,
and it is unclear whether the underlying etiology is obstet-
ric or nonobstetric.7

Obstetric sources of hemorrhage tend to be more seri-
ous and can result in substantial blood loss. The most com-
mon serious obstetric causes of hemorrhage are placenta
previa and placental abruption.1,2 Other less frequent, but
similarly important obstetric sources of third-trimester
hemorrhage include vasa previa, circumvallate placenta,
and uterine rupture.1,3 Digital vaginal and rectal examina-
tions are contraindicated in the patient with placenta pre-
via, so a critical question guiding management of the
patient who presents with vaginal bleeding is whether

placental tissue overlies the cervix, a determination gener-
ally made by ultrasonography.

Near term, the most common cause of bleeding is a
benign obstetric phenomenon termed the “bloody
show.” The bloody show occurs secondary to expulsion
of the cervical plug and is a normal phenomenon that
virtually never requires medical intervention.3,7 Despite
this, it can result in sufficient blood loss that the mother
seeks medical attention and should, therefore, be consid-
ered in the differential diagnosis of bleeding late in the
third trimester.

Diagnostic Evaluation

Nonobstetric sources of hemorrhage are assessed with
nonimaging tests such as pap smear, speculum examina-
tion, and culture. Speculum examination is helpful in eval-
uating for a vaginal or cervical lesion such as a vaginal
laceration or a cervical eversion, but should be done only
after placenta previa has been excluded.

Depending on the source and severity of the hemor-
rhage, a variety of other laboratory and clinical tests may
be needed. With large bleeds, a complete blood count, type
and cross match, serial vital signs, and serial hematocrit
levels may be necessary.2 Tests for nucleated blood cells or
fetal hemoglobin in the expelled blood may be indicated if
vasa previa is suspected because it is the only source of
pure fetal blood.2,3 When heavy bleeding is due to placental
abruption, continuous electronic fetal monitoring may be
required to determine if emergent intervention is indi-
cated for fetal distress. Additionally, coagulation profiles
are followed in patients with severe degrees of placental
abruption to assess for the development of disseminated
intravascular coagulation.

Ultrasound is the primary imaging test used to assess
the patient with vaginal bleeding. Although angiography,
radiography, and radioisotope scanning were performed in
the past to assess for placenta previa because of the poten-
tial risks of ionizing radiation and contrast, such tests
are now of only historical interest in this assessment.8

Magnetic resonance imaging may be helpful in selected
cases when sonography is not diagnostic, but it is not gen-
erally used as the initial imaging technique in patients
with vaginal bleeding.9,10

Second- and Third-Trimester Bleeding
Barbara S. Hertzberg10
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Ultrasound and Clinical Features
of Obstetric Sources

Placental Abruption

Placental abruption is defined as a premature separation of
a normally implanted placenta prior to the birth of the
fetus. A common and serious disorder, placental abruption
complicates ∼1% of pregnancies.11 Abruption is the most
common cause of intrapartum fetal death and accounts for
up to 15 to 25% of perinatal mortality.12–15 Other complica-
tions can include preterm delivery,12 and neurological
impairment in surviving infants.2

The clinical diagnosis of placental abruption can be sur-
prisingly difficult.2 Placental abruptions present a wide va-
riety of clinical symptomatology that overlaps with symp-
toms accompanying other disorders, such as placenta
previa and uterine rupture. The constellation of clinical
signs in severe cases may include vaginal bleeding, ab-
dominal pain and uterine tenderness, painful uterine con-
tractions, fetal distress or demise, and coagulopathy, but
the full complement of clinical signs occurs in only a small
proportion of patients.

The variability in clinical presentation is partly attribut-
able to the wide range of severity of placental abruption.
Placental separation can be complete, partial, or involve
only the margin of the placenta. Minor degrees of abrup-
tion can be self-limited events with little impact on mater-
nal and fetal outcome, even though they can be accompa-
nied by alarming amounts of vaginal bleeding.15–17 Some
patients have signs and symptoms that are so mild that the
diagnosis is only established retrospectively after delivery
of a placenta with a retroplacental clot.2

The sensitivity and specificity of ultrasound for diag-
nosing placental abruption is not well established. The
wide range of clinical presentations makes such an
assessment difficult, and most ultrasound reports of
abruption consist of case reports and retrospective re-
views.12–14,16,18–21 Histopathologic confirmation of placental
abruption is likewise complicated by the wide spectrum
of pathological findings, which include placental infarc-
tion, decidual necrosis, marginal thrombosis, and retro-
placental blood clot.12 Confirmation cannot always be
obtained, even in cases strongly suspected by clinical and
sonographic findings.21,22

There is likewise a wide range of sonographic findings
attributable to placental abruption,12,13 and ultrasonogra-
phy is considered a relatively insensitive test for diagnos-
ing placental abruption.19,21,23 This is partly because the
ultrasound evaluation previously focused on identification
of a retroplacental hematoma: the retroplacental hema-
toma is not the most common sonographic presentation of
placental abruption. Additionally, in some cases, imaging
findings are not seen because the bleeding is predomi-
nantly external.

At ultrasonography, retroplacental hemorrhage typi-
cally results in focal elevation of the placenta by a
hematoma which is less echogenic than the overlying pla-
cental tissue (Fig. 10–1). Several processes can potentially
be confused with a retroplacental hematoma at ultra-
sound.13 For example, because the normal subplacental
vascular region is less echogenic than placenta,14 it can
mimic a retroplacental hematoma. Distinguishing features
are that the normal subplacental vascular complex does
not exert a mass effect on the placenta,22,24,25 and that high-
resolution gray-scale ultrasound or color Doppler evalua-
tion may reveal discrete vascular spaces in the normal
retroplacental space.

A retroplacental myometrial contraction can also re-
semble a retroplacental hematoma because it can cause a
rounded soft-tissue thickening posterior to the placenta.25

Like the retroplacental hematoma, a contraction will exert
mass effect on the placenta. A contraction will, however,
be transient and is typically more homogeneous in
echopattern than a retroplacental hematoma. In contrast, a
hematoma exhibits a range of appearances, dependent on
the time interval since the bleed.

Finally, a retroplacental mass such as a leiomyoma
should also be considered in the differential diagnosis of
retroplacental hematoma (Fig. 10–2).25 A leiomyoma will
not exhibit the typical evolution a retroplacental hemor-
rhage demonstrates on follow-up sonography and may
also have other characteristic findings, such as calcifica-
tions, posterior sound attenuation, and shadowing.

The acute retroplacental hemorrhage can be particu-
larly difficult to diagnose because if it is echogenic it can
resemble the overlying placenta. The placenta may then
spuriously appear to be thickened because the hematoma
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Figure 10–1 Retroplacental hematoma due to placental abruption.
Longitudinal transabdominal sonogram demonstrates a heteroge-
neous mass (M) posterior to the placenta (arrow), which corre-
sponded to a retroplacental hematoma at delivery.
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subchorionic hematoma is more frequently seen. The
subchorionic hematoma is thought to be a consequence of
detachment of the placental margin. At ultrasonography, it
typically presents as a region of variable echogenicity,
which elevates the overlying amniochorionic membrane
and is usually contiguous with the edge of the placenta.1

Subchorionic hematomas also exhibit a variety of other
sonographic presentations, which include an intrauterine
membrane, an intrauterine mass, and an apparently elon-
gated placenta.

The intrauterine membrane is the most common sono-
graphic presentation of a subchorionic hematoma (Fig.
10–3). Sonography will depict a membrane projecting into
the amniotic cavity when a chronic subchorionic hema-
toma has an echopattern similar in echogenicity to that of
the amniotic fluid. With the hematoma nearly identical in
appearance to amniotic fluid, only the elevated amnio-
chorionic membrane is perceived by sonography. Increas-
ing ultrasound gain settings can occasionally corroborate
the diagnosis by depicting low-level echoes within the
hematoma.

A subchorionic hematoma can mimic an intrauterine
mass if it is echogenic and bulges into the amniotic cavity
(Fig. 10–4).13,16,20,22 This sonographic pattern could poten-
tially be mistaken for a uterine contraction, a fibroid, an ac-
cessory lobe of the placenta, a chorioangioma, or other
placental mass. When these diagnoses are contemplated
in a patient clinically suspected of placental abruption, the
competing diagnosis of subchorionic hematoma resem-
bling the intrauterine mass should also be considered.
Typically, a subchorionic hematoma is soft, gelatinous, and
impressionable when kicked by the fetus.16,20 When the

is not perceived as being distinct from placenta.13,18,22,26,27

Demonstration of an apparently thick placenta in a patient
suspected clinically of having placental abruption should
therefore suggest the possibility of a retroplacental hema-
toma secondary to placental abruption. If definitive diag-
nosis is not possible at the time of the initial scan, then
follow-up sonography should confirm the diagnosis by de-
picting interval evolution of the hematoma.13,27

Although the retroplacental region would intuitively
seem to be a logical place to search for sonographic signs of
placental abruption, in fact, it is not the most common
location for detecting an intrauterine hematoma. Rather, a
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Figure 10–2 Retroplacental leiomyoma. The mass (M) elevating the
placenta (arrows) is a leiomyoma. Note the similarity in appearance
of this mass to the retroplacental hematoma in Fig. 10–1.

Figure 10–3 Intrauterine membrane due to subchorionic hema-
toma. Transabdominal sonogram demonstrates a highly echogenic
membrane (arrow), which has been elevated by a chronic subchori-
onic hematoma. Although the hematoma is predominantly echo-
penic in sonographic pattern, note that low-level echoes (E) are seen
within. The intrauterine membrane presentation of a subchorionic
hematoma tends to occur in patients with chronic hematomas. 
P, placenta.

Figure 10–4 Subchorionic hematoma simulating intrauterine mass.
The heterogeneous mass (arrow) bulging into the uterine cavity cor-
responds to a subchorionic hematoma. This sonographic presenta-
tion can mimic the ultrasound pattern produced by a uterine
contraction, a fibroid, an accessory lobe of the placenta, or a placen-
tal mass such as a chorioangioma.
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diagnosis is in question, serial sonography may be helpful
because it can demonstrate evolution in the echo pattern
of the hematoma. With time, the hematoma should be-
come progressively less echogenic in appearance. Color
Doppler or power Doppler imaging may also prove helpful
in making this distinction.

Because a subchorionic hematoma originates near the
edge of the placenta, the hematoma may not be perceived
as distinct from the placenta if it is scanned at a stage in
which its overall echogenicity is similar to that of the pla-
centa. The overall sonographic pattern can then simulate
that of an elongated placenta (Fig. 10–5A). In the appro-
priate clinical setting, detection of an apparently elon-
gated placenta should be considered corroborative
evidence supporting the possibility of a subchorionic
hematoma. A subtle distinction in echo pattern between
the true placenta and the hematoma should be sought. If
the diagnosis is still not clear, serial sonography may clar-
ify the question by showing evolution in appearance of
the hematoma (Fig. 10–5B).

Placental abruptions can also cause other sonographic
findings, including an intraplacental fluid-fluid level, a
preplacental clot, or intraamniotic echoes owing to in-
traamniotic hemorrhage.20,28 A hemorrhage in the “prepla-
cental” location can be in either the subamniotic or the
subchorionic space. Clinical symptoms include vaginal
bleeding and can be remarkably similar to those arising
from other sites of placental abruption. Even though such
preplacental hematomas may not be associated with ac-
tual placental separation, they can be just as serious as the
classic placental abruption. A preplacental hematoma can
cause preterm delivery due to stimulation of uterine
contractions or fetal demise from compression of the
umbilical cord.12

Retroplacental hematomas tend to have a poorer out-
come than subchorionic hematomas. In general, the
greater the percentage of placental involvement, the
worse the outcome tends to be.12

In conclusion, ultrasound can strengthen the case for a
clinically suspected placental abruption. Negative findings
at ultrasonography do not, however, exclude placental
abruption. Indeed, in the setting of severe fetal distress or
unstable maternal condition and suspected placental
abruption, it may not be in the patient’s best interest to
perform ultrasonography, potentially losing valuable time
and delaying emergent delivery. Nevertheless, in the more
common case in which symptomatology is less extreme,
ultrasound can provide valuable information and defini-
tively distinguish placental abruption from placenta previa.

Placenta Previa

Placenta previa is an abnormality of placental location in
which placental tissue is implanted on the cervix. Patients
with placenta previa typically present with painless third-
trimester vaginal bleeding. Fewer than half of patients
who experience painless vaginal bleeding, however, have
placenta previa.2 Ultrasound has long been considered a
critical step in the assessment of patients with third-
trimester bleeding because a vaginal or rectal examina-
tion should not be performed until placenta previa has
been excluded. Indeed, ultrasound is so useful in exclud-
ing placenta previa that it has for the most part replaced
the potentially dangerous “double setup examination”
traditionally used for assessing patients with third-
trimester bleeding.3

The sensitivity of ultrasonography for detecting placenta
previa approaches 100%. Even the earliest reports of placental
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Figure 10–5 Subchorionic hematoma resembling elongated pla-
centa. (A) An echogenic subchorionic hematoma (H) is seen along
the posterior surface of the uterus. Normal placental tissue (P) is im-
aged along the anterior surface of the uterus. The overall appearance
is similar to that of an elongated placenta, although the edge of the

subchorionic hematoma has a more rounded appearance than is typ-
ical of normal placenta. (B) Sonogram obtained 2.5 weeks after the
image in (A) demonstrates interval evolution of the subchorionic
hematoma (H), which is now considerably less echogenic than on the
initial scan. P, placenta.
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severe degrees of placenta previa have variable outcomes.
Some patients can have a vaginal delivery, but others have
such severe hemorrhage that blood transfusion or ce-
sarean section or both must be performed.36,37 A true cen-
trally implanted complete placenta previa (Fig. 10–6) will
virtually never resolve, but many marginal and partial pre-
vias detected in the second trimester resolve later in preg-
nancy. In patients with an apparent placenta previa during
the second trimester, the degree of symmetry of the pla-
centa with regard to the internal os is helpful in predicting
the likelihood that placenta previa will persist or resolve. A
symmetrical, centrally located placenta previa predicts a
much higher likelihood of persistence to delivery than an
asymmetric or a marginal placenta previa.45

localization by ultrasound describe an accuracy between 93
and 97%.29–33 To optimize sensitivity, it is necessary to image
both the lower edge of the placenta and the cervix. Evalua-
tion of the cervix is needed to exclude the rare but poten-
tially dangerous coincidence of an accessory (succenturiate)
lobe of the placenta implanted over the cervical os.34

Reported specificities of ultrasound for placenta previa
vary widely.35–37 The specificity depends on the severity of
the condition (a complete placenta previa is less likely to
resolve with advancing gestation than an incomplete pla-
centa previa), the time in gestation at which placenta pre-
via is detected, and whether a concerted effort was made to
avoid sources of false-positives and false-negatives.38–41 The
reported incidence of sonographically detected placenta
previa during the second trimester varies from 6 to 49%, but
the incidence of placenta previa at term is much lower.35–37

Ultrasound can be used to classify the severity of pla-
centa previa. Grading systems vary slightly from institution
to institution,8 but variations in grading systems are rela-
tively unimportant provided the clinicians involved under-
stand the terminology used. A typical classification defines
complete placenta previa as comprising placental tissue
overlying the entire internal cervical os, and a marginal or
partial previa as indicating placental tissue that covers only
part of either or both the cervix and the os. Measuring the
distance from the lower edge of the cervix to the internal
cervical os is helpful in predicting outcome. Vaginal delivery
is more likely to be successful if this distance is greater than
2 cm.42,43 The configuration of the edge of a low-lying pla-
centa also appears to influence outcome: complications are
more likely if the placental edge is thick than if it is thin.44

The severity of vaginal bleeding tends to be propor-
tional to the severity of placenta previa. Complete placenta
previa is associated with earlier, more severe bleeding, and
virtually always requires cesarean section. In contrast, less
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Figure 10–6 Complete central placenta previa. Transabdominal
sonogram of the lower uterus reveals placental tissue (arrow) cen-
trally implanted on the cervix (C).

Figure 10–7 Lower uterine contraction simulating placenta previa.
(A) Longitudinal transabdominal sonogram of the lower uterus
demonstrates placental tissue (P) apparently overlying the region of
the cervix. Closer scrutiny of the image, however, reveals rounding

and bulging of the upper margin of the cervix (arrows), suggesting a
lower uterine contraction. (B) Image obtained 22 minutes after the
scan in (A) after resolution of the lower uterine contraction reveals a
normal-appearing cervix (arrow) without overlying placental tissue.
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Several potential sources of a false-positive diagnosis of
placenta previa have been described. An important but
avoidable explanation for a false-positive result is an
overdistended urinary bladder. The bladder can cause a
spurious impression of placenta previa because it com-
presses and distorts the lower uterine segment. If placenta
previa is suspected after scans are performed with a full
urinary bladder, then imaging should be repeated after the
bladder has been emptied.

Another common source of false-positives is a contrac-
tion in the lower uterine segment. Like the overdistended
urinary bladder, a uterine contraction can distort the ap-
pearance of the lower uterus and produce a spurious ap-
pearance of placental tissue overlying the cervix (Fig.
10–7A). A contraction is recognized as a focal thickening of
the myometrium with a distorted appearance to the region
of the cervix and lower uterine segment. The cervix may
spuriously appear to be elongated: a cervical length of 5 cm
or more with an empty urinary bladder suggests that not
only the cervix, but also a lower uterine contraction was
imaged. A rounding or bulging of the upper margin of the
cervix may also be seen: in the absence of a contraction, the
normal cervix, is shaped like a cylinder with a flat upper
surface. When a contraction is suspected, images obtained
after the contraction subsides will reveal the true relation-
ship of the placental edge to the cervix (Fig. 10–7B).

A subchorionic hematoma overlying the cervix is an-
other source of a false-positive diagnosis of placenta pre-
via. This is most likely to occur if imaging is performed
soon after the bleed, when the hemorrhage may be similar
in echogenicity to the adjacent placental tissue. Distinc-
tion between subchorionic hematoma overlying the cervix
and placenta previa can be difficult, particularly because
both disorders may present with similar symptomatology
(i.e., vaginal bleeding). Color Doppler may help distinguish

a hematoma from a previa because it will demonstrate
blood flow in a placenta previa, whereas a hematoma will
be avascular. Follow-up ultrasound should show interval
evolution in the echo pattern of a subchorionic hematoma,
but little change in appearance of a placenta previa.

Transabdominal sonography alone may not be suffi-
cient to accomplish the dual goals of imaging both the
lower edge of the placenta as well as the cervix. The lower
edge of the placenta may be difficult to see by transab-
dominal sonography during the third trimester of preg-
nancy, particularly if it is located in the midline, directly
posterior to the fetus. Moreover, though transabdominal
ultrasound is usually successful in depicting the cervix
during the second trimester of pregnancy, it becomes in-
creasingly difficult to image the cervix with advancing
pregnancy, largely due to attenuation of sound by the pre-
senting part of the fetus. Consequently, a variety of tech-
niques have been developed in an attempt to improve
transabdominal visualization of the cervix. Such maneu-
vers include Trendelenburg positioning, overdistention of
the urinary bladder, and the application of traction to the
presenting part of the fetus in an attempt to elevate it out
of the pelvis.46–48 These techniques, however, can be un-
comfortable for the patient, can distort the appearance of
the cervix and lower uterus, and frequently are ineffective
late in pregnancy.46

Transperineal and endovaginal sonography have both
been used to circumvent this problem. These ultrasound
approaches effectively bypass the shadowing from the
presenting part of the fetus, thereby permitting cervical
visualization in the vast majority of patients.49–55 Placenta
previa has the same overall appearance by transabdomi-
nal, transperineal, and endovaginal sonography, except
that the orientation of the cervix varies depending on the
approach used (Fig. 10–8A,B). Both the transperineal and
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Figure 10–8 Marginal placenta previa at transabdominal and
transperineal ultrasound. (A) Transabdominal ultrasound reveals pla-
cental tissue (P) overlying a portion of the cervix (arrow), but not im-
planted on the os, consistent with marginal placenta previa. (B)
Transperineal ultrasound reveals a similar appearance, with placental

tissue (P) overlying a portion of the cervix (arrow). Note that the
transabdominal and transperineal images are depicted in different
orientations: the cervix is in an approximately vertical orientation by
transabdominal ultrasound, and approximately horizontal orienta-
tion by transperineal ultrasound.

A B
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may be helpful in assessing for placenta accreta if the pla-
centa is suboptimally seen by ultrasound.59

Circumvallate Placenta

The normal placenta is completely covered by villus
chorion. Circumvallate or circummarginate placenta oc-
curs when the villus chorion ends short of the placental
margin so that some villi are unprotected by membranes.
Placenta circummarginate is characterized by a narrow
band of exposed villi, with the transition from villus to
membranous chorion marked by a flat ring of mem-
branes.70 Circummarginate placenta generally does not
cause symptoms and is considered a variant of normal. Cir-
cumvallate placenta, in contrast, is characterized by a
raised, rolled edge of tissue with a larger volume of unex-
posed villi. Circumvallate placenta can cause bleeding,
most commonly during the second trimester of preg-
nancy.70 The etiology for the bleeding is postulated to be
that the exposed placental tissue is more friable so it
bleeds more easily than the normal placenta. Other poten-
tial complications include inflammation, infection, and
preterm delivery.

At ultrasonography, circumvallate placenta is charac-
terized by an elevated shelf of placental tissue at the pla-
cental edge, projecting into the amniotic fluid70–72 (Fig.
10–10). The shelf can involve the entire perimeter of the
placental margin, but frequently is only partial.70 The ele-
vated shelf of placental tissue can be difficult to image if it
is obscured by a uterine contraction or closely apposed to
the placenta.70 Indeed, a recent study showed that the

the endovaginal techniques are highly successful in visu-
alizing the cervix and establishing the presence or ab-
sence of placenta previa.49–56 Transperineal sonography
has the relative advantage of not requiring vaginal pene-
tration, but endovaginal images of the cervix are fre-
quently superior to transperineal images.57 Endovaginal
ultrasound has been shown to be safe in patients with
placenta previa, with the caveat that it should be per-
formed cautiously.53–55,58

The patient with placenta previa is at increased risk
for aberrant placental attachment.36 Therefore, once an
ultrasound diagnosis of placenta previa has been estab-
lished, the sonologist should consider the question of
whether there is ancillary evidence to suggest a concur-
rent abnormality of placental attachment. The grades of
abnormal placental attachment include placenta accreta,
placenta increta, and placenta percreta. Placenta accreta
refers to extension of chorionic villi into the my-
ometrium, placenta increta indicates extension of villi
through the myometrium, and placenta percreta denotes
penetration of villi through the uterine serosa. These
complications are most likely in the multigravid woman
with a prior history of cesarean section and placenta pre-
via during the current pregnancy. The risk of placenta
accreta rises progressively as the number of prior ce-
sarean sections increases.

Sonographic features predicting an increased likeli-
hood of abnormal placental attachment in patients with
placenta previa have been described. Recognition of these
signs can alert the obstetrician to the possibility of pla-
centa accreta and thereby facilitate advance preparation
for the possibility of severe hemorrhage and the possible
need for cesarean hysterectomy at the time of delivery. De-
tection of large and irregular placental vascular lacunar
spaces, with flow by color Doppler interrogation (Fig.
10–9)59–66 has been associated with an increased likelihood
of placenta accreta and has been shown to be the ultra-
sound finding with the highest positive predictive value.64

Although vascular spaces can also be seen in the placentas
of patients without placenta accreta, there is a tendency
for them to be more numerous, larger, and more irregular
in configuration in the setting of placenta accreta.67 Other
sonographic findings may include loss of the normal hy-
poechoic retroplacental area, thinning or disruption of the
hyperechoic uterine serosa–bladder interface, and the
presence of focal mass-like elevations of tissue (similar in
echogenicity to the placenta) projecting beyond the uter-
ine serosa, into or adjacent to the bladder.67,68 Loss of the
normal hypoechoic retroplacental area is a relatively non-
specific finding that accounts for many false-positive
diagnoses of placenta accreta.64 During the first trimester,
identification of the gestational sac in the lower uterine
segment of a patient with a history of prior C-section has
recently been shown to correlate with an increased likeli-
hood of placenta accreta.69 Magnetic resonance imaging
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Figure 10–9 Placenta previa with placenta accreta. Transabdominal
ultrasound reveals placental tissue (P) partially overlying the cervix
(straight arrow), consistent with a marginal placenta previa. In addi-
tion, a large hypoechoic vascular space (V) is seen in the lower pla-
centa. Similar spaces were seen throughout the inferior portion of
the placenta, suggesting the possibility of placenta accreta. This di-
agnosis was confirmed histopathologically, and the patient required
emergency cesarean hysterectomy due to profuse bleeding.
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sensitivity and specificity of ultrasonography in identify-
ing circumvallate placenta are limited.73

Vasa Previa

Vasa previa is a rare but dangerous condition in which fetal
placental vessels within the membranes cross the internal
cervical os in advance of the presenting part of the fetus,
unprotected by placenta or umbilical cord. Vasa previa oc-
curs in patients with a bilobate or succenturiate lobe of the
placenta or a velamentous insertion of the umbilical cord.
The only known source of vaginal bleeding comprising
pure fetal blood, it is an extremely important diagnosis to
make because fetal complications are potentially cata-
strophic. The vessels crossing the internal cervical os are
prone to rupture at the time of rupture of the membranes,
potentially leading to rapid fetal exsanguination and death.
Vasa previa is therefore considered an absolute indication
for cesarean section. Despite the high incidence of fetal
mortality, vasa previa poses little or no risk to the mother.

Clinically, the diagnosis of vasa previa should be sus-
pected in the patient with the classic clinical presentation
of bright red vaginal bleeding beginning around the time
of membrane rupture. At ultrasound, a high level of suspi-
cion is indicated in patients with a velamentous insertion
of the umbilical cord, a bilobate placenta, or succenturiate
placental lobes, particularly when an accessory placental
lobe is implanted low in the uterus. Gray-scale ultrasound
may depict circular or linear hypoechoic structures typical
of vessels traversing the cervical os (Fig. 10–11).74 Color
Doppler should be performed to confirm the presence of
blood vessels over the cervix when the possibility of vasa
previa is considered.74–84

The blood vessels comprising a vasa previa must be dis-
tinguished from prominent, but normal cervical and lower

uterine blood vessels. Cervical varices and myometrial ves-
sels can be distinguished from vasa previa based on their
location lateral to the lower uterine segment and around
the periphery of the cervix. Umbilical cord presentation or
umbilical cord prolapse can also present a sonographic
picture resembling that of vasa previa, with blood vessels
overlying the cervix but contained within the umbilical
cord structure. Recently, three-dimensional ultrasound
has been shown to provide useful ancillary information
when the diagnosis of vasa previa is uncertain.85

The accuracy of ultrasound for vasa previa is unknown
because the literature has been predominantly case re-
ports. There are well-documented cases in which antena-
tal ultrasonography failed to detect a vasa previa that was
subsequently documented at delivery.79,86 Antenatal ultra-
sound diagnosis seems to require a high level of suspicion
and is more likely to be made in the patient with sugges-
tive clinical signs such as bright red vaginal bleeding at the
time of membrane rupture, or ultrasonographic evidence
of a high risk of vasa previa based on the presence of suc-
centuriate lobes of the placenta, a bilobate placenta, or a
velamentous umbilical cord insertion.

Uterine Rupture and Uterine Dehiscence

Uterine rupture is a rare, but clinically important etiology
for third-trimester bleeding. This potentially catastrophic
event poses an extremely high risk both to the fetus and to
the mother. Maternal death rates have been reported to be
as high as 2 to 20%, with fetal mortality in the 10 to 60%
range.87 The classic clinical presentation of uterine rupture
includes uterine pain, vaginal bleeding, and shock. Often,
however, the clinical picture is less dramatic. Clinical
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Figure 10–10 Circumvallate placenta. An elevated shelf of tissue (ar-
row) projects into the amniotic fluid at the inferior margin of the pla-
centa. This is a typical appearance for circumvallate placenta.

Figure 10–11 Vasa previa. Transabdominal sonogram of the lower
uterus reveals anterior (A) and posterior (P) lobes of the placenta, con-
nected by a membrane (arrowhead), containing blood vessels (closed
arrow) overlying the cervix (arrows). The diagnosis of succenturiate
lobes of the placenta with vasa previa was confirmed at delivery.
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grave risks to the health and welfare of mother and fetus.
Ultrasonography plays a critical role in evaluating serious
obstetric sources of hemorrhage, but is of less importance
in assessing nonobstetric etiologies. Important obstetric
conditions to be considered in the differential diagnosis of
second- and third-trimester bleeding include placenta
previa, placental abruption, circumvallate placenta, vasa
previa, and uterine rupture.
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Premature delivery (delivery before 37 weeks gestational
age) is a major cause of perinatal morbidity and mortality,
being responsible for 70% of perinatal deaths.1,2 The rate of
premature delivery in the United States increased from
9.4% in 1981 to 11.9% in 2001.3 This change is attributed to
an increase in the population at high risk for premature
delivery. The number of twin births increased by 32% be-
tween 1989 and 2000. In the same time period, the num-
ber of triplet births almost tripled and the number of
quadruplet births more than doubled. These changes are,
in part, attributable to the increased use of assisted repro-
ductive technology.4 In addition, patients with either or
both medical and reproductive risk factors previously ad-
vised not to conceive are now attempting pregnancy under
the supervision of high-risk obstetrical teams. These pa-
tients often deliver before full term for medical reasons.
Indicated premature delivery presently accounts for 15 to
25% of premature births.3

However, there are some encouraging trends in pre-
term morbidity and mortality. Advances in prenatal and
neonatal care have reduced perinatal mortality from pre-
mature deliveries. The lower limit of infant viability has
been extended: presently over 50% of infants born at 24 to
25 weeks survive to be discharged home from the hospi-

tal.3,5 However, the cost of providing care to an extremely
premature infant in the immediate neonatal period is 50
times more than that of an infant born at term, and the
health care cost for the rest of the first year of life is 20
times more expensive.6 There are frequently significant
physical and neurological sequelae in children born very
prematurely as well.7 Although the total number of prema-
ture births in the last decade has not decreased, there has
been a decrease in the proportion of infants born very pre-
maturely: 1.57% of singleton births occurred before 32
weeks in 2001, compared with 1.69% in 1990. The propor-
tion of singleton births between 32 to 36 weeks increased
from 8.01% in 1990 to 8.81% in 2001.3 These infants are
technically considered as premature births but have fewer
morbidities than those delivered at an earlier gestational
age. This shift to a less vulnerable stage of the pregnancy
may in part be the result of advances in the diagnosis of
premature labor so that intervention can be instituted ear-
lier and more effectively.

Obstetrical ultrasound plays an important role in the
evaluation of patients in spontaneous premature labor, not
only in the determination of gestational age and fetal well-
being, but also in the assessment of the cervix. Sonogra-
phy, using a transvaginal (Fig. 11–1) or transperineal (Fig.
11–2) approach, provides an additional method beyond
the traditional digital examination for the study of the
uterine cervix during pregnancy.

The cervix plays a unique role in pregnancy. The closed
and uneffaced cervix physically maintains the fetus in
utero, and secretions from the cervix form the mucous
plug that is partly responsible for preventing ascending
infection. The cervix can be the cause of premature deliv-
ery in cases of incompetent cervix. An incompetent
cervix, which may be congenital or acquired, is associated
with a silent decrease in cervical length and painless di-
latation of the cervix that may result in premature labor
recognized only at an advanced stage. Changes in cervical
length, dilatation, and effacement can reflect the progres-
sion of premature labor. Recognizing these changes can
help identify patients that are heading toward premature
delivery. This chapter reviews the use of sonography
in the assessment of the cervix in premature labor 
and delivery.

Premature Labor
Geoffrey Wong and Deborah Levine11

Figure 11–1 Normal transvaginal view of the cervix. The endocervi-
cal canal is indicated with calipers.
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Figure 11–2 Transperineal scan. (A) Calipers mark the internal and external os in a normal-appearing cervix. (B) In a different patient, ballooning
membranes are present � measures length of open cervix; � meaures dilation.

A B

Figure 11–3 (A) Transabdominal view of the cervix and lower uter-
ine segment of a patient scanned at the 20th week of her pregnancy.
(B) Funneling of the cervix noted incidentally 40 minutes into the
scan. There was no subjective complaint of uterine contraction. (C)
Cervical funneling was confirmed on transvaginal scan. The closed
cervical length (1.4 cm) is marked with calipers. Transvaginal or
transperineal scan of the cervix should be performed if a short cervix
is noted transabdominally.

A B

C
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Ultrasound Evaluation

Technical Aspects

The transabdominal approach to scanning the cervix is less
accurate than the transvaginal or transperineal approach
because the cervix is poorly visualized when the maternal
bladder is empty (Fig. 11–3).8 However, overdistention of
the bladder artificially increases the length of the cervix
and can obscure the presence of a dilated cervix (Fig.
11–4). Maternal body habitus or a low fetal presenting part
can also limit visualization of the cervix transabdominally.
Because of the problems inherent with transabdominal
scanning, imaging of the cervix is best performed with ei-
ther a transperineal or a transvaginal approach.9–11

Transperineal scanning (Fig. 11–2) is performed with a
3.5 to 5 MHz sector probe. The probe should be covered by
a condom or plastic wrap for hygienic reasons and infec-
tion control.12 The probe is placed on the perineum, over
the labia minora, and is aimed in the direction of the vagi-
nal canal toward the cervix. Transperineal scanning is very
operator-dependent. Pitfalls include obscuration of the
cervix by rectal gas, shadowing by the pelvic bones, and in-
adequate visualization of the external os due to direct con-
tact of the vaginal wall with the cervix. Hertzberg et al
have shown that elevating the patient’s hips and buttocks
off the scanning table can improve cervical visualization in
cases where routine transperineal views are inadequate.13

Transperineal sonography has an advantage over trans-
vaginal sonography in that the probe is not introduced into
the vagina. Therefore, in patients with active bleeding or in
whom ruptured membranes are suspected, transperineal
scanning is our recommended approach. Additional bene-
fits are that transperineal scanning is more comfortable for

the patient than is transvaginal scanning and no artifact is
produced by pressure exerted on the cervix.

A 5 to 10 MHz vaginal probe is used in transvaginal
scanning of the cervix (Fig. 11–1). The probe should be dis-
infected prior to use and covered by a condom or probe
cover. Latex allergy is present in some patients, and in those
cases, a nonlatex condom or a nonlatex glove can be used to
cover the probe. When using the transvaginal approach,
care should be taken not to insert the probe abruptly or too
deeply. The ultrasound monitor should be viewed in real
time during insertion of the probe to avoid traumatizing
prolapsed fetal membranes or a low placenta (Fig. 11–5).

Figure 11–4 Pitfalls of overfull bladder and contraction at the lower
uterine segment. (A) Compression of the cervix by a full bladder may
give the impression of a long cervix. In this image there is also a con-
traction at the lower uterine segment that adds to the impression of
a long cervix. The contraction can be recognized by the thickness of

the myometrium in the anterior and posterior lower uterine seg-
ment. This can give the false appearance of funneling above a long
closed cervix. (B) Cervical funneling was demonstrated by transvagi-
nal scan with an emptied bladder a few minutes after the image in
(A) was taken.

A B

Figure 11–5 Ballooning membranes. When ballooning membranes
are seen, the probe should not be inserted further into the vagina,
but should be removed. The patient should be placed in Trendelen-
burg’s position and transferred to labor and delivery.
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The Cervix in Normal Pregnancy

It is difficult to distinguish the cervix from the lower uter-
ine segment in the nonpregnant state and in the first
trimester. By the second trimester, the growing amniotic
sac provides a clear landmark for the internal cervical os.
Cervical length measurements (defined as the distance be-
tween the internal and the external cervical os) have been
shown to correlate well with digital examination of the
cervix. Many authors suggest cervical sonography is supe-
rior to digital examination because the measurements are
reproducible, the intraabdominal portion of the cervix can
be measured, and the internal cervical os, where early
changes from incompetent cervix and premature labor oc-
cur, can be assessed.16–20 Sonography also has the theoreti-
cal advantage of less risk of infection and irritation of the
cervix than digital examination.

Cervical length often measures over 5 cm in the first
trimester,21 but some of this length may reflect the inabil-
ity to define clearly the upper cervix from the lower uter-
ine segment. Most studies define a normal cervical length
as 3 to 4 cm in midpregnancy.22–24 In a study sponsored by
the National Institute of Child Health and Human Develop-
ment Network (NICHD), 2915 women with singleton preg-
nancies were studied by transvaginal cervical ultrasound
examination at 22 to 24 weeks with follow-up examina-
tions in 2531 patients at 26 to 28 weeks gestation. The
mean cervical length was 3.52 cm in the first group and
3.37 cm in the second group.25 The distribution of cervical
lengths in the population followed a normal bell curve. At
24 weeks gestation, the 10th and 90th percentiles are 25
mm and 45 mm, respectively. Normal cervical length ap-
pears to be the same in nulliparous and multiparous
women, and both exhibit shortening of the cervix as preg-
nancy progresses. Such normal shortening of the cervix

The cervix should be identified and then the probe should
be slightly withdrawn to obtain an accurate image of the
internal os, external os, and cervical length (Fig. 11–6). The
image of the cervix should meet the following criteria: (1)
the internal os appears either flat or as an isosceles trian-
gle, (2) the whole length of the cervical canal can be visu-
alized, (3) a symmetric image of the external os can be ob-
tained, and (4) the distance from the surface of the
posterior lip to the cervical canal is equal to the distance
from the anterior lip to the cervical canal.14 The cervix
should be observed for several minutes to detect dynamic
change of the internal os and cervical length. Even patients
with known placenta previa can be safely scanned with a
transvaginal probe, although for patients with active
bleeding we recommend the transperineal approach.

The cervical length is measured from the internal os to
the external os. When the internal os is open, with funnel-
ing, only the closed portion of the cervix is measured.
When funneling is present, the anteroposterior diameter
(at the region of the presumed internal os) and length of
the funnel (from the presumed internal os to the closed
portion of the cervix) are also measured. A cervix that has
prolapsing membranes into the cervical canal on ultra-
sound may still feel long and closed on clinical examina-
tion. The technical success of placing a cervical cerclage
when there are prolapsing fetal membranes into the cervi-
cal canal is influenced by the clinical length of the cervix
and the width and length of the canal dilation, and not just
the functional length of the cervix. In addition, it is not
clear how a 2-cm long cervix with a closed cervical canal
behaves when compared with a 4-cm cervix with prolaps-
ing membranes and a functional length of 2 cm. A com-
plete description of the sonographic picture of the cervix,
including the total length, the width of dilation of the in-
ternal os and along the cervical canal, and the remaining
closed (functional) length conveys the entire appearance.15

Ultrasonography in Obstetrics and Gynecology124

Figure 11–6 Pitfall in measuring cervical length. (A) Pressure was
exerted on the cervix by the vaginal probe. Note the relatively thin
anterior cervical lip when compared with the posterior lip. (B) Fun-

neling of the internal os and a short cervix (calipers) were noted after
the probe was withdrawn slightly to eliminate the pressure artifact.

A B
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does not result in premature delivery.26–29 It is therefore im-
portant to distinguish between the normal, expected rate
of cervical shortening as compared with an accelerated
rate of change that may result in premature delivery.

Patients carrying multiple gestations have significantly
shorter cervical lengths than singleton pregnancies when
matched for gestational age. Normograms of cervical
length have been developed for twins.30,31 In singleton
pregnancies, cervical length usually remains above 4 cm
through 37 weeks, whereas in twin pregnancies it is often
less than 3 cm by 32 weeks.

The Role of Cervical Sonography 
in Premature Labor

The most commonly used sonographic parameters in the
assessment of premature labor are cervical length, dilation
of the cervix, and the appearance of the internal cervical
os. The length of the cervix of patients who have a history
of premature delivery might not be different from the gen-
eral population when measured in the first trimester.32–34 It
is important to follow patients who are at risk for prema-
ture delivery. There is an inverse relationship between the
sonographically measured length of the cervix at midpreg-
nancy and the risk of preterm delivery. Most studies place
the at-risk threshold at 2 to 3 cm.35–38 The NICHD study
demonstrated that a sonographically measured cervical
length of less than 3.2 cm at 24 weeks gestation is associ-
ated with a sixfold increased risk of premature delivery
before 35 weeks, and a cervical length of 1.2 cm at 24
weeks has a 14-fold risk of premature delivery. A trans-
vaginally measured cervical length of less than 2 cm at 24
weeks has a sensitivity of 23% and a specificity of 97% for
the prediction of preterm delivery. Cervical lengths meas-
ured sonographically at 24 weeks gestation of 3, 2.5, and 2
cm are associated with premature delivery in 9.3, 18, and
25%, respectively, of cases.25 Combining the patients’ ob-
stetrical history and the cervical length measurement may
increase the predictive value of the cervical sonography.

Some authors have proposed using a single transvagi-
nal measurement of cervical length at midpregnancy to
detect patients at risk for premature delivery.39,40 However,
the cost-effectiveness of such a program for the general
population is questionable given the low prevalence of
premature birth in the low–risk population.41–43

The inverse relationship between cervical length and
the risk for premature labor also holds for multiple gesta-
tions.43–50 Imseis et al in their study of twin pregnancies
noted that a cervical length of 3.5 cm at 24 to 26 weeks
predicts delivery at term in the majority of cases,
whereas a mean cervical length of 2.7 cm is associated
with either premature delivery or necessity for obstetri-
cal intervention.44

In addition to cervical length, the appearance of the in-
ternal os is important in the assessment of preterm labor.

The presence of funneling or wedging (dilation of the in-
ternal os with prolapse of fetal membranes into the cervi-
cal canal) is associated with preterm delivery. Ominous
signs predicting preterm delivery include a funnel length
of greater than 1.5 cm, a funnel width of greater than 1.4
cm, a residual cervical length of less than 2 cm, and fun-
neling over 40% of the cervical length.15 There are still con-
troversies as to which of these is most important. Guzman
et al maintain that cervical length has the highest predic-
tive value.52 Other studies, however, find that the internal
cervical os dilation and the extent of the cervical funneling
are equally important in predicting the group at risk for
premature delivery.53–55 Further research with standardized
criteria for the description of cervical change will help
evaluate the importance of these markers.

Recently, there has been interest in the use of fetal fi-
bronectin,56–59 prostaglandin,60 and interleukin-6 and 8 as-
says61 on swab specimens in combination with cervical
sonography to identify patients at risk for premature labor
and delivery. The most promising of such combined proto-
cols found that a negative fetal fibronectin test on the vagi-
nal swab and a cervical length of over 3 cm on ultrasound
examination have a 97% negative predictive value for pre-
mature delivery in the subsequent 14 days.59

In addition to predicting preterm delivery, cervical
sonography can be used to select patients who would ben-
efit from the treatment of preterm contractions.62–68 Prema-
ture labor is associated with a heavy economic cost and is
one of the most overdiagnosed and overtreated medical
conditions. Yet, it is important to diagnose and treat true
premature labor to gain time to administer antenatal
steroid treatment to promote fetal lung maturation and
transport the pregnant woman to a tertiary care facility
when necessary.

In patients with premature contractions, sonography of
the cervix can be used to direct management. Rageth re-
ported that patients require hospitalization and tocolytic
therapy only when the cervical length measures less than
3 cm.68 Fuchs et al studied 87 twin pregnancies that pre-
sented with premature labor and found that cervical
length measurement helped in identifying patients at risk
for premature delivery within 7 days.68 He found that the
shorter the cervical length, the higher the risk of prema-
ture delivery. None of a group of 21 patients with a cervical
length of over 25 mm delivered within 7 days of
observation.

Ultrasound and Other Findings 
for Causes of Premature Labor

Incompetent Cervix

Cervical incompetence is suspected if cervical shortening,
cervical os dilation, and prolapsing fetal membranes into the
cervical canal are found in a pregnant patient in the absence
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In the past, it was believed that the cervix was either
competent or incompetent. However, recent studies have
shown the cervical changes occur on a continuum.73,74 The
rate of cervical change may differ according to the underly-
ing cause, but the change is often gradual and takes place
over weeks. The initial site of change is at the internal
cervical os. Iams reported that cervical length in the cur-
rent pregnancy can be predicted by the gestational age at
delivery of the previous preterm birth.74 For women who
previously had preterm delivery before 32 weeks, the as-
sociation between cervical length and preterm birth holds
true in subsequent pregnancies.74 This leads to the hope
that when cervical sonography detects either or both
shortening of the cervix and development of membranes
funneling at the internal os, timely intervention can be
performed with improved perinatal outcome.

The timing of the initial examination and the frequency
of follow-up examinations in patients with possible in-
competent cervix have not been established. In patients

of uterine contractions. The findings can be made clinically
or by ultrasound examination, but cervical sonography can
detect those changes earlier.69–73 Although the etiology of
premature delivery is often multifactorial, incompetent
cervix is felt to be the primary cause in 16% of premature
births.2 Risk factors such as diethylstilbestrol exposure in
utero, cone biopsy of the cervix, and prior cervical laceration
identify some of the patients at risk, but the diagnosis of cer-
vical incompetence is often made on the basis of a history of
midtrimester pregnancy loss associated with painless dilata-
tion of the cervix. Often the patient cannot give an accurate
description of the events surrounding a prior pregnancy loss.
It is difficult to determine the initiating cause of preterm de-
livery when the patient has already embarked upon the final
common pathway of premature labor, premature rupture of
membranes, and chorioamnionitis. The identification of pa-
tients at risk for incompetent cervix is further made difficult
because some patients with an incompetent cervix are nulli-
parous with no identifiable risk factors.

Ultrasonography in Obstetrics and Gynecology126

Figure 11–7 Changing cervix in a patient with a history of second-
trimester pregnancy loss. (A) In the supine exam, the closed cervical
length was 2.9 cm with 7 mm of wedging of the internal os. (B) After
standing for 15 minutes and being scanned upright, the patient’s

closed cervical length was 1.8 cm. The patient delivered at 33 weeks
gestational age. (Reproduced with permission from Wong G, Levine
D, Ludmir J. Maternal postural challenge as a functional test for cervi-
cal incompetence. J Ultrasound Med 1997;16:169–175.)

A B

Figure 11–8 Incompetent cervix. Transabdominal view of the cervix at
19 weeks gestational age in an otherwise asymptomatic patient. (A)
The initial image demonstrates ballooning membranes. Calipers meas-
ure the open portion of the cervix. (B) Later in the examination, the

cervix appeared normal. Calipers measure the apparent closed cervical
length. We recommend that the initial image taken during routine ob-
stetric sonography be the view of the cervix. This will help to identify
cases of cervical incompetence that would otherwise escape detection.

A B
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with a history of pregnancy loss from an incompetent
cervix, repeated loss usually occurs at the same gestational
age or at an earlier gestational age. Therefore, in subse-
quent pregnancies, it is prudent to get an initial cervical
scan to establish the baseline cervical length at a time
before the gestational age at which the previous loss oc-
curred. We recommend follow-up examinations every 1 to
2 weeks, depending on the findings of examinations and
the clinical symptoms.

Conventional vaginal sonography to diagnose incompe-
tent cervix will only detect a short cervix if cervical
changes have taken place before the examination. Func-
tional maneuvers, such as transfundal pressure,75 strain-
ing,76 or scanning the cervix with the patient standing77,78

can elicit early cervical changes and identify patients at
risk for incompetent cervix who otherwise would go undi-
agnosed. After a positive response is elicited from trans-
fundal pressure, many patients have progressive cervical
change 1 to 3 weeks later.79 In a study by Wong et al, preg-
nant patients at 20 to 24 weeks gestation were examined
in a standing position to study the effect of posture on the
cervix, which may represent a more physiological repro-
duction of daily activity than transfundal pressure.78 The
standing position had no effect on the normal cervix, but
patients with greater than 33% shortening in cervical
length measured in the standing position after standing
for 15 minutes were likely to deliver prematurely (Fig.
11–7). Patients who have a positive test on functional chal-
lenge may benefit from close follow up, reduced physical
activity, and possibly cervical cerclage.

Because up to one third of patients with cervical in-
competence are nulliparous with no identifiable risk fac-
tors, when routine obstetrical sonography is performed
during the second trimester, it may be beneficial to obtain
the view of the cervix at the beginning of the study rather
than at the end (Fig. 11–8). This will be a transabdominal
view with the limitations mentioned earlier; however, it
can identify an unsuspected short cervix or dilated inter-
nal os in those low-risk patients. These early cervical
views, obtained just after the patient has attained the

supine position, may identify a short cervix that would no
longer be apparent after the patient had been lying supine
for 30 or more minutes during a routine obstetric scan.

A dynamic or spontaneously changing cervix has been
noted during transvaginal scanning of the cervix (Fig.
11–3). Transient, but striking dilation of the internal cervi-
cal os and cervical canal occurs in the absence of subjective
symptoms and objective signs of uterine contractions.80,81

The etiology and mechanism of the dynamically changing
cervix are not known. Because many patients with this
finding deliver preterm, most patients with a changing
cervix are advised to reduce their physical activities. The
shorter the measurement of the cervix, the more likely the
patient is to deliver preterm.

The treatment of patients at risk for premature deliv-
ery from incompetent cervix is controversial. While cer-
vical cerclage is still a frequently performed obstetrical
procedure, recent studies do not show significant benefit
of prophylactic cerclage.82,83 Because cerclage is a surgical
procedure that can have iatrogenic complications, the
currently suggested management approach for patients
with an obstetrical history suspicious for cervical incom-
petence is to follow them closely with serial cervical
sonography instead of placing a prophylactic cerclage.84–86

It is also unclear at present what treatment is most effec-
tive when ultrasound examination detects changes in the
cervix.87–93 The length of prolongation of pregnancy in pa-
tients after cervical change is detected on ultrasound ex-
amination is similar between those getting cerclage
placement versus those getting bed rest.93 Sonography
will continue to be important to monitor for progressive
change in the cervix. If premature delivery becomes a dis-
tinct probability, the premature neonates would benefit
by antenatal steroid treatment and receiving perinatal
care at the appropriate clinical facilities. If cerclage place-
ment is chosen as treatment, scans performed after the
procedure are useful in assessing the result of the cer-
clage placement and in monitoring the cervical length
and canal dilatation the portion of cervix above the
cerclage (Fig. 11–9, Fig. 11–10).94–98 Shortening of the
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Figure 11–9 Cervical ultrasound is useful for following patients who have cerclage placement. (A) The cervix is funneled to and (B) through the cer-
clage. These changes in the cervix proximal to the cerclage may not be recognizable by clinical examination alone. Calipers low closed cervical length.
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proximal cervical length (less than 1 cm) is associated
with an increased risk of preterm delivery.98 Additional
therapeutic maneuvers, such as bed rest or reduced phys-
ical activity, are important if there is either significant
funneling above the cerclage or only a short portion of
closed cervix remaining.

False-Positive Incompetent Cervix

False-positive findings of incompetent cervix can be
caused by uterine contractions, improper probe place-
ment, and overdistended bladder.99–101 The narrowed lower
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Figure 11–10 Pitfall in measuring cervical length. The suture used in
cervical cerclage can create a shadow and obscure landmarks lo-
cated beneath the suture. Note the true cervical length (arrows). The
distal caliper was placed incorrectly at the time of the study because
shadowing from the cerclage obscured the location of the external
os, leading to undermeasurement of the cervical length.

Figure 11–11 Nabothian cyst masquerading as funneling of the in-
ternal os. (A) Transabdominal view of the cervix shows an anechoic
region suggestive of funneling of the internal os. This region is ec-
centric to the cervical canal. (B) Transvaginal scan shows two
Nabothian cysts in the anterior cervix. A small amount of funneling of

the internal os is present; however, this is not the region in question
on the transabdominal scan. (Reproduced with permission from
Wong G, Levine D. Sonographic assessment of the cervix in preg-
nancy. Semin Ultrasound CT MR 1998;19:370–380.)

A B

uterine segment during a uterine contraction can mimic
funneling of the cervix (Fig. 11–3A). The artifact can be
recognized by the abnormally long cervix if measured
from the purported internal os, and by the fact that the
functional length is close to the length of a normal cervix.
Often, the thickened myometrium associated with uterine
contractions can also be visualized. This condition can be
clarified by extending the period of observation until the
contraction disappears, usually within 20 minutes. Com-
pression of the lower uterine segment to produce an im-
pression of funneling can also result from an overdis-
tended urinary bladder (Fig. 11–3A). A transvaginal scan of
the cervix largely eliminates this artifact. Nabothian cysts
(Fig. 11–11) and vaginal cysts located near the internal cer-
vical os can create the false impression of a dilated internal
os.

Premature Rupture of Membranes

When premature rupture of fetal membranes occurs, ex-
pectant management is often pursued to gain time for fur-
ther fetal maturation. Digital examination of the cervix is
contraindicated because of the risk of infection. Speculum
examination is often used to help make the diagnosis of
rupture of membranes, but visualization of the cervix is not
accurate in determining dilatation or effacement of the
cervix. Cervical sonography is helpful in assessing cervical
dilation and effacement when there is premature rupture
of membranes.102 It is also useful in excluding the presence
of umbilical cord in the lower uterine segment or near the
cervical opening. Transvaginal sonography has not been as-
sociated with increased risk of infection when used to as-
sess the cervix after premature rupture of membranes.103,104

However, until more studies are available to substantiate
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the safety of the transvaginal approach, we prefer to 
use transperineal sonography to assess the cervix in 
such a setting.

Summary

Ultrasonography is an important diagnostic tool in as-
sessment of the cervix during pregnancy. Cervical
length, cervical dilation, and the status of the internal
cervical os are all important prognosticators in prema-
ture labor and can be safely and accurately assessed by
transvaginal and transperineal sonography. A short cer-
vical length (less than 2 cm) and funneling of 40 to 50%
of the length of the cervix places patients at high risk of
premature delivery. Transvaginal sonography can also be
used to diagnose and manage patients with incompetent
cervix. Tests to provoke an incompetent cervix (such as
transfundal pressure or scanning with the patient up-
right) help detect incompetent cervix even earlier in
asymptomatic patients. It is hoped that early identifica-
tion of these at-risk patients will lead to more effective
treatment, resulting in a decrease in perinatal morbidity
and mortality.
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The gestational age assignment to a pregnancy is needed
subsequent to evaluation to assess the fetal anatomy and
growth, interpret the various screening tests, and predict
the expected delivery date.

There are various ways of calculating the fetal gestational
age, including menstrual history, clinical examination, and
ultrasound.1–3 Of these three, ultrasound is superior for dat-
ing a pregnancy.3 The menstrual age is calculated from the
first day of the last menstrual period. The conceptual age is
calculated from ovulation. The gestational age is calculated
from the theoretical time of ovulation, plus 2 weeks. In addi-
tion to estimating fetal gestational age, fetal biometry is
used to detect problems related to growth disturbances,
such as intrauterine growth retardation, macrosomia, and
microcephaly. The other advantages of fetal biometry are
the early diagnosis of malformations (e.g., the measurement
of long bones in skeletal dysplasias)4 and detection of pa-
tients at risk for aneuploidy (fetal nuchal translucency).5

Calculations based on fetal measurements are also used
to determine growth and weight. Ultimately, assessment
of fetal biometry is important for decreasing the perinatal
morbidity and mortality.

Perameters Used in Fetal Biometry 
to Determine Gestational Age

The assessment of gestational age and fetal growth is based
on different parameters, which are described in this chapter.
In all the tables outlined, the gestational age is expressed in
weeks and days from the (theoretical) onset of the last men-
strual period (conception date minus 14 days).2

There are many well-established charts that have been
in use for a long time; however, marked differences be-
tween populations sometimes force researchers to build
new nomograms for the different races.6

Mean Gestational Sac Diameter

This parameter is useful in the early stages of pregnancy
when the fetal pole or the embryo is still not identifiable
on ultrasound. This can be as early as 5 weeks by transvagi-
nal examination and 6 weeks by transabdominal exam. In
the setting of an ectopic gestation, a pseudogestational sac
may mimic a true sac. Therefore, in the absence of a definite
fetal pole or yolk sac, caution should be taken in labeling a
true sac as such. A normal gestational sac can be con-
fidently diagnosed when its hyperechoic rim is thick 
(> 2 mm) and its shape is round or oval without unusual

angulation. The mean gestational sac diameter is measured
inside its hyperechoic rim. If the sac is round, only one
measurement is needed. More commonly, when it is oval,
three orthogonal (perpendicular) measurements of the sac
are taken and averaged. Gestational age is estimated based
on the mean sac diameter (Table 12–1). According to one
study by Muller et al, three-dimensional volumetric scans

Estimating Fetal Gestational Age
Chaitali Shah and Ashok Bhanushali12

Table 12–1 Mean Diameter of Gestational Sac and
Corresponding Estimate of Gestational Age

Mean Sac Diameter (mm) Gestation in Weeks (Mean)

2 5.0

3 5.1

4 5.2

5 5.4

6 5.5

7 5.6

8 5.7

9 5.9

10 6.0

11 6.1

12 6.2

13 6.4

14 6.5

15 6.6

16 6.7

17 6.9

18 7.0

19 7.1

20 7.3

21 7.4

22 7.5

23 7.6

24 7.8

25 7.9

26 8.0

27 8.1

28 8.3

29 8.4

30 8.5

The mean gestational age was calculated from a regression equation.
Reported range: ± 0.1 week at 2 SD.

From Alfred B. Kurtz. Estimating gestational age. In: Bluth EI, Arger
PH, Benson CB, Ralls PW, and Siegel MJ, eds. Ultrasound: A Practical
Approach to Clinical Problems. New York: Thieme Medical Publishers;
2000. Reproduced with permission.
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are more accurate than two-dimensional scans in obtaining
the gestational sac volume, but have shown to be of no
prognostic significance for gestational outcome.7

Crown–Rump Length

The crown–rump length (CRL) is the longest demonstrable
length of the embryo, excluding the limbs and yolk sac.8

The CRL is the most accurate indicator of the gestational
age throughout the first trimester because, early in the
pregnancy, the CRL has a rapid linear growth acceleration
curve, and, at this stage, the growth of the embryo is mini-
mally affected by various pathologies.

The CRL is measured from the outer edge of the cephalic
pole to the outer edge of the fetal rump. One must be careful
not to include the yolk sac in the measurement9 (Fig. 12–1).

The CRL can be used to assess the gestational age
between 6 and 14 weeks (Table 12–2). Its best accuracy is

Table 12–2 Assessment of the Gestational Age from the Crown–Rump Length

Mean Sac Mean Sac Mean Sac 
Diameter Diameter Diameter

(mm) Mean (mm) Mean (mm) Mean

29 9.7

30 9.9

31 10.0

32 10.1

33 10.2

34 10.3

35 10.4

36 10.5

37 10.6

38 10.7

39 10.8

40 10.9

41 11.0

42 11.1

43 11.2

44 11.2

45 11.3

46 11.4

47 11.5

48 11.6

49 11.7

50 11.7

51 11.8

52 11.9

53 12.0

54 12.0

55 12.1

56 12.2

57 12.3

58 12.3

59 12.4

60 12.5

61 12.6

62 12.6

63 12.7

64 12.8

65 12.8

66 12.9

67 13.0

68 13.1

69 13.1

70 13.2

71 13.3

72 13.4

73 13.4

74 13.5

75 13.6

76 13.7

77 13.8

78 13.8

79 13.9

80 14.0

The 95% confidence interval is ± 8% of the predicted age.

From Alfred B. Kurtz. Estimating gestational age. In: Bluth EI, Arger PH, Benson CB, Ralls PW, and Siegel MJ, eds. Ultrasound: A Practical Approach to Clinical
Problems. New York: Thieme Medical Publishers; 2000. Reproduced with permission.

2 5.7

3 5.9

4 6.1

5 6.2

6 6.4

7 6.6

8 6.7

9 6.9

10 7.1

11 7.2

12 7.4

13 7.5

14 7.7

15 7.9

16 8.0

17 8.1

18 8.3

19 8.4

20 8.6

21 8.7

22 9.0

23 9.1

24 9.2

25 9.2

26 9.4

27 9.5

28 9.6

Figure 12–1 Scan demonstrating the crown–rump length measure-
ment.
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Biparietal
Diameter Range 90%

(mm) Meana Variationb

22 12.7 12.2–13.2

23 13.0 12.4–13.6

24 13.2 12.6–13.8

25 13.5 12.9–14.1

26 13.7 13.1–14.3

27 14.0 13.4–14.6

28 14.3 13.6–15.0

29 14.5 13.9–15.2

30 14.8 14.1–15.5

31 15.1 14.3–15.9

32 15.3 14.5–16.1

33 15.6 14.7–16.5

34 15.9 15.0–16.8

35 16.2 15.2–17.2

36 16.4 15.4–17.4

37 16.7 15.6–17.8

38 17.0 15.9–18.1

39 17.3 16.1–18.5

40 17.6 16.4–18.8

41 17.9 16.5–19.3

42 18.1 16.6–19.8

43 18.4 16.8–20.2

44 18.8 16.9–20.7

45 19.1 17.0–21.2

46 19.4 17.4–21.4

47 19.7 17.8–21.6

48 20.0 18.2–21.8

49 20.3 18.6–22.0

50 20.6 19.0–22.2

51 20.9 19.3–22.5

52 21.2 19.5–22.9

53 21.5 19.8–23.2

54 21.9 20.1–23.7

55 22.2 20.4–24.0

56 22.5 20.7–24.3

57 22.8 21.1–24.5

58 23.2 21.5–24.9

59 23.5 21.9–25.1

60 23.8 22.3–25.5

Biparietal 
Diameter Range 90%

(mm) Meana Variationb

61 24.2 22.6–25.8

62 24.6 23.1–26.1

63 24.9 23.4–26.4

64 25.3 23.8–26.8

65 25.6 24.1–27.1

66 26.0 24.5–27.5

67 26.4 25.0–27.8

68 26.7 25.3–28.1

69 27.1 25.8–28.4

70 27.5 26.3–28.7

71 27.9 26.7–29.1

72 28.3 27.2–29.4

73 28.7 27.6–29.8

74 29.1 28.1–30.1

75 29.5 28.5–30.5

76 30.0 29.0–31.0

77 30.3 29.2–31.4

78 30.8 29.6–32.0

79 31.1 29.9–32.5

80 31.6 30.2–33.0

81 32.1 30.7–33.5

82 32.6 31.2–34.0

83 33.0 31.5–34.5

84 33.4 31.9–35.1

85 34.0 32.3–35.7

86 34.3 32.836.2

87 35.0 33.4–36.6

88 35.4 33.9–37.1

89 36.1 34.6–37.6

90 36.6 35.1–38.1

91 37.2 35.9–38.5

92 37.8 36.7–38.9

93 38.8 37.3–39.3

94 39.0 37.9–40.1

95 39.7 38.5–40.9

96 40.6 39.1–41.5

97 41.0 39.9–42.1

98 41.8 40.5–43.1

Abbreviations: BPD, biparietal diameter; GA, mean gestational age.
aWeighted least mean square fit equation: BPD (mm) = -34 5701 + 5.0157GA - 0.00441 GA.
bFor each biparietal diameter, 90% of gestational age data points fell within this range.

From Alfred B. Kurtz. Estimating gestational age. In: Bluth EI, Arger PH, Benson CB, Ralls PW, and Siegel MJ, eds. Ultrasound: A Practical Approach to Clinical
Problems. New York: Thieme Medical Publishers; 2000. Reproduced with permission.

Table 12–3 Assessment of the Gestational Age from the Biparoetal Diameter

Gestational Age in Weeks
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from 6 to 10 weeks, during which time it has an error of
± 3 to 4 days (95% confidence interval). However, as the
gestation advances, there are methodological issues be-
cause the fetus may flex and extend, making reproducible
linear measurements difficult. The error increases to ± 5
days between 10 and 14 weeks of gestation.

The CRL parameter in the first trimester is as accurate
as or more accurate than any second-trimester fetal meas-
urement for estimating gestational age.10 There are no
well-established measurement tables of fetal parts for ges-
tational ages below 12 weeks.

Biparietal Diameter 

The biparietal diameter (BPD) is one of the first parameters
that was used to estimate gestational age and has been ex-
tensively researched in the literature. BPD is the most
widely accepted parameter in estimating fetal gestational
age11,12 (Table 12–3). It is measured in a transverse plane at
the level of the thalami from the outer table of the proxi-
mal skull to the inner table of the distal skull, correspon-
ding to the “leading edge to leading edge” measurement
(Fig. 12–2).

Measurements rostral to the thalami (i.e., below the
level of the cerebral peduncles) may result in underesti-
mation of the BPD and consequently the fetal gestational
age. For accurate serial assessment, the biparietal diameter
should be measured using the same landmarks (i.e., level
of the thalami). If the BPD is measured at different levels,
erroneous readings can result.

The biparietal diameter is most accurate between 12
and 28 weeks of gestation. After 28 weeks of gestation,
head shape, intrauterine crowding, and individual varia-
tions affect the size of the head; hence, BPD must be used
with caution.2

Difficulties Accurately Measuring 
the Biparietal Perimeter

Occasionally, the fetal head may be dolichocephalic (flat-
tened and elongated) or brachycephalic (broadened and
shortened), resulting in inaccurate estimation of gesta-
tional age based on BPD measurements.13 The presence of
an abnormal skull shape can be determined using the
cephalic index. The index is the ratio between the BPD and
the occipital-frontal diameter (OFD); its normal range is 75
to 85%. A value of 0.75 or less indicates dolichocephaly,
whereas a value of 0.85 or higher indicates brachycephaly.
In the presence of an abnormal cephalic index an alterna-
tive parameter (such as the head circumference) or a cor-
rected BPD measurement should be used to estimate the
gestational age.14

Doubilet and Greenes have suggested an alternative
means of calculating the true BPD if the head is de-
formed.15 They have a twofold approach: either calculate
the area of the head and then derive the BPD from it, or use
a circumference to “correct” the BPD.

According to studies conducted by Wolfson et al16 and
by O’Keeffe et al,17 both BPD as well as cephalic index
(which can predict an abnormal BPD) have a limited role in
estimating the gestational age in preterm pregnancies that
are complicated by the premature rupture of membranes.

Figure 12–2 Scan demonstrating the biparietal diameter measure-
ment, which is measured from the outer table of the skull to the inner
table at the level of the thalami.

Figure 12–3 Scan demonstrating the measurement of the head 
circumference.
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80 13.4 12.1–14.7

85 13.7 12.4–15.0

90 14.0 12.7–15.3

95 14.3 13.0–15.6

100 14.6 13.3–15.9

105 15.0 13.7–16.3

110 15.3 14.0–16.6

115 15.6 14.3–16.9

120 15.9 14.6–17.2

125 16.3 15.0–17.6

130 16.6 15.3–17.9

135 17.0 15.7–18.3

140 17.3 16.0–18.6

145 17.7 16.4–19.0

150 18.1 16.5–19.7

155 18.4 16.8–20.0

160 18.8 17.2–20.4

165 19.2 17.6–20.8

170 19.6 18.0–21.2

175 20.0 18.4–21.6

180 20.4 18.8–22.0

185 20.8 19.2–22.4

190 21.2 19.8–22.8

195 21.6 20.0–23.2

200 22.1 20.5–23.7

205 22.5 20.9–24.1

210 23.0 21.4–24.6

215 23.4 21.8–25.0

220 23.9 22.3–25.5

Table 12–4 Assessment of the Gestational Age from the Head Circumference

Gestational Age in Weeks

225 24.4 22.1–26.7

230 24.9 22.6–27.2

235 25.4 23.1–27.7

240 25.9 23.6–28.2

245 26.4 24.1–28.7

250 26.9 24.6–29.2

255 27.5 25.2–29.8

260 28.0 25.7–30.3

265 28.1 25.8–30.4

270 29.2 26.9–31.5

275 29.8 27.5–32.1

280 30.3 27.6–33.1

285 31.0 28.3–33.7

290 31.6 28.9–34.3

295 32.2 29.5–34.8

300 32.8 30.1–35.5

305 33.5 30.7–36.2

310 32.4 31.5–36.9

315 34.9 32.2–37.6

320 35.5 32.8–38.2

325 36.3 32.9–39.7

330 37.0 33.6–40.4

335 37.7 34.3–41.1

340 38.5 35.1–41.9

345 39.2 35.8–42.6

350 40.0 36.6–43.4

355 40.8 37.4–44.2

360 41.6 38.2–45.0

From Alfred B. Kurtz. Estimating gestational age. In: Bluth EI, Arger PH, Benson CB, Ralls PW, and Siegel MJ, eds. Ultrasound: A Practical Approach to Clinical
Problems. New York: Thieme Medical Publishers; 2000. Reproduced with permission.

Head Circumference Predicted Mean 95% Confidence Head Circumference Predicted Mean 95% Confidence 
(mm) Values Limits (mm) Values Limits

In preterm gestations that present for the first time and re-
quire accurate dating, head circumference, corrected-BPD,
and femur and humerus length are better parameters for
assessing the gestational age. O’Keeffe et al suggested the
use of abdominal circumference as an additional parame-
ter for estimating the fetal age. However, given that the
premature fetuses could be growth retarded, the use of ab-
dominal circumference is not recommended because there
might be an underestimation of the fetal age.

Head Circumference

The head circumference is measured in the same plane as
the BPD and is used to estimate gestational age (Table
12–4). A study by Ott concluded that the fetal head circum-

ference has a statistically significant lower mean error as
compared with the BPD.18 Growth disorders affect the head
circumference to a lesser extent than the BPD. Also, the
head circumference is useful in cases of dolichocephaly or
brachycephaly. The head circumference can be measured
via electronic calipers or computed using Jeanty’s formula:
(BPD + OFD) � 1.62.2 The longest (anteroposterior) length
should be obtained while measuring the head circumfer-
ence, which means that the cavum pellucidum or the roof of
the posterior fossa is included in the scan (Fig. 12–3).

Femur and Other Long Bone Lengths

Femur length is an excellent parameter to determine fetal age
(Table 12–5). The length is measured from the most proximal
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Jeanty, in clinical practice, the bone-derived gestational
age is averaged and compared with the BPD-derived gesta-
tional age. If the difference is greater than 11 days, bone-
derived gestational age should be preferentially used.2

Abdominal Circumference

The abdominal circumference is largely determined by the
size of the liver, which, in turn, reflects the amount of
glycogen that is stored in the liver. Any condition that

portion of the ossified shaft to the distal end. The nonossified
femoral head and distal epiphysis are not included. Femur
length can be measured from 14 to 42 weeks.19–21 A recent
study by Dare et al concluded that the femur length was a
more reliable indicator than the BPD in estimating the gesta-
tional age in late third trimester22 (Fig. 12–4).

The length of the humerus can also be used to estimate
the gestational age (Fig. 12–5). The other long bones that
are used for gestational age estimation, in decreasing order
of frequency, are the tibia, radius, and ulna. According to

Predicted Gestational Age in Weeks

Femur Length Predicted Mean 2 SD 
(mm) Values Range

10 13.7 12.5–14.9

11 13.9 12.7–15.1

12 14.2 13.0–15.4

13 14.4 13.2–15.6

14 14.6 13.4–15.8

15 14.9 13.7–16.1

16 15.1 13.9–16.3

17 15.4 14.2–16.6

18 15.6 14.4–16.8

19 15.9 14.7–17.1

20 16.2 15.0–17.4

21 16.4 15.2–17.6

22 16.7 15.5–17.9

23 17.0 15.8–18.2

24 17.3 16.1–18.5

25 17.6 16.4–18.8

26 17.9 16.7–19.1

27 18.2 17.0–19.4

28 18.5 17.3–19.7

29 18.8 17.6–20.0

30 19.1 17.9–20.3

31 19.4 18.2–20.6

32 19.7 18.5–20.9

33 20.1 18.2–22.0

34 20.4 18.5–22.3

35 20.7 18.8–22.6

36 21.1 19.2–23.0

37 21.4 19.5–23.3

38 21.8 19.9–23.7

39 22.2 20.3–24.1

40 22.5 20.6–24.4

41 22.9 21.0–24.8

42 23.3 21.4–25.2

43 23.7 21.8–25.6

44 24.1 22.2–26.0

Table 12–5 Assessment of the Gestational Age from the Femur Length

Femur Length Predicted Mean 2 SD 
(mm) Values Range

45 24.5 22.6–26.4

46 24.9 23.0–26.8

47 25.3 23.4–27.2

48 25.7 23.8–27.6

49 26.2 23.5–28.9

50 26.2 23.9–29.3

51 27.0 24.3–29.7

52 27.5 24.8–30.2

53 28.0 25.3–30.7

54 28.4 25.7–31.1

55 28.9 26.2–31.6

56 29.4 26.7–32.1

57 29.9 27.2–32.6

58 30.4 27.7–33.1

59 30.9 28.2–33.6

60 31.4 28.7–34.1

61 31.9 29.2–34.6

62 32.5 28.5–36.5

63 33.0 29.0–37.0

64 33.6 29.6–37.6

65 34.1 30.1–38.1

66 34.7 30.7–38.7

67 35.3 31.3–39.3

68 35.9 31.9–39.9

69 36.5 32.5–40.5

70 37.1 33.1–41.1

71 37.7 33.7–41.7

72 38.3 35.1–41.5

73 39.0 35.8–42.2

74 39.6 36.4–42.8

75 40.3 37.1–43.5

76 40.9 37.7–44.1

77 41.6 38.4–44.8

�78 42.0 38.8–45.2

Abbreviation: SD, standard deviation

From Alfred B. Kurtz. Estimating gestational age. In: Bluth EI, Arger PH, Benson CB, Ralls PW, and Siegel MJ, eds. Ultrasound: A Practical Approach to Clinical
Problems. New York: Thieme Medical Publishers; 2000. Reproduced with permission.
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causes nutritional growth retardation will cause the ab-
dominal circumference to be small for gestational age. Con-
versely, conditions such as maternal diabetes that can
cause increased glycogen deposition in the liver can result
in abdominal circumferences that are large for gestational
age. In both these situations, the abdominal circumference
will not accurately represent the gestational age. It is there-
fore not very commonly used.2 However, it may be used in
conjunction with other fetal parameters and is helpful in
calculating the interval fetal growth and the estimated fetal
weight. The abdominal circumference is measured in the
transverse plane at the level of the stomach and junction of
the umbilical vein and portal sinus (outer line including the
spine). It can be measured from 14 to 42 weeks.

Clavicular Length

This parameter is occasionally used to estimate the gesta-
tional age in fetuses with chondrodysplasias. Because the
clavicle has an intramembranous ossification pattern (and
not an endochondral ossification) it is less affected than
the femur and humerus in those fetuses. Remember that in
achondroplasia the skull is deformed too. The length of the
clavicle is measured in its long axis. The clavicular length
expressed in millimeters is close to the gestational age ex-
pressed in weeks.23 It can be measured from 14 to 42
weeks. The measurement of the clavicular length is also
helpful in certain congenital skeletal anomalies that affect
the clavicle, such as cleidocranial dysplasia.

Transverse Cerebellar Diameter

The transverse cerebellar diameter (TCD) parameter pro-
posed by Reece and colleagues is not affected much by
growth retardation and correlates well with the gesta-

tional age.24 The maximum width of the cerebellum is
measured in the transverse plane and can be measured
from 16 to 42 weeks. The transverse cerebellar diameter
expressed in millimeters correlates well with the gesta-
tional age in weeks and hence can serve as a quick check of
gestational age in both the normally grown as well as the
growth-retarded fetus25,26 (Fig. 12–6).

Nuchal Translucency 

Although not a gestational age parameter, the nuchal
translucency is important and mentioned here because it

Figure 12–4 Scan demonstrating the femur length, which is meas-
ured from the proximal end to the distal end of the shaft.

Figure 12–5 Scan demonstrating the humeral length, which is ob-
tained in the same way as the femur.

Figure 12–6 Scan demonstrating the measurement of the trans-
cerebellar diameter. This is obtained in its longest plane.
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pellucidi, foot length, orbital diameters, chin length, and
upper lip width, lungs, heart diameter, liver, and iliac
angle.31–39 Placental thickness has also been used as a sono-
graphic parameter to estimate the gestational age of the
fetus. According to one study, the placental thickness
corresponds to the gestational age between 22 and 35
weeks.40 However, these parameters are of pure academic
interest and have limited practical utility.

is used for the early detection of aneuploidy. An enlarged
nuchal translucency in the late first trimester is associated
with aneuploidy and a few structural anomalies such as
cardiac defects and congenital diaphragmatic hernia. It is
measured in the midsagittal plane of the fetal neck, from
the inner skin outline echo to the inner border of the soft
tissue (Fig. 12–7).

A measurement of > 2.5 mm is considered abnormal
and needs further evaluation by karyotype analysis.27 It is
measured from 11w1d to 13w6d. Flexion of the fetal neck
may result in erroneous measurement.

Binocular Distance

This parameter is occasionally useful in assessing the ges-
tational age.28,29 The correct plane of measurement is ob-
tained by starting from the plane of the biparietal diameter
and proceeding caudally until the orbits are visualized. The
measurement should be made in a plane where the orbits
appear symmetrical and the interocular distance is the
smallest. The largest diameter of the orbit should be used.
It is useful from 7 to 42 weeks (Fig. 12–8, Fig. 12–9).

Other Parameters that May Be Measured

Several other uncommonly used parameters have been re-
searched and mentioned in the literature. Renal length
may be used to compute the gestational age between 24
and 38 weeks of gestation.30 Some authors have proposed
the presence of ossification centers as a means to calcu-
late the gestational age. Several charts are available that
assess the gestational age or fetal growth using the ear-
lobe length, nasal length, scapular length, cavum septum

Figure 12–7 Scan demonstrating nuchal translucency.
Figure 12–8 Scan demonstrating the binocular distance. Both the
orbits should be symmetrical and the longest diameter of the orbit
must be used.

Figure 12–9 Scan demonstrating the interocular distance. This dis-
tance should be the smallest while measuring the binocular distance.
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For a parameter to be useful the error on the measure-
ment has to be small compared with the measurement.
The error on the measurement is dependent on the equip-
ment and human aptitude. It is, for instance, hard to be
consistently more precise than a millimeter. Thus, the er-
ror on the measurement is largely fixed. If the object being
measured is small (a nasal bone, for instance) the contri-
bution of the error in the measurement is large compared
with a larger object such as the femur. Furthermore, large
errors in the measurement can easily mask anomalies.
Thus, the ideal parameters that are used for measurement
have to be large, with clear boundaries and little biological
variation. This is the reason why the femur and humerus
are among the most reliable parameters.

Estimating Gestational Age in Cases 
Where Parameters Suggest Different Ages

Sometimes, different fetal parameters provide different es-
timates of gestational ages. The general rule is that the ear-
lier the estimation of the age, the more accurate it is.
Therefore, gestational age should be assigned at the time
of the first ultrasound. Gestational age at the time of all
subsequent ultrasound examinations should be based on
the first ultrasound, calculated as the gestational age at the
first ultrasound plus the number of weeks that have
elapsed since that ultrasound. For example, if an earlier
scan has been performed at 15 weeks, and a follow-up
scan is done 7 weeks later, the gestational age for that ex-
amination is 22 weeks. If fetal measurements are not con-
sistent with 22 weeks gestational age, then the fetus
should be evaluated for a growth disturbance.

Problems Raised in Fetal Biometry by
Introduction of PACS and Their Reporting
Programs

Some unexpected problems were reported with the in-
troduction of reporting programs and PACS. Previously,
measurements were provided by the ultrasound machine,
and in some cases the machine would also use user-
selected equations to provide derived values such as the
gestational age or the estimated fetal weight. The values
were then transferred into the report, either by dictation
or by capturing the reporting program.

When reporting programs and PACs are added to the
equation it is critical that the equations selected in the ul-
trasound machine, the PACs, and the reporting program
are matched. It is usually simple to use a well-recognized
equation, such as Robinson’s CRL, and have all three sys-
tems matched. However, for more complicated formulas,
such as the estimated fetal weight, there are many sources
of possible deviations. Not only do all the formulas have to
be set to be the same (which assumes that the ultrasound
machine, the PACs, and the reporting system have the
same equations or the ability to “add” equations), but the

growth curves of the estimated fetal weight have to be
the same as well. Otherwise, the same estimated fetal
weight will fall at different levels in different growth
curves. What would appear as an “appropriate for gesta-
tional age” fetus on the ultrasound scanner could be con-
sidered “low growth” on the reporting system, if the same
growth curves are not selected. Furthermore, it is clear
that the patient’s dates have to match. Often the ultra-
sound scanner will assign a date to the pregnancy, either
from a previous scan or from the current examination. If
the reporting system contains a different gestational age
(for whatever reason) there can be a difference in the ges-
tational age between the ultrasound machine and the
reporting software. Thus, this can be another source of dis-
crepancy, even if the same equations are in use.

Therefore, although it appears to be a simple matter to
synchronize the ultrasound machine, the reporting sys-
tem, and the PACs, in practice, this can be a frustrating ex-
perience, given the limitations present in all the compo-
nents of the equation. A careful review of the values and
result is important before using the calculated values in
clinical settings.

The Best Measurement to Use 
to Assess Gestational Age

The selection of appropriate measurement to assess the
gestational age is relative because the growth pattern
changes during pregnancy and the accuracy of each pa-
rameter changes with gestational age. The following pa-
rameters are recommended in decreasing order of prefer-
ence (when two or more parameters are close to the same
gestational age, it improves the accuracy of each):
� 7 to 12 weeks: CRL
� 10 to 14 weeks: CRL, BPD, FL, HL
� 15 to 26 weeks: HC, BPD, FL, HL
� 27 to term: FL, HL, BPD (corrected BPD value using the

cephalic index)

This order was established based on the reliability, con-
fidence limits, and ease of measurement of the various pa-
rameters. This order should be adapted to suit specific cir-
cumstances.
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Ultrasound Evaluation

Sonography is very helpful in evaluating pregnancies that
are larger than expected based on menstrual dates. Possi-
ble explanations for a large uterine size include incorrect
dates, macrosomia, multiple fetuses, as well as complica-
tions of twinning such as twin/twin transfusion syndrome
or acardia. The pregnancy can be complicated by polyhy-
dramnios, which can be idiopathic or a result of fetal
growth acceleration, maternal diabetes, or fetal malforma-
tions. The fetal anomalies most often associated with poly-
hydramnios include those involving the gastrointestinal
tract, central nervous system, thoracic and cardiac anom-
alies, fetal hydrops (isoimmune and nonimmune etiolo-
gies), some skeletal defects, chromosomal anomalies, and
fetal tumors. When a fetus in the presence of polyhydram-
nios appears structurally normal sonographically, the out-
come is generally excellent.

Masses unrelated to the fetus may also be responsible
for the clinical impression that the uterus is larger than ex-
pected for the patient’s dates. These masses include uter-
ine fibroids and adnexal enlargement such as an ovarian
cyst. The evaluation of the patient whose uterine size is
larger than dates includes a complete structural survey of
the fetus, including an echocardiogram, fetal biometry, and
estimated weight assessment, as well as an evaluation of
the myometrium and adnexae for possible masses.

Size/date discrepancy is one of the most common indica-
tions for obtaining an obstetrical ultrasound. Obstetricians
can measure the uterus externally and compare its overall
size to what is expected from the patient’s dates. It is com-
mon to find that the size is either too large or too small, thus
prompting further evaluation of the pregnancy. When the
uterus is larger than anticipated based on the patient’s
dates, a sonogram will most often find the explanation.

Incorrect Dating of Pregnancy

Most commonly, the dates are incorrect. The patient may
have had some spotting within the first month after she con-
ceived. If she mistook the spotting for a true menstrual pe-
riod, she would have estimated her dates at 4 weeks less
than the actual gestation. It is not uncommon to find that the
gestational age is 4 weeks ahead of what was expected,
based on the final menstrual period prior to conception. If
the fetal biometry measures several weeks ahead of what the
menstrual dates would predict, the fetus may have macroso-

mia or growth acceleration. Although in the first trimester
the fetal size is normally within 3 to 5 days of the menstrual
age, by the third trimester the fetal size can be as much as a
month ahead of dates due to accelerated growth. It is impor-
tant not to rely on sonographic biometry for dating pregnan-
cies in the third trimester due to differential growth rates.

Multiple Pregnancy

Nowadays, it is extremely rare to make the discovery of
twins at the time of delivery. In the vast majority of cases,
the size of the uterus will have exceeded the expectation
by dates sometime during the pregnancy, thus prompting
an ultrasound to discover multiple fetuses. Once an ultra-
sound shows that there is more than one fetus (in most
cases, twins), the pregnancy is considered at higher risk.
Although multiple gestations account for only 1 to 2% of all
births, they represent 10 to 15% of perinatal mortality and
more than 15% of the low birth weight incidence. Higher-
order multiple fetal pregnancies than twins are more com-
mon than ever before due to assisted reproduction treat-
ments. The more fetuses present, the higher the risk of
prematurity and other complications (Fig. 13–1).

Once a twin pregnancy is identified, its chorionicity
must be determined because monochorionic twins have yet
a higher morbidity and mortality than dichorionic twins.1

The prenatal death rate has been reported as 9% for dichori-
onic/diamniotic twins and 26% for monochorionic/diamni-
otic twins. When twins are monochorionic/ monoamniotic
with no membrane separating them into two sacs, the inci-
dence of nonsurvival is 50% (Fig. 13–1).1 It is crucial to
search for the dividing membrane and to evaluate its mor-
phology. Determining whether the membrane is mono-
chorionic/diamniotic (thin) versus dichorionic/diamniotic
(thick) is easier in the first trimester, when the difference in
thickness is more obvious. It may be difficult to distinguish
between the two types of chorionicity in the third trimester.
When monozygotic twins split late in the second week after
conception, conjoined twins may result (Fig. 13–2).

Monochorionic/diamniotic twins are at risk for compli-
cations based on the shared placenta, such as twin-to-twin
transfusion syndrome (Fig. 13–3).1–3 Deep vascular anasto-
moses within the placenta can result in an uneven distri-
bution of blood flow to the two fetuses, with one fetus
essentially transfusing the other. This results in one ane-
mic fetus and one plethoric fetus. The anemic fetus is usu-
ally associated with severe oligohydramnios, whereas the
fetus who has received too much blood flow tends to have

Uterine Size Greater than Dates
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Figure 13–2 A three-dimensional image of a set of thoracopagus con-
joined twins sharing a liver and facing each other in the amniotic sac.

Figure 13–3 Composite image of the uterus in a monochorionic-
diamniotic twin pregnancy, complicated by twin-to-twin transfusion
syndrome. Note the tremendous amount of polyhydramnios associ-
ated with the twin in the dependent portion of the uterus. The twin as-
sociated with the polyhydramnios has an enlarged bladder, indicating
increased perfusion (arrows). The stuck twin’s head is noted in a supe-
rior aspect of the uterus, as indicated by curved arrows. It is suspended
by its membrane, due to the severe oligohydramnios in its sac.

B

(B) A 3-D image of a monochorionic twin pregnancy at 10 weeks
showing the twins in the same chorionic sac.

Figure 13–1 (A) Trichorionic triamniotic triplet pregnancy at 9 weeks
with three live embryos in a three-dimensional (3-D) image.

A

severe polyhydramnios. Acute enlargement of the uterus,
secondary to the development of polyhydramnios, is typical
of severe twin-to-twin transfusion syndrome. When
discovered at less than 22 weeks, there is a 90 to 100%
chance of complete loss of the pregnancy. And in most
cases, this is due to premature labor before viability.2,3 At-
tempts at treating the polyhydramnios by serial removal of
large quantities of amniotic fluid by amniocentesis have

been helpful in some cases, although the mortality of the
polyhydramnios/oligohydramnios sequence in monochori-
onic twins remains very high. More recently, investigators
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fluid in the form of urine. The swallowed fluid is resorbed
through the gastrointestinal tract and recirculated through
the fetal kidneys. Although in the early second trimester
fetal urine only represents ~10% of the total volume of am-
niotic fluid, during the second half of pregnancy the por-
tion of amniotic fluid resulting from fetal urine increases
until it is largely dependent upon fetal urination. Amniotic
fluid is constantly being used and replenished, not unlike
keeping a bathtub filled by constantly running the water
with the drain open. Sonographic determination of the
amniotic fluid volume has been attempted using various
means, including the largest single pocket measurement
as well as the four-quadrant measurement of amniotic
fluid volume. Many experienced practitioners use subjec-
tive assessments of amniotic fluid volume rather than an
actual measurement.5 The best accepted measurement,
however, is the Amniotic Fluid Index, which is based on the
four-quadrant technique.6

The presence or absence of fetal malformations associ-
ated with polyhydramnios is largely related to the degree
of excess amniotic fluid present. In pregnancies complicated
by mild polyhydramnios, the risk of fetal malformation
ranges between 20 and 40%.7–9 Most of the malformations,
however, are visible sonographically.
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Figure 13–4 (A) Anterior abdominal wall defects. Longitudi-
nal view of the fetal upper body, showing a mass coming off
the anterior abdominal wall with the liver protruding out into
an anterior abdominal wall defect (omphalocele). (B) Trans-
verse view through the fetal lower abdomen at the level of the
umbilical cord insertion, showing a gastroschisis adjacent to
the insertion of the cord. (C) Three-dimensional surface ren-
dering image of the gastroschisis defect next to the umbilical
cord insertion on the fetal belly.

A B

C

have used laser ablation of the artery to vein anastomoses
in the placenta to arrest the transfusion process and better
divide the vascular communications between the twins.
This technique is more promising than serial amniocen-
tesis, and improves the outcome for severe twin-to-twin
transfusion.4

Another complication of the monochorionic twinning
process is the development of an acardiac twin that is kept
alive by its co-twin. This phenomenon results from artery-
to-artery shunts in the placenta, and reversal of the arte-
rial blood flow in one twin due to the overpowering arterial
pressure of its co-twin (pump twin). With blood flowing in
reverse through its arterial system, the acardiac twin’s
heart fails to develop and, in most cases, the head and up-
per body regress, leaving an isolated, malformed lower
body with edema. These acardiac twins can grow very
large, often larger than the pump twin, and thus threaten
the well-being of the pump twin.

Polyhydramnios

The volume of amniotic fluid normally increases through-
out gestation until ∼24 weeks, after which it declines until
term. During pregnancy, the fetus swallows and excretes
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Figure 13–5 Transverse view through the fetal abdomen, directly
caudad to the fetal liver. Note the marked dilatation of several loops
of bowel, indicating small bowel obstruction.

A B

C

Figure 13–6 (A) Transverse view through the fetal abdomen
in the third trimester, directly caudal to the fetal liver. Note
the double bubble appearance of the bowel, consistent with
duodenal atresia. (B) Second-trimester fetus with both duo-
denal and esophageal atresia. The transverse view through
the abdomen shows a large C-shaped fluid collection typical
of a distended stomach and duodenum in cases with duode-
nal atresia. (C) Longitudinal view of the same fetus with both
duodenal and esophageal atresia showing the dilated esoph-
agus. 

nios was associated with a significantly higher incidence
of birth weights greater than 4000 g. Birth weights were in
the 90th percentile or more in 28% of fetuses with mild
polyhydramnios versus 9% of normal controls.10–12

Diabetic women are at an increased risk for having
macrosomic fetuses as well as for having their pregnancies
complicated by polyhydramnios. When polyhydramnios
associated with growth acceleration is detected by a pre-
natal sonogram, a glucose tolerance test is indicated to
detect possible diabetes.

The incidence of malformations is considerably higher
when the polyhydramnios is severe versus when it is mild.
Fetuses associated with severe polyhydramnios have a
prevalence of fetal anomalies of 75% versus 29% when the
polyhydramnios is mild.7,8

The most common malformations associated with
polyhydramnios are those involving the gastrointestinal
tract.8 Gastrointestinal obstructions, such as duodenal
atresia, jejunal atresia, or esophageal atresia, invariably
cause polyhydramnios as early as the mid–second tri-
mester.8,13,14 Other gastrointestinal conditions sometimes
associated with polyhydramnios include meconium
peritonitis, anterior abdominal wall defects, and intralu-
minal masses such as intraoral teratomas or other ob-
structions to the swallowing mechanism (Fig. 13–4).8

The sonographic manifestation of gastrointestinal
obstruction includes marked dilatation of the bowel

In the absence of any sonographic finding, mild poly-
hydramnios is usually idiopathic or associated with
macrosomia.10–12 Several studies have shown that, when
compared with pregnancies with normal amniotic fluid
volumes, sonographically unexplained mild polyhydram-
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proximal to the obstruction, such as proximal duodenum
in duodenal atresia or the duodenum and stomach as
well as proximal jejunum in jejunal atresia (Fig. 13–5,
Fig. 13–6). More distal obstructions, such as anal atresia,
may not be associated with polyhydramnios or marked
bowel dilatation. Absence of the stomach bubble associ-
ated with polyhydramnios may be the result of a tra-
cheoesophageal fistula, in particular, associated with
esophageal atresia (Fig. 13–7).

Nonimmune hydrops is a condition almost always
associated with polyhydramnios.15 It is easily detected
sonographically by a marked accumulation of fluid in

Figure 13–7 Transverse view through the fetal abdomen at the level
of the stomach bubble. Note the absence of the stomach bubble in
this image. This pregnancy was complicated by polyhydramnios, and
the fetus had esophageal atresia at birth.

Figure 13–8 Longitudinal view of the fetal chest showing a bilat-
eral pleural effusion, greater on the left. Note that the lungs appear
very small.

various body cavities, such as ascites and pleural effu-
sions, as well as marked skin edema (Fig. 13–8,
Fig. 13–9, Fig. 13–10, Fig. 13–11, Fig. 13–12). There is a
large number of etiologies for nonimmune hydrops, in-
cluding heart abnormalities such as arrhythmias and
cardiomyopathies, as well as chromosomal anomalies,
infectious processes such as TORCH syndromes, fetal
tumors, and so on. Nonimmune hydrops can be present

Figure 13–9 Longitudinal view of the fetal body showing marked
ascites.

Figure 13–10 Longitudinal view of the fetal abdomen showing
ascites in a fetus with hydrops. Note the skin edema.
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Figure 13–11 Transverse view through the fetal head, showing marked
scalp edema throughout the entire scalp in a fetus with hydrops. Note
the difference between the circumference of the head and the circum-
ference of the outer aspect of the skin, caused by the edema.

Figure 13–12 Transverse view through the fetal chest in a fetus with
nonimmune hydrops. There are bilateral pleural effusions surround-
ing the fetal lungs (arrows), as well as marked soft tissue edema of
the torso.

in twin pregnancies, particularly when associated with
either twin-to-twin transfusion syndrome or acardiac
twinning (where one twin is responsible for pumping
blood throughout the entire placenta as well as through
its abnormal co-twin, which does not have cardiac
function). A detailed sonogram, including a fetal
echocardiogram, is indicated when hydrops fetalis is
detected. When hydrops is present, the fetus is consid-
ered very ill and the prognosis is guarded.15 Workup in-
cludes umbilical blood sampling to aid in establishing a
cause for the hydrops as well as to determine whether
an early delivery is necessary if in utero treatment is
not possible.

Hydrops may be secondary to fetal anemia, as in the
patient whose exposure to the parvo virus has resulted in
a reversible but profound fetal anemia, and in cases of
isoimmune hydrops due to Rh or Kell incompatibility of
the mother and fetus.16 Massive fetal-to-maternal hemor-
rhage can also cause nonimmune hydrops. If fetal anemia
is suspected clinically, Doppler of the middle cerebral ar-
tery to measure the blood flow velocity is the most effec-
tive noninvasive method of detecting anemia.17 Once the
middle cerebral artery Doppler is abnormal, umbilical
blood sampling is necessary to determine the actual fetal
hematocrit. Treatment, in the form of intrauterine trans-
fusion, is indicated for those fetuses and can be com-
pletely lifesaving.

Central nervous system abnormalities are a common
group of malformations that cause polyhydramnios.8,18

Specific anomalies, most often associated with excess am-
niotic fluid, include open neural tube defects such as

anencephaly, encephaloceles, and meningomyeloceles
(Fig. 13–13, Fig. 13–14). Other central nervous system ab-
normalities, such as hydrocephalus, holoprosencephaly,
and agenesis of the corpus callosum, have been associated
with polyhydramnios, although these abnormalities may
be secondary to the specific etiologies of the intracranial
malformations, as in chromosomal abnormalities such as
trisomy.18

Thoracic abnormalities, including diaphragmatic her-
nia and adenomatoid cystic malformation of the lung, in-
variably cause polyhydramnios, as do tracheal atresia and
intrathoracic tumors such as teratomas (Fig. 13–15,
Fig. 13–16, Fig. 13–17).8 Isolated pleural effusions may be
associated with polyhydramnios, although when polyhy-
dramnios exists in association with pleural effusions, this
is often an early stage of nonimmune hydrops.

Skeletal dysplasias may lead to nonimmune hydrops,
thus to polyhydramnios as well.19,20 This includes bone dys-
plasias such as spondyloepitheseal dysplasia congenita,
camptomyelic dysplasia, thanatophoric dwarfism, and
achondrogenesis (Fig. 13–18). Although the cause of the
polyhydramnios in fetuses with dwarf syndromes is un-
clear, the enhanced acoustic window provided by the ex-
cess amniotic fluid improves our capability of studying the
fetal limbs by ultrasound.

Chromosomal abnormalities such as trisomies 21, 18,
and 13 are associated with polyhydramnios.21 Fetuses
with trisomy 21 may develop polyhydramnios because
of duodenal atresia and/or congenital heart defects.
Those with trisomy 18 are well known to develop the
combination of intrauterine growth retardation and
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Figure 13–13 (A) Transvaginal view of the head of a fetus with anencephaly. Note the prominent orbits without any evidence of skull formation.
(B) Longitudinal view of the same fetus, showing the relationship between the orbit and the cervical spine. Note the absence of the cranium.

A B

A

Figure 13–14 (A) Longitudinal view of the fetal spine with a
lumbosacral neural tube defect. (B) Longitudinal and (C) coro-
nal view of the fetal spine in a three-dimensional surface ren-
dering, showing the lumbosacral neural tube defect. The
coronal view shows the widening of the posterior elements at
the level of the defect.

B

C
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Figure 13–17 (A) Transverse and (B) longitudinal view of the thorax of a fetus with a type I cystic adenomatoid malformation of the lung. Note
the cysts of different sizes, located in the left hemithorax and deviating the heart and mediastinum to the right.

A B

polyhydramnios, which is often an indication for in-
creased risk of a lethal trisomy. Fetuses with trisomy 13
and 9 are prone to having neural tube defects as well
as major intracranial, facial, and multiorgan abnorma-
lities, often leading to excess amniotic fluid volume
(Fig. 13–19, Fig. 13–20). Even when these defects are
discovered after 24 weeks’ gestation, rapid karyotyping
is required to aid in obstetrical management, particu-
larly in cases of lethal trisomies (trisomies 13 and 18) so

as to avoid unnecessary monitoring and operative deliv-
ery of nonviable fetuses.

Cardiac abnormalities have been associated with poly-
hydramnios, although most isolated cardiac malformations
have normal amniotic fluid volumes (Fig. 13–21). The
presence of polyhydramnios may be secondary to nonim-
mune hydrops in cases of arrhythmia or to congestive
heart failure in cases of left heart outflow obstruction such
as critical aortic stenosis.22

Figure 13–15 Transverse view through the fetal thorax of a late sec-
ond-trimester fetus, showing a left diaphragmatic hernia. Note that
the stomach is at the same level as the fetal heart, and small bowel is
also noted in the left hemithorax.

Figure 13–16 Transverse view through the fetal thorax showing a
right diaphragmatic hernia. Note that the heart is displaced to the
left by a part of the liver (arrows) in the right hemithorax.
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Figure 13–18 (A) Fetal arm and side of the head in a fetus with thanatophoric dysplasia. (B) A three-dimensional surface reconstruction of the
same fetus.

A B

Figure 13–19 (A) Coronal view of the fetal lower face in a fetus with a bilateral complete cleft lip and palate. (B) Same fetus with the facial cleft
shown using three-dimensional surface reconstruction.

A B
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Figure 13–21 (A) M-Mode showing fetal tachycardia at 248 beats per
minute. The diagnosis was supraventricular tachycardia. (B) M-mode

showing complete heart block. Note that the atrial rate is 133, whereas
the ventricular rate is 47. Both of these arrythmias can lead to heart
failure and hydrops.

A B

Figure 13–20 Longitudinal view of the fetal lower leg, using three-
dimensional surface rendering, showing bilateral congenital clubbed
foot.

vascular compromise. Cystic hygromas, lymphangiomas,
as well as hemangiomas will also cause polyhydramnios.
Any mass in the cervical region of the fetus is associated
with polyhydramnios. The survival of such fetuses depends
upon the location and type of tumor and the possibility
of successful surgical resection. Other miscellaneous con-
ditions sometimes associated with polyhydramnios in-
clude amniotic band syndrome, lethal multiple ptery-
gium syndrome, facial clefts, and dysmorphia.8

The outcomes of fetuses who have malformations asso-
ciated with polyhydramnios vary greatly, according to the
types of lesions. In one study, the survival rate of all fetuses
with polyhydramnios was 58%.7 However, when idiopathic
polyhydramnios was noted where no fetal abnormality
could be seen sonographically, all fetuses survived. Several
authors suggest that ultrasound is an excellent modality
for the detection of malformations associated with poly-
hydramnios.7–9,25 If no anomalies are found sonographically,
the prognosis is good.7–9,25 This is not surprising because the
presence of excess amniotic fluid enhances the acoustic
window for viewing fetal anatomy.

Large Masses in the Uterus

Other than polyhydramnios and multiple fetuses, large
masses in the uterus can lead the clinician to detect a
uterus that is larger than anticipated by gestational age.
These masses include tumors such as molar pregnancies
or partial moles with markedly enlarged and hydropic
placentas or large chorioangiomas (Fig. 13–24). Tumors,
such as large sacrococcygeal teratomas, will cause the
uterus to enlarge because of both the tumor’s size and the
associated polyhydramnios (Fig. 13–23). Fetuses with
nonimmune hydrops are also subject to having enlarged

Fetal tumors are rare, but can be a cause for an enlarged
uterus and excess amniotic fluid volume (Fig. 13–22, Fig.
13–23). These tumors include sacrococcygeal teratomas,
intracranial teratomas, large fetal liver hemangiomas, re-
nal hamartomas, and even placental tumors such as
chorioangiomas.21–33 These can, in turn, lead to severe
polyhydramnios associated with fetal hydrops and fetal
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Figure 13–24 View of the uterus early in the second trimester show-
ing no visible fetus. The uterus is filled with a solid mass with many
small cystic spaces, typical of a complete mole.

Figure 13–25 The uterus is larger than dates because of a cystic
mass (arrows) in the wall of the uterus, typical of a degenerating
fibroid.

Figure 13–22 (A) Transverse view through the fetal head, showing
large septated cystic hygromas of the nuchal region in a fetus with
Turner’s syndrome. (B) Longitudinal view of the same fetus showing

the cystic hygromas as well as ascites and skin thickening consistent
with lymphangiectasia.

A B

Figure 13–23 (A) Longitudinal view of the fetal body in the second
trimester showing a large sacrococcygeal teratoma. The fetus is at
risk for hydrops and polyhydramnios. (B) Same fetus seen using

three-dimensional surface reconstruction showing the fetus sitting
on the large sacral tumor.

A B
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Gynecol 1992;79:234–238
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Aggressive direct treatment of a fetus with supraventricular tachy-
cardia and hydrops fetalis. Ultrasound Obstet Gynecol 1993;3:
279–283

23. Hubinont C, Bernard P, Khalil N, et al. Fetal liver hemangioma and
chorioangioma: two unusual cases of severe fetal anemia detected
by ultrasonography and its perinatal management. Ultrasound
Obstet Gynecol 1994;4:330–331
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placentas, which can contribute to the enlargement of the
uterus. Pelvic masses not associated with the pregnancy
may also lead to the clinical finding of an enlarged uterus.
These include fibroid tumors, which can enlarge dramati-
cally in the first part of pregnancy (Fig. 13–25). Also, ad-
nexal masses such as ovarian cysts, dermoids, and other
adnexal enlargements can result in the perception of an
enlarged uterus by the clinician. Part of the evaluation of
the pregnant uterus includes the assessment of the
adnexa as well as the surrounding myometrium and
cervix.

Summary

In conclusion, ultrasound is very successful at evaluating
the pregnancy that is thought to be large for dates. In
many cases, an explanation can be found (incorrect dates,
multiple pregnancies, or a uterine fibroid). When polyhy-
dramnios is detected, fetal biometry can be helpful to de-
tect any growth acceleration leading to macrosomia, per-
haps in a diabetic mother. A careful structural survey is
necessary, however, when evaluating a fetus associated
with polyhydramnios. When abnormalities are detected,
it may be necessary to proceed with an amniocentesis or a
percutaneous blood sampling for evaluation or treatment.
In most cases, a normal structural survey, even in associa-
tion with significant polyhydramnios, results in a good
outcome.

References
1. Benirschke K, Kim CK. Multiple pregnancy part one. N Engl J Med

1973;288:1276–1284
2. Blickstein I. Review: the twin–twin transfusion syndrome. Obstet

Gynecol 1990;76:714–722
3. Bromley B, Frigoletto FD, Estroff JA, Benacerraf BR. The natural his-

tory of oligohydramnios/polyhydramnios sequence in monochori-
onic diamniotic twins. Ultrasound Obstet Gynecol 1992;2:317–
320

4. Hecher K, Plath H, Bregenzer T, Hansmann M, Hackeloer BJ. Endo-
scopic laser surgery versus serial amniocenteses in the treatment
of severe twin–twin transfusion syndrome. Am J Obstet Gynecol
1999;180:717–724

5. Goldstein RB, Frilly RA. Sonographic estimation of amniotic fluid
volume: subjective assessment versus pocket measurements. J Ul-
trasound Med 1988;7:363–367

6. Phelan JP, Ahn MO, Smith CV, Rutherford SE, Anderson E. Amniotic
fluid index measurements during pregnancy. J Repro Med 1987;
32:601–604

7. Barkin SZ, Pretorius DH, Beckett MK, et al. Severe polyhydram-
nios: incidence of anomalies. AJR Am J Roentgenol 1987;
148:155–159

8. Damato N, Filly RA, Goldstein RB, et al. Frequency of fetal anom-
alies in sonographically detected polyhydramnios. J Ultrasound
Med 1993;12:11–15

9. Stoll CG, Alembik Y, Dott B. Study of 156 cases of polyhydramnios
and congenital malformations in a series of 118,265 consecutive
births. Am J Obstet Gynecol 1991;165:586–590

Ultrasonography in Obstetrics and Gynecology154

14495OB_C13_pgs.qxd  8/16/07  1:53 PM  Page 154



30. Perez-Aytes A, Sanchis N, Barbal A, et al. Short communication:
non-immunological hydrops fetalis and intrapericardial teratoma:
case report and review. Prenat Diagn 1995;15:859–863

31. Chervenak FA, Tortora M, Moya FR, Hobbins JC. Antenatal sono-
graphic diagnosis of epignathus. J Ultrasound Med 1984;3:235–
237

32. Benacerraf BR, Frigoletto FD. Prenatal sonographic diagnosis of iso-
lated congenital cystic hygroma, unassociated with lymphedema or
other morphologic abnormality. J Ultrasound Med 1987;6:63–66

33. Gross SJ, Benzi RJ, Sermer M, Skidmore MB, Wilson SR. Sacrococ-
cygeal teratoma: prenatal diagnosis and management. Am J Obstet
Gynecol 1987;156:393–396

13 Uterine Size Greater than Dates 155

14495OB_C13_pgs.qxd  8/16/07  1:53 PM  Page 155



Accurate pregnancy dating is the most important step in
prenatal management. Precise knowledge of gestational
age is essential for the management of high-risk pregnan-
cies and, in particular, fetal growth restriction. Although
uterine size, as measured by the fundal height, provides a
subjective assessment of the fetal size, ultrasound plays an
integral and more precise role in confirming gestational
age and has been shown to have an accuracy of 3 to 4 days
when performed between 14 and 22 weeks of gestation.1

Several definitions exist in the literature for the diagno-
sis of intrauterine growth restriction (IUGR). The definition
that is most commonly used in clinical practice is an esti-
mated fetal weight at less than the 10th percentile for ges-
tational age. At this diagnostic threshold, ∼70% of fetuses
will be small for gestational age (constitutionally small)
and have no increase in perinatal morbidity or mortality.2

Using the fifth percentile as a cutoff for the diagnosis of
IUGR may be more clinically applicable, given that perina-
tal morbidity and mortality have been shown to increase
beyond this threshold.3 Of all the ultrasound-derived bio-
metric parameters, the abdominal circumference is the
most sensitive indicator for growth restriction in the fetus.
An abdominal circumference of less than the 2.5th per-
centile for gestational age carries a sensitivity of greater
than 95% for the diagnosis of IUGR.4,5 The growth profile of
the abdominal circumference should therefore be moni-
tored closely in fetuses at risk for growth abnormalities.
Furthermore, when estimating fetal weights by ultra-
sound, the appropriate growth curves should be used.
Curves generated at high altitudes will underestimate
IUGR by ∼50% for sea-level populations.6

When compared with appropriately grown fetuses
matched for gestational age, IUGR fetuses have an in-
creased risk of perinatal morbidity and mortality.7 Long-
term follow-up studies have shown an increased incidence
of physical handicap and neurodevelopmental delay in
growth-restricted fetuses.8,9 The presence of chronic meta-
bolic acidemia in utero, rather than actual birth weight,
appears to be the best predictor of long-term neurodevel-
opmental delay.10 In pregnancies with growth-restricted
fetuses, timing of the delivery is the most critical step in
clinical management. Balancing the risk of prematurity
with the risk of long-term neurodevelopmental delay is a
serious challenge facing physicians involved in the care of
these pregnancies.

Traditionally, the management of pregnancies with fe-
tal growth restriction relied on cardiotocography for fetal
surveillance. During cardiotocography, the physician looks
for heart rate variability as a sign of fetal well-being. Heart
rate variability is the final result of the rhythmic, in-
tegrated activity of autonomic neurons generated by or-
ganized cardiorespiratory reflexes.11 In growth-restricted
fetuses, higher baseline rates, decreased long- and short-
term variability, and delayed maturation of reactivity are
seen in heart rate tracings.12,13 These studies have relied on
computer-generated analyses of fetal heart rate tracings in
their evaluation. Unaided visual analyses of fetal heart rate
records show limited reliability and reproducibility.14,15 Fur-
thermore, the presence of overtly abnormal patterns of
fetal heart rate tracings represents late signs of fetal dete-
rioration.16,17 Relying on unaided visual analysis of car-
diotocography as the only test of fetal surveillance in
growth-restricted fetuses has come under criticism re-
cently because it represents late signs of fetal deterioration
and thus its sole use may not optimize long-term outcome
of these pregnancies.

Doppler ultrasound has been shown to improve out-
come in high-risk pregnancies.18 The use of Doppler ultra-
sound in the management of pregnancies with fetal
growth restriction has received significant attention in
the recent literature. Several cross-sectional and longitu-
dinal studies have highlighted the fetal cardiovascular
adaptation to hypoxemia and the progressive stages of
such adaptation.19–24 Findings from these studies and the
use of Doppler ultrasound in the management of the
growth-restricted fetus are discussed in the following
section.

Ultrasound Evaluation

Fetal Arterial Doppler Ultrasound 
of the Umbilical Circulation

The umbilical arterial circulation is normally a low imped-
ance circulation (Fig. 14–1) with an increase in the amount
of end diastolic flow with advancing gestation.25 Umbilical
arterial Doppler waveforms reflect the status of the pla-
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cental circulation, and the increase in end diastolic flow
that is seen with advancing gestation is a direct result of an
increase in the number of tertiary stem villi that takes
place with placental maturation.26 Diseases that obliterate
small muscular arteries in placental tertiary stem villi re-
sult in a progressive decrease in end-diastolic flow in the
umbilical arterial Doppler waveforms until absent and
then reverse flow during diastole is noted27 (Fig. 14–2).
Reversed diastolic flow in the umbilical arterial circulation
represents an advanced stage of placental compromise
and is associated with more than 70% of placental arterial
obliteration.28,29 The presence of absent or reversed end di-
astolic flow in the umbilical artery is commonly associated
with severe intrauterine growth restriction and oligohy-
dramnios.30

Doppler waveforms of the umbilical arteries can be
obtained from any segment along the umbilical cord.
Waveforms obtained from the placental end of the cord
show more end diastolic flow than waveforms obtained
from the abdominal cord insertion.31 Differences in
Doppler indices of arterial waveforms obtained from dif-
ferent anatomical locations of the same umbilical cord
are generally minor and have no significance on clinical
practice.25

Fetal Arterial Doppler Ultrasound 
of the Middle Cerebral Circulation

The cerebral circulation is normally a high impedance
circulation with continuous forward flow throughout
the cardiac cycle.32 The middle cerebral artery is the
most accessible cerebral vessel to ultrasound imaging in
the fetus and it carries more than 80% of cerebral blood
flow.33 In the presence of fetal hypoxemia, central redis-
tribution of blood flow occurs, resulting in increased

blood flow to the brain, heart, and adrenals and a reduc-
tion in flow to the peripheral and placental circulations.
This blood flow redistribution is known as the brain-
sparing reflex and plays a major role in fetal adaptation
to oxygen deprivation.32,34

The right and left middle cerebral arteries represent
major branches of the circle of Willis in the fetal brain. The
circle of Willis, which is supplied by the internal carotids
and vertebral arteries, can be imaged with color flow
Doppler ultrasound in a transverse plane of the fetal head
obtained at the base of the skull. In this transverse plane,
the proximal and distal middle cerebral arteries are seen in
their longitudinal view, with their course almost parallel
to the ultrasound beam (Fig. 14–3). Middle cerebral artery
Doppler waveforms, obtained from the proximal portion of
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Figure 14–1 Normal Doppler waveforms obtained from the umbili-
cal artery in the third trimester. In the third trimester of pregnancy,
the umbilical circulation is a low impedance circulation. Note the in-
creased amount of flow at end diastole (white arrows).

Figure 14–2 (A) Absent end-diastolic velocity and (B) reversed end-
diastolic velocity are noted in the umbilical circulation when the
downstream impedance is increased. These Doppler waveforms are
associated with significant fetal compromise.

Figure 14–3 Axial view of the fetal head in the second trimester with
color Doppler showing the circulation at the level of the circle of
Willis. Note the course of the middle cerebral arteries, almost parallel
to the ultrasound beam (white arrows).
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Fetal Doppler Ultrasound Findings in
Intrauterine Growth-Restricted Fetuses

In clinical practice, Doppler ultrasound provides important
information on the extent of fetal compromise and thus
may aid in the timing of delivery in IUGR fetuses. Arterial
Doppler abnormalities, at the level of the umbilical and
middle cerebral arteries (brain-sparing reflex), confirm the
presence of hypoxemia in the growth-restricted fetus and
present early warning signs. Once arterial centralization
occurs, however, no clear trend is noted in the observa-
tional period and thus arterial redistribution may not be
helpful for the timing of the delivery.45–47 On the other
hand, the presence of reversed diastolic flow in the umbil-
ical arteries is a sign of advanced fetal compromise, and
strong consideration should be given for delivery except
for extreme prematurity. Cesarean section should be given
preference in this setting because labor may cause further
fetal compromise.

The current literature is suggestive that venous Doppler
abnormalities in the inferior vena cava and ductus venosus
and abnormal fetal heart rate monitoring, even in its com-
puterized version, follow arterial Doppler abnormalities
and are thus associated with a more advanced stage of fe-
tal compromise.21–24,48

Furthermore, in the majority of severely growth
restricted fetuses, sequential deterioration of arterial and
venous Doppler precedes biophysical profile score deterio-
ration.22 At least one third of fetuses show early signs of cir-
culatory deregulation 1 week before biophysical profile
deterioration and that, in most cases, Doppler deteriora-
tion preceded biophysical profile deterioration by 1 day.22

The occurrence of such abnormal late-stage changes
of vascular adaptation by the IUGR fetus appears to be
the best predictor of perinatal death, independent of

the vessel, immediately after its origin from the circle of
Willis, have shown the best reproducibility.35

Fetal Arterial Doppler Ultrasound 
and Fetal Growth Restriction

Central redistribution of blood flow to the brain, known as
the brain-sparing reflex, represents an early stage in fetal
adaptation to hypoxemia21–24 and follows the lag in fetal
growth.36 At this early stage, the brain-sparing reflex is
clinically evident by increased end-diastolic flow in the
middle cerebral artery (lower middle cerebral artery pul-
satility or resistance index) and decreased end-diastolic
flow in the umbilical artery (higher umbilical artery resist-
ance index or systolic:diastolic ratio). The cerebroplacental
ratio, derived by dividing the cerebral resistance index by
the umbilical resistance index, defines the brain-sparing
reflex and has been shown to predict outcome in IUGR
fetuses at less than 34 weeks of gestation.19,37–39

In the presence of IUGR, Doppler changes in the umbil-
ical artery precede the decrease in cerebroplacental ratio
and middle cerebral artery pulsatility or resistance in-
dex.21,36 Furthermore, middle cerebral artery Doppler wave-
forms are of clinical value in differentiating a growth
restricted/hypoxemic fetus from a constitutionally small/
normoxemic fetus. In the clinical setting of a small for ges-
tational age fetus, the presence of normal middle cerebral
artery Doppler waveforms, obtained at less than 32 weeks
of gestation, has a 97% negative predictive value for major
adverse perinatal outcomes.41

Several studies have shown that this early stage of arte-
rial redistribution is not associated with the presence of
fetal metabolic acidemia.21–24 It is therefore inferred that in-
fants delivered at this early stage of fetal adaptation are ex-
pected to have no adverse long-term neurodevelopmental
complications.

Fetal Venus Doppler Ultrasound 
and Fetal Growth Restriction

Chronic fetal hypoxemia results in decreased preload,
decreased cardiac compliance, and elevated end-diastolic
pressure in the right ventricle.20,41–44 These changes are
evidenced by an elevated central venous pressure in the
chronically hypoxemic fetus, which is manifested by in-
creased reverse flow in Doppler waveforms of the inferior
vena cava and the ductus venosus during late diastole
(Fig. 14–4). Changes in the fetal central venous circula-
tion are associated with an advanced stage of fetal hypox-
emia. At this late stage of fetal adaptation to hypoxemia,
cardiac decompensation is often noted with myocardial
dysfunction.43 Furthermore, fetal metabolic acidemia is
often present in association with Doppler waveform
abnormalities of the inferior vena cava and ductus
venosus.16,20,21

Ultrasonography in Obstetrics and Gynecology158

Figure 14–4 Doppler velocimetric waveforms of the inferior vena
cava (IVC) and the ductus venosus (DV) in a fetus with severe growth
restriction. Note the increased amount of reverse flow during the
atrial kick in the IVC and the DV (arrows).
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gestational age and weight.24 In a longitudinal study on
Doppler and IUGR fetuses, all intrauterine deaths and all
neonatal deaths, with the exception of one case, had late
Doppler changes at the time of delivery, whereas only a
few of the surviving fetuses showed such changes.24

This sequential deterioration of the hypoxemic,
growth-restricted fetus is rarely seen at gestations beyond
34 weeks.36,49 Indeed, normal umbilical artery Doppler is
common in growth-restricted fetuses in late gestations,
and cerebroplacental ratios have poor correlation with
outcome of IUGR fetuses at greater than 34 weeks of ges-
tation.19 Caution should therefore be exercised when
Doppler is used in the clinical management of IUGR fe-
tuses beyond 34 weeks of gestation.

The pathophysiology of fetal growth restriction has not
been fully described because recent studies have high-
lighted the presence of significant variation in fetal adap-
tation to hypoxemia. The pattern of incremental deteriora-
tion of arterial Doppler abnormalities, followed by venous
Doppler abnormalities, then followed by fetal heart trac-
ings and biophysical profile abnormalities, is not seen by
∼20% of preterm fetuses.21 Furthermore, only 70% of IUGR
fetuses show significant deterioration of all vascular beds
by the time they are delivered and ∼10% show no signifi-
cant circulatory change by delivery time.22 In a recent
prospective, observational study, more than 50% of IUGR
fetuses delivered because of abnormal fetal heart rate trac-
ings that did not have venous Doppler abnormalities.24 In
view of these findings, the universal introduction of ve-
nous Doppler in the clinical management of the growth-
restricted fetus should await the results of randomized
trials on this subject.

It is currently evident that fetal growth restriction is a
complex disorder involving multiple fetal organs and sys-
tems.50 Although fetal biometry and arterial Doppler pro-
vide information on the early compensatory phase of this
disorder, venous Doppler, fetal heart rate analysis, and the
biophysical profile provide information on the later stages
commonly associated with fetal cardiovascular collapse. It
is hoped that future studies will shed more light on the
pathophysiology of this disease and on the various interac-
tions of diagnostic tools in fetal surveillance.
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In the first few weeks after conception, the embryo under-
goes growth, morphogenesis, and differentiation of tissues
and organs. This is termed the embryonic period and lasts
until about 8 weeks gestational (menstrual) age. The re-
maining weeks of gestation are termed the fetal period,
during which rapid growth occurs.1 Fetal anomalies most
often result from abnormal morphogenesis or differentia-
tion during the embryonic period.

Ultrasound is the imaging modality of choice for evalu-
ation of the fetal anatomy to assess for fetal anomalies. The
fetus can be assessed from multiple angles in multiple
planes to obtain the images required. The real-time capa-
bilities of ultrasound permit evaluation even while the fe-
tus is moving. In addition, real-time scanning allows iden-
tification of fetal cardiac activity before other means of
assessment can document fetal life. Real-time is essential
when assessing the fetal heart for structural or rhythmic
abnormalities.

Fetal anomalies occur in ∼2.5% of newborn infants,2,3

and, in most cases, no prior history of a fetal malformation
is present. There are, however, some conditions associated
with increased risk of fetal anomaly, including a prior fam-
ily history of congenital anomaly, maternal diabetes, ad-
vanced maternal age, and exposure to certain teratogens,
drugs, or infections during pregnancy. Upon conception,
signs associated with increased risk of fetal malformation
include abnormal amniotic fluid volume, either polyhy-
dramnios or oligohydramnios, abnormal maternal serum
�-fetoprotein levels, and multiple gestations. Given any of
these conditions, ultrasound is used to evaluate the devel-
oping fetus for an anomaly.

The American College of Radiology, American College
of Obstetrics and Gynecology, and the American Institute
of Ultrasound in Medicine have published joint stan-
dards for antepartum obstetrical ultrasound that include
a list of the fetal anatomical structures that should be
evaluated when performing ultrasound during the sec-
ond and third trimesters (Table 15–1).4 Although it is not
possible to detect all fetal anomalies prenatally, if these
standards are used for fetal evaluation, most major con-
genital malformations will be detected. In some cases,
more specialized examinations may be required, whereas
in other cases, a fetal anomaly may not be visible on pre-
natal ultrasound.

Ultrasound Evaluation

The Fetal Head

During an obstetrical ultrasound examination, three views
of the fetal head are routinely obtained: the biparietal di-
ameter, the cerebral ventricles, and the posterior fossa. The
biparietal diameter view is an axial view of the fetal head
at the level of the paired thalami and cavum septum pellu-
cidum (Fig. 15–1). On this view, the presence of the head is
confirmed and the cranial contour is assessed. The midline
falx and cavum septum pellucidum are typically visible.
The normal fetal head is oval in shape with a smooth con-
tour.

Anencephaly (Fig. 15–2) is a neural tube defect where
the cranium and brain tissue are absent. The lower face is

Ruling Out Fetal Anomalies
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Table15–1 Fetal Anatomical Survey: Structures to Be Assesseda

Head 

Lateral ventricles and choroid plexus

Midline falx and cavum septum pellucidum

Posterior fossa to include cerebellum and cisterna magna

Heart

Four-chamber view including its position in thorax

Spine

Cervical, thoracic, lumbar, and sacral

Stomach

Urinary bladder

Umbilical cord insertion at anterior abdominal wall

Kidneys

Extremities

Images taken for fetal measurements

Biparietal diameter/head circumference

Abdominal diameter/circumference

Femur length

aFrom: AIUM Practice Guideline for the Performance of an Antepar-
tum Obstetric Ultrasound Examination. American Institute of Ultra-
sound in Medicine; 2003. Published in conjunction with the
American College of Obstetricians and Gynecologists (ACOG) and
the American College of Radiology (ACR).
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usually normally formed, but the forehead above the orbits
and the cranium above the cervical spine are absent.

An encephalocele (Fig. 15–3) is a neural tube defect in-
volving the cranium. These lesions are often identified on
the biparietal diameter view. A defect in the skull is pres-
ent, through which intracranial contents herniate outside

Ultrasonography in Obstetrics and Gynecology162

Figure 15–1 Image of the fetal head for the biparietal diameter
measurement. Axial image at the level of the paired thalami (arrows)
and the cavum septum pellucidum (arrowhead) is used for measure-
ment of the biparietal diameter.

Figure 15–2 Anencephaly. (A) Sonogram of fetal face with ab-
sence of forehead above the orbits (arrows). (B) Three-dimensional
image of a fetal head demonstrating absence of the cranium above
the ear (arrow). Dysplastic brain tissue is seen posterior to the face
(arrowheads).

A

B

Figure 15–3 Encephalocele. Axial sonogram of fetal head demon-
strating occipital defect (calipers) with brain tissue and meninges
protruding outside the skull into the encephalocele (arrows).

the skull. Most encephaloceles are midline and posterior
involving the occipital bone. Less common are frontal and
parietal encephaloceles. Sonographically, the encephalo-
cele defect appears as an interruption in the calvarium
with a sac containing soft tissue and sometimes fluid pro-
truding outside the skull.

Flattening of the frontal bones in the second
trimester, giving the appearance of a “lemon”-shaped
head (Fig. 15–4) on the biparietal diameter view, is asso-
ciated with meningomyeloceles. When this finding is
present, the posterior fossa should be evaluated carefully
for a Chiari II malformation, and the spine should be
examined for spina bifida.5

14495OB_C15_pgs.qxd  8/16/07  1:54 PM  Page 162



Evaluation of intracranial contents should include as-
sessment of the lateral ventricles, the choroid plexus, and
the posterior fossa. The lateral ventricles are evaluated on
axial view to assess both the size and the shape of the ven-
tricles. The width of the lateral ventricle is measured at the
atrium of the lateral ventricle, perpendicular to the axis of
the ventricle (Fig. 15–5), and should not exceed 10 mm.
Excess cerebral spinal fluid in the head can be seen with
dilatation of the lateral ventricles in such anomalies as hy-
drocephalus or agenesis of the corpus callosum. Excess
fluid may also be a sign of an abnormal configuration of
the ventricles, as in anomalies such as holoprosencephaly
or porencephaly.

Hydrocephalus is defined as dilatation of the lateral
ventricles. It may be an isolated anomaly, or it may result
from in utero exposure to infection or a toxic agent, or it
may be part of a syndrome or other complex congenital
malformation. Hydrocephalus is commonly seen in associ-
ation with meningomyeloceles and Dandy-Walker malfor-
mations. On ultrasound the diagnosis of hydrocephalus is
made when the width of the lateral ventricle at the atrium
measures more than 10 mm on axial view (Fig. 15–6),6 and
the choroid plexus appears to dangle away from its mid-
line attachment.7 If the lateral ventricles are dilated, then
the third ventricle, located between the thalami on axial
view, should be examined to look for dilatation. Aqueduc-
tal stenosis is a cause of hydrocephalus that leads to dilata-

tion of the lateral and third ventricles with a normal fourth
ventricle and posterior fossa.

An abnormal configuration of the cerebral ventricles is
seen with holoprosencephaly (Fig. 15–7), a developmental
anomaly in which there is absence or incomplete cleavage
of the prosencephalon. This malformation is characterized
by fusion of the lateral ventricles into a single ventricle
that communicates across the midline. The cerebral hemi-
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Figure 15–4 “Lemon” sign. Axial view of the fetal head in a fetus
with a meningomyelocele demonstrating flattening of the frontal
bones (arrows) giving the head a lemon shape. There is associated
hydrocephalus.

Figure 15–5 Lateral ventricular measurement. Axial view of the fetal
head demonstrating measurement of a normal lateral ventricle. The
measurement is taken at the level of the atrium of the lateral ventri-
cle (calipers).

Figure 15–6 Hydrocephalus. Axial sonogram of the fetal head show-
ing a dilated lateral ventricle (calipers) with the choroid plexus dan-
gling from its medial attachment (arrow).
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plexus is abnormally separated from the medial wall of the
lateral ventricle, is seen with hydrocephalus. Choroid
plexus cysts (Fig. 15–8) may be seen in the second tri-
mester and are associated with increased risk for chromo-
somal abnormalities, especially trisomy 18.8 These cysts
are round, anechoic, with thin, smooth walls. Sometimes
in the early second trimester, the choroid plexus has a

spheres are fused as well, and the falx is absent or rudi-
mentary. This anomaly is often associated with abnormal-
ities of the fetal face, including midline facial clefts, hy-
potelorism, a proboscis, and cyclops.3

The choroid plexus is examined for its position in the
lateral ventricle and for cysts. This is best done on the same
view used to assess the cerebral ventricles. A dangling
choroid plexus, where the posterior end of the choroid
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Figure 15–7 Holoprosencephaly. Vaginal sonogram of the fetal
head demonstrating a single cerebral ventricle between fused cere-
bral cortex (arrows) and fused thalami (arrowheads).

Figure 15–8 Choroid plexus cyst. Axial image of the fetal head
demonstrating a cyst (arrow) in the choroid plexus.

Figure 15–9 Normal posterior fossa. Angled axial view of the fetal
head demonstrating a normal posterior fossa with the rounded cere-
bellar hemispheres (arrows) separated by echogenic vermis and fluid
in the cisterna magna posterior to the vermis.

Figure 15–10 Dandy-Walker malformation. Image of posterior fossa
demonstrating absence of the vermis between the cerebellar hemi-
sphere, replaced by a cystic structure (arrows) connecting the fourth
ventricle to the cisterna magna.
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“spongy” appearance, containing lobular, hypoechoic areas.
This is a normal finding that should not be confused with
choroid plexus cysts.

Evaluation of the posterior fossa includes careful as-
sessment of the cerebellum and the cisterna magna (Fig.

15–9). The normal cerebellum is made up of two rounded
cerebellar hemispheres, separated by the echogenic ver-
mis. The cisterna magna is a fluid space between the pos-
terior aspect of the cerebellar vermis and the occipital
bone. When a Dandy-Walker malformation is present, the
vermis is hypoplastic or absent, replaced by a cystic space
connecting the fourth ventricle with the cisterna magna
(Fig. 15–10). In such cases, the cerebellar hemispheres of-
ten have an abnormal appearance as well.3

Chiari II malformations are associated with meningo-
myeloceles and are characterized by a small posterior fossa
with loss of the cisterna magna and compression of the
cerebellum against the occiput. The cerebellum appears
curved and flattened posteriorly against the occipital
bone.9,10 In the second trimester, the appearance of the
cerebellum has been termed the “banana” sign (Fig.
15–11). When a Chiari II malformation is identified at
sonography, careful examination of the spine is warranted
to locate the spinal defect.

Examination of the fetal face is not listed in the pub-
lished standards as a component of the fetal anatomical
survey. However, when performing a thorough examina-
tion of the fetus, evaluation of the face will permit diagno-
sis of abnormalities, such as cleft lip or hypoplastic
mandible, that would otherwise be missed. The two best
views for examining the fetal face are a coronal view of the
lower face demonstrating the nose and upper lip (Fig.
15–12), and a sagittal or profile view demonstrating the
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Figure 15–11 Chiari II malformation of the cerebellum, the “ba-
nana” sign. Sonogram of the posterior fossa showing small curved
cerebellum (arrows) and no cisterna magna.

Figure 15–12 Fetal face. (A) Coronal image of the lower face demonstrating the two nostrils and upper and lower lips (arrows). (B) Three-
dimensional image of the fetal face.

A B
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ters form a C-shape, with the two posterior ossification
centers pointing toward each other (Fig. 15–14). On longi-
tudinal view, the spine appears as parallel ossification cen-
ters that converge in the distal sacrum (Fig. 15–15). During
an obstetrical ultrasound examination, the entire spine
should be assessed both longitudinally and transversely.

Neural tube defects involving the spine are chara-
cterized by disruption and splaying of the posterior
elements, with protrusion of meninges and nerve tissue

forehead, nose, lips, and chin (Fig. 15–13). Midline facial
defects are associated with intracranial anomalies, such as
holoprosencephaly. Lateral cleft lip and hypoplastic
mandible are also often associated with other anomalies.

The Fetal Spine

Each vertebra of the fetal spine develops with three ossifi-
cation centers, two posterior that form the pedicles and
posterior elements and one anterior that forms the verte-
bral body. On transverse view, the three ossification cen-
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Figure 15–13 Fetal face in profile. Sagittal image of the fetal face
demonstrating a normal profile of the forehead, nose, lips, and chin.

Figure 15–14 Fetal spine. Transverse view of the fetal spine demon-
strating three ossification centers, two posterior (arrows) and one
anterior (arrowhead), forming a C-shape or closed ring.

Figure 15–15 Lumbosacral spine. Longitudinal image of the lower
spine demonstrating converging posterior ossification centers in the
lower sacrum (arrows).

Figure 15–16 Meningomyelocele. Transverse sonogram of the fetal
spine demonstrating splaying of the posterior elements of the
vertebral body (arrows) and a dorsal sac of the meningomyelocele
(arrowheads).
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outside the spinal canal. These bony defects are visible
sonographically as splaying of the posterior ossification
centers. The protruding tissue forms a dorsal sac that
extends posteriorly (Fig. 15–16). Meningomyeloceles are

most commonly located in the lower lumbar spine and
sacrum, but they can also occur in the thoracic and cervi-
cal spine.

The Fetal Heart

The normal fetal heart is positioned in the thorax slightly
to the left of midline with the apex pointing to the left (Fig.
15–17). Homogeneous lung tissue fills the rest of the tho-
rax. When an intrathoracic mass is present, such as a di-
aphragmatic hernia or cystic adenomatoid malformation,
the heart is displaced to the contralateral side (Fig. 15–18).
Intrathoracic masses may arise from the lung, as with cys-
tic adenomatoid malformation and bronchial atresia, or
they may arise in the mediastinum, as with a teratoma, or
they may result from a diaphragmatic hernia.11,12 Secondary
signs of an intrathoracic mass include polyhydramnios and
hydrops.

The four-chamber view of the heart, demonstrating
both ventricles and both atria, is obtained in an axial plane
of the thorax. The right and left chambers should be sym-
metric. Asymmetry of the ventricles is usually a sign of a
cardiac anomaly. Absence of one ventricle suggests hy-
poplastic left or right heart (Fig. 15–19). Enlargement of
the right atrium suggests Ebstein’s anomaly. Ventricular
septal defects may also be diagnosed on the four-chamber
view of the heart.3,13

Anomalies of the great vessels can be detected if, in
addition to the four-chamber view, images of the right
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Figure 15–17 Fetal heart in the thorax. Transverse view of the fetal
thorax demonstrating a normal heart (arrows) located in the left tho-
rax, with the apex pointing to the left. R, right; L, left.

Figure 15–18 Left diaphragmatic hernia displacing the heart to the
right. Transverse sonogram of the fetal thorax demonstrating the
heart (arrows) displaced to the right by abdominal contents, includ-
ing the fetal stomach (arrowhead) herniated into the left thorax.

Figure 15–19 Hypoplastic left ventricle. Four-chamber view of an
abnormal heart with an enlarged right atrium (RA, arrow) and right
ventricle (RV, arrow) and small left atrium (LA, arrow) and left ventri-
cle (LV, arrow).

14495OB_C15_pgs.qxd  8/16/07  1:54 PM  Page 167



The Fetal Abdomen

Four views of the fetal abdomen are routinely obtained
during the obstetrical ultrasound examination. These in-
clude images of (1) the abdomen for measurement of the
abdominal diameter or circumference, (2) the kidneys, (3)
the bladder, and (4) the anterior abdominal wall at the um-
bilical cord insertion.

and left ventricular outflow tracts are obtained (Fig.
15–20). With these views, tetralogy of Fallot, truncus
arteriosus, and transposition of the great vessels can be
diagnosed.
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Figure 15–20 Cardiac outflow tracts. (A) Long axis image of the left
ventricular outflow tract demonstrating the aorta (arrowhead) aris-
ing from the left ventricle (arrow). The ventricular septum is continu-
ous with the anterior aortic wall. (B) Transverse image of the right

ventricular outflow tract, demonstrating the pulmonary artery (ar-
row) bifurcating into the ductus arteriosus (arrowhead) and the right
pulmonary artery.

A B

Figure 15–21 Abdomen. Transverse view of the fetal abdomen at
the level of the stomach (arrow) and intrahepatic portion of the um-
bilical vein (arrowhead). This is the level used to measure the abdom-
inal diameter or circumference.

Figure 15–22 Duodenal atresia. Transverse sonogram of the fetal
abdomen demonstrating two fluid collections in the upper ab-
domen, the dilated stomach and the duodenal bulb.
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The image used to measure the fetal abdomen is a
transverse view at the level of the fetal stomach and the
umbilical vein in the liver (Fig. 15–21). The fetal stomach
should be identified in the left upper quadrant in all nor-
mal fetuses by the beginning of the second trimester. Per-
sistent absence of the stomach is a sign of a fetal abnor-
mality, the most common being esophageal atresia. Severe
polyhydramnios is usually associated with this abnormal-
ity. In syndromes associated with situs inversus or situs
ambiguous, the stomach may be seen in the midline or in
the right upper quadrant.14 A dilated stomach accompa-
nied by a second round fluid collection in the upper ab-
domen is seen with duodenal obstruction from duodenal
atresia or an annular pancreas (Fig. 15–22). As with
esophageal atresia, polyhydramnios is usually severe in
these cases.

If other dilated loops of bowel are present in the fetal
abdomen, the diagnosis of a gastrointestinal obstruction is
made. The obstruction may be at any level and result from
a variety of causes, including atresia, volvulus, or meco-
nium plug. Polyhydramnios is usually associated with the
gastrointestinal obstruction.

The fetal kidneys can usually be seen in the renal fossas
(Fig. 15–23), adjacent to the spine on each side, by the be-
ginning of the second trimester. Failure to see one or both
kidneys in their usual location should prompt a thorough
examination of the fetal abdomen in search of an ectopic
kidney, such as a pelvic kidney (Fig. 15–24) or cross-fused
ectopic kidney or horseshoe kidney. Unilateral or bilateral
renal agenesis may also occur. When agenesis is bilateral,
there is absence of renal function, leading to severe oligo-
hydramnios and pulmonary hypoplasia. The prognosis is
usually fatal.15

Dilatation of the fetal renal collecting system can occur
due to obstruction at the ureteropelvic junction, in the dis-
tal ureter at the ureterovesical junction, or at the bladder
outlet. Dilatation or the renal collecting system may also
occur as a result of vesicoureteral reflux. The diagnosis of
hydronephrosis (Fig. 15–25) is made when there is in-
trarenal calyceal dilatation or when the renal pelvis meas-
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Figure 15–23 Kidneys. Transverse view of the posterior fetal ab-
domen at the level of the kidneys. The kidneys (arrows) are seen on
either side of the spine, which casts an acoustic shadow.

Figure 15–24 Pelvic kidney. Sonogram through the fetal pelvis
demonstrating a pelvic kidney (arrows) adjacent to the fluid-filled
bladder.

Figure 15–25 Hydronephrosis. Sonogram of the fetal kidney
(arrows) demonstrating calyceal dilatation and dilated renal pelvis.
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ing kidneys appear small, with a thin, echogenic cortex
(Fig. 15–26). Dilated calyces may remain visible in some
cases. Complete urinary obstruction beginning early in the
embryonic period causes a multicystic dysplastic kidney
(Fig. 15–27). The kidney is replaced by multiple cysts of
varying sizes that do not communicate with each other.
The overall size of the kidney is typically larger than a nor-
mal kidney.15

Autosomal recessive polycystic kidney disease is an in-
herited disorder that leads to enlarged, echogenic kidneys
with poor function and an absent urinary bladder (Fig.
15–28). In most cases, the prognosis is dismal due to se-
vere oligohydramnios.15

The fetal urinary bladder is usually visible sonograph-
ically by the end of the first trimester (Fig. 15–29). Ab-
sence of the bladder is seen when renal function is se-

ures in anteroposterior dimension at least 7 mm before
20 weeks gestation and at least 10 mm after 20 weeks.
When the measurement of the renal pelvis is 4 to 6 mm
before 20 weeks gestation or 5 to 9 mm after 20 weeks,
hydronephrosis may be present, although the diagnosis is
less certain. Dilatation of the ureters is seen when the ob-
struction is below the ureteropelvic junction or in cases of
vesicoureteral reflux.15

Severe urinary obstruction that occurs after ∼10
weeks gestation or that is incomplete, such as with pos-
terior urethral valves, causes renal dysplasia. The result-
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Figure 15–26 Dysplastic kidney. The kidneys (arrows) are both
echogenic, with thinned cortices and hydronephrosis due to dyspla-
sia from bladder outlet obstruction.

Figure 15–27 Multicystic dysplastic kidney. Longitudinal sonogram
of the fetal abdomen showing dysplastic kidney with multiple cysts
(arrows) in the renal fossa.

Figure 15–28 Autosomal recessive polycystic kidneys. Longitudinal
sonogram of both fetal kidneys (arrows), which are enlarged and
echogenic. The fetus is surrounded by severe oligohydramnios.

Figure 15–29 Bladder. Longitudinal view of the fetus demonstrating
the fluid-filled bladder (arrow) in the pelvis.
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verely impaired or absent, such as with bilateral renal
agenesis or autosomal recessive polycystic kidney dis-
ease. These conditions are associated with severe oligo-
hydramnios. With posterior urethral valves, the bladder
is very dilated and the dilated posterior urethra may be
visible inferiorly (Fig. 15–30). Both kidneys usually show

changes of long-standing obstruction, including hy-
dronephrosis and renal dysplasia. Hydroureters can be
seen in the fetal abdomen.15

The normal fetal anterior abdominal wall is intact ex-
cept for the three vessels of the umbilical cord that enter
the abdomen at the umbilicus (Fig. 15–31). Omphaloceles
(Fig. 15–32) are abdominal wall defects at the umbilicus
through which abdominal contents, contained by a peri-
toneal membrane, herniate. Omphaloceles are commonly
associated with other anomalies and with chromosomal
abnormalities and thus have a poor prognosis.16 Gas-
troschisis (Fig. 15–33) is an abdominal wall defect that is
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Figure 15–30 Posterior urethral valves. Sonogram of the pelvis of a
fetus with posterior urethral valves. The bladder is dilated (arrow)
and the dilated posterior urethra (arrowhead) is seen inferiorly.

Figure 15–31 Normal umbilical cord insertion. Transverse view of
the fetal abdomen at the umbilical cord insertion demonstrates the
vessels of the umbilical cord (arrow) entering the abdomen.

Figure 15–32 Omphalocele. Transverse sonogram of the fetal ab-
domen at the level of the umbilical cord insertion, showing the
omphalocele (arrows) extending anterior to the anterior abdomi-
nal wall.

Figure 15–33 Gastroschisis. Transverse sonogram of the fetal ab-
domen (arrows) demonstrating herniated loops of bowel freely float-
ing in the amniotic cavity (arrowheads).
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certain they are present and normally formed (Fig. 15–34).
In particular, a single long bone should be identified in the
upper arm and thigh, whereas two long bones should be
seen in the forearm and lower leg. Careful examination of
the feet will permit diagnosis of clubfoot, where the bones
of the feet lie in parallel with the bones of the lower leg
(Fig. 15–35).

Other Fetal Structures

Although other fetal anatomical structures, such as the
gallbladder, are not listed specifically in the published
standards, a thorough examination of the fetus should in-
clude scanning the fetus from head to toe. In this way, ab-
normalities, such as intraabdominal cysts or sacrococ-
cygeal teratomas (Fig. 15–36), will be identified.
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Figure 15–34 Normal lower extremity. Sonogram of a fetal leg
demonstrating one bone in the thigh (arrow) and two bones in the
lower leg (arrowheads).

Figure 15–35 Clubfoot. Sonogram of the lower leg demonstrating
the foot (arrows) turned such that the bones of the feet are in the
same plane as the tibia and fibula in the lower leg.

Figure 15–36 Sacrococcygeal teratoma. Longitudinal image of the
lower fetus including the lower spine demonstrating a complex solid
and cystic mass (arrows) protruding from the fetus posteriorly, cau-
dal to the sacral spine.
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Risk Factors and Hereditary Issues 
for Congenital Heart Disease

Congenital heart disease (CHD) is estimated to occur in 0.4
to 0.8% of live births.1,2 Because the majority of fetuses with
CHD do not have a known risk factor,3–5 it is important to
evaluate the heart of each fetus who has a sonogram. How-
ever, there are fetal and maternal factors that increase the
risk of CHD. Fetal risk factors include a thick nuchal
translucency, hydrops, extracardiac anomalies, complete
heart block, and single umbilical artery. Maternal risk fac-
tors include metabolic disorders, teratogens, and a family
history of CHD.6 Diabetes mellitus and phenylketonuria are
metabolic disorders that predispose to CHD. Teratogens
that are associated with CHD include lithium, anticonvul-
sants (such as phenytoin, trimethadione, and valproic
acid), ethanol, and retinoic acid.

Although ∼10 to 15% of CHD is considered to be due to
chromosomal abnormalities (such as trisomy 21, 18, and
13, or Turner’s syndrome), genetic syndromes (such as
Noonan’s or Williams syndrome), or teratogens,6 the cause
of the majority of cases of CHD is not well understood7,8

and is believed to be multifactorial.9 A family history of
CHD will generate concerns for recurrence and typically
prompts evaluation of the fetal heart in subsequent preg-
nancies. It is useful to know as much information as possi-
ble about the previous affected family member and the full
family history, however, because this will influence the re-
currence risk. CHD that is isolated carries a different sig-
nificance than if the affected family member had a chro-
mosomal abnormality, a syndrome associated with CHD,
or knowledge that the CHD previously was related to ter-
atogen exposure.

In the absence of any of these other associations, there
are some general risk estimates available. Most of the
available data relates to affected first-degree relatives. The
recurrence risk in a particular family is not always clear,
but in general there is an increased risk for recurrence of
CHD when either parent or a previous child has CHD. The
recurrence risk when one previous child has CHD is esti-
mated at 2 to 5%,1,7,8 suggesting a 3- to 10-fold increase over
the baseline population risk of CHD. If two previous chil-
dren have had CHD, the risk increases slightly to 3 to 10%.7,8

If a parent has CHD, the recurrence risk for the fetus has
been variably reported, ranging from 1.5 to 17.8%.2,10–12

Many of the prior studies did not have a control group and
could not estimate relative risk. A more recent study with
a control group found a 3.1% prevalence of CHD when a
parent had CHD, with an adjusted odds ratio of 1.73 (95% CI
0.89 to 2.44).10 The risk of recurrence also appears to be
higher when the mother, rather than the father, is the par-
ent affected with CHD.10,11,13 It is important that a full family
history be taken, however. If there have been multiple af-
fected individuals in a family, the recurrence risk may be
higher than what is predicted by population-based stud-
ies.1 The recurrence risk for second- and third-degree rela-
tives of a single-index case with isolated congenital heart
disease is probably not much different than the general
population risk.9

When cardiac anomalies are considered in terms of
their developmental mechanism rather than by
anatomy,14 there seems to be a higher recurrence risk for
lesions due to abnormal flow patterns, which includes hy-
poplastic left heart syndrome, coarctation of the aorta,
aortic valve stenosis, pulmonary valve stenosis, and mem-
branous ventricular septal defects.1,2,7,9,13 When CHD does
recur, it is not necessarily the same anatomical defect. The
concordance rate (i.e., whether recurrences were the
same abnormality as in the first affected family member)
varies widely. In one study, 37% of cases were reported to
have exact concordance, though the rates ranged from 0 to
80% depending on the type of CHD.15 Isolated atrioventric-
ular septal defect (with normal cardiac situs) had a con-
cordance rate of 80%, whereas atrial septal defects had a
0% concordance rate for the same abnormality.15 When
considered in broadly defined groups of CHD, the concor-
dance rates are higher than for the exact abnormality re-
currence.15 Ventricular septal defects had an exact concor-
dance of 55%, but the nonconcordant cases varied widely
and included some severe forms of CHD. Thus a minor
form of CHD in the index case does not exclude more se-
vere CHD in recurring cases.15 Also, severe CHD in the in-
dex case does not necessarily mean severe CHD when
there is recurrence.15

It is of some interest that aortic valvular stenosis seems
to be one of the lesions with a higher recurrence risk.1,9

When the mother has aortic stenosis, the recurrence risk
to the fetus may be as high as 18%.13 When recurring, an ex-
act concordance rate of 38% has been reported for aortic
stenosis.15 Severe aortic valve stenosis is one of the few car-
diac structural lesions for which prenatal intervention has
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been attempted. In utero balloon valvuloplasty has been
attempted at 21 to 33 weeks in fetuses with severe aortic
stenosis, with the hope of preventing progression to hy-
poplastic left heart syndrome.16,17 Initial results have been
variable. Whether closer scrutiny and earlier diagnosis of
fetuses at higher risk for aortic stenosis would contribute
to improved outcome is not clear.

The association of cardiac anomalies with deletions in
the long arm (q) of chromosome 22 has been increasingly
recognized over the past several years. It is important to be
aware of this particular association because other than tri-
somy 21, deletions in 22q11 are believed to be the most im-
portant chromosomal cause of heart malformations.18 The
majority of patients with DiGeorge syndrome and velocar-
diofacial (Shprintzen’s) syndrome have deletions in chro-
mosome 22q11.18 The clinical features of these two syn-
dromes overlap, but the majority of patients with either
syndrome have cardiac defects. Although many types of
CHD have been reported in patients with deletions in
22q11, the most common cardiac defects associated with
22q11 deletions include tetralogy of Fallot (TOF), pul-
monary atresia, truncus arteriosus, and type B interrupted
aortic arch.19–21 Renal abnormalities, which may also be
identified prenatally, have been reported in association
with 22q11 deletions.20,22 About three fourths of cases of
22q11 deletions arise de novo, and the other one fourth are
inherited in an autosomal dominant manner.18,20 Individu-
als who have a 22q11 deletion have a 50% risk of transmit-
ting the deletion to their offspring.18

The pregnant patient with an increased risk for fetal
cardiac anomalies, such as a family history of congenital
heart disease, is understandably anxious. The parents’
level of anxiety will likely vary with their past experience.
Parents whose child has had serious heart disease with nu-
merous hospitalizations and surgery are likely to be more
anxious than those whose child had a minor defect such as
a small, isolated ventricular septal defect. With a properly
performed obstetric sonogram, one can identify the major-
ity of fetuses with cardiac anomalies. In the following sec-
tions, I discuss when and how to perform the sonographic
exam, reasonable expectations of sonography for identify-
ing CHD, and the sonographic features of the more com-
mon structural cardiac anomalies.

Timing of the Ultrasound Exam 
of the Fetal Heart

At what gestational age should one examine the fetal heart
by sonography? It is important to identify CHD as early as
possible, but also to perform the exam at a gestational age
when the heart can be adequately evaluated. Although the
push is generally for an earlier diagnosis, one should real-
ize that, though uncommon, a few cardiac lesions (such as
cardiomyopathies, some cases of valvular stenosis, and tu-
mors) may not develop until later in gestation.23 Not sur-

prisingly, the ability to obtain the four-chamber (4C) view
in normal second-trimester fetuses increases with gesta-
tional age. In a prior study of fetuses at 16 to 17 weeks ges-
tational age, the 4C view was obtained in ∼80% of normal
fetuses, increasing to 95% or greater after 18 weeks.22 Ade-
quate views of the aortic and pulmonary outflow tracts
were also obtained in more than 95% of fetuses after 18
weeks.24–26 In general, the fetal heart tends to be best seen
between ∼20 and 30 weeks. It has been suggested that in a
low-risk pregnancy, around 25 to 30 weeks would proba-
bly be the ideal time to scan if one just considers the goals
of obtaining the best ultrasound images and not missing
late-developing lesions.23 However, one would generally
want to scan earlier if termination of pregnancy is an
option, and around 20 weeks would probably be a reason-
able time in a low-risk pregnancy.23 However, many so-
called routine second-trimester obstetric sonograms in
the United States are performed at around 16 to 18 weeks,
and the fetal heart can usually be adequately evaluated at
that time.

For the fetus with an increased risk of CHD, a targeted
evaluation of the heart would traditionally be done around
18 to 22 weeks gestational age. There will be a small mi-
nority of patients at increased risk for fetal CHD who will
need follow-up sonograms due to an inability to fully eval-
uate the heart for such technical reasons as maternal obe-
sity or poor fetal position.

There is another option for earlier diagnosis in some
centers now. Evaluation of the fetal heart, using both
transabdominal and transvaginal transducers, can be at-
tempted at around 12 to 14 weeks. The expertise to per-
form such exams is not available at all centers, but will
probably become more widely available with time. The
majority of anomalies diagnosed at this earlier gestational
age are severe, complex anomalies.27 With transvaginal
sonography the 4C and outflow tract views can be ob-
tained in 70 to 100% of fetuses at 13 to 14 weeks gesta-
tional age.27

Transvaginal sonography is limited by restricted angles
of imaging, decreased penetration, and the small size of
the fetal heart.27 Not surprisingly, a complete exam is more
likely to be obtained closer to 14 weeks than at 12 weeks.
In experienced hands, this early scanning in the late first
trimester seems to be able to identify, or at least suspect,
the majority of CHD.28,29 A normal scan at 12 to 14 weeks
can offer preliminary reassurance to the patient, but
should be followed up with another ultrasound later in
pregnancy, probably around 20 to 22 weeks.23

Sensitivity of Ultrasound for Identifying
Congenital Heart Disease

A wide range (4 to 96%) has been reported for the sensitiv-
ity of the 4C view for identifying CHD in the second
trimester.5 Although several factors may help explain the
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mal.33–35 The two atria are generally of the same width, as
are the two ventricles, although the right-sided chambers
of the heart may be minimally larger than the left-sided
chambers later in gestation. The ventricular septum
should be continuous, with no defect in it. The membra-
nous portion of the ventricular septum is normally thin
and, as will be discussed subsequently, may be difficult to
image well. The “crux” of the heart refers to the area where
the ventricular and atrial septa meet the atrioventricular
valves.33 At the crux, the septa should be intact, and the tri-
cuspid valve should appear to attach to the septum just
slightly more toward the apex of the heart than does the
mitral valve.

Overall assessment of the heart reveals that it nor-
mally occupies about one third of the cross-sectional area
of the thorax. The heart is basically midline, but with the
cardiac apex to the left, and the ventricular septum is
usually oriented at about a 45-degree angle to the mid-
line sagittal plane.36,37 The normal range of the cardiac axis
is reported as 20 to 55 degrees in one study37 and 22 to 75
degrees in another study.36 Although fetuses with CHD
may have a normal cardiac axis, an abnormal cardiac axis
is frequently associated with CHD.36–38 Ideally, one should
also determine if the abdominal situs (position of abdom-
inal organs) is normal. The stomach should be on the left
side of the fetus, and, particularly if one suspects a situs
abnormality, the inferior vena cava should be assessed for

variable sensitivity in different studies, a large part of the
variable sensitivity probably has to do with how well the
heart is seen and what criteria are used to consider the 4C
view as normal. There is more to the 4C view than just see-
ing four chambers. In the next section, what constitutes an
adequate 4C view is discussed. In the Routine Antenatal
Diagnostic Imaging Ultrasound Study (RADIUS), the sensi-
tivity for “complex” CHD using the 4C view was 43%.30 A
reasonable estimate of the sensitivity of the 4C view for
CHD is probably around 50 to 60%, increasing to about 80
to 85% when the outflow tracts are also evaluated.25,31,32 The
variably reported sensitivity, however, should reinforce
the notion that more consistent and complete sonographic
examinations are needed to achieve optimal sensitivity.5

There are several cardiac anomalies that are particu-
larly difficult to detect even with an optimal sonographic
exam. These include patent ductus arteriosus (PDA), se-
cundum atrial septal defect (ASD), small ventricular septal
defect (VSD), mild degrees of aortic or pulmonary valve
stenosis, anomalous pulmonary venous return, and coarc-
tation of the aorta. PDA and secundum ASD (the most fre-
quent type of ASD) are rarely, if ever, diagnosed prenatally
because the ductus arteriosus and foramen ovale are nor-
mally patent in the fetus. Small VSDs, mild degrees of aor-
tic or pulmonary valve stenoses, anomalous pulmonary
venous return, and coarctation of the aorta are sometimes
difficult to diagnose because the lesion is small or pro-
duces only minor changes in the appearance of the 4C or
outflow tract views. It is important for parents to be aware
of these limitations of fetal cardiac sonography. Because
ASDs and small VSDs are relatively common lesions, it is
particularly important for parents who have a previous
child with one of these lesions to understand the limita-
tions of sonography.

Although the prenatal diagnosis of a specific cardiac le-
sion may not always be exactly correct, false-positive diag-
noses of CHD are uncommon. Small VSDs and coarctation
of the aorta are probably the most frequent false-positive
diagnoses and will be discussed subsequently.

Ultrasound Evaluation

General Aspects

Different approaches and views have been suggested to
evaluate the fetal heart, although the 4C view is the basic
view used by most sonographers and sonologists. The 4C
view is taken on a transverse view through the fetal thorax
(Fig. 16–1). For the 4C view to be considered normal, one
should be able to determine that (1) the four chambers are
normal in size, (2) the ventricular septum is intact, (3) the
“crux” region of the heart is intact, and (4) the general ap-
pearance (i.e., size, position, and axis) of the heart is nor-
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Figure 16–1 Four-chamber (4C) view. The ventricles are approxi-
mately equal in size as are the atria in this normal 4C view. The ven-
tricular septum is intact (arrow is within left ventricle and points to
ventricular septum). The crux region (curved arrow is within the right
atrium and points to the crux where the tricuspid valve is attached) is
intact, with the tricuspid valve slightly more toward the apex than
the mitral valve at this level. Two of the pulmonary veins (arrow-
heads) can be seen entering the left atrium. (Image courtesy of
William J. Watson, M.D., Rochester, MN)
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abnormal location or for interruption of its hepatic seg-
ment, which may occur with polysplenia or asplenia.

New guidelines for obstetric ultrasound were jointly de-
veloped by the American Institute of Ultrasound in Medi-
cine (AIUM), the American College of Radiology (ACR), and
the American College of Obstetricians and Gynecologists
(ACOG); they were published in 2003.39 The guidelines state
that the basic cardiac exam includes a 4C view of the fetal
heart. It further states that, if technically feasible, an ex-
tended basic cardiac examination can also be attempted to
evaluate both outflow tracts.39 Including the right and left
ventricular outflow tracts will help identify abnormalities
of the great arteries that are likely to be missed on the 4C
view alone.26,34 We find a long-axis view most helpful for
evaluating the left ventricular outflow tract (Fig. 16–2). It is
attained by slight cranial angulation (with respect to the fe-
tus) of the transducer from the 4C view and slight rotation
of the transducer toward the fetal right shoulder.6,40 The key
feature to note on 4C view is that the ventricular septum is
continuous with the anterior wall of the aorta. The right
ventricular outflow tract can be imaged with slightly more
cranial angulation and rotation of the transducer in the op-
posite direction. This gives a short-axis view, which shows
bifurcation of the main pulmonary artery (PA) into the
right PA and ductus arteriosus (Fig. 16–3). The left PA is not
seen in this plane. A key feature to note in obtaining the

two outflow tract views is that the great arteries cross at
right angles to each other as they exit the heart. The PA is
usually slightly larger than the aorta.41

One could argue that, although color Doppler is some-
times helpful,42–44 it is not generally needed for evaluation
of the normal fetal heart.42 Color Doppler is most helpful
when an abnormality is suspected, particularly abnormal-
ities of the great arteries or pulmonary veins, and to assess
for valvular regurgitation. Some investigators, however,
feel that color Doppler does result in increased detection
of cardiac abnormalities, at least in patients at increased
risk for trisomy 21.45

From the foregoing discussion, there are six key fea-
tures (four features on the 4C view and two features on the
two outflow tract views) that will allow one to decide if the
fetal heart is normal or abnormal. The six features, posed
as questions, are listed here. If all six questions can confi-
dently be answered “yes,” then the heart is very likely to be
normal.

Regarding the 4C view, the following are important:

1. Are four chambers present and symmetric in size?
2. Is the ventricular septum intact?
3. Is the crux region of the heart normal?
4. Are the size, position, and axis of the heart in the chest

normal?
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Figure 16–2 Left ventricular outflow tract views. (A) This view from
a normal fetus demonstrates continuity of the ventricular septum
(thick arrow within the left ventricle that points to the septum) and
the wall of the aorta (thin arrow). A portion of the right ventricle (R) is
seen on the other side of the ventricular septum. This view is used to
assess for an overriding aorta, and one may not recognize an overrid-
ing aorta if the view does not include at least a small portion of the
right ventricular lumen. (Reprinted with permission from Brown DL,
Hornberger LK. Problems and pitfalls in the sonographic diagnosis of
fetal cardiac anomalies. Ultrasound Q 1995;13:221–227.) (B) This
view from a different fetus illustrates an inadequate left ventricular

outflow tract view. It may be tempting to accept a view like this as
normal because it seems to show a normal aorta, but it is not ade-
quate to exclude overriding of the aorta. Although it does show the
aorta (thin arrow) arising from the left ventricle, it does not ade-
quately demonstrate continuity of the ventricular septum and aorta
(thick arrow is within the left ventricle and points to part of the ven-
tricular septum). Other views showed overriding of the aorta in this
fetus who had tetralogy of Fallot. One should be able to see a portion
of the right ventricular lumen, as in (A), on the other side of the ven-
tricular septum before continuity of the ventricular septum and aorta
can be adequately evaluated.

A B
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wide range of reported sensitivities of prenatal sonogra-
phy for CHD suggests that to achieve high sensitivity, one
should evaluate the heart in a careful and consistent man-
ner. If the sonographer and sonologist performing the ob-
stetric sonogram are adequately trained and capable of
evaluating the heart as discussed in this CHAPTER, it is un-
likely that major CHD will be missed. If one is not comfort-
able evaluating the heart in such a manner, then the exam
should be performed by someone who is, which in some
locales may be the pediatric cardiologist.

In our practice, we value the expertise of our pediatric
cardiologists who have experience in fetal cardiology, and
we refer patients to them for a more detailed study if we
identify a cardiac anomaly or if we encounter an uncertain
finding in the fetal heart. We feel that in such cases, it is
important for the fetus to have a more detailed sono-
graphic evaluation so that the most accurate diagnosis can

On the two outflow tract views, the following are im-
portant:

5. Is the wall of the aorta continuous with the ventricular
septum?

6. Do the aorta and pulmonary artery criss-cross as they
exit the heart?

In the following sections, the more common abnormal-
ities of the fetal heart that one may identify are consid-
ered, first on the 4C view and then on the outflow tract
views (Table 16–1). Possible abnormal findings that may
be seen on each view will be reviewed and their differen-
tial diagnosis discussed. Several sources provide further
examples of abnormalities that can be seen on the 4C view
and outflow tract views, and also normal variants.26,34,35,46,47

The question is sometimes asked as to whether the
pregnant patient with an increased risk of CHD should
have a more detailed fetal echocardiogram performed by a
pediatric cardiologist. This is a debatable issue without a
clear, universal answer. The ability of obstetric sonogra-
phers and sonologists to evaluate the fetal heart varies
considerably, and different approaches to evaluate the fe-
tal heart are probably reasonable in different locales. The
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Figure 16–3 Right ventricular outflow tract view. The pulmonary ar-
tery appears to “wrap around” the aorta (a) which is seen in cross-
section. The pulmonary artery (thick arrow) appears to bifurcate into
the ductus arteriosus (thin arrow) and the right pulmonary artery
(curved arrow). The left pulmonary artery is not seen in this view. In
the course of obtaining the two outflow tract views, one observes
that the aorta and pulmonary artery criss-cross at right angles to one
another as they exit the heart. This is shown indirectly in this view
where one sees the aorta in cross-section and a longitudinal segment
of the pulmonary artery. (Reprinted with permission from Brown DL,
Hornberger LK. Problems and pitfalls in the sonographic diagnosis of
fetal cardiac anomalies. Ultrasound Q 1995;13:221–227.)

Table 16–1 Summary of Abnormalities 
to Consider on Each View

I. Four-Chamber View
A. Septal defect

1. Ventricular septal defect

2. Atrioventricular canal defect
B. Left ventricle relatively smaller than right ventricle

1. Hypoplastic left heart syndrome

2. Coarctation

3. Severe intrauterine growth restriction

4. Total anomalous pulmonary venous return
C. Right ventricle relatively smaller than left ventricle

1. Pulmonary atresia/severe pulmonary stenosis

2. Critical aortic stenosis

3. Tricuspid atresia
D. Enlarged right atrium

1. Ebstein’s anomaly

2. Other tricuspid valve anomalies: dysplasia, absent
leaflets, Uhl’s anomaly

3. Pulmonary atresia/severe pulmonary stenosis
E. Mass within cardiac chamber

1. Tumor

2. Distinguish from echogenic foci, prominent moderator
band

II. Outflow tract evaluation
A. Overriding of the aorta

1. Tetralogy of Fallot

2. Truncus arteriosus

3. Pulmonary atresia with ventricular septal defect
B. Absence of “criss-crossing” of aorta and pulmonary artery

1. Complete transposition

2. Double-outlet right ventricle

3. Corrected transposition
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be made. The patient can then receive appropriate coun-
seling from the cardiologist about the prognosis.

The Four-Chamber View: 
Abnormal Findings

Defects in the Septum

A VSD is identified as a gap in the ventricular septum (Fig.
16–4). It is often seen on the 4C view, but because a single
4C image only evaluates part of the septum, one needs to
sweep through the entire septum. A VSD can be both over-
and underdiagnosed. A potential pitfall can occur with an
apical 4C view (where the sound beam is parallel to the
septum); there may appear to be a defect in the membra-
nous septum (Fig. 16–5). This is probably due to the limi-
tations of lateral resolution and the relative thinness of the
membranous portion of the septum. This artifact can usu-
ally be recognized by its characteristic location, sometimes
by a gradual fading of the septum as opposed to the more
abrupt termination of the septum with a true VSD, and
probably and most importantly, by the absence of a defect
when imaging more perpendicular to the septum.33,46

Although a VSD is the most frequent cardiac anomaly
seen postnatally, it seems to be a difficult lesion to diag-
nose prenatally. The sensitivity of prenatal ultrasound for
VSDs has been reported from 0 to 71%, with most of these
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Figure 16–4 Ventricular septal defect. The four-chamber view
shows a distinct defect (arrow) in the muscular portion of the ven-
tricular septum. Defects in this portion of the septum tend to be eas-
ier to recognize than those in the membranous septum. (Reprinted
with permission from Brown DL, Hornberger LK. Problems and pit-
falls in the sonographic diagnosis of fetal cardiac anomalies. Ultra-
sound Q 1995;13:221–227.)

Figure 16–5 Pseudoventricular septal defect. (A) In this apical four-
chamber view (referred to as apical because the cardiac apex points
toward the transducer), the ventricular septum is essentially parallel
to the ultrasound beam. In such a view, one may question if there is a
small defect in the thin, membranous portion of the ventricular sep-
tum (arrow). This can be a difficult area in which to diagnose small
ventricular septal defects (VSDs), and both false-positive and false-
negative sonographic diagnoses are possible. One should be cau-

tious about diagnosing an isolated VSD in this location, based on just
one view such as this. (B) The most helpful feature before diagnosing
such a small VSD is that one should also be able to see the VSD in a
view where the ultrasound beam is more perpendicular to the sep-
tum. In this view, though the change in angle is small, the ultrasound
beam is further away from parallel to the ventricular septum and
shows an intact ventricular septum (arrow).

A B
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lesion. When the LV is only slightly small, coarctation of the
aorta is the main lesion to consider, but the differential di-
agnosis also includes total anomalous pulmonary venous
return, changes secondary to intrauterine growth restric-
tion (IUGR), and some forms of pulmonary atresia.

In HLHS, the LV is usually severely underdeveloped (Fig.
16–7), but there is a spectrum of severity. Typically, the
mitral valve is hypoplastic, whereas the aortic valve is an
imperforate membrane. The ascending aorta and arch are
usually very small. In utero, there may be no hemody-
namic consequence because the RV supplies both the pul-
monary and the systemic circulations. The ascending aorta
fills retrograde via the ductus arteriosus.57

Coarctation of the aorta produces a less marked de-
crease in left ventricular size than does HLHS (Fig. 16–8). It
is unlikely to cause significant hemodynamic disturbance
in the fetus. The sonographic diagnosis is challenging, but
should be suspected when the LV is relatively smaller than
the RV.58–62 The sensitivity of prenatal sonography for coarc-
tation remains only moderate, however, around 50 to
62%.53,60 A relatively small LV is usually first detected with
subjective evaluation. Norms for ventricular size can be
used for more objective evaluation.63 However, not all fe-
tuses with a slightly small LV will have coarctation and
some will be normal at birth. The RV normally becomes
larger, relative to the LV with increasing gestational age.
Thus the LV:RV ratio (ratio of LV to RV width) decreases
with increasing gestational age, and at term the mean
LV:RV ratio is 0.78.63

False-positive diagnoses of coarctation, based on ven-
tricular disproportion, are more likely in the third
trimester.60,62 Accurate prenatal diagnosis remains difficult
in many cases. Evaluation of the size of the aortic arch
(typically small with coarctation) may help improve the

studies reporting well under 50% sensitivity.25,30,48–53 Small,
isolated VSDs are most likely to escape detection. About
70% of isolated small VSDs will close spontaneously, either
before birth or generally within the first year of life.54,55 Al-
though VSDs are common lesions and often isolated, they
also occur commonly in fetuses with trisomy 21 and tri-
somy 18. Thus, one should look carefully for other cardiac
anomalies and for extracardiac anomalies.

Atrioventricular canal defect (AVCD) is identified as a
defect in the lower portion of the atrial septum and upper
portion of the ventricular septum and is an important rea-
son to evaluate the “crux” of the heart (Fig. 16–6). The nor-
mal slight differential insertion of the atrioventricular (AV)
valves is lost and a common AV valve may be present.
AVCD is associated with Down syndrome and also with
polysplenia and asplenia. About 30 to 40% of patients with
AVCD will have trisomy 21. Complete heart block may be
present due to distortion of the conduction tissue. Heart
block or AV valve regurgitation may lead to congestive
heart failure and hydrops. One should be aware that the
entrance of the coronary sinus into the right atrium can
simulate a defect in the lower atrial septum, which might
raise concern for an ostium primum atrial septal defect
that may be a component of AVCD.56

Left Ventricle Smaller than Right Ventricle

We will consider ventricular size discrepancy in relative,
rather than absolute, terms. The ventricles are normally the
same size or the right ventricle (RV) may be slightly larger
than the left ventricle (LV). Care must be taken not to
oblique the plane of imaging, thus falsely producing an im-
age of one ventricle being small. When the LV is very small,
hypoplastic left heart syndrome (HLHS) is the most likely
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Figure 16–6 Atrioventricular canal defect. This four-chamber view
shows the characteristic defect at the crux (C) of the heart. The de-
fect includes the upper portion of the ventricular septum and lower
portion of the atrial septum. R, right ventricle; L, left ventricle.

Figure 16–7 Hypoplastic left heart syndrome (HLHS). The left ven-
tricle (L) is very small relative to the right ventricle (R). In some cases
of HLHS, the left ventricle is even smaller than this and may be
difficult to identify. Other views in this fetus demonstrated a very
small aorta.
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accuracy of prenatal diagnosis.64,65 The actual narrowing in
the aortic arch is often difficult to image directly, and con-
versely, slight narrowing in the isthmus of the aorta can be
seen in some normal fetuses. Coarctation of the aorta
seems to be the most common cardiac lesion seen prena-
tally in fetuses with Turner’s syndrome.66 Thus, this diag-
nosis should be carefully evaluated for in fetuses with
known Turner’s syndrome or those with risk factors for
Turner’s syndrome, such as nuchal cystic hygroma.

Some fetuses with severe IUGR may have ventricular
disproportion due to an enlarged RV.67,68 This is postulated
to be secondary to the increased placental vascular resist-
ance that the RV pumps against or to myocardial dysfunc-
tion related to hypoxemia.67

Total anomalous pulmonary venous return (TAPVR)
may produce a slightly small LV compared with the RV.33

One should suspect TAPVR if no pulmonary veins are seen
to enter the left atrium, if there is a common pulmonary
venous chamber posterior to the left atrium, or if the
anomalous draining vein is seen. Though TAPVR is uncom-
mon, it remains one of the more frequently missed cardiac
anomalies by prenatal sonography.

Fetuses with pulmonary atresia can have variable RV
size. Although the RV may be large and thus considered in
this differential diagnosis, it more frequently is small. The
RV will be discussed in the next section.

Right Ventricle Smaller than Left Ventricle

Pulmonary atresia is considered in this section, although
the RV can be either small, normal, or slightly large.33 This
variability may be related to two types of pulmonary atre-

sia.69 Pulmonary atresia with an intact ventricular septum
(PA-IVS) may be an “acquired” congenital lesion. The valve
typically has minimal to no abnormality. The PA is often
large and the RV, although variable in size, is usually small
(Fig. 16–9). Pulmonary atresia with a VSD (PA-VSD) is con-
sidered by some to be a severe form of TOF. The valve is
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Figure 16–8 Coarctation of the aorta. (A) In this four-chamber view,
the left ventricle (LV) is slightly smaller than the right ventricle (RV).
Such ventricular size discrepancy is an indirect finding that may be
seen with coarctation, but can be problematic because some fetuses
with mild discrepancy will have a normal heart. When we identify
such a finding, we generally refer patients to our pediatric cardiology
colleagues for more detailed assessment, particularly of the aortic

arch. (B) An image of the aortic arch in this same fetus revealed a
small transverse aortic arch (TAA) and isthmus, which is supportive
evidence of a coarctation. Desc Ao, descending aorta. (From Brown
DL, Hornberger LK. Problems and pitfalls in the sonographic diagno-
sis of fetal cardiac anomalies. Ultrasound Q 1995;13:221–227.
Reprinted by permission.)

A B

Figure 16–9 Pulmonary atresia, with intact ventricular septum. In
this four-chamber view, the right ventricle (R) is small and has a
slightly thick wall. Other views demonstrated a relatively normal-
sized pulmonary artery, and more detailed assessment showed no
flow through the pulmonary valve. Severe pulmonary stenosis may
have a similar appearance prenatally. This view also shows an abnor-
mal cardiac axis. The ventricular septum is oriented at nearly 90 de-
grees to the midline sagittal plane. S, spine.
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Ebstein’s anomaly is due to downward displacement, to
varying degrees, of the septal and posterior leaflets of the
tricuspid valve. The valve may also be dysplastic. The tri-
cuspid valve is usually insufficient, leading to further right
atrial enlargement. Ultrasound demonstrates variable de-
grees of downward displacement of the tricuspid valve into
the RV and variable degrees of right atrial enlargement71–73

(Fig. 16–11). The resulting RV cavity may be small, as may
the PA. There is a wide spectrum of clinical severity of Eb-
stein’s anomaly. Other cardiac anomalies, such as pul-
monary atresia/stenosis or transposition anomalies, may
coexist with Ebstein’s anomaly. Maternal lithium use has
been reported to be a risk factor for Ebstein’s anomaly,
though the risk may not be as high as once thought.74

Ebstein’s anomaly is part of a spectrum of malforma-
tions that has variable degrees of dysplasia of the tricuspid
valve and/or RV.75 Any of the anomalies in this spectrum
may cause a large right atrium. Also in this spectrum is
dysplasia of the tricuspid valve, where the valve is abnor-
mally thickened, but normally attached.71–73 Other rare
anomalies in this spectrum of malformations are Uhl’s
anomaly and a congenital absence of tricuspid valve leaflets.

Masses within the Cardiac Chambers

Cardiac tumors are the primary consideration here. One
should be aware that the apex of the RV is normally

usually abnormally formed and the PA is generally small.
The RV is usually normal in size. Right atrial enlargement
may be present due to tricuspid regurgitation, and can be
so severe that pulmonary hypoplasia results. Pulmonary
atresia and severe pulmonic valvular stenosis may appear
similar prenatally, and one may not be able to distinguish
them unless antegrade flow through the pulmonic valve is
detected by Doppler ultrasound (thereby excluding pul-
monary atresia).70 Obstructive lesions of the pulmonary (or
aortic) valve may evolve in utero, sometimes progressing
from valve stenosis to atresia (at least functional atresia).

Critical aortic stenosis generally causes an enlarged,
poorly contractile LV (Fig. 16–10). The endocardium may
be very echogenic due to associated endocardial fibroelas-
tosis. The aortic valve is often small. The left atrium may be
enlarged due to mitral regurgitation. This lesion can
progress in utero to HLHS.

Tricuspid atresia is an uncommon lesion in which the RV
may be small. The tricuspid valve is absent and one may see
a thick band of tissue in its expected location. Doppler helps
confirm absence of flow from the right atrium to the RV.
Transposition of the great arteries coexists in some cases.

Enlarged Right Atrium

Abnormalities of both the pulmonic valve and the tricus-
pid valve need to be considered when the right atrium is
enlarged. Pulmonary atresia/severe stenosis has been dis-
cussed previously. This section considers tricuspid valve
abnormalities.
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Figure 16–10 Critical aortic stenosis. Four-chamber view shows a di-
lated left ventricle (L). At real-time scanning, there was poor contrac-
tility of the left ventricle. The increased echogenicity along the
ventricular wall (arrow) is typically due to secondary endocardial fi-
broelastosis. S, spine. (Image courtesy of William J. Watson, M.D.,
Rochester, MN)

Figure 16–11 Ebstein’s anomaly. In this four-chamber view, the right
atrium (R) is enlarged and the tricuspid valve (thick arrow) inserts
lower on the ventricular septum than normal. Although the tricuspid
valve attachment to the ventricular septum is normally slightly more
toward the cardiac apex than is the mitral valve attachment (thin ar-
row), the difference in insertion levels in this fetus is much more than
normal. In this view the right ventricle is even difficult to discern due
to the marked downward displacement of tricuspid valve leaflets. (Im-
age courtesy of Roger W. Harms M.D., Rochester, MN)
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blunted, due to the moderator band, and should not be
mistaken for a mass.

Rhabdomyomas are the most common type of fetal car-
diac tumor.76 Tuberous sclerosis is frequently present when
a cardiac tumor is seen, although the diagnosis of tuberous
sclerosis may not be made for several months, or some-
times years, after birth. Aside from this association, cardiac
tumors are generally isolated anomalies. Size and location
of tumors vary considerably. Although most are benign,
they should be followed during pregnancy because conges-
tive heart failure may occur if the tumor is positioned such
that there is obstruction of blood flow. Arrhythmias have
been reported—most frequently, supraventricular tachy-
cardia,33 but also bradycardia77—and can also cause conges-
tive failure. Sonographically, one observes a hyperechoic
mass within the heart (Fig. 16–12). Postnatally, most car-
diac rhabdomyomas undergo total or partial regression.78,79

Most tumors can be distinguished from the more fre-
quent echogenic foci within the cardiac ventricles by as-
sessment of their echogenicity and size. The echogenic foci
are generally due to papillary muscle mineralization80 and
are more brightly echogenic than tumors. These echogenic
foci are small (generally less than 3 mm), whereas tumors
are more variable, and often larger, in size.

Outflow Tract Views: Abnormal Findings

The most important points to note when evaluating the
great arteries are that there normally is continuity be-
tween the ventricular septum and the anterior wall of the
aorta, and that the great arteries cross at right angles to

each other as they exit the heart. The aorta crosses from
left to right, and the PA from right to left. Demonstration of
these two normal relationships helps exclude abnormali-
ties of the great arteries such as TOF, truncus arteriosus,
and transposition anomalies.

Overriding Aorta

Although the aorta normally courses over the plane of the
ventricular septum as it leaves the heart, the septum is in-
tact. With an overriding aorta, one observes a VSD and the
aorta displaced toward the right side. This disrupts the
normal continuity of the ventricular septum and the wall
of the aorta. It is possible, however, to falsely produce an
image of aortic overriding. The origin of this artifact is un-
certain, although it may be due to partial volume artifact of
the more superior PA or of a sinus of Valsalva. If overriding
is seen, then it needs to be confirmed with slightly differ-
ent angulation of the transducer.46 At least in some cases of
pseudooverriding, close observation of the site of apparent
discontinuity will show that it is actually distal to the aor-
tic valve, whereas with true overriding, the discontinuity is
proximal to the aortic valve.

TOF is the primary diagnosis to consider when overrid-
ing of the aorta is seen (Fig. 16–13). The VSD and overrid-
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Figure 16–12 Cardiac tumor. A moderate-sized hyperechoic mass
(arrow) fills much of the left ventricle in this four-chamber view. Ad-
ditional cardiac tumors were also seen in this fetus. The pregnancy
progressed uneventfully, and no hydrops or arrhythmias occurred.

Figure 16–13 Tetralogy of Fallot. Left ventricular outflow tract views
shows a ventricular septal defect (asterisk) and overriding of the
aorta. The overriding appears as a lack of continuity between the
ventricular septum (thin arrow points to upper end of ventricular sep-
tum) and wall of the aorta (thick arrow). The aorta is shifted toward
the right ventricle and appears to “straddle” the ventricular septum.
Additional views showed the pulmonary artery arising normally from
the right ventricle, helping to confirm tetralogy of Fallot.
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Summary

Although the 4C view is the basic view for evaluating the
fetal heart, further evaluation of both outflow tracts will
improve the sensitivity of obstetric ultrasound for CHD. If
the sonographer and sonologist can adequately evaluate
the six key features discussed here, four on the 4C view
and two on the outflow tract views, then the majority of
congenital heart anomalies can be diagnosed before birth,
both in patients at higher risk for CHD and in those at
lower risk.

In the future, more widespread use of late first tri-
mester ultrasound to evaluate the heart in patients at
higher risk for CHD will likely contribute to earlier diagno-
sis of CHD. Newer techniques such as three-dimensional
and four-dimensional ultrasound may also play a role.82,83
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Figure 16–14 Transposition of the great arteries. A normal right and
left ventricular outflow tract view could not be obtained in this fetus.
Instead, the aorta (thin arrow) and the pulmonary artery (thick ar-
row) are in a parallel orientation as they exit the heart. Additional
views confirmed which great artery was the aorta by demonstrating
the head and neck arteries arising from it. (Image courtesy of Peter
M. Doubilet, M.D., Ph.D., Boston, MA)
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Maternal Serum–Alpha-Fetoprotein
Screening

Alpha-fetoprotein (AFP) screening was shown to be effec-
tive for detecting neural tube defects (NTDs) in the 1970s.1

In 1991, the American College of Obstetrics and Gynecol-
ogy (ACOG) endorsed offering maternal serum (MS)-AFP
testing to all pregnant women. Since then, screening in the
United States has become more widespread, and experi-
ence in this country and others has demonstrated consid-
erable benefits from AFP screening, not only for the detec-
tion of NTDs, but also for several other fetal abnormalities
(i.e., twins, ventral abdominal wall defects, and chromoso-
mal abnormalities). In one study, either high or low MS-
AFP was associated with 34% of all major congenital de-
fects.2 Further, even in the absence of multiple gestations
and discrete fetal defects, earlier studies suggested that
women with high MS-AFP had a much higher rate of ad-
verse pregnancy outcomes.3,4 More recent publications in-
dicate that this association holds true for fetal death and
premature birth, but an elevated AFP may not be a risk fac-
tor for fetal growth restriction and preeclampsia.5–8

It is estimated that as many as 20 to 38% of women with
unexplained high MS-AFP will suffer adverse pregnancy
outcomes9,10; this information is another important benefit
of MS-AFP screening. These fetal deaths occur mainly in
the second trimester, and the risk appears to be directly re-
lated to the degree of MS-AFP elevation.4

California implemented a statewide screening program
in 1986. It is now required by California state law that
women who begin prenatal care before 20 weeks be of-
fered MS-AFP screening. Currently, over 300,000 pregnant
women in California are tested annually. Among the first
1.1 million women screened through the California AFP
Screening Program, 1390 fetal anomalies (morphological
and chromosomal) were detected (prevalence of 1.3/
1000). These included 710 NTDs (417 anencephaly, 247
spina bifida, and 46 encephalocele), 286 ventral abdominal
wall defects, 163 fetuses with Down syndrome, and 231
cases of other chromosomal anomalies. Impressively, of all

anomalies detected in this program, nearly three quarters
involved two organ systems: the neural axis (51%) and the
ventral abdominal wall (21%). This distribution of “likely”
fetal anomalies is especially germane to the sonologist ex-
amining women with elevated MS-AFP. These two groups
of fetal defects (and many others) can now be accurately
detected on targeted prenatal sonograms performed by
experienced examiners.

Sources of Maternal 
Serum–Alpha-Fetoprotein

AFP is a glycoprotein produced initially by the yolk sac and
fetal gut, and later predominantly by the fetal liver. At the
end of the first trimester, it is present in the fetal serum in
milligram quantities, and in the amniotic fluid in micro-
gram quantities, and in the maternal serum in quantities
measured in nanograms. In the fetus, serum AFP level in-
creases until ∼14 to 15 weeks and then falls progressively.
In normal pregnancies, AFP from fetal serum enters the
amniotic fluid through fetal urination, fetal gastrointesti-
nal secretions, and transudation across fetal membranes
(amnion and placenta) and immature epithelium. De-
tectable quantities of AFP in the MS gradually increase
during gestation, peaking at 30 to 32 weeks and declining
thereafter. MS levels are usually reported in multiples
of the median (MoM) to standardize interpretation among
laboratories.

There are several potential ways that fetal AFP can enter
the MS in abnormal quantities. Among fetal defects, the
most common mechanism is through fetal cutaneous de-
fects. These defects result in leakage of fetal serum pro-
teins into the amniotic fluid, and secondarily into MS.
Other abnormalities, including intrinsic placental abnor-
malities and maternal–fetal hemorrhage, also allow fetal
AFP to mix with MS. In some cases, the precise mechanism
for the fetomaternal transfer is not known (proximal gut
obstruction, renal agenesis), and may be secondary to di-
minished fetal gut degradation or elevated fetal serum
concentrations of AFP.

Pregnant Women with High 
Maternal Serum–Alpha-Fetoprotein
Andrea L. Fick and Ruth B. Goldstein
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vated (� 2.0 MoM), then acetylcholinesterase (an isoen-
zyme important in neurotransmission) is tested on the
amniotic fluid sample. Acetylcholinesterase is present in
association with exposed neural tissue (and occasionally
with abdominal wall defects). High AF-AFP plus positive
acetylcholinesterase is quite specific for a fetal defect. In
most screening programs, karyotype testing is also rou-
tinely performed on the amniotic fluid specimen.

If the AF-AFP is elevated (� 2.0 MoM), a targeted fetal
sonogram (level 2) is offered. Among women with ele-
vated AF-AFP, approximately one third of fetuses are
anomalous.18 Similar to MS-AFP, the likelihood of a neural
tube or other defect increases proportionately with the de-
gree of AF-AFP elevation, but clearly not all of these fetuses
will be abnormal. The targeted sonogram is performed to
determine (1) whether any fetal anomaly is present (AF-
AFP may be false-positive); (2) if the fetus is abnormal,
what the nature of the anomaly is (e.g., NTD versus om-
phalocele); and (3) if present, the severity of the anomaly
and presence/absence of associated malformations (e.g.,
spinal level of myelomeningocele).

AF-AFP testing is a highly sensitive method for detect-
ing or excluding NTDs. The negative predictive value of a
normal AF-AFP is ∼97 to 99%, and elevated AF-AFP plus
acetylcholinesterase allows > 99% accurate detection of
NTDs.19,20 The specificity is 94.9%.20 High-resolution, tar-
geted ultrasonography performed in conjunction with ab-
normal AF-AFP is also highly accurate in identifying anom-
alous fetuses (i.e., > 99% accurate).18,21

Nevertheless, there is a small, but important procedural
fetal loss rate, 1/200 (0.5%), associated with amniocentesis.
As a result, women with elevated MS-AFP have, in increas-
ing numbers, opted to go directly from the serum AFP test
to a targeted fetal sonogram, skipping the amniocentesis.
The latter approach has become more popular in the last
few years for two major reasons. First, sonographic detec-
tion of the “likely” anomalies associated with high MS-AFP
has improved over the last 10 to 15 years. Expected rates of
sonographic detection for neural tube and abdominal wall
defects are currently > 90%.21–27 It is estimated that a com-
plete, detailed, normal sonogram can now reduce the MS-
AFP-based risk of a neural tube or ventral abdominal wall
defect by 95%.28,29 Second, going directly to a targeted sono-
gram circumvents the small, but important procedural risk
of fetal loss from amniocentesis. Indeed, the United King-
dom has adopted this paradigm and detailed, targeted
sonograms are now routinely performed as the second di-
agnostic step in women with high MS-AFP.

Some have cautioned against adopting a routine policy
of circumventing the amniocentesis because (1) this ap-
proach will require a much larger number of targeted
sonograms (i.e., 10 times as many), and the larger number
of experienced examiners may not be available, or patients
may be required to travel a long distance for the targeted
sonogram; (2) even experienced examiners, especially as
the prevalence of defects falls in the population scanned,

It would be ideal if a single MS-AFP level could com-
pletely segregate normal from abnormal fetuses. Unfortu-
nately, this is impossible owing to considerable overlap in
MS-AFP levels between normal and abnormal pregnancies.
Thus, the choice of a judicious cutoff value that maximizes
detection of anomalies and minimizes the number of
false-positive results is necessary for this screening pro-
gram to be effective. Most screening programs in the
United States have settled on a serum value of � 2.5 MoM.
Using this cutoff, ∼90% of anencephalic fetuses, 75 to 80%
of fetuses with an open spinal defect, 98% of fetuses with
gastroschisis, and ∼70% of fetuses with omphaloceles will
be detected.11 Further, using 2.5 MoM as the cutoff has re-
sulted in a reasonably low screen-positive rate (∼4 to 5%).

How Patients Are Triaged in Maternal
Serum Screening Programs

It is optimal to test MS between 16 and 18 weeks. Accurate
dating is critical for AFP screening because serum AFP lev-
els rise ∼15% per week during the 16 to 18 week window.
MS-AFP values are also corrected for maternal age, mater-
nal weight, race, and the presence of diabetes (diabetes
has a depressing effect on MS-AFP, so lower levels may be
found in association with NTDs).12 In California, ∼2% of
screened women have elevated MS-AFP levels (� 2.5
MoM), and ∼3% have MS-AFP levels � 0.5 MoM. The latter
group is discussed elsewhere. Roughly 6 to 15% of women
with high MS-AFP have some type of major congenital de-
fect, and this risk increases with the magnitude of MS-AFP
elevation.2,13,14

If MS-AFP is elevated, then a nontargeted, standard an-
tepartum obstetrical sonogram (level 1) is performed for
the purpose of identifying easily recognized causes of
“false-positives” (gestational age � 2 weeks more ad-
vanced than estimated clinically, multiple gestations, fetal
death, and obvious fetal defects). The intent of a standard
antepartum obstetrical sonogram is to provide a general
assessment of fetal/pregnancy health; it is performed ac-
cording to the published guidelines endorsed by the Amer-
ican Institute of Ultrasound in Medicine (AIUM), ACOG,
and American College of Radiology (ACR).15 The standard
antepartum obstetrical sonogram is an important step in
the triage of patients with high MS-AFP; impressively, ap-
proximately 20 to 50% of the elevated MS-AFP levels will
be explained by findings on this preliminary sonogram (in-
cluding the detection of a number of neural tube and ab-
dominal wall defects).16,17 If the elevated MS-AFP is not ex-
plained by findings of the standard antepartum obstetrical
sonogram, traditionally, the next step has been to counsel
patients and offer amniocentesis for measurement of am-
niotic fluid (AF)-AFP. Among women who choose to un-
dergo amniocentesis following an “unrevealing” sono-
gram, > 90% will have normal AF-AFP (< 2.0 MoM), and no
further diagnostic evaluation is done.18 If the AF-AFP is ele-
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may not detect as many defects as AF-AFP testing; and (3)
skipping amniocentesis will cause potentially detectable
chromosomal abnormalities to be missed.23,30 The last issue
remains controversial, and multicenter consensus has not
been reached.

Some favor a paradigm in which targeted sonography
follows a high MS-AFP, arguing that there is only a very
small risk of an abnormal karyotype in a fetus without
morphological defects. Recall that most of the unsus-
pected autosomal trisomies detected with AFP screening
will occur in the low MS-AFP group, and that autosomal
trisomies represent the minority of abnormal karyotypes
found in women with high MS-AFP. These include mosaic
trisomy 8 and trisomy 9.31,32 For example, trisomies 13, 18,
and 21 account for only 28% of abnormal karyotypes in
women with high MS-AFP, compared with 75% of abnor-
mal karyotypes in women � of age. Further, fetuses with
autosomal trisomies 13, 18, 21 detected as a result of high
MS-AFP often have sonographically detectable structural
abnormalities.25,33 If the targeted sonographic fetal survey
in a woman with elevated MS-AFP is normal, it has been
estimated that the risk of a fetal chromosomal abnormality
is only 0.6 to 1.1%, and sex chromosome aberrations (other
than 45X) account for many (30 to 50%) of the chromoso-
mal abnormalities in these fetuses.24–28

There is no right or wrong choice, all women facing the
choice of targeted sonography versus amniocentesis
should be fully informed of these controversies during
their counseling. Decisions to perform an amniocentesis
versus a targeted sonogram will vary according to patient
(maternal age, other serologic markers, e.g., HCG and es-
triol, and personal choice) and institution (depending on
availability of experienced sonologists). Although many
patients will elect to have a targeted sonogram instead of
amniocentesis, amniotic fluid testing should still be
strongly considered in the following patients: (1) fetal po-
sition or maternal body habitus precludes an adequate
sonographic fetal anatomical survey; (2) equivocal sono-
graphic findings (e.g., abnormal posterior fossa, but spinal
defect not seen); (3) experienced sonographic examiner
not available; and (4) nonlethal anomaly detected on stan-
dard antepartum obstetrical sonogram for which kary-
otype testing is appropriate.33–35

Ultrasound Evaluation

Increased Maternal Serum-Alpha-
Fetoprotein: What Should You Look For?

Accurate sonographic diagnosis has become extremely im-
portant in light of AFP screening in pregnancy. If the pre-
liminary, standard antepartum sonogram is unrevealing or
an amniocentesis shows an elevated AF-AFP, a targeted fe-
tal survey is performed. Because the most commonly en-

countered defects are those of the neural tube and ventral
abdominal wall, the neural axis and ventral abdominal
wall will be the most critical regions for scrutiny during
the targeted sonogram.

A focused examination of the neural axis in each fetus
should include an assessment of overall cranial size and
contour, ventricular size (transaxial diameter of ventricu-
lar atrium > 10 mm is abnormal), and posterior fossa, in-
cluding cerebellar morphology and cisterna magna.36–39 At
the University of California–San Francisco, we also include
images of the cavum septum pellucidum as a check for
forebrain malformations. The spine should be carefully ex-
amined in each fetus, including segment by segment im-
ages in the transaxial and sagittal planes from the cranio-
cervical junction through the sacrum. Sagittal and
transaxial images of the spine should demonstrate an in-
tact dorsal skin line. The normal curvature of the spine
should be documented, and the ossified posterior ele-
ments examined for abnormal splaying. The ventral ab-
dominal wall of the fetus is examined, with focused atten-
tion on the umbilical cord insertion. The examiner should
maintain a heightened sensitivity to the presence of bowel
loops within the umbilical cord or floating in the amniotic
fluid distant from the cord insertion/abdominal wall.

Several other important fetal anomalies are associated
with elevated AFP, and these potential defects should also
be sought on the targeted sonogram (Table 17–1). Less
common defects include fetal teratoma (pharyngeal,
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Table 17–1 Differential Diagnosis of High Maternal
Serum–Alpha-Fetoprotein

Common

A. Neural tube defects

Anencephaly

Myelomeningocele (Chiari II)

Cephalocele

B. Abdominal wall defects

Omphalocele

Gastroschisis

Gastropleuralschisis associated with abdominal band 
syndrome or limb–body wall

C. Multiple gestations
Uncommon

A. Cystic hygroma

B. Renal abnormalities

Finnish nephrosis (no defect observed sonographically)

Pelviectasis

C. Chorioangioma

D. Teratoma (oropharyngeal or sacrococcygeal)

E. Esophageal/duodenal atresia

F. Placental subchorionic hematoma

G. Maternal hepatoma
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to be confused for normal brain. One should be cautious,
however, not to confuse an engaged fetal head (in which
the convexity may not be well visualized) for anencephaly.
This distinction is accomplished by the observation of am-
niotic fluid above the orbits and the calvarial defect. It is
critical that this be diagnosed accurately because most pa-
tients will electively terminate their pregnancies following
this diagnosis. Anencephaly can be diagnosed in virtually
all affected fetuses after 14 weeks gestation.42

Myelomeningocele

Since the 1960s, the number of infants born with neural
tube defects has been declining.43–45 The birth prevalence of
myelomeningocele in 1970 was 1.3 per 1000 live births.43

This contrasts with a birth prevalence of 0.6 per 1000 live
births after serum screening became available in the
1980s.43,44 This decrease is likely due to termination of
pregnancies with a fetal neural tube defect. There has been
a further decrease in birth prevalence to 0.41 per 1000 due
to the Folic Acid Mandate of 1992 by the U.S. Public Health
Service, which required fortification of foods with folic
acid and encouraging daily folate supplements in women
of child-bearing age.46

The myelomeningocele sac can be detected on sagittal
or transverse views, but the sensitivity for detection of the
spinal dysraphism is especially important if a sac is not
seen or has ruptured. A myelomeningocele is suggested by
a defect in the normal smooth dorsal skin line and splayed
posterior ossification centers on the transaxial image (Fig.
17–2). Widening of the posterior ossification centers can

sacral), defects caused by the amniotic band syndrome
(asymmetric cephaloceles, gastropleuralschisis), cystic hy-
groma, lesions that alter the placentomaternal barrier (e.g.,
placental chorioangioma, lakes, and abruption/hemor-
rhage), proximal fetal gut obstructions (e.g., esophageal and
duodenal atresias), some renal abnormalities, and oligohy-
dramnios.39 Thus, careful examination of the face, posterior
neck, oropharynx, thorax, abdomen (including a normally
filled stomach) should be performed.40 The limbs and digits
should be assessed for abnormalities suggesting the amni-
otic band syndrome or the vertebral, anorectal, cardiac, tra-
cheoesophageal fistula, renal, and limb (VACTERL) anomalies
association. Amniotic fluid volume should be qualitatively or
semiquantitatively assessed in addition to careful examina-
tion of the placenta. The most commonly encountered indi-
vidual defects are discussed in the following section.

Anencephaly

Anencephaly accounts for approximately half of all NTDs
(Fig. 17–1). On average, anencephaly is associated with the
highest AF-AFP and MS-AFP values of all NTDs, and ∼90%
will be detected by an MS-AFP � 2.5 MoM. This is a lethal
anomaly in which the bony calvarium is absent above the
orbits. Normal cerebral cortex is absent. Some dysplastic
“brain tissue,” representing angiomatous stroma, may be
observed above the orbits, apparently floating freely in the
amniotic fluid. Eighty-nine percent of fetuses with acrania
had echogenic amniotic fluid on ultrasound performed be-
tween 11 and 13 weeks.41 Owing to its irregular shape and
absence of recognizable normal morphology, it is unlikely
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Figure 17–1 Anencephaly. (A) The cranial bones are absent and a
small amount of angiomatous stroma (arrow) is seen floating in the
expected location of the brain (b) above the orbits (o). (B) Sagittal

view of the head of an anencephalic fetus with absent cranium above
the orbits (arrow).
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also be seen on coronal images of the spine. The majority of
spinal dysraphisms occur in the lumbosacral region, so this
area should be scrutinized with extra care. Very abnormal
spine curvature may be associated with the amniotic band
syndrome or limb–body wall complex (Fig. 17–3). If the fe-
tus is persistently in breech presentation and the distal
spine is not well visualized with transabdominal imaging,
then endovaginal scanning should be performed.

Spinal defects in some fetuses with spina bifida can be
very difficult to observe owing to their small size, absence of

a discrete myelomeningocele sac, and relatively inconspicu-
ous bony defects. This is undoubtedly the reason that sono-
graphic detection was only mediocre (50 to 80%) in reports
from the early 1980s.13,47,48 Descriptions of several important
cranial findings associated with “open” spinal bifida have
been tremendously beneficial and have dramatically im-
proved our ability not only to sensitively detect fetal
myelomeningocele, but also to confidently exclude it. Cra-
nial findings associated with open (non–skin covered) fetal
myelomeningoceles include the “lemon sign,” “banana
sign,” effaced cisterna magna, ventriculomegaly, and small
biparietal diameter.28,37,38,49–53 At least one of these findings is
present in > 99% of affected fetuses.28

The lemon sign (Fig. 17–4) describes an inward scallop-
ing of the frontal cranial bones seen in nearly all second-
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Figure 17–2 Myelomeningocele, (A) Sagittal im-
age demonstrates the break in the skin line (curved
arrow). The top of the lesion is L5. (B) Transaxial im-
age shows the myelomeningocele sac (short ar-
row) and divergent posterior ossification centers
(long arrow).

Figure 17–3 Limb–body wall complex. A ventral abdominal wall de-
fect (not shown) was seen in association with a dramatic fixed angu-
lation of the spine (sp). H, head.

Figure 17–4 Cranial findings associated with “open” spina bifida and
the Chiari II malformation: inward scalloping of the frontal bones
(short arrows), also known as the “lemon sign,” small posterior fossa
and banana-shaped cerebellum (“banana sign”) (curved arrow), and
effaced cisterna magna (long arrow).
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not to the spinal level of the lesion.52,56 It should be em-
phasized that, even though the cranial findings have so
greatly improved the sensitivity with which we can de-
tect myelomeningocele (currently reported to be > 90%
and > 95% in many centers), the final diagnosis of a
myelomeningocele should be made only after direct ob-
servation of the spinal defect.2,18,29 The Chiari II malforma-
tion is usually not associated with skin-covered (closed)
spinal abnormalities (skin-covered myelomeningocele,
lipomeningocele, or midline spinal hematoma). There-
fore, the banana sign and effaced cisterna magna will not
appreciably improve sonographic detection of these fetal
abnormalities.

Other Defects Accompanying Myelomeningocele

Outcome of fetuses with myelomeningocele is influenced
by the presence of associated malformations, chromoso-
mal abnormalities, the level of the spinal lesion (children
with higher lesions have more severe motor handicaps),
and childhood shunt infections.57 Prenatal sonography has
little to offer in estimating the number and severity of
shunt infections, but we can offer important and accurate
information regarding the presence of ventriculomegaly,
the level of the spinal lesion, and the presence of associ-
ated malformations.

The bony level of the defect can be accurately estimated
(± one spinal level) sonographically in 79% of fetuses.58 This
is accomplished in most cases by counting up from the last
sacral ossification center (assumed to be S4 in the second
trimester and S5 in the third) (Fig. 17–2). Associated mal-
formations, in addition to the Chiari malformation and hy-
drocephalus, are rare in childhood series, but present in 13
to 24% of fetuses with myelomeningocele.22,52,59 Multiple
malformations increase the likelihood of fetal karyotype
abnormalities, but chromosomal abnormalities are re-
ported in 10 to 15% of fetuses with isolated myelo-
meningocele.60–63 Thus, if the parents plan to carry the
pregnancy, it is prudent not only to perform a complete,
detailed, fetal anatomical survey, but also to offer fetal
karyotype testing.

Cephalocele

Cephaloceles are relatively rare (1.2/10,000 births) midline
cranial defects that contain meninges, and cerebrospinal
fluid (meningocele) in neural tissue (encephalocele).64

These lesions account for only ∼3% of fetal anomalies
detected with MS-AFP screening and 6% of detected
NTDs.30,65 In the United States, most (80 to 85%) of these oc-
cur in the occipital location, and a small percentage occur
in the frontal (10 to 15%) or parietal (10 to 15%) area.66 Be-
cause encephaloceles occur in the midline, off-midline

trimester fetuses with open spina bifida, but tends to dis-
appear in affected fetuses in the third trimester. Impor-
tantly, the lemon sign may also be seen in as many as 1% of
normal fetuses in addition to several other neural axis
anomalies, diminishing its positive predictive value for
spina bifida.50,54,55 Thus, sonographic diagnosis of spina bi-
fida should never be based solely on the observation of a
lemon sign.

The banana sign and the effaced cisterna magna occur
secondary to the hindbrain malformation known as the
Chiari II malformation, which is present in almost all
(> 95%) fetuses who have open spinal lesions.2 The poste-
rior fossa is small in the Chiari II malformation, and the
developing cerebellum is cramped. As a result, the cere-
bellum often herniates superiorly through the tentorium
or inferiorly through the foramen magnum. Neither of
these potential herniations are seen sonographically, but
the deformation of the cerebellum can be easily recog-
nized. The crowded cerebellum appears to wrap around
the brain stem (creating a transaxial cerebellar configura-
tion akin to the shape of a banana) or, at a minimum, the
cisterna magna is completely or nearly obliterated. These
are extremely important observations and have en-
hanced the sensitivity of sonographic detection of fetal
spinal bifida.

The banana sign is highly specific for the Chiari II mal-
formation, but not quite as sensitive as effacement of the
cisterna magna (some of the posterior fossa deformities of
the Chiari II malformation are not severe enough to pro-
duce a banana cerebellum). Effacement of the cisterna is
more sensitive for detection of the Chiari II malformation,
but less specific (and can be seen in association with hy-
drocephalus and also in normals). The cisterna magna (3 to
10 mm) can be visualized in 97% of normal fetuses at 15 to
25 weeks gestation. Because the Chiari II malformation
(and myelomeningocele) is nearly always associated with
an abnormal-appearing posterior fossa, a small or absent
cisterna should raise suspicion for a spinal lesion. As a
corollary, the presence of a normal-appearing cerebellum
and cisterna magna has a negative predictive value for the
Chiari II malformation of > 98%. Thus, especially if the dis-
tal spine is somewhat obscured, it should be reassuring to
the examiner that a normal-appearing posterior fossa re-
duces the risk of an open spinal lesion by > 98%.

Other cranial findings associated with spina bifida in-
clude a biparietal diameter that is small for dates (second
trimester) and ventricular enlargement. The degree of
ventricular dilatation in fetuses with myelomeningoceles
tends to increase with gestational age.52 In a series of 51
fetuses with spina bifida aperta (non–skin covered), we
found ventriculomegaly (atrium > 10 mm) present in only
44% of myelomeningocele fetuses examined before 24
weeks, but present in 94% of fetuses scanned in the third
trimester.52 The degree of ventriculomegaly is also related
to the degree of visualized posterior fossa deformity but
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cranial defects should suggest the presence of the amniotic
band syndrome.

Occipital cephaloceles are usually easily recognized,
particularly on images of the posterior fossa and cisterna
magna (Fig. 17–5). Small frontal and parietal lesions,
however, may be difficult to detect because these regions
of the cranium do not usually receive focused attention.
Most occipital lesions are associated with abnormalities
of the posterior fossa, and parietal lesions may also be
associated with the Chiari malformation. The face and
orbits should be carefully examined. The interorbital
distance is usually widened in association with a frontal
encephalocele.

Prognosis of fetuses with cephaloceles is generally poor
(only 21% liveborn in our series) and outcome is related to
the presence of associated neural and nonneural malfor-
mations (common), as well as the size and content of the
lesion; poorer outcome is associated with a large volume
of herniated brain.66 Associated brain malformations in-
clude the Dandy-Walker malformation, agenesis of the
corpus callosum, cerebellar hypoplasia, and migrational
abnormalities. Karyotype abnormalities are common,
found in 44% of tested fetuses in one report.66 It is impor-
tant to remember that many encephaloceles are skin-
covered (60% in one series) and, therefore, may elude de-
tection with MS-AFP screening.1,64,67 Occipital cephaloceles
may occur as part of the heritable (autosomal recessive)
Meckel’s syndrome (encephalocele, cystic dysplastic kid-
neys, and polydactyly).68 Affected pregnancies may be ter-
minated without adequate pathological diagnosis. There-
fore, prenatal recognition of this potential syndromic
association is important for counseling regarding future
pregnancies because the 25% risk of recurrence associated

with Meckel’s syndrome greatly exceeds the recurrence
risk of other cephaloceles (3%).19

Ventral Abdominal Wall Defects

Ventral abdominal wall defects include omphalocele, gas-
troschisis, and those defects associated with the amniotic
band syndrome or limb–body wall complex. Scrutiny of
the fetal umbilical cord insertion and ventral abdominal
wall allows sonographic detection of omphalocele and
gastroschisis in > 90% of fetuses.18,29 Omphaloceles occur in
∼1:4,000 livebirths and include a spectrum of midline de-
fects that range from large (usually containing liver and
bowel) (Fig. 17–6) to small (which may contain only one or
two bowel loops). The exteriorized viscera are contained
by an amnioperitoneal membrane, and the umbilical cord
inserts midline into the sac. Very large lesions can be diffi-
cult to repair postnatally, but features most predictive of
prognosis are other serious malformations (expected in 50
to 75% of affected fetuses), including cardiac (in 30 to 35%)
and chromosomal abnormalities (∼10 to 20%), mainly tri-
somies 18 and 13. Although “bowel only” omphaloceles are
generally smaller, sonographically less conspicuous, and
often easier to repair postnatally, the rate of chromosomal
abnormalities (perhaps 70 to 80%) is eight to10 times
higher than that found in fetuses in whom the omphaloce-
les contain liver within a herniated sac.49,69 Be aware that
small bowel–only omphaloceles may contain only one or
two loops of bowel that have migrated into the cord so that
the abnormality may not be recognized solely by examina-
tion of the cord insertion into the fetal abdomen. Thus, ex-
amination of the umbilical cord beyond the fetal abdomen
for several centimeters is prudent.

Gastroschisis is a full-thickness, paramedian, abdom-
inal wall defect, usually occurring to the right of the fetal
umbilical cord insertion, through which bowel is ex-
teriorized. Importantly, there is no covering membrane
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Figure 17–5 Encephalocele. The sac forms acute angles with the
scalp (arrow). Note a small amount of brain herniated into the sac.

Figure 17–6 Omphalocele containing liver. The umbilical cord
(arrow) inserts centrally into the sac.
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tributions of AFP in pregnancies with gastroschisis and
omphalocele.11 Based on a cutoff of 2.5 MoM, all fetuses
(20/20) with gastroschisis and ∼70% (10/18) with om-
phaloceles were detected during MS-AFP screening.

Less Commonly Observed Fetal Defects
Associated with Elevated Maternal
Serum–Alpha-Fetoprotein

The AF- and MS-AFP may be elevated in fetuses with cystic
hygroma (CH) (Fig. 17–8). Although the precise mecha-
nism is not known, it is speculated that fetal serum pro-
teins may leak through the membrane/integument cover-
ing the CH, or perhaps enter the maternal blood through
an intrinsic, placental abnormality associated with an ab-
normal karyotype (present in 60 to 80% of second- and
third-trimester fetuses with CH).

Teratomas, most commonly sacral (Fig. 17–9), but also
oropharyngeal and lingual, can grow to a very large size in
fetal life. These tumors often ulcerate, allowing leakage of
fetal protein into the amniotic fluid and secondarily into

(Fig. 17–7). Associated malformations other than gut
malrotation and atresia are rare, and the prevalence of
chromosomal abnormalities is not increased. Fetal
growth retardation is seen in up to 40%69 Bowel dilatation
and mild thickening are common as gestation progresses.
The degree of bowel dilation and wall thickening loosely
correlates with seriously damaged bowel requiring resec-
tion postnatally.70 Early in the second trimester (< 20
weeks), gastroschisis may be difficult to observe. The de-
fect in the abdominal wall is small (1 to 3 cm) (Fig. 17–7)
and, early on, the bowel is usually nondilated. As men-
tioned earlier, sensitivity to the presence of tubular struc-
tures other than cord floating in the amniotic fluid will al-
low detection of most cases.

A large, population-based study involving 72,782 con-
secutively screened pregnancies was used to establish dis-
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Figure 17–7 Gastroschisis. (A) Umbilical cord inserts normally into
the fetal abdomen (long white arrow). A small defect (short white ar-
row) is seen to the right of the cord insertion, and exteriorized bowel

is not covered by a membrane (hollow arrow). (B) Because the bowel
loops are not confined by a membrane, amniotic fluid can be seen
separating the loops (arrow).

A B

Figure 17–8 Sagittal image of a cystic hygroma.
Figure 17–9 Solid sacrococcygeal teratoma growing from the
sacrum (sa).
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MS. In many cases, they are not completely skin covered.
Transverse axial views of the oropharynx, coronal, and ax-
ial views of the face (to exclude oropharyngeal and lingual
teratomas), and transverse and longitudinal views of the
sacral area (sacrococcygeal teratomas are most common)
should be obtained in patients referred for elevated MS-
AFP. The sensitivity of MS-AFP screening for teratomas is
not known.

Esophageal atresia and duodenal atresia have been as-
sociated with elevated AFP. Anal atresia is associated with
a low AFP.71 Some have speculated that a smaller than av-
erage degradation of swallowed AFP might account for the
AFP elevation. A normally filled fetal stomach and the ab-
sence of a persistently filled or dilated duodenum should
be sought. The normal fetal duodenum empties immedi-
ately, and a persistently filled duodenum (even if it does
not appear “overdistended”) is always abnormal. The pres-
ence of a fetal “double bubble” (Fig. 17–10) suggests duo-
denal obstruction (usually atresia, but can be due to steno-
sis, Ladd’s bands, or annular pancreas). Importantly, nearly
one third of fetuses with duodenal atresia have Down syn-
drome. Thus, if a double bubble is detected, a focused ex-
amination of the fetal heart is performed and karyotype
testing is offered to the parents. Fifty-five percent of fe-
tuses with a gastrointestinal obstruction will have other
congenital anomalies.71

Esophageal atresia is suggested by an absent/unfilled
stomach (Fig. 17–11) and polyhydramnios, but this con-
stellation of observations is insensitive (< 50%) for the
sonographic detection of fetal esophageal atresia before
the third trimester. This is due to the fact that the proximal
esophageal pouch is only rarely seen in fetuses, and a fis-
tula exists between the lower esophagus and bronchial
tree in > 90%, allowing passage of some fluid into the fetal
stomach. A small, not absent, stomach was observed in 5
of 12 fetuses with proven esophageal atresia by McKenna
et al.40 In addition, frank polyhydramnios is typically not
seen before 20 to 24 weeks gestation.

Renal abnormalities, including congenital (Finnish)
nephrosis, multicystic dysplastic kidney, renal agenesis,
and pelviectasis, have been associated with elevated MS-
AFP.31,58 In some cases the AFP is elevated secondary to ab-

normal leakage of proteins into fetal urine. Congenital
nephrosis results in a dramatic fetal proteinuria in utero
and, because there are no renal morphological features,
this is a very difficult diagnosis to make with certainty an-
tenatally. The clue to the diagnosis is that both the MS- and
AF-AFP levels are extremely high (i.e., typically � 10
MoM), with negative amniotic fluid acetylcholinesterase
and without evidence of maternal–fetal hemorrhage or
other fetal morphological defects.72 Prenatal genetic test-
ing is available for patients with a family history of con-
genital Finnish nephrosis and an established mutation.73 A
subset of congenital nephrosis cases are associated with
mild ventriculomegaly, echogenic kidneys, and pericardial
effusion on ultrasound, but have negative testing for con-
genital Finnish nephrosis.74 In cases of renal agenesis, the
mechanism for MS-AFP elevation is not known, but it is
speculated that these fetuses may have higher serum pro-
tein levels owing to diminished excretion.

Finally, placental abnormalities, including chorioan-
gioma, placental abruption, periplacental hemorrhages
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Figure 17–10 Duodenal atresia. (A) Double bub-
ble dilated stomach (s) and duodenum. (B) Care
should be taken to demonstrate that the stomach
and duodenum are connected (arrow).

Figure 17–11 Absent stomach. No stomach bubble is observed
(arrow). Diagnosis is esophageal atresia.
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(i.e., subchorionic hemorrhage), molar pregnancies, and
placental lakes, may result in elevated MS-AFP.75 A careful
examination of the placenta should be performed.76–78 Rel-
atively minor placental abnormalities (e.g., placental lakes,
large marginal veins) are seen commonly in pregnancy pa-
tients. Although the placenta should be carefully exam-
ined in all women referred for high AFP, a placental lesion
should only be the diagnosis of exclusion (after morpho-
logical defects have been excluded), as the cause of in-
creased MS-AFP.

Comment

Recall that amniocentesis performed following an elevated
MS-AFP eliminates almost 90% of women with elevated
MS-AFP from further testing. If we do not have AF-AFP lev-
els to help us in triaging patients, 10 times as many tar-
geted sonograms will be required to find the same number
of fetal defects. Further, the likelihood of finding an anom-
aly during each targeted sonogram referred for high MS-
AFP will be considerably lower than it is in the population
scanned for high AF-AFP. Therefore, the examiner must
“work harder” to remain vigilant while searching for fetal
defects in this low-prevalence population. The level of MS-
AFP elevation may provide guiding information. The likeli-
hood of finding a fetal defect increases with MS-AFP levels.
Minor elevations of MS-AFP (i.e., 2.5 to 3 MoM), are associ-
ated with fetal defects in only 3 to 4%.63 Whereas if the MS-
AFP is > 5 MoM, the prevalence of fetuses with defects may
be as high as 20 to 30%,5 and if the MS-AFP is > 7 MoM, the
prevalence of abnormal fetuses may be as high as 30 to
40%.79,80 Thus, the risk of a neural tube defect is almost 10
times (13%) greater among women with MS-AFP > 7 MoM,
compared with those having elevations 2.5 to 2.9 MoM
(1.4%).80 This MS-AFP-related risk also parallels the rate of
neural tube and ventral wall defects reported with increas-
ing levels of AF-AFP.18

This information may be useful to the examiner and
counselor of women with elevated MS-AFP. If a woman
chooses to circumvent the amniocentesis, the degree to
which her MS-AFP is elevated not only helps to adjust the
index of suspicion for an anomaly, but also helps to pre-
pare and counsel the pregnant patient.
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Down syndrome is the most common karyotypic abnor-
mality among liveborns.1 Over the past few decades, much
research has concentrated on screening for fetal Down
syndrome and the prenatal diagnosis of this condition.
The primary factor associated with fetal Down syndrome
is maternal age. The rate of fetal Down syndrome in-
creases with increasing maternal age. Because most
women who are delivering babies are younger, the major-
ity of fetuses with Down syndrome occur in younger
mothers. Therefore, using maternal age alone would be an
inefficient approach for prenatal Down syndrome screen-
ing. Given the desire of many pregnant women for the
knowledge of whether their fetus has Down syndrome,
a relatively safe and more effective screening technique
is necessary.

Screening tests give us a risk estimate for fetal Down
syndrome and do not diagnose a fetus as having Down
syndrome. Invasive testing, such as amniocentesis or
chorionic villus sampling, is currently the only method
for definitively determining the fetal karyotype. As inef-
fective as maternal age is as a screen for fetal Down syn-
drome, universal invasive testing for fetal Down syn-
drome also has its drawbacks. The rate of loss of normal
fetuses would be excessive. A more effective screening
strategy has become commonplace; namely, using mater-
nal serum analytes to determine the risk for fetal Down
syndrome. Because many varied screening strategies will
be discussed, it is important to remember that there is
not one best screening model.2 Further, a particular
screening test may fit the needs of a patient when she is
young, but it might not be optimal for her and her family
as she ages.3

Women who have positive serum screening for the pre-
natal detection of Down syndrome frequently have a diffi-
cult time discerning the significance of the test results. For
the patient faced with having some quantified risk for Down
syndrome, health care providers must provide a context in
which to help the patient understand the degree of risk. The
majority of those with positive serum screens for Down
syndrome have perfectly normal fetuses that do not have
Down syndrome. Much of our mandate for these patients is
to educate them about what a positive serum screen means
and to provide reasonable options for the patient and her
partner according to their own concerns and values.

Second-Trimester Maternal Serum
Screening Test

The maternal serum–�-fetoprotein test (MSAFP) was ini-
tially used as a screen for neural tube defects. Subse-
quently, a low MSAFP was shown to be associated with fe-
tal Down syndrome, although the use of MSAFP and
maternal age as a screening test for fetal Down syndrome
was associated with a poor detection rate of ∼20%.4 Within
a few years, an elevated maternal serum human chorionic
gonadotropin (hCG) and a low maternal serum unconju-
gated estriol (uE3) were also found to be associated with
Down syndrome. The use of maternal age and these three
maternal serum analytes, MSAFP, hCG, and uE3, also
known as the triple screen test, has been found to be effec-
tive as a screen for fetal Down syndrome. Sensitivities for
the detection of fetal Down syndrome have been reported
to be 50–90%, with false-positive rates of 3–6%.4–6 Gener-
ally accepted as having a sensitivity of ∼75% with a false-
positive rate of 5%, the triple screen test has been com-
monly used as a screening tool for gravidas in the second
trimester for over a decade.

Most recently, the inclusion of inhibin-A to the triple
screen analytes has shown improved efficacy in screening
for Down syndrome. The sensitivity for the detection of
Down syndrome using MSAFP, hCG, uE3, and inhibin-A is
∼80%, with a 5% false-positive rate and a positive predictive
value of 1 in 51.7 Given these encouraging results, the
quadruple test has been increasingly used over the past
few years as an initial screen for fetal Down syndrome in
the second trimester.

Ultrasound Evaluation

As the serum screen was being developed into the
currently used triple or quadruple serum analyte
screens, great progress was made in the world of ultra-
sound with respect to the identification of factors associ-
ated with Down syndrome. Many structural defects have
been shown to be associated with Down syndrome.8

These include congenital heart defects, duodenal atresia
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ized fluid collections, such as pleural effusions (Fig. 18–6)
or small nuchal cystic hygromas (Fig. 18–7).

Benacerraf et al first reported the association of a thick-
ened nuchal skin fold (Fig. 18–8) in the second trimester
with Down syndrome in 1985.9 Multiple authors have sub-
sequently confirmed this association. Benacerraf et al were
able to show that 40% of fetuses with Down syndrome had

(Fig. 18–1), cerebral ventriculomegaly (Fig. 18–2), and
macroglossia (Fig. 18–3). The risk of Down syndrome is
generally high enough for fetuses with congenital heart
defects, such as tetralogy of Fallot and atrioventricular sep-
tal defects (Fig. 18–4), duodenal atresia, and cerebral ven-
triculomegaly, to warrant at least a consideration of
karyotyping. Abnormal fluid collections in the fetus are
similarly associated with Down syndrome. Fetuses in the
second trimester with Down syndrome may show signs of
generalized hydrops (Fig. 18–5), or even have more local-
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Figure 18–1 Transverse view of the fetal abdomen showing an en-
larged, fluid-filled stomach and proximal duodenum secondary to
duodenal atresia in a second-trimester fetus with Down syndrome.

Figure 18–2 Transverse view of the fetal cranium of a second-
trimester fetus with Down syndrome showing enlarged lateral ventri-
cles consistent with ventriculomegaly.

Figure 18–3 Midsagittal view of a third-trimester fetus with Down
syndrome demonstrating macroglossia.

Figure 18–4 Transverse view of the fetal chest at the level of the
four-chamber view. There are large ventricular and atrial septal de-
fects in this second-trimester fetus with an atrioventricular septal de-
fect and Down syndrome.
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an abnormally thickened nuchal fold measurement of
greater than 6 mm as did 0.1% of normal fetuses. There was
a positive predictive value of 69% for those with a thick-
ened nuchal skin fold in their high-risk population.10 The
thickened nuchal fold remains the most consistent sono-

graphic sign associated with an increased risk for fetal
Down syndrome.

Beyond structural defects and the thickened nuchal fold
in the second-trimester fetus, many other sonographic

18 Maternal Serum Screening Test Positive for Down Syndrome 201

Figure 18–5 Midsagittal view of a second-trimester fetus with Down
syndrome, demonstrating diffuse skin thickening and ascites consis-
tent with hydrops fetalis.

Figure 18–6 Coronal view of the second-trimester chest of a fetus
with Down syndrome, demonstrating bilateral pleural effusions, left
greater than right.

Figure 18–7 Transverse view of the fetal neck of a second-trimester
fetus with Down syndrome, demonstrating small, bilateral cystic hy-
gromas.

Figure 18–8 Transverse view of the fetal cranium, demonstrating a
thickened nuchal fold in a second-trimester fetus with Down syn-
drome. The measurement is appropriately indicated by the calipers
from the outer edge of the cranium to the outer edge of the skin fold.
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isolated findings, a recent meta-analysis gave the follow-
ing likelihood ratios (95% confidence intervals) for the
above-noted sonographic signs for fetal Down syndrome
in the second trimester: thickened nuchal fold—17 (8 to
38), hyperechoic bowel—6.1 (3.0 to 12.6), short femur—2.7
(1.2 to 6.0), short humerus—7.5 (4.7 to 12), renal pyelecta-
sis—1.9 (0.7 to 5.1), echogenic intracardiac focus—2.8 (1.5
to 5.5), and choroid plexus cyst—1.0 (0.12 to 9.4).13 This
meta-analysis confirms many prior studies that have doc-

signs have been reported that are associated with fetal
Down syndrome.11,12 Some of the most studied sonographic
signs include hyperechoic bowel (Fig. 18–9), short femur,
short humerus, renal pyelectasis (Fig. 18–10), echogenic
intracardiac foci (Fig. 18–11), and choroid plexus cysts.13 As
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Figure 18–9 Oblique/sagittal view of the fetal abdomen demon-
strating hyperechoic bowel in a second-trimester fetus with Down
syndrome. The bowel is of similar echogenicity as that of surround-
ing bone.

Figure 18–10 Transverse view of the fetal abdomen in a second-
trimester fetus with Down syndrome, demonstrating bilateral renal
pyelectasis.

Figure 18–11 Transverse view of the fetal chest at the level of the
four-chamber view in a second-trimester fetus with Down syndrome.
An echogenic intracardiac focus is identified within the left ventricle,
with a level of echogenicity similar to that of surrounding bone.

Figure 18–12 Transverse view of the lower fetal abdomen and upper
pelvis in a second-trimester fetus with Down syndrome, demonstrat-
ing a wide iliac angle.
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umented an increased risk of Down syndrome among
those fetuses with these isolated findings, except for
choroid plexus cysts, which were not associated with
Down syndrome. Further study is required to understand
better how these sonographic signs should be used clini-
cally. For example, fetal biometry, and even the prevalence
of echogenic intracardiac foci, vary with maternal race.12

Many other sonographic signs have been associated
with Down syndrome in the second trimester of preg-
nancy. Many, such as a wide iliac angle (Fig. 18–12), short
ear lengths (Fig. 18–13), hypoplasia of the middle phalanx
of the fifth digit (Fig. 18–14), clinodactyly, shortened
frontal lobes, and a wide separation of the great toe (Fig.
18–15), have generally not proven useful as screening tools

Figure 18–13 Three-dimensional reconstruction and
rendering of a second-trimester fetus with Down syn-
drome. A small, thickened ear is shown on the ren-
dered image.

Figure 18–14 View of the fetal hand of a second-trimester fetus with
Down syndrome demonstrating hypoplasia of the middle phalanx of
the fifth digit.

Figure 18–15 View of the base of the foot of a second-trimester fe-
tus with Down syndrome demonstrating a wide separation between
the first and second toes.
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and for those at high risk with a score of 1 or greater. The
authors were able to show that 73% of fetuses with Down
syndrome could be identified with a false-positive rate of
∼4%. This uncomplicated method of screening for Down
syndrome was better than screening using maternal age
alone, and comparable to the use of the serum screen.
Vintzileos et al subsequently coined the term genetic sono-
gram to denote the use of an ultrasound exam of the sec-
ond-trimester fetus to modify the risk of Down syn-
drome.17 Although various authors have included different
sonographic markers, or soft signs, of Down syndrome in
their models, the use of the genetic sonogram has changed
the way in which sonologists practice sonography of the
second-trimester fetus.

The simple scoring system proposed by Benacerraf et al
was supplanted by a more mathematical approach for
evaluating the risk of Down syndrome in the second-
trimester fetus. Nyberg et al proposed an adjustment in
the maternal age–based risk for Down syndrome by using
the likelihood ratios of the second-trimester ultrasound-
derived markers for Down syndrome.18 Their so-called age-
adjusted ultrasound risk assessment (AAURA) was used to
evaluate the posttest risk for Down syndrome. This was
calculated after second-trimester sonography was per-
formed, and the findings modified the prior age-adjusted
risk for Down syndrome. Using a threshold of 1:200, they
were able to identify 61.5% of fetuses with Down syndrome
among those less than 35 years of age, 67.2% of those with
Down syndrome from women aged 35 to 39 years, and
100% of those fetuses with Down syndrome among
women age 40 and older. The false-positive rates were 4%
for those less than 35 years of age, 12.5% for those age 35 to
39 years, and 100% for those 40 years of age and older. A
normal ultrasound exam with no markers identified was

due in great measure to their higher prevalence in fetuses
with normal karyotypes.12

Other, more recent, sonographic signs may prove even
more useful for screening for fetal Down syndrome. Hy-
poplasia of the nasal bone has been shown, in the second
trimester, to be associated with an increased risk for Down
syndrome.14 Bromley et al reported an absent nasal bone
(Fig. 18–16 and Fig. 18–17) was found in 37% of fetuses
with Down syndrome and 0.5% of control fetuses, yielding
a likelihood ratio of 83.14 How this sonographic sign will af-
fect our current evaluation of the second-trimester fetus
remains to be determined.

Genetic Sonogram

As already discussed, multiple authors from multiple ul-
trasound laboratories have shown that there are sono-
graphic findings associated with fetal Down syndrome.
Even though we have this information, many questions re-
main. How can we use this information to assist with our
management of the gravida who undergoes second-
trimester sonography? Can we use these sonographic
signs to evaluate those at high risk for fetal Down syn-
drome? Can we use these sonographic signs to evaluate
those at low risk for fetal Down syndrome? Can we modify
the risk for fetal Down syndrome for those with abnormal
maternal serum screens? These are the questions that we
will endeavor to answer.

Initial work to evaluate the use of these sonographic
markers among those undergoing second-trimester
sonography was reported by Benacerraf et al in the early
1990s.15,16 Their straightforward scoring index was de-
scribed as follows: 2 points for a major congenital struc-
tural defect or a thickened nuchal fold; 1 point for short fe-
mur, short humerus, pyelectasis, hyperechoic bowel, or
echogenic intracardiac focus. Amniocentesis was per-
formed for those at low risk with a score of 2 or greater,
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Figure 18–16 Midsagittal view of a fetus with normal chromosomes
demonstrating a normal nasal bone.

Figure 18–17 Midsagittal view of a fetus with Down syndrome
demonstrating absence of the nasal bone.
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assigned a likelihood ratio of 0.4. The likelihood ratios for
those with isolated findings were as follows: structural de-
fect—25, thickened nuchal fold—18.6, hyperechoic bowel—
5.5, short humerus—2.5, short femur—2.2, echogenic intra-
cardiac focus—2, pyelectasis—1.6. The calculated likelihood
ratios from their population were as follows: structural de-
fect—71, thickened nuchal fold—58, hyperechoic bowel—
21.9, short humerus—15.8, short femur—4.6, echogenic in-
tracardiac focus—5.1, pyelectasis—4.8.18

In our laboratory, we recently sought to determine the
risk for Down syndrome in fetuses with sonographic
markers using likelihood ratios.19 In our population there
were 164 fetuses with Down syndrome and 656 euploid
fetuses. The likelihood ratios (95% confidence intervals) for
the sonographic markers were as follows: anomaly—
22 (10.6 to 45.8), thickened nuchal fold � 6 mm—94.7
(30.2 to 296.7), thickened nuchal fold � 5 mm—61.6 (25.3
to 149.7), hyperechoic bowel—14.4 (5.4 to 38.1), short
humerus—23.5 (13.1 to 42.1), short femur—10.1 (7.1 to
14.3), echogenic intracardiac focus—8.0 (4.8 to 13.3), py-
electasis—8.8 (5.0 to 15.4), any marker—6.5 (5.3 to 8.1), no
marker or anomaly identified—0.22 (0.16 to 0.30). When
the markers were grouped as to present or absent, the
presence of one of the markers was associated with a like-
lihood ratio of 1.9 (1.3 to 2.9), two markers had a likelihood
ratio of 6.2 (3.1 to 12.1), and three markers had a likelihood
ratio of 80 (19.5 to 327.6).

As more information becomes available with regard to
the genetic sonogram and its use clinically, more detailed
statistical information is necessary. If we are going to
screen with sonographic markers, we must confirm that
there are no significant correlations between the sono-
graphic markers and biochemical markers and maternal
age. Souter et al have critically evaluated the correlation of
the sonographic markers with both maternal age and the
biochemical markers. No correlation of the sonographic
markers was identified with maternal age.20 The authors
were able to identify some weak correlations between a
few of the markers. For example, there was a statistically
significant correlation between both femur length and
humerus length with human chorionic gonadotropin. De-
spite these few correlations, the authors concluded that
the “sonographic and biochemical markers for trisomy 21
are largely independent in unaffected pregnancies.”21 Al-
though more work must be done to determine the correla-
tions in affected pregnancies, it appears that the sono-
graphic markers can be used to modify the maternal
age–specific risk for Down syndrome.

Genetic Sonogram for Those with Abnormal 
Second-Trimester Serum Screens

Literature is becoming increasingly available to guide us
with respect to clinical management of those patients with
abnormal serum screens indicating an increased risk for
Down syndrome. Ten years ago, Nyberg et al evaluated 395

women with an abnormal triple marker screening test by
prenatal sonography. The sonographic findings that were
evaluated were structural defects, nuchal fold measure-
ments, hyperechoic bowel, pyelectasis, and femur length
measurements. Of this cohort, 18 (4.5%) had Down syn-
drome. At least one abnormal sonographic finding was
found in 50% of those with Down syndrome. Having an ab-
normal sonographic exam increased the risk of Down syn-
drome 5.6-fold, or from 4.5 to 25%. A normal sonographic
exam decreased the risk for Down syndrome by 45%, or
from 4.5 to 2.5%. Although the authors identified an im-
provement in risk for Down syndrome with a normal ul-
trasound exam, they recommended amniocentesis for all
patients in this cohort regardless of sonogram results.22

More recent data suggest that the risk for Down syn-
drome can be confidently modified using the genetic sono-
gram from the a priori risk estimate as determined from
the serum screen. Bahado-Singh et al evaluated the risk of
Down syndrome in pregnancies with abnormal serum
screen results indicating an increased risk for Down syn-
drome. All patients received targeted sonograms searching
for signs of Down syndrome. A normal ultrasound exam
with no signs of Down syndrome reduced the risk of Down
syndrome by a factor of 7.8. Overall, the risk for Down syn-
drome was 1.0%. If the sonographic findings were abnor-
mal, the rate of Down syndrome was 8/127, or 6.3%. If there
were no sonographic signs of Down syndrome identified
on the sonographic exam, the risk of Down syndrome was
1/753, or 0.13%, yielding an odds ratio of 50.4 (95% confi-
dence interval, 6.4 to 90.2) for those with sonographic
findings suggestive of Down syndrome in a population of
those with abnormal serum screen results.23 Verdin and
Economides reported on 463 fetuses with positive serum
screens for Down syndrome. Eleven (2.4%) had Down syn-
drome. Nine of the 11 with Down syndrome (81.8%) had
the presence of sonographic markers associated with
Down syndrome. The presence of one or more sonographic
markers was associated with a likelihood ratio of 8.4 (95%
confidence interval 5.7 to 12.5) for Down syndrome, and
the presence of two or more sonographic markers was as-
sociated with a likelihood ratio of 41 for Down syndrome.
The absence of any markers was associated with a likeli-
hood ratio of 0.2 for fetal Down syndrome. The authors
concluded that the presence or absence of sonographic
markers could modify the risk of Down syndrome among
women at risk for Down syndrome based on an abnormal
serum screen.24

As noted earlier, current data suggest that the genetic
sonogram can modify the risk for Down syndrome from
that obtained with the serum screen. It remains unclear
which aspects of the genetic sonogram are most beneficial
to this risk modification and how they should be incor-
porated into clinical use. Benn et al evaluated the use
of second-trimester biochemical analysis, as well as the
assessment of specific ultrasound marker, in determining
the risk for Down syndrome, with the goal of developing
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drome. As already discussed, much literature suggests that
the modification of the serum screen–related risk may be
as high as an 80% decrease in risk. Alternatively, the identi-
fication of any structural defects associated with Down
syndrome would prompt a recommendation for karyotyp-
ing should the patient desire this information. Similarly, if
any signs of Down syndrome were identified, the a priori
serum screen–related risk could be modified and a
posttest risk could be presented to the patient.

After the posttest risk is presented to the patient, it is
important to acknowledge variability in decision making
dependent on the patient’s desires. The only way to de-
termine that a fetus definitely has Down syndrome is via
karyotype. Ultrasound does not diagnose nor exclude this
diagnosis. The standard method for karyotype analysis in
the second trimester is via amniocentesis. This typically
simple, yet invasive procedure is generally well tolerated
by the patient, but is associated with an excess risk of
miscarriage of ∼1/200 to 1/300 above the baseline risk.
The karyotype generally requires approximately 2 weeks
for final results. The patient must decide whether to have
amniocentesis, a procedure with some inherent risk, for
a definitive diagnosis of the fatal karyotype, or to forgo
invasive testing. Given our current level of understand-
ing, ultrasound plays an essential role in providing the
patient with information she needs to help make this dif-
ficult decision.

Summary

There are many sonographic signs associated with Down
syndrome. The use of a genetic sonogram is a way of mod-
ifying the risk for Down syndrome based on the presence
or absence of sonographic signs of Down syndrome. The
genetic sonogram can be used to as an aid to modify the
risk for Down syndrome for those with abnormal second-
trimester serum screens. Ultrasound is a vital procedure
for those with abnormal second-trimester serum screens
to assess gestational age and to search diligently for those
structural defects and signs that can be seen in fetuses
with Down syndrome.
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It has been estimated that diabetes mellitus affects be-
tween 1 and 2 million women of childbearing age in the
United States.1 The management of this disease has
evolved from an attempt to improve maternal survival in
the 1900s and fetal survival in the middle part of the cen-
tury to the prevention of fetal morbidity in the 1990s. The
diagnosis and management of the maternal complications
of diabetes mellitus are numerous and complex and will
not be addressed in this discussion. Rather, the fetal com-
plications, including fetal malformations; growth distur-
bances, including intrauterine growth restriction; macro-
somia; and prematurity will be discussed.2,3

Pathophysiology and Classification

Pregnancy itself has often been referred to as diabetogenic.
In fact, this is only partially true. In the first trimester,
estrogen- and progesterone-induced pancreatic �-cell hy-
perplasia results in increased insulin production and a
lowering of fasting blood sugar in both diabetic and nondi-
abetic pregnancies. In the second and third trimesters, the
levels of human placental lactogen, a polypeptide hor-
mone that is an insulin antagonist, rise. In addition, pro-
lactin, cortisol, estrogen, and progesterone also exert a
contrainsulin effect.

Diabetes mellitus occurring during pregnancy has
been traditionally categorized according to the White
classification. The basis of this system relied upon the fact
that the severity of diabetes can be quantified and is di-
rectly related to both maternal and perinatal outcomes.
The White classification grouped patients into classes A
through F on the basis of the type of therapy adminis-
tered, the duration of maternal diabetes before pregnancy,
and the presence or absence of maternal vascular compli-
cations. Class A refers to those patients with gestational
diabetes, whereas classes B, C, and D include patients with
diabetes mellitus predating their pregnancies. Classes F, R,
and H represent those diabetic women with evidence of
vascular disease. Although the White classification has
been useful for identifying women at risk for an adverse
outcome, it has recently fallen into disuse. As our under-
standing of diabetes and pregnancy has improved it has
become clear that most of the fetal risk is related to the
time during pregnancy when diabetes is present, the

degree of metabolic control achieved with therapy, the
presence of maternal vascular complications, and the
presence of medical complications, such as hypertension
and urinary tract infections.

A more modern classification divides patients into
two large groups: those whose diabetes antedated preg-
nancy (pregestational diabetes) and those whose dia-
betes was first diagnosed during gestation (gestational
diabetes).4 Fetal risks in the former group include those
derived from maternal metabolic abnormalities during
the first trimester (birth defects and spontaneous abor-
tion), as well as during the second and third trimesters.
(e.g., macrosomia, hyperinsulinemia, and stillbirth). Fe-
tal risks in women with gestational diabetes are prima-
rily derived from metabolic abnormalities in the second
and third trimesters. In addition to the above classifica-
tions, diabetes mellitus may be characterized as type I,
insulin-dependent diabetes mellitus (IDDM) and type II,
noninsulin-dependent diabetes mellitus. Type I diabetes
is the ketotic-prone form of the disorder, whereas type II
is the so-called maturity-onset, nonketotic-prone form
of the disease.

Ultrasound Evaluation 

Through the use of fetal biometry, ultrasound is able to
determine fetal age, weight, and growth. The accurate
determination of fetal gestational age is important in the
diabetic patient to aid in the timing and interpretation of
maternal serum �-fetoprotein (AFP) levels, in the timing
of third-trimester amniocentesis and delivery, and in the
evaluation of fetal growth. In patients in whom the men-
strual history is uncertain, first-trimester ultrasound
may be necessary to establish the gestational age to aid
in the timing of either maternal serum AFP testing or
amniocentesis. Accuracy within 4 to 7 days may be
achieved in most cases. As will be discussed later, al-
though the accuracy for estimating gestational age is ex-
cellent, the ability to detect many significant fetal mal-
formations is poor in the first trimester. A sonogram
performed between 18 and 20 weeks of gestation will
still have an accuracy of ± 1 week for defining gestational
age, and greater than 90% likelihood of detecting serious
fetal malformations.

Diabetes Mellitus 
and Pregnancy
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Fetal Malformations

Perhaps the most significant fetal complication of preg-
nancy encountered by pregestational diabetic women is a
significantly increased risk of fetal congenital malforma-
tions. An association between diabetes mellitus and con-
genital malformations was suspected as early as 1885,
when it was reported that infants of diabetic mothers had
an increased incidence of congenital malformations.5–7 In a
study done between 1926 and 1963, 6.4% of infants of dia-
betic mothers had major congenital malformations com-
pared with 2.1% in the control group.8 Virtually all other
studies done subsequently have verified the increased in-
cidence of congenital malformations in this population to
be three to four times that of controls.5,9,10 Congenital mal-
formations account for 35 to 40% of all perinatal deaths
and are the leading cause of death among infants of dia-
betic mothers. Despite routine widespread morphological
ultrasound scans, the rates of perinatal death from con-
genital anomalies in diabetic pregnancies have not
changed over the last decade.11,12

A study by Wong et al demonstrated that within the
same institution the detection rate of congenital anom-
alies for diabetic women was significantly lower than that
for the general population (30% vs 73%).11 The authors pos-
tulated several reasons that might account for this differ-
ence. First, 30% of the major anomalies in the diabetic
group were considered not detectable by current ultra-
sound technology at the gestational age when the scan was
performed. This was higher than in the low-risk group.
However, after excluding these anomalies, the detection

rate was still lower than in the low-risk group (42% vs
86%). Second, the diabetic women were more obese, with
an average body mass index (BMI) of 29 kg/m2 versus 23
kg/m2 in the nondiabetic group. It is well known that obe-
sity is significantly associated with poor ultrasound imag-
ing.13 In one study, image quality was considered unsatis-
factory in 37% of the diabetic women.

The detection rate of congenital anomalies may im-
prove with technological advancements in ultrasound,
such as harmonic imaging, which is available in most new
ultrasound machines. Likewise, the use of transvaginal
sonography at 14–16 weeks may overcome problems with
excess subcutaneous tissue.11

The malformations most commonly observed in fetuses
of diabetic mothers are cardiac defects, neural tube de-
fects, caudal regression syndrome (sacral agenesis), and
renal abnormalities (Fig. 19–1, 19–2). Although the focus
of many clinical centers is on the detection of neural tube
disease in pregestational diabetics, cardiac abnormalities
are by far the most common abnormalities in these pa-
tients. The reported incidence of cardiac abnormalities is
increased to between 2 and 4% in pregestational diabetics
as compared with the incidence of 0.8% in the general non-
diabetic population.1,14 The abnormalities most commonly
seen are conotruncal abnormalities, such as transposition
of the great vessels (Fig. 19–3), truncus arteriosus (Fig.
19–4), tetralogy of Fallot (Fig. 19–5), and ventricular septal
defects (Fig. 19–6). Many of the abnormalities will not be
detected with just the standard four-chamber view of the
heart. In a recent study by Smith et al,15 the sensitivity of
ultrasound for detecting an abnormal heart increased from
73% with the four-chamber view (Fig. 19–7) to 82% with
the addition of the aortic outflow tract view (Fig. 19–8).
There were two false-negative and no false-positive diag-
noses. In their study, when the four-chamber view and
outflow tracts appeared normal, additional views, such as
the ductal and aortic arches, did not detect a cardiac de-
fect. Additional cardiac abnormalities that may be seen in
the diabetic patient include cardiomyopathy (Fig. 19–9)
and aortic coarctation. Clearly, if a gravid diabetic patient
is to have an ultrasound evaluation for the purpose of de-
tecting morphological abnormalities, it should include an
evaluation of the fetal heart by an experienced fetal and/or
pediatric echocardiographer.

Neural tube defects are increased in the diabetic popu-
lation. The incidence of neural tube defects is said to be
19.5 per thousand in diabetic mothers compared with one
to two per thousand in the general population.12 Anen-
cephaly (Fig. 19–10) as well as myelomeningoceles (Fig.
19–11) may be seen in this population. Caudal regression
syndrome (sacral agenesis) is wrongly often assumed to be
an abnormality seen only in the diabetic population. Cau-
dal regression, in which there is hypoplasia of the sacrum
and lower extremities, was first described in 1964 as being
more common in infants of diabetic mothers.13 Associated
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Figure 19–1 Four-chamber view from a fetal echocardiogram in a di-
abetic patient. Typical findings of inferior displacement of the
tricuspid valve (TV) with an atrialized right ventricle (ARV) is seen.
RA, right atrium; LA, left atrium; MV, mitral valve; RV, right ventricle;
LV, left ventricle. (Case courtesy of Norman Silverman, M.D.,
Palo Alto, CA)
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Figure 19–2 (A) Anteroposterior radiograph and
sonographic transverse axial plane of section of a fetus
with sacral agenesis and preconceptional diabetes at
26 weeks gestation. Medial aspects of the iliac wings
are in close proximation to one another (arrow). (B)
Sagittal plane of section sonogram and lateral
radiograph from the same patient as in (A). Absence
of the normal continuation of the spine into the
sacrum is seen (arrow). (Courtesy of Nancy Budorick,
M.D., New York, NY)B

A

Figure 19–3 Transposition of the great vessels. (A) Normal four-
chamber view of the fetal heart. (B) View of cardiac outflow tracts
demonstrates the two great vessels arising from the heart in parallel

to each other (arrows), with the aorta (AO) arising from the right ven-
tricle and the pulmonary artery (PA) arising from the left ventricle.
(Courtesy of Carol B. Benson, M.D., Boston, MA)

A B
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Figure 19–4 Truncus arteriosus. Long axis view of the fetal heart
demonstrating a single large vessel (arrow) arising from both ventri-
cles. (Courtesy of Carol B. Benson, M.D., Boston, MA)

Figure 19–5 Tetralogy of Fallot (A) Long axis view of the fetal aortic
outflow tract demonstrating overriding aorta (AO) and ventricular
septal defect (arrow). (B) The pulmonary artery (calipers) was small.
(Courtesy of Carol B. Benson, M.D., Boston, MA)

A

B

Figure 19–6 Ventricular septal defect. Four-chamber view of the fe-
tal heart demonstrating a defect in the ventricular septum (arrow).
(Courtesy of Carol B. Benson, M.D., Boston, MA)

Figure 19–7 Normal four-chamber view of the fetal heart. (Courtesy
of Carol B. Benson, M.D., Boston, MA)

Figure 19–8 Normal aortic outflow tract (arrows) arising from the
left ventricle. (Courtesy of Carol B. Benson, M.D., Boston, MA)
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Figure 19–9 Cardiomyopathy. Four-chamber view of the fetal heart
demonstrating thickening of the walls of both ventricles (arrows) and
the septum. (Courtesy of Carol B. Benson, M.D., Boston, MA)

Figure 19–10 Anencephalic fetus. Sonogram demonstrates the
fetal face with absence of the cranium. Abnormal brain (arrow) is
seen above the orbits.

Figure 19–11 Myelomeningocele. Longitudinal view of the lower
spine demonstrating disruption of the spine and posterior cystic
mass (arrows).

Figure 19–12 Renal agenesis. Coronal plane of section in a fetus
with unilateral renal agenesis. No kidney is seen in the renal fossa and
the adrenal gland has assumed an elongated shape (arrows) due to
absence of the kidneys.

anomalies that may be seen at birth are fusion of the lower
limbs (sirenomelia), absence of the bladder, imperforate
anus, absence of external genitalia, renal agenesis (Fig.
19–12), hypospadias (Fig. 19–13), and single umbilical ar-
tery. As already stated, the abnormalities that form the ba-
sis of caudal regression syndrome may be seen in nondia-
betics as well.

Several other abnormalities may also be seen in pre-
gestational diabetics, including fetal hydronephrosis,
skeletal abnormalities, and ocular and skin defects. A
study by Petrikovsky et al evaluated a group of 12 patients
with a hypoplastic umbilical artery (Fig. 19–14) (artery to
artery difference of greater than 50%).14 They found that
one third of the patients was diabetic. Another study by
Weissman et al found that the umbilical cord was signifi-

cantly larger in fetuses of mothers with gestational dia-
betes than in the normal population.16 The main increase
in width was attributed to an increase in Wharton jelly
content.

The exact mechanism leading to an increased incidence
of congenital malformations is controversial. Insulin is un-
likely to be the cause of malformations because it does not
cross the placenta, and fetal insulin is not produced until
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after organogenesis. Hyperglycemia has been implicated
as the main cause of malformations. Maternal glycosylated
hemoglobin (Hb A1 c) is a reflection of average maternal
glucose levels during the preceding 6 to 8 weeks. When
these values are found to be elevated in the early second
trimester, it raises the concern that the diabetes is poorly
controlled and that hyperglycemia may have been present
at the time of organogenesis. One study found a 22% inci-
dence of congenital anomalies among infants of diabetic
mothers if the Hb A1 c was greater than 8.5%, and a 3% in-
cidence if the Hb A1 c was less than 8.5%.16

Although the foregoing risks and malformations apply
to the pregestational insulin-dependent diabetic, they do
not apply to the patient with gestational diabetes. Histori-
cally, the chance of fetal malformations in gestational dia-
betics has been reported as not being appreciably different
from that of the general population. The Collaborative
Perinatal Project, a prospective study of 48,437 subjects
from 14 institutions, revealed that diabetic women with
pregnancy-induced glucose intolerance were not at in-
creased risk for producing infants with congenital malfor-
mations.10 These facts strongly implicate a first-trimester
metabolic teratogen contribution in the pregestational di-
abetic population and give further credence to the notion
of attempting to achieve optimal preconceptional glucose
control in an attempt to decrease the risk of fetal malfor-
mations. An interesting, study by Schaefer et al attempted
to determine the risk of congenital malformations based
upon the degree of hyperglycemia in women with gesta-
tional diabetes.17 In their study, one or more major congen-
ital anomalies were present in 2.9% of the newborns and
an additional 2.4% had only minor abnormalities. In this
study the highest fasting serum glucose level at diagnosis

was the best predictor of the likelihood of congenital
anomalies. When the authors stratified women into sub-
groups based upon the fasting serum glucose level at diag-
nosis, the incidence of major anomalies was as follows:
2.1% with a fasting serum glucose < 120 mg/dL, 5.2% with a
fasting serum glucose level of 121 to 260 mg/dL, and 30.4%
with a fasting serum glucose level > 260 mg/dL. Their con-
clusion was that a fasting glucose level below that of overt
diabetes outside of pregnancy carries an important risk of
major anomalies that should be considered in the counsel-
ing of gravid patients.

Growth Disturbances

Infants of diabetic mothers can be affected by major
growth disturbances, most commonly macrosomia. The
etiology of the macrosomia is thought to be due to excess
levels of insulin resulting from maternal hyperglycemia.
The accelerated fetal growth seen in macrosomia is likely
due to the structural similarity of insulin to human growth
hormone. It should be remembered that, although diabetic
women have a higher incidence of macrosomia than non-
diabetics, only ∼2% of macrosomic fetuses will be born to
mothers with diabetes mellitus.18,19

Macrosomia has been traditionally defined as a birth
weight greater than the 90th percentile for gestational age
or a birth weight greater than 4000 g. Ultrasound is capa-
ble of estimating fetal weight utilizing measurements of
the fetus, of which the fetal abdomen is the most impor-
tant. Although fetal weight estimates are fairly accurate
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Figure 19–13 Hypospadias. Coronal plane of section in a male fetus.
Abnormal blunt end of the penis (arrow) is identified.

Figure 19–14 Hypoplastic umbilical artery. Transverse image of a
three-vessel umbilical cord with one normal umbilical artery (arrow)
and one hypoplastic (arrowhead). (Case courtesy of Carol B. Benson,
M.D., Boston, MA)
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Although macrosomia is the most common growth dis-
turbance in diabetic pregnancies, intrauterine growth re-
tardation can be seen in these patients as well. It is likely
that the etiology in this population is decreased uteropla-
cental perfusion secondary to vascular compromise. The
commonly used definition of fetuses below the 10% weight
for gestational age is also used in this population.

Polyhydramnios

Virtually every discussion concerning polyhydramnios will
list diabetes mellitus as a common etiology. Although it is
true that polyhydramnios can be seen in patients with
diabetes mellitus, it relates more to three factors than the
actual disease itself: (1) patients with poor glycemic control
are more likely to have polyhydramnios than those whose
blood glucose is normal, (2) those patients with macro-
somic fetuses (either diabetic or nondiabetic) are more
likely to have polyhydramnios, and (3) fetuses with mor-
phological abnormalities (which may be seen in the preges-
tational diabetic group) may have polyhydramnios.26–28

Prematurity

Diabetic patients tend to have an increased incidence of
premature deliveries, two to three times that of the general
population.2,29 Many of these deliveries are due to maternal
complications, including hypertension and preeclampsia.
An additional problem is that insulin-dependent diabetic
pregnancies have delayed lung maturation. A recent series
demonstrated that ∼23% of patients with insulin-dependent
diabetes were negative for amniotic fluid phosphatidylglyc-
erol as late as 39 weeks.4 Because of the risk for prematurity
and respiratory distress syndrome, it is important that ges-
tational age be established as accurately as possible. In gen-
eral, the earlier in pregnancy that fetal biometry is per-
formed using ultrasound, the more accurate it is likely to be.
Although early first-trimester ultrasound examinations are
quite accurate for establishing gestational age, they do not
allow accurate detection of fetal morphological abnormali-
ties. A reasonable compromise is to obtain a sonogram at 18
to 20 weeks of gestation, when the sonographic accuracy is
still within 1 week.

Summary

Knowledge that the gravid patient is diabetic will signifi-
cantly alter the performance and interpretation of the sono-
gram. At the very least, the patient with post-conceptional
diabetes will have frequent sonograms to monitor
fetal weight and growth. The fetus of a mother with pre-
conceptional diabetes will be carefully evaluated for fetal
morphologic abnormalities. In both cases, the fetal weight
and knowledge of the patient’s diabetic status may alter the
mode of delivery.

throughout pregnancy, they tend to be less so in the
macrosomic fetus. One possible explanation is the greater
amount of adipose tissue (not accounted for in most
formulas for fetal weight estimation) in these fetuses.18 A
second problem is that because one of the definitions of
macrosomia relates the weight to the menstrual age, when
the menstrual age is not known this relationship is no
longer meaningful. It is for this reason that menstrual
age–independent indicators, such as the absolute meas-
urement of the fetal abdomen or the relationship of the
fetal abdomen to the fetal femur, have been used as meth-
ods of detecting these fetuses. These methods are far from
perfect, however.

Because shoulder dystocia is a major problem in the
macrosomic diabetic fetus, several investigators have re-
cently evaluated the utility of ultrasound in predicting
this condition. Studies have evaluated either fetal subcu-
taneous tissue around the extremities or abdomen or var-
ious combinations of relationships of the fetal abdomen
to other fetal parts.20–22 In several studies, humeral soft
tissue thickness greater than 12 mm was predictive of
macrosomia with sensitivities of 88 to 96%.20,23 There are,
however, several studies in which ultrasound is only mar-
ginally better than clinical evaluation for the prediction
of macrosomia.21

Macrosomia is more common in women with gestational
diabetes than in nondiabetic women.22 Shoulder dystocia is
more likely at a given birth weight in diabetic than nondia-
betic pregnancies. As a result, some physicians recommend
cesarean delivery without a trial of labor at a certain thresh-
old of estimated fetal weight. However, the clinical utility of
this has not been established. The American College of Ob-
stetricians and Gynecologists has stated, “Although the diag-
nosis of fetal macrosomia is imprecise, prophylactic cesarean
delivery may be considered for suspected fetal macrosomia
with estimated fetal weights greater than 5000 grams in
women without diabetes and greater than 4500 grams in
women with diabetes.”24 In a 2001 issue of Practice Bulletin,
the threshold estimated fetal weight for patients with gesta-
tional diabetes was lowered to 4000 g.25

A review of fetal weight estimation in diabetic pregnan-
cies by Ben-Haroush et al resulted in the following conclu-
sions. (1) Regardless of the formula used, the relative
accuracy of the sonographic estimated fetal weight de-
creases with increasing birth weight. (2) The time elapsed
between the fetal weight estimation and delivery may in-
fluence the accuracy and precision of the estimate. (3) The
diagnosis of fetal macrosomia is imprecise. Some believe
that for suspected fetal macrosomia, the estimated fetal
weight using ultrasound biometry is no more accurate
than the estimated fetal weight obtained by clinical palpa-
tion. (4) Ultrasound biometry, used to detect macrosomia,
is characterized by low sensitivity, low positive predictive
value, and high negative predictive value. Thus, the true
value of the fetal weight estimate for fetal macrosomia
may be its ability to rule out the diagnosis.22
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The true risks of teratogen exposure are usually poorly un-
derstood by patients, and even by the physicians, nurses,
and sonologists who attempt to provide counsel. Such mis-
understandings can lead to both false assurances and false
alarm, both unfounded dismissiveness and unwarranted
anxiety.

Teratogenesis results from genetic and environmental
factors that singly or in concert alter the normal devel-
opment of the embryo. Those environmental agents that
can cause developmental abnormalities include drugs,
chemicals, infection, procedures, radiation, and hyper-
thermia. Genetic aberrations are determined before
conception, or at least differentiation, and exert a pre-
emptive governing effect on development. Considering
that every neonate has at least a 5% risk of having a
serious congenital abnormality, and that environmental
teratogens account for ∼10% of nongenetic human mal-
formations, it is apparent that teratogenesis is a field of
considerable importance for to  those involved with
prenatal diagnosis.1,2

Clinical Principles of Teratogenicity

There are four cardinal principles of teratogenicity.3,4

1. Teratogens exert their effects idiosyncratically across
individuals of a population and between species.
The expression of teratogenic effects is determined by a
multitude of factors that interact in complex and unpre-
dictable ways. The genetic constitutions of mother and
fetus interact to create a unique background of re-
silience and vulnerability to a teratogen. Indeed, only a
small minority of exposed fetuses will exhibit any
adverse consequences, and the range of phenotypic ex-
pression is extremely broad.3 Such variable susceptibil-
ity is not well understood. It is nonetheless incontro-
vertible that only small proportions of fetuses exposed
to hydantoins or even thalidomide develop malforma-
tions. Some mothers can consume alcohol throughout
pregnancy without apparent ill effect to the fetus,
whereas others imbibe sparingly and their offspring
suffer grievously.3

Teratogenic effects can be further modified by the size,
metabolism, parity, age, social class, and nutritional state
of the mother, as well as the ethnicity, race, and gender of
the baby.5 In addition, numerous environmental factors,
such as season, temperature, and geography, have been

shown to potentially influence the incidence of malforma-
tions.4

Interspecies differences are commonplace.6 Though
animal studies are invaluable for the investigation of
mechanism and pathogenesis, the results of these studies
are not always directly transposable to the human case.
This was most tragically demonstrated in the case of
thalidomide, where tests on rodents indicated the benig-
nity of the drug prior to its release, with devastating con-
sequences for thousands of human babies. Unfortunately,
this event has prejudiced some against all animal studies,
a position that is excessive, unreasoned, and ultimately
dangerous.

2. Susceptibility of a developing fetus to a teratogenic agent
depends on the developmental stage of the fetus at the time of
exposure.
The developmental effects of a teratogen exposure can
include death, malformation, growth disturbance, and
functional disorder. Three important stages are usually
distinguished: predifferentiation, embryonic, and fetal
(Fig. 20–1).

The first stage, encompassing the 2 weeks from fertil-
ization to early implantation, is a period before cellular dif-
ferentiation has occurred in the embryo and before the es-
tablishment of a placental connection to the blood supply
of the mother. The embryo is relatively invulnerable to
most teratogens during this period. Unless an agent can
reach the embryo through the mucous blanket of the ma-
ternal genital tract or by other means independent of the
maternal blood system, the embryo will not be affected.
Those agents—such as radiation—that are not delivered by
the maternal blood supply will result in embryonic death if
significant cell loss or chromosomal defects are produced.
Countervailing these effects is the plasticity of omnipoten-
tial embryonic cells, which can mount a potent reparative
response. If affected at all, the embryo will tend to either
recover or die. This binary response has been referred to as
the “all or none” phenomenon. This is not to say that mal-
formations cannot occur in this period, only that there is a
propensity toward embryolethality rather than surviving
malformed embryos.

The second stage of development extends from roughly
the third to the eighth week. This is the embryonic period
when organogenesis occurs. During this stage, cells take
on specific roles, grouping together to form organs at pre-
scribed critical periods of formation.9 Each organ, then, has
a window of particular vulnerability to teratogenic insult.

Teratogen Exposure
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Unfortunately, this period of greatest teratogenic suscepti-
bility begins before most women know themselves to be
pregnant, and sometimes even before the condition of
pregnancy can be reliably ascertained.

The last stage of development, known as the fetal
stage, begins after the ninth week of gestation. With the
important exceptions of the genitourinary system, the
palate, and the brain, most organs have formed and there-
after proceed to mature, function, and grow. Teratogenic
insults during this period can lead to growth failure and
eventual disturbances of behavior or fertility. Examples of
behavioral teratogenicity include the hyperactivity, inat-
tention, and tremulousness of children of narcotic-
addicted mothers; the mental retardation of children of
women exposed to anticonvulsants, alcohol, and lead; and
the abnormal reflexes of children of mothers exposed to
methyl mercury.10

3. Teratogenic induction is a threshold phenomenon.
A dosage threshold must be exceeded for irreparable
damage to be done. This can occur either as a single
large dose, or as repeated chronic exposure, and the in-
teraction of two or more drugs or chemicals may be
synergistic. Equally important, especially for the par-

ents, is the inverse formulation of this principle: There
is a level below which no embryopathic effects can be
measured.11 The concept of a placental barrier has been
debunked as fallacious: Most drugs and chemicals read-
ily reach the fetus in significant concentration soon after
administration.12

4. Typically, teratogens cause characteristic patterns of mal-
formations rather than single defects.
The final pattern of malformation represents not only the
consequences of initial injury mediated through cell death
and disruption of cell growth and metabolism, but also
that of secondary reparative and regenerative processes.
For example, the intraabdominal and intracranial calcifica-
tions characteristic of some viral infections represent a
reparative response to initial injury.

Identifying Teratogens

Establishing the safety or risk of drugs is a daunting task
fraught with many methodological problems. Even known
teratogens do not affect the great majority of exposed
fetuses because teratogenic effects are idiosyncratic and

20 Teratogen Exposure 217

20–1 Human embryonic development. Periods of greatest sensitiv-
ity (shaded) and lesser sensitivity to malformation are shown for indi-
vidual organs. (This chart is modified, from The causes of human
congenital malformations. In: Moore KL, ed. The Developing Human:

Clinically Oriented Embryology. 4th ed. Philadelphia: 1988:131–158;
and Risks. In: Kelly-Buchanan C, ed. Peace of Mind during Pregnancy.
Philadelphia: Dell; 1989:7–26)
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range of doses during the period of organogenesis can only
be performed in animal models. Epidemiological studies
alone are only conclusive once the agent has damaged
many children. Still, caution is required in the interpreta-
tion of animal studies: dosages may be many times greater
than those likely to occur in humans, and maternal toxicity
may contribute to the observed effect. Further, teratogenic
effects seen at high doses in animals may not be present at
clinical dosage levels in humans (as is the case with benzo-
diazepines, salicylates, and glucocorticoids).

Meta-analyses combine similar studies to increase
sample sizes. Such analyses, though, require that the com-
bined studies be comparable in quality and methods,
which may not always be the case. Further, there tend to be
fewer studies in the literature that do not find an associa-
tion because publication bias against negative studies
leads to unbalanced reporting.

In the end, several conditions must be satisfied to es-
tablish the teratogenicity of an agent from available evi-
dence. The evidence must be reproducible, consistent,
and biologically plausible.16 Epidemiological studies
should be independent and demonstrate similar effects.
Animal studies have greater credence if the exposure is

mitigated by a wide range of genetic, environmental, de-
velopmental, and physiological factors.13,14 Indeed, only a
few of the most potent teratogens increase the background
malformation rate by a factor of two or more.13 To illus-
trate, if the background rate is 3%, then at least 220
exposed fetuses (and a similar number of nonexposed
fetuses) would be needed to establish the risk of an agent
that increases the malformation rate by a factor of 2.5,
with a statistical power of 80%.13 This is the level of terato-
genicity seen only with the most severe and virulent
agents, such as thalidomide and isotretinoin.

Teratogens are identified and characterized on the ba-
sis of case reports of individuals, epidemiological studies
of populations, and controlled laboratory studies on ani-
mals. Clinical case reports serve to provide working hy-
potheses for the teratogenicity of an agent but cannot
establish a quantitative index of risk. Case reports are rarely
persuasive in themselves, except perhaps if the agent is a
usually potent teratogen, few women have been exposed,
and the consequent malformation is rare.13 Such was the
case with warfarin, diethylstilbestrol, and isotretinoin.13

In most cases, however, the association of a congenital
malformation and an environmental exposure is purely
coincidental, especially if the exposure or the malforma-
tion is common. Such was the case with Bendectin and
other drugs (Table 20–1, Exonerated drugs). An apparent
association may result from the convergence of the
baseline rate of malformations in the general population
(estimated between 1 and 5%) and the widespread use of
the agent.

Epidemiological studies are necessary to establish risk
when the agent is widely used, the malformation is com-
mon, and the teratogenic potency of the drug is relatively
weak. There are two types of epidemiological studies: case
control and cohort. Case-control studies are retrospective:
Investigators look backward into the histories of children
with and without the malformation to determine if chil-
dren with the malformation were more likely to have had
an exposure. Cohort studies are prospective: Investigators
look forward from records of exposure to rates of malfor-
mation. Retrospective studies can be skewed by recall or
ascertainment biases. Prospective studies can be con-
founded by any number of incidental factors (such as the
maternal illness that occasioned the exposure) if these fac-
tors are not distributed randomly between exposed and
nonexposed groups.15

Though it is true that the results of animal studies can-
not be extrapolated with certainty to humans, animal
studies have proven invaluable in assessing developmental
risks and preventing the catastrophic exposures in the hu-
man population.13 Every true human teratogen has had
parallel effects in animals, with two exceptions—thalido-
mide and misoprostol. In the case of isotretinoin, animal
studies prevented a human disaster similar to that of
thalidomide.13 Indeed, controlled experimentation across a
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Table 20–1 Historical Recognition of Chemical Teratogenesis 
in Humans

Approximate 
Date Number Cases 
Discovered Drug Malformed

1903 Antithyroid compounds 140

1950 Aminoglycoside antibiotics 60

1952 Anticancer agents 50

1953 Androgenic hormones 250

1956 Tetracyclines Thousands

1961 Thalidomide 7700

1963 Phenytoin Hundreds

1965 Hypervitaminosis A 20

1966 Coumarin anticoagulants 55

1967 Alcohol Thousands

1970 Methadione anticonvulsants 40

1970 Lithium 25

1970 Diethylstilbestrol Hundreds

1971 Penicillamine 5

1976 Primidone 25

1982 Valproic acid 100

1983 Vitamin A analogues 115

1987 Cocaine Hundreds

1988 Carbamazepine 70

Adapted from Turner GM, Twining P. The facial profile in the diagnosis
of fetal abnormalities. Clin Radiol 1993;47:389–395 and from Schard-
ein JL. Chemically Induced Birth Defects. 2nd ed. New York: Marcel
Dekker; 1993:398641.
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comparable in dose and route of exposure as in humans,
and if the species is phylogenetically close to humans.
And finally, the teratogenic effects must be biologically
plausible: effects should be related to dose, timing during
development, and presence at susceptible sites within
the fetus.

Ultrasound Evaluation

The sonologist evaluating a patient with teratogen expo-
sure will need to first assess the developmental risks of the
exposure. This requires interviewing the patient to deter-
mine the agent, the dose, and the timing of the exposure.
Specific agents tend to produce specific patterns of abnor-
mality. Both the incidence and the severity of malforma-
tions tend to increase with the dose (Table 20–1). As stated
earlier, timing is crucial. Teratogenic exposures in the first
2 weeks following conception are less likely to result in
malformation in embryos that survive. Exposures occur-
ring during the embryonic stage should be placed as
precisely as possible in those critical 6 weeks so that the
examination can be concentrated on those organs most
susceptible to injury (Fig. 20–1).

Once risk is assessed, the sonologist will likely benefit
from any of several information or consultative re-
sources. Online databases provide perhaps the most cur-
rent and readily accessible summaries of the medical lit-
erature and estimates of risk. Particularly valuable
services are provided by the ReproTox system,17 the Moth-
erisk program (416–813–6780, www.motherisk, org), and
the Organization of Teratogen Information Services (OTIS,
801–328–2229, http://orpheus.ucsd.edu/ctis). The OTIS
Web site has very good fact sheets for many drugs that
can be downloaded and printed in English, Spanish, and
French, and which are written in accessible lay language.

Other useful electronic resources that can be accessed
online are the Teratogen Information System (TERIS),18 Re-
proRisk, and Shepards Catalog of Teratogenic Agents.19 If an
unusual abnormality or pattern of abnormalities is found
in a fetus, possible etiologies can be found in such data-
bases as POSSUM (Pictures of Standard Syndromes and
Undiagnosed Malformations), Platypus, and the London
Dysmorphology Database. Finally, there are several excel-
lent books and review articles that list teratogens and their
described effects, though these will be variably current.20–25

Though dated, the book Peace of Mind during Pregnancy by
Christine Kelley-Buchanan is particularly useful for coun-
seling patients because it is written in direct and clear lan-
guage that will be accessible to most patients.26

Ultimately, the sonographic study of a pregnancy with a
known teratogenic exposure will need to be more compre-
hensive and meticulous than routine studies. In addition to
the routine fetal survey, additional scrutiny will need to be
directed to the face, calvarium, spine, heart, limbs, hands

and feet, and genitalia, as well as to the measures of fetal
growth, amniotic fluid volume, and placental function.
Knowing the probable effects of a teratogen will help focus
this rather formidable and extensive survey.

This said, one small study of 126 pregnancies studied by
ultrasound for teratogen exposure found only one struc-
tural abnormality.27 This study, however, made no account-
ing of the magnitude or the timing of the exposures and
included a broad miscellany of agents, most of which con-
tribute five or less episodes of exposure each. As discussed
earlier, the likelihood that such a study would be able to
identify the effects of even the most potent teratogen is ex-
tremely small. The value of this study is highly question-
able, and its conclusions could be misleading.

Observed effects can be organized into four basic cate-
gories: malformation, growth retardation, death, and func-
tional impairment.4 Of these, growth disturbances are the
most common and sensitive signs of exposure.8

Craniofacial anomalies can generally be depicted with
routine imaging, though more subtle abnormalities may re-
quire morphometric analysis.28 Standardized linear meas-
urements have been proposed to describe the growth of
normal craniofacial structures, including the mandible.29–31

Even so, the morphometric approach has not been widely
adopted in prenatal laboratories, partly due to the problem
of obtaining reproducible planes of imaging and partly due
to the inherent imprecision of the relatively small measure-
ments. Nonetheless, these techniques have been well estab-
lished in infants and children32 and may yet prove to be
transposable to the fetus.

Functional and neurobehavioral effects may be revealed
in observations of fetal breathing, movement, behavior, and
adaptability to stimulus. The agitated behavioral state of a
cocaine-exposed fetus may be the only detectable abnor-
mality. Choanal atresia in a coumarin-exposed fetus could
theoretically be detected by an abnormal pattern of fetal
breathing visible with color Doppler techniques. In cases of
misoprostol exposure, Doppler techniques can demon-
strate increased resistive indices in the uterine artery, an
important indicator of compromise of the uteroplacental
perfusion that is the presumed mechanism of fetopathy.
Such observations test the limits of the capabilities, skills,
and patience of the examiner. The success of the enterprise,
however, will finally depend on the ability of the sonologist
to make subtle and careful observations.

Classes of Teratogens

Pharmaceuticals

Despite the widespread recognition that drugs taken dur-
ing pregnancy could affect the fetus, recent studies have
shown that drug use during pregnancy is, in fact, increas-
ing.33 An average of 81% of pregnant women are exposed to
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Thalidomide

Once a popular tranquilizer outside the United States,
thalidomide damaged an estimated 7700 children before
its teratogenic effects were discovered.40,41 Malformations
occur in roughly 20% of exposed fetuses and include limb
reduction defects, esophageal and duodenal atresia, tetral-
ogy of Fallot, renal agenesis, facial hemangiomata, and
anomalies of the external ear (Fig. 20–2). Following the ca-
tastrophe, the use of thalidomide as a sedative ended in
the 1960s, but has been recently reinstituted in clinical
practice for the treatment for leprosy and multiple
myeloma. The drug is also being studied for use with sev-
eral malignant diseases, such as myelofibrosis, renal cell
cancer, prostate cancer, and Kaposi sarcoma.42

Angiotensin-Converting Enzyme Inhibitors
and Angiotensin II Receptor Antagonists

Used for the treatment of hypertension, these drugs act on
the renin-angiotensin system by different mechanisms to
reduce angiotensin II production. Angiotensin II, though, is
also a growth factor for the fetal kidney and is important for
nephrogenesis.15 These drugs do not appear to have terato-
genic effects in the first trimester of pregnancy, but have
been associated with renal dysgenesis, fetal oliguria (and
oligohydramnios), skull defects, fetal growth restriction,
and death when the fetus is exposed in the second and third
trimesters43,44 (Fig. 20–3). It has been suggested that hy-
potension is an important mechanism for the malforma-
tions.45 Serial fetal sonograms for amniotic fluid volume and
fetal growth are indicated for exposures later in pregnancy.

drugs sometime during their gestation, and the average
number of drugs taken is approximately six.34 Nonetheless,
apart from exposures to established teratogens, the risk of
a major fetal malformation following general maternal
drug use is low: Case-control studies from large birth reg-
istries suggest an odds ratio of 1.2.35

The myth that the uterus is a privileged sanctuary for
the fetus, largely impervious to the noxious agents of the
maternal world, was shattered by the thalidomide catas-
trophe. To be sure, an association had already been re-
ported between maternal rubella infection and severe fetal
malformations as early as 1941, but the extreme vulnera-
bility of the fetus to drugs and chemicals had not been
widely suspected.36–38 Indeed, essentially all drugs are
transferred across the placenta to the fetus, with rare ex-
ception.33 In subsequent years a broad spectrum of drugs
have come under closer scrutiny. Even so, fewer than 30
drugs have been identified as human teratogens and many
of these are no longer in clinical use (Table 20–1).13 More
recent entries to Table 20–1 would include angiotensin-
converting enzyme (ACE) inhibitors, angiotensin II recep-
tor antagonists, fluconazole, systemic corticosteroids,
misoprostol, and methimazole.39

It is equally important to recognize that several drugs
had been initially identified as teratogens, but were subse-
quently shown not to be in larger and better-controlled
studies.13 These include diazepam (Valium) (reported to
cause oral clefts); oral contraceptives (pseudohermaphro-
ditism, various malformations in the VACTERL spectrum);
spermicides (limb defects, tumors, hypospadius); salicy-
lates (cleft palate, congenital heart disease); and Bendectin
(cardiac and limb defects).13

Ultrasonography in Obstetrics and Gynecology220

Figure 20–2 Phocomelia and micromelia. The upper limb of this fetus
(arrows) is markedly short with complete or partial absence of individ-
ual bones. Such an abnormality was found in babies of mothers who
had taken the sedative thalidomide. Though no longer used as a seda-
tive, this drug is being reintroduced as a treatment for skin disease.

Figure 20–3 Renal dysgenesis. Echogenic and dysmorphic kidneys
(arrows) are a feature of angiotensin-converting enzyme inhibitors
and angiotensin II receptor antagonists, when exposure occurs in the
second or third trimester.
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Misoprostol

When used in the treatment of peptic ulcer disease, miso-
prostol (a prostaglandin E1 analog) was found to also cause
endometrial bleeding.46 This led eventually to its use as an
abortifacient in Brazil, where abortion is illegal and pre-
scription drugs can be purchased over the counter. This
confluence of factors led to the widespread popularity of
the drug: fully 11% of women delivering in Rio de Janeiro in
1993 had used misoprostol in attempts to end their preg-
nancies.46 Unfortunately, misoprostol alone will induce
abortion in only 11 to 20% of cases, which resulted in a
large number of exposed fetuses.47 Though the frequency
of malformation has not been established prospectively,
one retrospective case-control study found an odds ratio of
29.7 (95% CI 11.6 to 76.0) comparing mothers who had
used misoprostol in the first trimester to mothers who had
given birth to infants with spina bifida.48

Misoprostol causes intense uterine contractions fol-
lowed by bleeding.49 This is postulated to lead to hypoper-
fusion of the fetus, and ischemia and infarction in tenu-
ously perfused areas served by end arteries (limbs, brain
stem, spinal cord, intestine, tongue). The resulting vascular
disruption defects include cranial nerve hypoplasia and
terminal transverse defects in the arms and legs (and other
limb abnormalities) (Fig. 20–4A,B). This combination
of abnormalities has been referred to as the Mobius
sequence.46,48

Teratogen-induced limb defects, therefore, can be ei-
ther the result of limb dysmorphogenesis (thalidomide,
warfarin, phenytoin), or vascular disruption of a limb that
had formed normally [misoprostol, chorionic villus sam-
pling (CVS)].46 The pathogenic hypothesis for misoprostol
is supported by Doppler ultrasound studies showing an in-
crease in the resistive indices of the uterine arteries in
women taking misoprostol.50

Thyroid Agents

Antithyroid agents such as iodine-131 readily cross the
placental membrane and are taken up by the fetal thyroid
with an avidity that exceeds even that of the mother.51 Me-
thimazole, carbimazole, and propythiouracil (PTU) can
cause fetal goiter and hypothyroidism if used after 10
weeks gestation when the fetal thyroid begins to concen-
trate iodide, though there is usually a return to the euthy-
roid state within days or weeks after birth.52 The risk is
probably minimal with methimazole and carbimazole and
small with PTU. Prenatal ultrasound evaluation for fetal
thyroid enlargement is indicated. Both methimazole and
carcimazole have been associated with scalp defects (apla-
sia cutis), and therefore PTU is currently the drug of choice
during pregnancy.52

Thyroid replacement agents, by distinction, are pre-
dominantly protein bound and, therefore, do not readily
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Figure 20–4 (A,B) Terminal transverse defect in the upper limb
(arrow). Limb defects can be the result of dysmorphogenesis
(thalidomide, warfarin, phenytoin), or vascular disruption of the limb

that had formed normally (misoprostol, chorionic villus sampling).
(Courtesy of Carol B. Benson, M.D., Boston, MA)
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is also associated with lower verbal IQ scores, though this
is as yet unsubstantiated.60 Trimethadione is the most
potent teratogen of the anticonvulsant group. The tri-
methadione syndrome is manifested by intrauterine growth
retardation, microcephaly, cardiac anomalies, renal mal-
formations, and mental retardation.61 The increased terato-
genic risk estimates for anticonvulsants are 69 to 80% for
trimethadione exposure, 6% for phenobarbital and hydan-
toin exposure, and ∼1% for valproic acid.

Anticoagulants

Coumarin anticoagulants, such as warfarin, produce char-
acteristic teratological abnormalities of the skeleton in
∼10% of those fetuses exposed during the critical sixth to
ninth weeks of gestation.14 The most frequent abnormali-
ties found in babies are stippled epiphyses, shortened
fingers, and nasal hypoplasia (Fig. 20–7A–C). Stippled epi-
physes are difficult to demonstrate prenatally by ultra-
sound, although one report does purport to depict this
finding in a 22-week fetus with Conradi-Hünermann syn-
drome.62 Brachydactyly with disordered chondrogenesis
has been described in a case report of a 17-week abortus63

and so may also be detectable with prenatal ultrasound.
The nasal hypoplasia may be severe and associated with
choanal atresia. Coumarin can cause intrauterine growth
retardation and central nervous system (CNS) abnormali-
ties such as microcephaly, Dandy-Walker malformation,
eye defects, and agenesis of the corpus callosum.64 Devel-
opmental retardation has been associated with second-
and third-trimester exposure. In a small number of cases,
congenital heart disease has been described.

Both the nasal hypoplasia and the stippled epiphyses
likely result from disordered chondrogenesis rather than

cross the placenta.53 These agents are considered to have a
low teratogenic potential.

Anticonvulsants

The rate of congenital malformation is increased 2 to 3
times for epileptics receiving anticonvulsant therapy over
nonepileptics or epileptics who were not medicated.54,55

Anticonvulsant therapy has been particularly implicated in
the induction of cleft lip–cleft palate, and congenital heart
disease (Fig. 20–5). More specific patterns of malforma-
tion have been attributed to five anticonvulsant drugs:
phenytoin, trimethadione, valproic acid, primidone, and
carbamazepine. The syndrome associated with hydan-
toins, such as Dilantin, is manifest by characteristic cranio-
facial features, which include hypertelorism and de-
pressed nasal bridge, limb anomalies, such as digital and
nail hypoplasia, and growth retardation. Many of these ab-
normalities are subtle, and at least one study indicated
that sonograms at 18 to 20 weeks are unlikely to reveal the
structural defects associated with this drug.56

Those abnormalities associated with valproic acid,
however, have been described in the ultrasound literature.
Specifically, these include lumbar meningomyelocele (1 to
2% incidence) and radial ray limb defects (Fig. 20–6).57–59

Similar phenotypic changes are seen with primidone, phe-
nobarbital, and carbamazepine (Tegretol). Some recent
studies have suggested that valproic acid exposure in vitro
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Figure 20–5 Cleft lip and palate. A complete unilateral defect (ar-
row) is seen in this modified coronal view. This finding can be found
following exposure to hydantoins, valproic acid, trimethadione,
retinoids, cyclophosphamide, ethanol, cocaine, glucocorticoids, and
hyperthermia. (Courtesy of Carol B. Benson, M.D., Boston, MA)

Figure 20–6 Neural tube defect. Spinal dysraphism and a meningo-
myelocele (arrows) is demonstrated in this fetus. This abnormality is
a prominent feature of embryopathy resulting from valproic acid,
carbamazepine, methotrexate, lithium, ethanol, and hyperthermia.
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hemorrha.65,66 The CNS defects are probably caused by mi-
crohemorrhages in the developing tissues, although one
case report does suggest a direct effect of warfarin on the
developing CNS.67 For the critical first-trimester period,
many authorities recommend using heparin, which does
not cross the placenta, as an alternative to warfarin.68

Vitamin A Congeners

Retinoids are among the most potent teratogens on the
market. Used primarily in the treatment of severe acne and
psoriasis, these vitamin A congeners carry an ∼25% relative
risk of malformation among fetuses that survive to 20

weeks of gestation following maternal exposure to thera-
peutic doses.69 These malformations include craniofacial
defects (small malformed ears, mandibular and midfacial
underdevelopment, and wide palatal clefts), cardiovascu-
lar malformations (especially conotruncal defects, trans-
position of the great vessels, tetralogy of Fallot, ventricular
septal defects (VSDs), and aortic arch abnormality), and
central nervous defects (hydrocephalus and absence of the
cerebellar vermis).

For some of the retinoids, it is unclear how long a cou-
ple should wait after termination of therapy to attempt
pregnancy. One retinoid drug in particular, etretinate, is
extremely lipophilic and can be stored in body fat and
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Figure 20–7 Midface hypoplasia in warfarin exposure. Nasal hy-
poplasia is a salient feature of exposure to coumarin anticoagulants
in the first trimester. This malformation is thought to result from dis-
ordered chondrogenesis. (A) The depression of the midface (arrow)
is seen in the prenatal sonogram at 32 weeks. (B,C) Postnatal images
clearly demonstrate the dysmorphic features. (Courtesy of David
Nyberg, M.D.)
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congenital heart disease is unresolved, the repeated obser-
vation of heart defects appears to be more than coinciden-
tal. Although a 7 to 8% incidence has been cited, many be-
lieve a 1 to 5% range is more realistic.17,80–82 More recent
studies support a 1% or less risk estimate.83 The issue is
confounded by lack of a control population, the likely over-
reporting of abnormal cases, the prevalence of drug use
and heavy smoking in this population, and a possible
increased background risk of perinatal death and heart
disease in the offspring of women with bipolar illness re-
gardless of drug therapy. Second-trimester sonographic
screening and fetal echocardiography have been recom-
mended for any woman exposed to lithium in early preg-
nancy.84,85 Exposures near term have been associated with
neonatal cyanosis, hypotonia, cardiac dysrhythmia, dia-
betes insipidus, and hypothyroidism. The small reported
risk of teratogenesis must be weighed against the poten-
tially life-threatening consequences of recurrent material
bipolar disease. This recurrence rate is ∼50% following dis-
continuation of lithium therapy.83

Tetracycline

Tetracycline has never been convincingly associated with
major birth defects. Only minor defects have been de-
scribed with consistency, the most common being discol-
oration of developing teeth. At high doses, there has been
depression of skeletal bone growth, particularly the fibula,
and hypoplasia of tooth enamel.86 Case reports of limb re-
duction defects have not been supported by epidemiologi-
cal or animal studies.

Hormones

Progestins and Estrogens

Exposure to progestins and estrogens usually results from
the continued use of birth control pills following concep-
tion by women unaware that they are pregnant.87 Alterna-
tively, women are sometimes exposed to these hormones
as treatment for threatened abortion in the first trimester.
Early retrospective studies proposed an association be-
tween exposure to female sex hormones and abnormali-
ties such as cardiovascular defects (particularly transposi-
tion of the great vessels), limb reduction defects, the
VACTERL syndrome, and malformations of the external
genitalia.88 These studies were, however, limited retrospec-
tive studies with small sample sizes. In many reported
cases, exposure occurred outside of the critical period of
organ formation. Most authorities now believe that pro-
gesterones and progesterone–estrogen combinations rep-
resent an ∼1% risk of clitoral hypertrophy in females, and
that exposure during the 8th to 10th week of gestation is
required for the effect.89,90 There does not seem to be an in-
creased incidence of hypospadias in male fetuses exposed
to progestin, as once reported.91 It is presumed that the

produce measurable blood levels up to 1 year after cessa-
tion of treatment. Indeed, several cases of malformation
have been reported in infants whose mothers discontin-
ued etretinate treatment 7 to 12 months before their
conceptions.70 Other agents, such as isotretinoin, are effec-
tively eliminated within a month.71 Vitamin A itself has
much less teratogenic potential, although hydronephrosis,
hemifacial micromelia, microhydrocephaly, and partial
sirenomelia have been described after massive doses.72,73

Anticancer Agents

Cyclophosphamide and other alkylating cancer therapeu-
tic agents carry an estimated risk of malformation of one
in every three exposures.74 With first-trimester exposure,
these malformations are typically skeletal and palate de-
fects, as well as malformations of the limbs and eyes.75 Ex-
posure in the second and third trimesters is associated
with a much smaller risk of malformation, though growth
retardation and pancytopenia have been described.76 Other
alkylating agents, such as busulfan and chlorambucil, also
produce malformations, but these more often cause ab-
normalities of the kidneys, ureters, and CNS closure.

Lithium

Lithium is the most controversial entry on the list of
known teratogens. This drug has been associated with
congenital heart disease, and in particular the rare Eb-
stein’s anomaly (Fig. 20–8).77–79 Although the true risk of
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Figure 20–8 Ebstein’s anomaly. This rare cardiovascular anomaly is
characterized by displacement of the tricuspid valve into the right
ventricle (arrow), creating a large right atrium (RA), a small right ven-
tricle (RV), and right ventricular outflow obstruction. This anomaly
has been reported in an unusually large number of lithium-exposed
fetuses. LV, left ventricle. (Courtesy of Carol B. Benson, M.D., Boston, MA)
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clitoromegaly results from the conversion of progestins to
androgens in the mother and unborn baby.

Diethylstilbestrol

Diethylstilbestrol (DES) was widely prescribed before 1971
in the United States to prevent miscarriage, premature deliv-
ery, and other pregnancy complications. In utero exposure to
DES has been associated with subsequent development of
vaginal adenosis and carcinoma in young women of DES-
exposed mothers. This association is an important example
of the potential long-term and delayed effects of drugs given
during pregnancy.15 Further, these daughters have also been
found to have increased incidence of premature deliveries
associated with increased perinatal mortality.89 Abnormal
morphology of the uterus, the “T-shaped appearance,” as
well as other uterine lesions have been described in this
population. Detection of abnormalities in utero, however,
has not been described. At least 25% of women with first-
trimester DES exposure develop genital tract anomalies, in-
cluding vaginal adenosis, cervical malformations, vaginal
septae, uterine cavity anomalies, and fallopian tube anom-
alies.92 A parallel increase in male urogenital abnormalities
has not been substantiated, though microphallus, cryp-
torchidism, and hypoplastic testes have been reported.93

More recently, reports of potential transgenerational effects
of DES have included an increased rate of hypospadius in
sons of mothers who had had in utero exposure94; a third-
generation case of vaginal adenocarcinoma95; and increased
neurological injury to children of affected mothers.96

Glucocorticoids

Systemic corticosteroids (cortisone, prednosalone, pred-
nisone) have been implicated in the causation of cleft lip or
palate in animals and humans since the 1960s (Fig. 20–5).
The increased risk in humans, however, seems to be so low
that it has been difficult to substantiate above a back-
ground malformation rate of 3%.83,97 Studies have produced
widely disparate results. A recent meta-analysis has
demonstrated a small, but statistically significant associa-
tion with first-trimester exposures.98 These authors esti-
mate an increase of only one or two cases of oral clefts per
1000 treated women. Many authorities advise, therefore,
that the benefits to the mother in certain circumstances far
outweigh the risks.83,99 This is undoubtedly true after 12
weeks gestation, the fetal age when the palate formation is
complete. Screening ultrasound is often able to detect
clefting prenatally and is indicated in mothers on systemic
steroids. No effect has been attributed to topical or inhaled
steroids, presumably because the systemic dose is so low.97

Alcohol and Recreational Drugs

Alcohol and recreational drugs are the most significant de-
velopmental toxicants of the modern day.

Alcohol

Alcohol consumption during pregnancy is the most fre-
quent cause of mental retardation in the Western world.100

Alcohol teratogenicity produces CNS dysfunction, prenatal
and postnatal growth retardation, characteristic craniofa-
cial abnormalities, and a variable number of major and mi-
nor malformations.101–103 Described CNS abnormalities in-
clude microcephaly, hydrocephaly, neural tube defects,
and holoprosencephaly (Fig. 20–9A–D). Facial features
include midface hypoplasia, hypoplastic maxilla, micro-
gnathia, cleft palate and lip, as well as short upturned
nose, short palpebral fissures, thin upper lip, and flat
philtrum. Other associated malformations include cardiac
defects [VSD, atrial septal defect (ASD), great vessel anom-
alies, and tetralogy of Fallot], hydronephrosis, small kid-
neys, scoliosis, radial ulnar synostosis, polydactyly, hypo-
plastic external genitalia, and hernias of the diaphragm,
umbilicus, or groin. Though the kidneys of ethanol-exposed
infants are significantly smaller than normal controls, the
prevalence of structural malformation may not be in-
creased in the exposed group.104

Although only ∼4% of women who drink will have a
child that meets the criteria for fetal alcohol syndrome, it is
clear that prenatal exposure to alcohol can produce severe
brain damage and neurobehavioral dysfunction, even
without facial dysmorphism.105 Currently, the wider range
of deleterious outcomes following alcohol exposure is
called fetal alcohol spectrum disorder. Recent studies indi-
cate that heavy maternal alcohol consumption is associ-
ated within 40% risk of fetal brain damage.15 Binge drinking
seems to be particularly dangerous for long-term behav-
ioral and cognitive deficits.83

Prenatal detection of ethanol effects is often difficult,
with subtle features appearing only late in pregnancy.24

Quantitative characterization of the craniofacial dysmor-
phism has been reported in a nonblinded study of three fe-
tuses at 16, 19, and 24 weeks of gestation.106 These results
have not been corroborated in all laboratories. Even so,
there is no clear dosage threshold or period of susceptibil-
ity yet defined: The brain is both the first organ to begin
development and the last organ to complete it, and it
therefore remains vulnerable throughout gestation. With
no safe dose threshold, most authorities now advocate to-
tal abstinence from ethanol during pregnancy.

Cocaine

Cocaine use during pregnancy is a serious public health
problem: An estimated 10 to 15% of pregnant women in
Western countries use cocaine. Although it is clear that co-
caine is a significant developmental toxicant, the terato-
genic potential of the drug is difficult to characterize. In
part, it is because fetuses of cocaine-abusing mothers are
also exposed to the potentially deleterious effects of mal-
nutrition, polydrug abuse, and inadequate prenatal care.107

20 Teratogen Exposure 225

14495OB_C20_pgs.qxd  8/16/07  1:57 PM  Page 225



membranes, placental abruption, premature labor and de-
livery, and intrauterine growth retardation.108–110

The teratogenic actions of cocaine likely stem from its
physiological effects, specifically vasoconstriction, tran-
sient hypertension, and vascular disruption.111 Cocaine use
has been associated with reduction or disruption of blood

In addition, malformations resulting from cocaine abuse
vary too widely between patients to constitute a recog-
nized syndrome. Some studies have found a 15 to 20% inci-
dence of congenital abnormalities in cocaine-abusing pop-
ulations, and all such pregnancies are at increased risk of
spontaneous abortion, stillbirth, premature rupture of
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Figure 20–9 Ethanol exposure. The mother of this fetus was a
chronic alcoholic who admitted to daily alcohol consumption. (A)
Prenatal ultrasound demonstrated an intact cervical spine (arrows)
and occiput (arrowhead), but absent anterior calvaria. Facial features
could not be discerned. Disorganized neural tissue was seen arising
above the expected level of the orbits. (B) Sonographic depictions of
the forearms revealed only one bone (arrow) on each side. Abnormal

hands and feet were seen on other views. (C) Postnatal radiography of
the abortus demonstrates a large defect extending from the face to
the cranium (faciocranioschisis), bilateral radial aplasia, ulnar bowing,
bilateral ectrodactyly, and bilateral club feet. (D) Photograph of the
abortus shows the extruded neural tissue from the head, which
adheres to the placenta. (Courtesy of Martha Decker-Phillips, M.D.)
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to the placenta, uterus, and fetus, making generalized in-
trauterine growth retardation a logical consequence. Spe-
cific malformations are multifarious and wide ranging, but
can be broadly categorized as cranial defects (exencephaly,
encephalocele, parietal bone defects); limb reduction de-
fects; intestinal perforation, obstruction, or atresia; uro-
genital abnormalities; and cerebral infarction (Fig. 20–10,
Fig. 20–11, Fig. 20–12).17

Neurosonographic studies on neonates have demon-
strated subependymal germinal matrix cysts,112,113 and pre-
natal studies have demonstrated choroid plexus cysts.111

These cysts may represent focal ischemia or hemorrhage.
The incidence of abnormality on postnatal neurosono-

graphic studies varies between studies and may be quite
low.114 Heart abnormalities include transposition of the
great vessels and hypoplastic right heart syndrome. The
increased incidence of malformations of the urinary tract
is perhaps the most convincingly demonstrated manifesta-
tion of exposure: The estimated risk is approximately four
times that for the control.115,116 Such urological abnormali-
ties include hydronephrosis, renal infarction, crossed
fused ectopic, prune belly syndrome, renal and ureteral
agenesis, and hypospadius (Fig. 20–10). Cocaine also pro-
duces neurobehavioral disturbances, such as hypertomia
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Figure 20–10 Dilated loops of bowel (b) in the fetal abdomen. In-
testinal perforation, obstruction, and atresia are features found in
the fetuses of cocaine-abusing mothers. Vascular disruption is pre-
sumed to cause ischemic and infarctive bowel injury in these fetuses.

Figure 20–11 Renal agenesis. The left kidney is present (arrows),
but the right is absent (open arrows) on this axial image with the
spine (S) up. Malformations of the urinary tract, such as this, have
been convincingly shown to have an increased incidence in fetuses
exposed to cocaine. The urological abnormalities, however, are wide
ranging and include malformation, infarction, and obstruction.

Figure 20–12 Cerebral infarction and periventricular leukomalacia
in a cocaine-exposed fetus. Cocaine is believed to cause vascular dis-
ruption anomalies throughout the body. (A) In the brain, this can be

manifest as ventriculomegaly and (B) abnormal increased echo-
genicity of the white matter tracks (arrows). (Courtesy of Carol B.
Benson, M.D., Boston, MA)
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methotrexate, was at one time used in the first trimester
for the purpose of inducing abortion. The anomalies iden-
tified in the abortuses and in the surviving babies repre-
sent one of the very few teratogenic experiments per-
formed in humans.

Chorionic Villus Sampling and Amniocentesis

CVS, a technique of first-trimester genetic diagnosis, has
been implicated in the production of limb defects. This as-
sociation was suggested by population studies and CVS
registries in which an unexpected number of mothers who
had had a CVS gave birth to babies with transverse limb re-
duction defects and oromandibular–limb reduction hypo-
genesis syndrome, a syndrome characterized by limb defi-
ciency, hypoglossia, and micrognathia.122,123 Other studies
have suggested an association with intestinal atresia, gas-
troschisis, and clubfoot.124 This association is controversial
and not corroborated by all studies.125 Most investigators
now believe that the risk, if real, is small (estimated at
1/1000 to 1/3000 births), and may be related to the tech-
nique and timing of the procedure. There is no convincing
evidence for an increase in limb reduction defects follow-
ing CVS when performed at 10 weeks of gestation or later,
but there may be for procedures performed earlier than 10
weeks.126,127 The proposed etiology of these malformations
is vascular disruption and may be the result of emboliza-
tion of trophoblastic tissue from the placenta to the fetus,
resulting in ischemic or infarctive injury.124 Other proposed
mechanisms suggest that the function of the placenta is
compromised, or that the release of vasoactive placental
angiotensin initiates the fetal injury.

Amniocentesis performed before 13-weeks gestation
has been associated with an increased risk of talipes
equinovarus (club foot).128,129 No added risk of fetal malfor-
mation has been shown when the procedure is performed
at 15 weeks or later,14 although there are case reports of
limb malformation presumably due to direct injury by the
amniocentesis needle itself.46

Radiation and Heat

Radiation

More than any single issue in teratology, misunderstand-
ing of the risks of radiation exposure to the developing
embryo and fetus has caused excessive and unnecessary
anxiety.26 A recent study demonstrated that family physi-
cians and obstetricians tend to grossly overestimate the
risks of diagnostic levels of radiation.130 Radiation is cer-
tainly one of the best known and earliest recognized ter-
atogens, but the effects of radiation have been docu-
mented in pregnant women who have received large
amounts of ionizing radiation either as therapy for cervical
cancer or as atomic bomb survivors. The principle effects
include microcephaly, intrauterine growth retardation,

and irritability, evidence for which has been seen even on
prenatal ultrasound.15,117

Recreational Drugs

Toluene inhalation produces a pattern of congenital abnor-
mality similar to fetal alcohol syndrome (microcephaly,
CNS dysfunction, intrauterine growth restriction, craniofa-
cial anomalies).14 By distinction, teratogenicity has never
been conclusively demonstrated for marijuana, heroin,
opium, or lysergic acid diethylamide (LSD). To be sure, LSD
use has been associated with limb defects, ocular defects,
and CNS abnormalities. Heroin use has been associated
with fetal growth retardation and neonatal withdrawal
symptoms, but as yet no discernible pattern of defects has
been identified.118 Likewise, impaired fetal growth has
been associated with marijuana, although this effect is
difficult to substantiate when the confounding effects of
social status and concurrent alcohol and drug use are con-
sidered. The growth impairment with marijuana use is
comparable to that seen with cigarette smoking. Cigarette
smoking itself is also associated with miscarriages, abnor-
mal placentation, facial clefts, and clubfoot deformities.83

The risks for oral clefts and foot abnormalities seem to be
quite small, although recent studies have indicated that
the incidence of these abnormalities is increased with par-
ticular genetic variants and familial susceptibilities.83,119

Obstetrical Intervention and Procedures

Methotrexate

Methotrexate is used to terminate ectopic pregnancies and
induce abortions because of its toxicity to embryonic and
trophoblastic tissues. If used inappropriately, an intrauter-
ine embryo may be exposed during the critical period of 6
to 8 weeks after fertilization. If the embryo survives, a
broad range of serious malformations can be found. These
include malformations of the skull, such as sutural synos-
tosis, defective ossification of the calvarium, micrognathia,
brachycephaly, and a “clover leaf” configuration. Abnor-
malities of the CNS have included anencephaly, hydro-
cephaly, meningomyelocele, and cerebral hypoplasia. Ocu-
lar hypertelorism and a wide nasal bridge, and limb
deformities such as syndactyly, talipes equinovarus, and
mesomelic shortening of the forearms have been seen in
several infants.120,121 Growth retardation was also a feature
of the few cases that have been reported to date. To be
sure, several normal pregnancies have been reported after
methotrexate and aminopterin exposure.

Much of what is known about the teratogenicity of
methotrexate has been derived from case reports of moth-
ers undergoing cancer treatment. A folic acid antagonist,
methotrexate interferes with the replication of nucleic
acid and consequently prevents the division and multipli-
cation of cells. Aminopterin, a drug closely related to
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mental retardation, and eye malformations, but spina bi-
fida cystica, cleft palate, and skeletal and visceral abnor-
malities have also been described. Studies indicate that
microcephaly and mental retardation are associated with
doses of 50 rad or greater, and no morphological abnor-
mality has been substantiated in a fetus that has not ex-
hibited growth retardation or a CNS abnormality. Radia-
tion effects are clearly dose related: radiation risks to the
embryo are negligible at doses of 5 rad or less, which is
well within the range of typical exposures from diagnostic
x-ray studies.131 There is no proof that human congenital
malformations have ever been caused by diagnostic levels
of radiation.132,133

Hyperthermia

Hyperthermia was the first teratogen found to cause mal-
formations in both animals and humans.134 Defined as a
core body temperature of at least 102°F (38.9°C), hyper-
thermia causes a range of effects from fetal loss to major
malformation, but these effects are strongly dependent on
the dose (� 38.9°C) and timing (first trimester). Although
the brain is especially sensitive, epidemiological studies
have also suggested an increase in abdominal wall defects,
cardiovascular malformations (ASDs, hypoplastic left
heart), and neural tube defects.17 Exposures between 14
and 28 days after conception are thought to pose an in-
creased risk for neural tube defects (spina bifida and anen-
cephaly). From 4 to 14 weeks of pregnancy, there is an in-
creased risk of mental retardation, hypotonia, and facial
defects (cleft lip and palate, external ear abnormalities,
and midface hypoplasia).135 To be sure, considerable con-
troversy exists surrounding the teratogenic affects of hy-
perthermia.136 In most cases where birth defects have
been reported, the mother had had a high fever that per-
sisted for days. Potential confounding factors in this
setting include the illness or infectious agent itself, poor
maternal nutrition, and drugs and treatments the mother
might use.136

Theoretical risks exist for heat exposures in hot tubs
and saunas, although it has been suggested that a mother
would find the hot tub or sauna intolerable before her tem-
perature reached 102°F. Other studies have found the sub-
jective assessment of overheating to be highly variable and
cast doubt on whether all women feel uncomfortably hot
at core temperatures exceeding 39°C.134,137,138

Infection

The collection of infectious agents into the TORCH acronym
(toxoplasmosis–other–rubella–cytomegalovirus–herpes
simplex virus) is convenient, but misleading. Certainly
there is no recognizable TORCH syndrome per se, inas-
much as that implies a single entity, pattern of malforma-
tion, or clinical presentation. The types and frequencies of
abnormalities vary from one agent to the next.139

Rubella

Rubella is a very efficient teratogen. The 1941 report that
linked German measles to birth defects was the first to at-
tribute congenital malformations in the human to an ex-
ogenous environmental agent.36 Rubella infection causes
detectable defects in 85% of fetuses for exposures in the
first 8 weeks, 52% between 9 and 12 weeks, and 16% be-
tween 13 and 20 weeks. The consequences of infection
tend to be severe: death, cardiac malformation (pul-
monary artery stenosis, patent ductus arteriosus), deaf-
ness, eye defects (particularly cataracts), growth retarda-
tion, and mental retardation. Thankfully, with the advent
of rubella vaccination, the incidence of infection has de-
creased by more than 99%, and the production of fetal mal-
formations by the rubella virus has drastically decreased.
Nonetheless, failure to be vaccinated has left 10 to 20% of
the population susceptible to exposure, and this has not
changed since the 1970s. The principle aim of the vaccina-
tion program is the prevention of congenital rubella.

Cytomegalovirus

The most common viral infection of the human fetus is cy-
tomegalovirus (CMV) infection, occurring in some 1% of
live births in the United States.140 Infections in early preg-
nancy often result in embryonic death. Of those that sur-
vive, 90% of newborns are asymptomatic, although at least
10 to 15% of these will develop cognitive or sensorineural
deficits later in life. Evidence of CMV infection by prenatal
ultrasound includes intrauterine growth retardation, as-
cites, polyhydramnios or oligohydramnios, microcephaly,
ventriculomegaly, calcifications in the fetal abdomen and
brain, hepatosplenomegaly, hyperechoic bowel, cardiac
dysrhythmia, hydronephrosis, and hydrops (Fig. 20–
13A–E).7,24,139 The findings of cerebral ventriculomegaly and
decreased head circumference may be particularly omi-
nous.141 This said, many infected fetuses will appear normal
until late in pregnancy.140

Toxoplasmosis

Toxoplasmosis, caused by a protozoan parasite, is a com-
mon infection, but a rare disease. Maternal infection is
most often caused by eating poorly cooked meat, contact
with infected cats, or contact with cat feces. Transmission
of the infection from the mother to the fetus occurs only
with primary infection during pregnancy, except when the
mother has an immunosuppressive condition, such as ac-
quired immunodeficiency syndrome (AIDS). With mater-
nal infection, the rate of transmission to the fetus is ∼17 to
25% in the first and second trimester and 65% in the third
trimester. The majority of the fetuses, however, are asymp-
tomatic, and the rate at which infection produces clinical
illness is only 16% in the first and second trimesters and 5%
in the third trimester. In the first trimester, the toxoplasma
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Figure 20–13 Fetal cytomegalovirus (CMV) infection. This is the
most common viral infection of the human fetus. (A) In this case, the
infection was evident by ventriculomegaly and (B) calcifications in
the fetal abdomen. (C) Postnatal computed tomographic examina-
tion demonstrated periventricular cerebral calcification (arrow) as
well. (D) A second case of CMV fetopathy demonstrates a hypoplas-
tic posterior fossa and (E) multiple punctate echogenic foci through-
out the brain (arrows), which indicate calcification.E
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parasite can cause destructive changes of the brain and eyes,
resulting in microcephaly, microphthalmia, and hydro-
cephalus7 (Fig. 20–14A–C). Prematurity, growth retardation,
cerebral calcification, hepatosplenomegaly, ascites, and
pleural and pericardial fluid collection can also evolve.24

Varicella-Zoster

Varicella-zoster virus, which causes both chicken pox and
shingles, is a neurotropic agent that causes abnormality
when acquired by the fetus in the first trimester of preg-

nancy. The chance of abnormality is ∼25% when infection
occurs during this time, and these abnormalities include
skin scarring, muscle atrophy, limb reduction defects, mi-
crocephaly, microphthalmia, ascites, liver calcifications,
talipes equinovarus, hydrocephalus, and meningoceles.

Syphilis

The incidence of congenital syphilis has increased steadily
from 1980. Treponema pallidum is an efficient teratogen,
causing infection of nearly 100% of fetuses born to women

20 Teratogen Exposure 231

Figure 20–14 Toxoplasmosis infection. (A) The toxoplasma parasite
can cause destructive changes of the brain, such as this area of focal
tissue loss in the cerebellum (arrow). (B) Abnormal periventricular
calcification and ventriculomegaly are demonstrated in a prenatal
image (arrow) and (C) a postnatal computed tomographic scan
(arrows). (Courtesy of Carol B. Benson, M.D., Boston, MA)
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adults are seropositive to the virus, leaving ∼40 to 70% of
the population susceptible to disease. Parvovirus appears
to be, however, a relatively poor teratogen, causing con-
genital infection from an infected mother in only 10 to 20%
of cases, and adverse outcome in only ∼3% of pregnancies
showing evidence of a recent maternal infection.147

Human Immunodeficiency Virus

The prenatal and perinatal transmission rate of the human
immunodeficiency virus (HIV) is estimated to be at 40 to
50%. The effects of HIV infection on the outcome of preg-
nancy are controversial: some studies have noted prema-
ture rupture of membranes, premature birth, and growth
retardation, but others find no such effects when the con-
founding factor of intravenous drug use is eliminated. Ini-
tial descriptions of an “AIDS embryopathy” have been dis-
puted, and the diagnosis is now in disfavor. This syndrome
was said to include growth failure, microcephaly, and a
distinctive craniofacial dysmorphism (boxlike forehead,
hypertelorism, flat nasal bridge, obliquity to the axis of the
eyes).148 Reports of such a craniofacial dysmorphism have
been severely criticized for failing to control for ethnic
variation, maternal substance abuse, and other potentially
teratogenic agents.149 At present there is no compelling
evidence for an embryopathy that can be attributed to
HIV alone.

Conclusion

Many embryos and fetuses exposed to teratogens will not
have a demonstrable abnormality.22 Even so, it is incum-
bent on the sonologist to be alert to potential teratogenic

with untreated primary or secondary syphilis. Many preg-
nancies end in prenatal or perinatal fetal death, and the re-
mainder demonstrate either congenital abnormality or
later symptoms of infection. Manifestations of congenital
syphilis seen with prenatal ultrasound include hepato-
splenomegaly, hydrops, bowel obstruction, bone changes,
and abnormally large placental size (Fig. 20–15A–B).24,142,143

The bone changes are evident as surface irregularities and
abnormal curvature and bowing in of the long bones of fe-
tuses.143 The classical stigmata of congenital syphilis infec-
tion, such as saddle nose, saber shin, and dental abnormal-
ities, evolve from the destructive consequences of early
childhood disease, and are seen only later in life.17

Herpes Simplex Virus

Infection of the fetus by herpes simplex virus usually
occurs late in pregnancy. Described congenital abnormali-
ties include microcephaly, microphthalmia, and mental
retardation.

Parvovirus

Parvovirus is being increasingly recognized as the cause of
previously unexplained nonimmune hydrops, sponta-
neous abortion, and stillbirth.24 Infection typically results
in spontaneous abortion in the first trimester, hydrops in
the second trimester, and stillbirth in the third trimester.
This said, one study has indicated that parvovirus is a rela-
tively common cause of second-trimester fetal death, and
most such cases do not demonstrate hydrops.144 Parvovirus
may also cause isolated pleural or pericardial effusion,145

and possibly also structural malformations of the fetal
brain and heart mediated by vasculitis.146 Only 30 to 60% of
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Figure 20–15 Congenital syphilis. (A) Hepatosplenomegaly is often
the first, and sometimes the only, finding of infection (20). In this
case, enlargement of the spleen causes displacement of the stomach
(s) toward the midline. The liver (h) is also markedly enlarged. The
measured abdominal circumference corresponds to ∼35 menstrual

weeks, although the fetus was only 22 weeks of age. (B) Views of the
femurs showed surface irregularities of the bone (arrowheads) and
abnormal bowing. These features have been described in a from
1982 case report.84 (Courtesy of Sheryl Jordan, M.D.)
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effects so that a purposeful and orderly survey of the fetus
can be made for the often subtle signs, which may be the
only indication of a teratogen. The use of ultrasound to es-
tablish the presence or absence of discernible abnormality
may be the best—and only—reassurance available to parents
tormented by the fear that they have brought harm to their
unborn child through a potentially preventable exposure.
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The sonographic diagnosis of maternal complications aris-
ing in the postpartum period, a time encompassing the
puerperium and extending until roughly 6 to 8 weeks
thereafter, is the focus of this chapter.

The postpartum period is a time of readjustment
following the tremendous physiological upheaval of preg-
nancy.1 Obstetrics Key organ systems (namely, genitouri-
nary and circulatory) that have been affected by the
hormonal and vascular changes which accompany preg-
nancy are all undergoing changes in size, function, and
vascularity. Clinical problems that arise may be due to
residua of pregnancy or a wholly unrelated, coincidental
pathological process. Although radiological imaging can
undoubtedly assist in uncovering the problem, it is impor-
tant to be aware of the normal appearance of key organ
systems to avoid misdiagnosis. This chapter focuses on the
role of ultrasound in the diagnosis of postpartum clinical
problems. Computed tomography (CT) and magnetic
resonance imaging (MRI) are both useful complementary
modalities, but their use should be reserved for specific
problem solving (for instance, cases of suspected parame-
trial infection or postpartum ovarian vein throm-
bophlebitis) following initial investigation with ultrasound.
Given that the average radiation dose to the ovaries is
2 to 3 rem with pelvic CT, MRI may be the preferred
second-line imaging modality.2 This chapter is organized
into clinical symptoms and diagnoses, the normal
appearance of the postpartum pelvis, and selected patho-

logical diagnoses: retained products of conception
(RPOC), postcesarean section (C-section) hematomas,
postpartum ovarian vein thrombophlebitis (POVT), and
endometritis.

Clinical Symptoms and 
Diagnostic Evaluation

Common yet nonspecific clinical symptoms and signs that
may prompt an exam include blood loss (either occult or
overt), pelvic pain, and fever, potential harbingers of the
dreaded “lethal triad” of maternal peripartum morbidity:
namely, obstetric hemorrhage, preeclampsia, and puer-
peral infection.3 Of these, hemorrhage is the most com-
mon problem, affecting 1 to 2% of all deliveries. It is usually
divided into primary hemorrhage (beginning with the
third stage of labor and extending to the first 24 hours) and
secondary hemorrhage (beyond 24 hours and extending
up to 6 weeks, with peak at between 5 and 15 days post-
partum).4 Major diagnostic possibilities are shown in
Table 21–1. Although overt blood loss is usually due to
genital tract trauma (Fig. 21–1) and will generally prompt
a quick investigation, occult bleeding may go unrecog-
nized due to the 30 to 60% blood volume expansion during
pregnancy, making hematocrit measurements less reliable
in the estimation of blood loss.5 Occult blood loss, such as
hemoperitoneum and periuterine and hepatic subcapsular

Postpartum Complications
Donald N. Di Salvo21

Table 21–1 Common Postpartum Clinical Signs and Diagnoses*

1 Postpartum Hemorrhage 2 Postpartum Hemorrhage Fever Pelvic Pain

Uterine atony RPOC Mastitis Uterine dehiscence

Genital tract trauma Periuterine hematoma Pelvic infection Pelvic infection

Episiotomy Subfascial Metritis Metritis

Laceration Bladder flap Parametrial phlegmon Parametrial phlegmon

Perineum, vagina, cervix Broad ligament Peritonitis Peritonitis

Uterine rupture

Clotting disorder Placental site subinvolution UTI/pyelonephritis Hematoma

(HELLP syndrome)

Uterine dehiscence RPOC RPOC

Thrombophlebitis (includes POVT) POVT

Hematoma

Pneumonia

*Items in bold are illustrated. HELLP, hemolysis, elevated liver enzymes, and low platelets; POVT, postpartum ovarian vein thrombophlebitis; RPOC, re-
tained products of conception; UTI, urinary tract infection.
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hematomas listed above, as well as unrecognized uterine
rupture, pelvic infection, or ovarian vein thrombophlebitis.
Postpartum fever is generally defined as any temperature
> 38°C (100.4°F) on any 2 days of the first 10 days after de-
livery, exclusive of the first day (due to the frequency of
self-limiting mastitis in the first 24 hours).3 Clinical factors
affecting the risk of postpartum infection include pro-
longed labor, preterm rupture of membranes, and C-sec-
tion delivery. For example, postpartum endometritis has a
2 to 3% incidence following vaginal delivery, whereas the
incidence following C-section is 6 to 10%; these incidences
increase significantly in the face of preterm rupture of
membranes or chorioamnionitis to 13% and 85% for vaginal
delivery and C-section, respectively.4,6 As examination of
Table 21–1 shows, clinical manifestations in and of them-
selves are quite nonspecific and may have overlapping eti-
ologies. Although a consideration of time of onset of symp-
toms can be helpful, pelvic ultrasound can often yield
specific-enough findings to rule in or out many of these
conditions.

Ultrasound and Imaging Technique

A brief review of sonographic technique follows. Even
without a full bladder, transabdominal imaging gives the
best overall view of the uterus and ovaries because the
fundus is often beyond the reach of the transvaginal scan,
especially in the first 4 weeks postpartum. Examination of
the anterior wall C-section scar for subfascial collections
can only be accomplished transabdominally (and may
require higher frequency linear transducers for optimal
visualization); frequently the lower uterine segment C-
section site can be adequately seen as well. The transvagi-

hematoma (Fig. 21–2), is readily demonstrated with ultra-
sound and may indicate unrecognized hemolysis, elevated
liver enzymes, and low platelets (HELLP syndrome). Pelvic
pain or mass can be a manifestation of any of the
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Figure 21–1 Cervical laceration. Forty-year-old woman with bleed-
ing immediately following therapeutic abortion at 20 weeks. Sagittal
transabdominal sonogram shows echogenic mass expanding the
cervical area and extending into the vaginal fornices; the patient was
treated with emergency uterine artery embolization.

Figure 21–2 Postpartum hemolysis, elevated liver enzymes, and
low platelets (HELLP syndrome) with hepatic subcapsular hema-
toma. Patient 8 days postpartum with fever, decreasing hematocrit
level, and right upper quadrant pain. Transverse transabdominal sono-
gram shows complex subcapsular fluid collection, a small amount of
ascites, and gallbladder sludge. (From Di Salvo DN. Sonographic im-
aging of maternal complications of pregnancy. J Ultrasound Med
2003;22:72. Reprinted by permission.)

Figure 21–3 False-positive color Doppler signals in devitalized pla-
centa accreta. Patient 3 weeks following bilateral uterine artery
embolization, currently asymptomatic. Sagittal transabdominal
ultrasound with color and pulsed Doppler shows spurious color flow
signals and noise due to flash color artifacts.
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nal approach is recommended in the latter half of the
puerperium (weeks 4 to 8) for a detailed view of the en-
dometrial cavity if retained products are suspected, espe-
cially to investigate blood flow. Transperineal imaging is an
adequate alternative method to image the lower uterine seg-
ment/cervix and cul-de-sac in patients with an open wound
in whom the transvaginal approach is not feasible. Proper
Doppler technique to evaluate uterine blood flow includes
attention to gain settings and interrogating frequency, as
well as use of pulsed Doppler to elucidate the flow profiles of
any color Doppler findings. Regarding the latter point, color
“flash” artifacts should not be overinterpreted as evidence
for true flow because hyperechoic foci due to air or calcifica-
tions, commonly seen in the postpartum uterus, can give rise
to spurious color signals (Fig. 21–3).

Normal Postpartum Pelvis

The uterus does not return to its pregravid size and posi-
tion until ∼8 weeks after delivery, with the greatest de-
crease occurring during the first month.7,8 The process of
uterine involution involves both myometrial and endome-
trial changes. Hyalinization of pregnancy-hypertrophied
myometrial vessels leads to ischemic atrophy of the fun-
dus. The vascular basis for this process has been validated
in Doppler studies of the uterine artery in the puerperium
that show increase in resistive indices beginning by the
second postpartum day and continuing for the next 6
weeks; these studies also suggest the vascular basis for
subinvolution of the uterus in cases of secondary postpar-
tum hemorrhage (see next section).8–12 Concurrent with
myometrial involution, sloughing of the decidua superfi-
cialis layer of the endometrium occurs, leading to vaginal
discharge, termed lochia rubra in the first 3 to 4 days,
changing to lochia alba thereafter. The regeneration of the
endometrium from the remaining basalis layer is generally
complete by the third week postpartum, except at the pla-
cental implantation site, which may take up to 8 weeks to
fully heal. Histological studies have shown that inflamma-
tory changes similar to those seen in endometritis are part
of the normal reparative process.1 One longitudinal sono-
graphic study of the uterus in 42 women following un-
complicated vaginal delivery from day 1 to day 56 showed
that the uterine fundus and corpus rotates 100 to 180 de-
grees relative to the lower uterine segment as follows: Be-
ginning slightly retroverted on days 1 to 3, it becomes co-
linear on day 7, and finally slightly anteverted from week 2
on (Fig. 21–4A,B). The greatest size decrease, measured as
maximal anteroposterior (AP) uterine thickness, occurred
in the first 2 weeks, with a more gradual return to prepreg-
nant dimensions between weeks 4 to 8. Findings in the en-
dometrial cavity in this study were somewhat more com-
plex: On day 1 the upper endometrial cavity was most
often empty (93%), whereas debris and fluid were present
in the cervical area in 79% (Fig. 21–4C). An increase in up-
per cavity size and contents was seen between days 7 and

14 in 90% of patients, likely reflecting necrotic deciduas
superficialis, which was expelled by the time of follow-up
at 4 weeks.13 A later study included 40 postpartum
women making an uncomplicated recovery following
vaginal delivery, who were serially imaged at 1, 2, and
3 weeks. An echogenic intracavitary mass was seen in 51,
21, and 6% of women at the aforementioned times, but
there was no correlation with amount or duration of
bleeding14 (Fig. 21–4D). CT and MRI studies have con-
firmed the frequent presence of fluid and blood in the
postpartum uterus.2,4,6 A small amount of air in the en-
dometrial cavity, manifest as echogenic foci with ring-
down artifacts, is not uncommon in the first several days
after either vaginal delivery or C-section: it was present
in 21% of healthy postpartum women and may persist for
up to 3 weeks4,15 (Fig. 21–4E).

Following a C-section, there are postsurgical changes in
both the subfascial tissues as well as in the anterior lower
uterine segment of the uterus. Subfascial and pelvic fluid
collections at least 20 mL in volume were seen in 48% of
145 women following C-section: 58/145 in the abdominal
wall and 11/145 in the deep pelvis.16 Significantly, there
was no correlation of febrile morbidity between women
with or without these collections. The C-section site sono-
graphically appears heterogeneous, with bright echogenic
foci (sutures and/or air) intermixed with hypoechoic areas
(blood) in the first several days2,16,17 (Fig. 21–5A,B). Later,
the site may be manifest as a thin discontinuity of the an-
terior lower uterine segment, best seen transvaginally
when a tiny sliver of fluid may track within the myometrial
defect (Fig. 21–5C). Postpartum physiological dilatation of
the right ovarian vein may be observed by examining the
region of the inferior vena cava (IVC) at the level of the re-
nal hilus (Fig. 21–5D,E). Due to the expanded volume of
blood that accompanies pregnancy, dilatation of ovarian
veins without thrombosis may persist for several days fol-
lowing delivery, as MRI techniques have confirmed. Confir-
mation of patency can be made through use of Doppler
techniques or time of flight MRI imaging.17

Retained Products of Conception

Retained products of conception represent a failure of the
uterus to expel part or all of the placenta following deliv-
ery. Underlying predisposing factors include adhesions,
succenturiate lobe, congenital uterine anomaly, uterine
atony, and uterine scarring with placenta accreta. The clin-
ical diagnosis of RPOC, based upon postpartum bleeding in
the presence of fever, pain, and an open os, is unreliable; in
one study, serology for elevated � HCG had low sensitivity
for this diagnosis, being <30 mIU/ml in 43% of 26 patients
with RPOC.18 The diagnosis of RPOC and its distinction from
intrauterine hematoma is not trivial because dilation and
curettage (D&C) the standard treatment for RPOC, carries
an overall complication rate of 7.3%, with such risks as
cervical laceration, perforation, and synechiae.19 Although

21 Postpartum Complications 239

14495OB_C21_pgs.qxd  8/16/07  1:58 PM  Page 239



A B

C

D

Figure 21–4 Range of normal findings postpartum from vaginal de-
livery. (A,B) Typical uterine enlargement in a patient presenting with
bleeding on postpartum day 5, with the fundus retroflexed over the
sacrum and extending above the level of the aortic bifurcation, as
seen on the transverse image (between calipers, in A) (B). Note the
thin (6 mm) echogenic endometrial stripe in the corpus and hypoe-
choic material in lower uterine segment. (C) Transvaginal scan of the
uterus [same patient as (A) and (B)] with color Doppler shows avas-
cular material in the lower uterine segment consistent with clot
and/or decidua. (D) Transabdominal sonogram (TAS) of the uterus in
another patient postpartum day 4. Typical enlarged uterine dimen-
sions outlined by calipers (sagittal = 16 cm, anteroposterior diameter
= 8 cm), with diffusely thickened and echogenic endometrium (23
mm), avascular with Doppler (not shown). The patient sponta-
neously expelled solid material 2 days later, which was necrotic de-
cidua at pathological examination. (E) TAS of the uterus in a different
patient 1 day following delivery with manual extraction of the pla-
centa performed. Small echogenic foci within the endometrial cavity
are consistent with air.E
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Figure 21–5 Range of normal findings post-cesarean section (C-sec-
tion). (A) Transabdominal sonogram (TAS)- from a patient on day 4
with fevers shows echogenic foci in the lower uterine segment at the
C-section site, consistent with air and/or suture material. (B)
Echogenic foci in the endometrial cavity (in B) represent air bubbles
from recent surgery. (C) Transvaginal scan of a retroflexed uterus
from a different patient with a remote prior C-section shows fluid
tracking into the surgical site. (D) TAS in a different patient present-
ing on day 3 with fever shows a dilated right ovarian vein anterior to
the inferior vena cava. (E) Pulsed Doppler tracing with a sample gate
in the ovarian vein shows normal venous flow, confirming patency.
(This finding may also be seen following vaginal delivery.)E
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vs postabortion) and the end points used (tissue sampling
vs clinical outcome).20 Although an echogenic intracavi-
tary mass was present in 9/11 patients subsequently
shown to have retained products, reliance on this feature
alone resulted in a 34% false-positive rate in a later study
because hematoma and necrotic decidua may also be
echogenic.22 The presence of calcifications within the in-
trauterine mass would favor retained products given that
50% of placentas have some sonographically visible calci-
fications after 33 weeks23; however, the sonographic dis-
tinction between small calcifications and foci of air can be
difficult, especially if a D&C has been attempted prior to
the ultrasound21 (Fig. 21–6). Sonohysterography was help-
ful in two small series by demonstrating an attached
endometrial mass in cases of RPOC in distinction to free-
floating clot.24,25

placental tissue is readily recognizable with sonography
during pregnancy, the appearance of residual placental
tissue postpartum is complicated by the presence of coex-
isting blood products and necrotic decidua, which in
themselves can range from echogenic to hypoechoic.
Additionally, the endometrial cavity may be difficult to
delineate due to the sloughing and regenerative process
described earlier (see normal postpartum pelvis); on oc-
casion, the inner myometrial layer itself may be hypere-
choic, further obscuring the location of the endometrial
stripe.20 Ultrasound can readily exclude retained products
when the endometrial cavity is thin (< 2 mm), or contains
a small amount of fluid.21 What constitutes an abnormal
thickness is quite variable, with cutoff values ranging be-
tween 5 and 15 mm: Part of the confusion in the literature
stems from variability of patient populations (postpartum
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Figure 21–6 Retained placenta, missed diagnosis. (A,B) Transab-
dominal sonogram (TAS) in the delivery room immediately postpar-
tum because the obstetrician suspected incomplete placental
delivery. Cavity contents were incorrectly diagnosed as hematoma
due to relative hypoechogenicity and absence of significant blood
flow (not shown); also echogenic foci were all attributed to air rather
than air and placental calcifications. (C) Follow-up TAS with color
Doppler 6 weeks later for continued bleeding shows a hypovascular
echogenic mass, which was removed with sonographic guidance;
pathology showed necrotic placenta. This case illustrates some pit-
falls with the diagnosis of retained products of conception.
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C
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The best discriminator between RPOC and hematoma
should be Doppler techniques, with hematoma being avas-
cular and retained products hypervascular (Fig. 21–7). Fur-
ther, the vascularity associated with retained placental tis-
sue displays typical low resistance flow seen in other
situations involving vascularized trophoblast (e.g., early
pregnancy and gestational trophoblastic disease).26,27 In one
study, a resistive index (RI) < 0.35 in myometrial arteries
correctly identified all women with retained trophoblast in
28 women with postpartum or postabortion bleeding,
whereas in a different study 14 of 15 patients with abun-
dant myometrial color flow with RI < 0.45 had RPOC.28,29 A
later study of retained products showed color Doppler flow
in 12 of 16 placental remnants presenting as an endome-
trial mass, but it was only present in 55% of the entire RPOC

group. However, color flow interrogation was only per-
formed in 17% of patients in that retrospective study.30

The concept of the placental implantation site involu-
tion, a process of sloughing of the infarcted superficial en-
dometrial layers underlying the placenta, is well known to
obstetricians.1 The site begins as the size of the human
palm at delivery and quickly shrinks to 3 to 4 cm by the
end of the second week. Abnormal involution is a recog-
nized cause of secondary postpartum hemorrhage, and it
may be due to retained placenta or a primary process in-
terfering with thrombosis of uteroplacental vessels them-
selves.11,31 The normal gradual increase in uterine artery re-
sistance that occurs in the puerperium may be delayed in
cases of subinvolution.9,10,12 Additional investigators of
puerperial myometrial blood flow have shown an interest-
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Figure 21–7 Avascular hematoma versus vascular re-
tained products of conception. (A) Transabdominal
sonogram (TAS) in a patient with heavy vaginal bleed-
ing 1 day following therapeutic abortion shows a large
(9 cm) avascular clot distending the uterine cavity,
with normal flow signals in the posterior uterine wall at
the former placental site. Bleeding resolved after
methergin therapy. (B,C) TAS with color and pulsed
Doppler in a different patient with bleeding 6 weeks
postpartum shows an echogenic, partially calcified
mass, (sagittal view, A) with abundant low-resistance
flow (RI = .54) extending from the wall into the mass
(transverse view, B). Retained products were con-
firmed pathologically.
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Figure 21–8 (A–C) Spectrum of focal versus (D,E) Diffuse appear-
ance of enhanced myometrial vascularity (EMV) (A) Transabdominal
sonogram (TAS) transverse color Doppler image in a patient with
bleeding 5 days postvaginal delivery shows focal hypervascular focus
in the right fundus. (B) Pulsed Doppler of the transmural vessel
shows low resistance flow. (C) Comparison pulsed Doppler of the left
fundal area shows a normal flow profile. Bleeding subsided sponta-
neously over the next few days without treatment. (D) Transvaginal
scan in another patient 2 weeks post–therapeutic abortion with
heavy vaginal bleeding shows a diffuse pattern of EMV in a retro-
verted fundus. (E) Pulsed Doppler shows high-velocity, low-resist-
ance flow, suspicious for arteriovenous malformation. The patient
was treated with methergin, and bleeding abated. Follow-up ultra-
sound 2 weeks later was normal.E
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retained products of conception: At present, no consistent
Doppler criteria exist to separate true AVMs requiring em-
bolization therapy from transient EMVs that may only re-
quire D&C or simple observation.37,38 Careful consideration
of both gray-scale and Doppler findings is needed; if low-
resistance, high-flow signals are seen both in the my-
ometrium and within an intracavitary mass in the setting
of significant secondary postpartum hemorrhage, then
D&C is suggested, with appropriate interventional backup
available (in the unlikely event of a true AVM being uncov-
ered). If the intracavitary mass is avascular and/or only
myometrial hypervascularity is seen, then a trial of utero-
tonics (i.e., methylergonovine) may be more appropriate
because many of these cases will resolve without interven-
tion. It is still unclear the percentage of retained products
that do not demonstrate blood flow, and further, if such
cases require D&C (see Fig. 21–6).

Distinguishing retained placenta from placenta accreta
or increta (i.e., placental tissue that has invaded the my-
ometrium) is difficult. This rare condition (1/7000 preg-
nancies) may be suggested during pregnancy, when loss of
the normally hypoechoic retroplacental clear space and
prominent placental sinuses extending into the my-
ometrium are seen, especially in the setting of placenta
previa and prior C-section.39 The postpartum diagnosis is
suggested when residual placental tissue extends beyond
the expected confines of the uterine cavity, although dis-
tinguishing myometrial invasion from simple myometrial
thinning may be difficult (Fig. 21–9). Although MRI has
been used to assist in this diagnosis, especially when the
location of the abnormality is in the posterior fundus, the
findings of myometrial thinning, loss of junctional zone,

ing phenomenon: the presence of focal zone(s) of high ve-
locity, low-resistance flow in the myometrium strongly re-
sembling an arteriovenous malformation (AVM). Although
these foci of enhanced myometrial vascularity (EMV) have
been seen in relation to RPOC, they may also be found in
otherwise asymptomatic postpartum women as a tran-
sient phenomenon. One study found them in 32 out of 385
patients on an average of 5 weeks after delivery or sponta-
neous abortion (SAB) with an excellent correlation (90%)
to former placental spontaneous abortion (l) position. The
EMV was most commonly focal with a distinct vascular
pedicle or less often a diffuse zone, extending from
serosal to mucosal surface18 (Fig. 21–8). Of 32 cases, 19
were associated with RPOC, whereas the remaining 13
were not; the foci resolved after removal of placental tis-
sue in the first group and spontaneously in the second. A
later study by the same investigators found EMVs in 46 of
93 women on day 3 after an uncomplicated vaginal deliv-
ery, decreasing to just three patients by 6 weeks. No ab-
normal bleeding or evidence for retained products was
found.32 It has been proposed that EMV represents
delayed involution of the placental implantation site;
although it may indicate the presence of RPOC, it is also a
common transient finding following SAB or vaginal deliv-
ery and requires no specific therapy. Other investigators
have noted seeming “AVMs” in connection with other
pregnancy-related events; namely, following a sponta-
neous abortion, therapeutic abortion, recurrent gesta-
tional trophoblastic disease, or placental site trophoblastic
tumor.27,33–37

These findings have led to a cautious redefinition of the
diagnosis and therapy of uterine AVM, and by extension,

Figure 21–9 Placenta accreta. Transabdominal sonogram (A) sagit-
tal and (B) transverse of the uterus in a patient who had retained pla-
centa despite attempts at manual extraction 3 days previously.

Calipers in the sagittal image measure a 5.6 cm thick placental rem-
nant eccentrically placed in the right posterior fundus. Note the right
posterior myometrial thinning in both images.

A B
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allowing access to the lower uterine segment; this vesi-
couterine peritoneal reflection is then resewn following
closure of the uterine incision. Small collections of blood,
likely due to incomplete hemostasis or periuterine vessels,
are commonly seen here.42 As they enlarge, these collec-
tions may readily extend over the uterine fundus, over the
bladder dome, into the lateral pelvic peritoneal reflections
(broad ligaments). The subfascial space is prevesical, pos-
terior to the transversalis fascia, and anterior to the umbil-
icovesical fascia, it may extend inferiorly to the retropubic
space of Retzius and can accommodate up to 2500 mL.43

Because the rectus muscles and subjacent transversalis
fascia have been surgically incised, the subfascial hema-
toma may dissect into the subcutaneous tissues behind the
surgical wound; thus, a seeming superficial wound col-
lection may in fact be the “tip of the iceberg,” concealing
a larger subfascial source (Fig. 21–10). The source for this
collection is the inferior epigastric vessels. The bladder
flap hematoma is thus retrovesical, whereas the subfas-
cial is pre- or supravesical or both. Drainage of the former
requires traversing the peritoneum, whereas the latter
does not.

The frequency of these hematomas is variable depend-
ing on the study population, technique, and size criteria
used. Fifty percent of patients in one study using transper-
ineal ultrasound had a bladder flap hematoma.44 The typi-
cal sonographic appearance is an echogenic mass in the
vesicouterine space, centered on the lower uterine seg-
ment when small (< 3 cm) and extending cephalad over
the fundus or bladder when large (Fig. 21–11). Subsequent
series using MRI in postpartum patients have shown blad-
der flap hematomas in 13 of 14 asymptomatic women and
32 of 50 patients with suspected metritis; only two
hematomas had a dimension greater than 5 cm.2,17 Treat-

and enhancement with gadolinium may all be seen with
retained products of conception as well.40,41

Post–Cesarean Section Hematomas

Bladder flap, broad ligament, and subfascial hematomas
are complications of C-sections; they are all also extraperi-
toneal fluid collections. The bladder flap is the potential
space between the bladder and uterus created by the
surgeon following the incision made into the parietal peri-
toneum that extends between these two organs, thus
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Figure 21–10 Subfascial hematoma following cesarean section.
Transabdominal sonogram obtained in the sagittal midline plane in a
patient with falling hematocrit shows a large, complex fluid collec-
tion (between calipers) beneath the anterior abdominal wall indent-
ing the dome of the bladder. (Reprinted with permission from Di
Salvo DN. Sonographic imaging of maternal complications of preg-
nancy. J Ultrasound Med 2003;22:84.)

Figure 21–11 Bladder flap hematomas following cesarean section.
(A) Sagittal midline sonogram shows a small isoechoic mass (be-
tween calipers) anterior to the lower midline segment and posterior
to the bladder. (Reprinted with permission from Di Salvo DN. Sono-

graphic imaging of maternal complications of pregnancy. J Ultra-
sound Med 2003;22:85.) (B) Sagittal midline sonogram shows a large,
complex collection anterior to the uterus, extending over the fundus
(bladder is displaced inferiorly and is not included on the image).
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ment for extraperitoneal hematomas is expectant unless
signs of infection are present; percutaneous sampling is
required to determine if the hematoma is infected.

A persistent or enlarging bladder flap hematoma may
rarely be a manifestation of postpartum uterine rupture or
dehiscence.45 Dehiscence is defined as a transmural my-
ometrial defect covered by intact serosa, whereas rupture
involves the serosal layer as well. Both processes most of-
ten affect a prior C-section, scar, which is vertically ori-
ented in the uterine body in the now rarely performed
classic C-section, and transversely oriented in the lower
uterine segment in the more common transverse incision
performed today. Although both are more likely to be in-
tra- or prepartum events, patients may present in the im-
mediate postpartum period with dropping hematocrit.
Sonography may disclose a bladder flap hematoma with
dehiscence only, or intraperitoneal/periuterine hematoma
if complete rupture has occurred. It should be emphasized
that both CT and MRI will readily disclose a myometrial
defect as a normal postpartum finding post–C-section in
the early puerperium (see earlier section titled, Normal
Postpartum Pelvis). MRI provides more detail of serosal
and endometrial contiguity and can show coaptation of
the incision site, two features that argue against dehis-
cence.6,17 Diagnosis of dehiscence in and of itself does not
require surgical repair unless signs of concurrent infection
are present (Fig. 21–12). However, knowledge of prior de-
hiscence does enter into counseling regarding future deliv-
eries, especially given the widespread practice of encour-
aging vaginal birth after cesarean delivery.46

Postpartum Ovarian Vein 
Thrombophlebitis

Ovarian vein thrombophlebitis is an uncommon entity (es-
timated prevalence 1/600 deliveries), involving thrombo-
sis of one or both ovarian veins, presumed due to retro-
grade extension of myometrial venous clot in the setting of
placental or uterine infection. It is 10 times more common
after C-section than after vaginal delivery. The right ovar-
ian vein is three times more likely to be affected than the
left, presumably due to uterine retroversion during preg-
nancy.4 Clinical symptoms include fever, pelvic or flank
pain, and pelvic mass. Treatment is generally directed to
the predisposing pelvic infection, although anticoagula-
tion is also indicated due to the risk of pulmonary em-
bolism. Sonographic findings include ipsilateral ovarian
enlargement with a dilated ovarian vein and absent flow
signals; generally, only the proximal segment of the right
ovarian vein is readily visible, near its junction with the
IVC. Following the dilated vein to its junction with the IVC
is important to avoid confusion with a dilated ureter
(Fig. 21–13).47 It is also important to check for flow because
a dilated ovarian vein may be normally seen. In a study di-
rectly comparing ultrasound, MRI, and CT for the diagnosis
of POVT in the clinical setting of puerperal fever refractory
to antibiotics, sonography identified only six of 12 cases
compared with the other modalities.48 With currently
available technology and pulse sequences, MR venography
is the preferred modality when this diagnosis is considered
to reduce unnecessary radiation exposure to the ovaries.
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Figure 21–12 Infected bladder flap hematoma and uterine dehis-
cence following cesarean section. (A) Pelvic computed tomography
post–contrast administration in a patient with fever shows a stellate,
nonenhancing area in the anterior uterus, extending from the uter-
ine cavity into the small bladder flap hematoma. (B) Fistulogram ob-

tained after percutaneous drainage of the infected hematoma shows
injected contrast outlining the area of dehiscence. The patient was
treated with antibiotics; the follow-up sonogram was normal.
(Reprinted with permission from Di Salvo DN. Sonographic imaging of
maternal complications of pregnancy. J Ultrasound Med 2003;22:85.)
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Figure 21–13 Postpartum ovarian vein thrombophlebitis and re-
tained products in a patient with postpartum fever and vaginal dis-
charge. (A) Coronal sonogram of the right flank shows a tubular
structure without flow containing a hyperechoic focus with ringdown
artifact consistent with air. (B–D) Sequence of postcontrast com-
puted tomographic images shows a dilated, clot-filled right ovarian

vein extending from the renal hilus into the pelvis. (B) The occluded
vein compresses the inferior vena cava. (C) A focus of air in the vein is
shown. (D) The uterus distended with retained products. (Reprinted
with permission from Di Salvo DN. Sonographic imaging of maternal
complications of pregnancy. J Ultrasound Med 2003;22:87.)

C D

Figure 21–14 Postpartum endometritis. Patient presenting with
fever and discharge 2 weeks after vaginal delivery. (A) Sagittal and
(B) transverse sonograms show complex fluid and stranding within

the uterine cavity and generalized myometrial hyperemia. Patient
defervesced following treatment with broad spectrum antibiotics.
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Postpartum Pelvic Infection

Postpartum metritis complicates 1 to 6% of all deliveries
and is more common after C-section than vaginal delivery,
despite the use of prophylactic perioperative antibiotics.
As noted in the earlier “clinical” section, fever in the first
postoperative day is generally not due to pelvic infection:
Only 20% of such patients ultimately prove to have pelvic
infection, whereas 70% of patients with fever after the
second postoperative day do.3 Roughly 10% of these pa-
tients are at risk for the more serious complications of
parametrial phlegmon/abscess, dehiscence, peritonitis,
and POVT. Infection usually spreads laterally to the pelvic
sidewalls (similar to the spread of bladder flap
hematoma), along the broad ligaments, or posteriorly to
the rectovaginal septum. Sonographic findings are non-
specific because pelvic fluid collections, central cavity de-
bris, clot, and air are all common findings postpartum
(Fig. 21–14) (see Normal Postpartum Pelvis section). More
specific findings include adnexal involvement such as
pyosalpinx or tubo-ovarian abscess, whereas CT and MRI
excel at demonstrating parametrial extension. Due to the
nonspecificity of imaging findings, empirical antibiotic
treatment may need to be started on clinical grounds
alone, with imaging reserved for failure of response to
therapy.

Summary

Clinical signs and symptoms in postpartum patients, typi-
cally bleeding, pain, and fever, are common and non-
specific. In most cases they likely reflect physiological re-
sponse to the recent vaginal delivery or C-section.
Although pelvic ultrasound is the best initial imaging
modality for detecting many postpartum complications, it
is important to be aware of the broad spectrum of normal
findings in these patients to avoid misdiagnosis. This is es-
pecially true given current obstetric practice in the United
States, where the C-section rate has reached 29%.49 For
practitioners, often the greatest utility of pelvic sonogra-
phy may be the ability to exclude significant abnormalities
related to the uterus and surrounding pelvic compart-
ments. Careful analysis of both gray-scale and color
Doppler findings is needed to maximize detection of re-
tained placenta; cognizance of subinvolution of the pla-
cental site should prompt avoidance of unnecessary in-
strumentation and institution of appropriate medical
treatment. Extra- and intrauterine hematomas have char-
acteristic locations and sonographic appearances. Pelvic
parametrial infection and POVT are uncommon but poten-
tially significant complications; whereas sonography may
be able to make these diagnoses, MRI and CT have greater
diagnostic accuracy and may be preferable as the initial
imaging study, or for follow-up if the pelvic ultrasound ap-
pears normal.
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Choroid plexus, in fetal head assessment,

163, 163f, 164–165, 164f
Choroid plexus cysts

in fetal Down syndrome, 202
in fetal head assessment, 164–165, 164f

Chromosomal abnormalities, fetal
cardiac anomalies and, 175
polyhydramnios and, 148, 150,

151f–152f

Cigarette smoking, teratogenic effects on
fetus, 228

Circle of Willis, fetal brain and, 157
Circumvallate placenta, 116–117, 117f
Clavicular length, in fetal gestational age

estimation, 139
Cleft lip and palate

in fetal head assessment, 165
polyhydramnios and, 151f

Clubfoot
amniocentesis and, 228
in fetal extremity assessment, 172,

172f
polyhydramnios and, 152f

CMV (cytomegalovirus), teratogenic
effects of, 229, 230f

Coarctation of the aorta, in fetal heart
examination, 176

false-positive diagnosis, 180–181
four-chamber view, 180–181,

180f–181f
Cocaine, teratogenic effects of, 225–228,

227f
Cog wheel appearance, hydrosalpinx and,

4
Color Doppler sonography

in ectopic pregnancy evaluation, 103,
104f–107f, 105–106

following methotrexate treatment,
106

of female reproductive organs, 56
of fetal heart, 177
in gestational trophoblastic disease,

108, 108f
in ovarian cancer screening, 85–87,

86f
in postpartum patient, 238–239, 238f
of uterine arteries, 95

Complete abortion
defined, 35
incomplete abortion vs., 107f, 108
outcome studies of, 35–36, 35t

Complete central placenta previa, 114, 114f
Complete heart block, fetal, 152f
Computed tomography, pelvic, in uterine

dehiscence, 247, 247f
Congenital anomalies

in diabetic pregnancy, 209, 210f–213f,
212–213

detection rate, 209
mechanisms, 212–213
risk estimates, 209

gynecologic, 52
renal agenesis associated with, 52,

52f
Congenital (Finnish) nephrosis, elevated

MS-AFP and, 195
Congenital heart disease

aortic valvular stenosis and, 174–175
family history of, 174–184
hereditary issues for, 174–175
prenatal ultrasound examination for.

See Fetal heart
prevalence of, 174
risks factors for, 174–175

Congenital syphilis, 231–232, 232f
Conjoined twins, 143, 144f
Contact bleeding, 32
Contractions

low uterine, simulating placenta
previa, 114f, 115

myometrial retroplacental, hematoma
and, 111

Controlled ovarian stimulation, ultrasound
monitoring and, 44, 44f
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Corpus luteal cysts, 2, 12–13, 12f
hemorrhagic, 13, 13f

Corpus luteum
in ectopic pregnancy evaluation,

105–106, 105f
in normal menstrual cycle, 50–51, 51f

Corrected transposition, fetal heart, 184
Corticosteroids, systemic, teratogenic

effects of, 225
Craniofacial defects, teratogen-induced,

223–224
Crown-rump length, in fetal gestational

age estimation, 134f, 134t.320, 136
CT (computed tomography), pelvic, in

uterine dehiscence, 247, 247f
CVS (chorionic villus sampling), 228
Cyclophosphamide, teratogenic effects of,

224
Cystic hygroma. See Hydroma, cystic fetal
Cyst(s)

choroid plexus. See Choroid plexus
cysts

corpus luteum. See Corpus luteal cysts
myometrial, in adenomyosis, 27–28
Nabothian, 128, 128f
ovarian. See Ovarian cysts
as palpable adnexal masses

dermoid, 5–6, 5f–6f, 7
hemorrhagic, 2–3, 2f
paraovarian and paratubal, 3–4, 3f
peritoneal inclusion cysts, 4, 4f
physiological, 1–2, 3f–4f

in premenarchal ovaries, 55, 55f
Cytologic examination, in abnormal

uterine bleeding evaluation, 21
Cytomegalovirus, teratogenic effects of,

229, 230f

D
Dandy-Walker malformation, in fetal head

assessment, 164f, 165
Dating, of pregnancy. See Pregnancy dating
Dermoid cysts, as palpable adnexal

masses, 5–6, 5f–6f, 7
Dermoid plug, 5

ovarian teratomas and, 82–83, 84f
DES (diethylstilbestrol), teratogenic effects

of, 225
Diabetes

gestational. See Gestational diabetes
pregestational. See Diabetic pregnancy

Diabetic pregnancy
classification of, 208
fetal biometry evaluation in, 208
fetal congenital malformations in,

209, 210f–213f, 212–213
detection rate, 209
mechanisms, 212–213
risk estimates, 209

fetal growth disturbances in, 213–214
fetal risks and, 208
fetal weight estimation and, 213, 214
pathophysiology, 208
polyhydramnios and, 146

Diaphragmatic hernia, fetal heart
displacement by, 167, 167f

Diethylstilbestrol, teratogenic effects of, 225
DiGeorge syndrome, chromosome

deletions and, 175
Dilatation and curettage

in abnormal uterine bleeding
evaluation, 22

retained placenta and, 242, 242f, 245
“Discriminatory zone,” in ectopic

pregnancy evaluation, 103

Doppler flow imaging
in infertility evaluation, 41
in postpartum uterine evaluation

hematoma, 243, 243f
retained placenta, 242f

in pregnancy dating, 156
fetal growth restriction and. See

Intrauterine growth restriction
middle cerebral circulation and,

157–158, 157f
umbilical arterial circulation and,

156–157, 157f
DORV (double-outlet right ventricle), in

fetal heart examination, 184
“Double bubble” sign, elevated MS-AFP

and, 195, 195f
Double-outlet right ventricle, in fetal

heart examination, 184
Down syndrome, fetal

diagnostic evaluation in, 206
genetic sonogram and. See Genetic

sonogram, of second-trimester
fetus

maternal age and, 199
risk estimate for, 199
serum screens for, 199

abnormal, 205–206
and sonographic signs in second-

trimester fetus, 201–204,
202f–204f

structural defects, 199–201,
200f–201f

Duodenal atresia, fetal
elevated MS-AFP and, 195, 195f
in fetal Down syndrome, 199, 200f
polyhydramnios and, 146–147, 146f,

168f, 169
Dysfunctional uterine bleeding, 29
Dysmenorrhea, in adenomyosis, 26
Dyspareunia, in adenomyosis, 26–27
Dysplastic kidney, fetal, 170, 170f

multicystic, 170, 170f

E
Ear length, in fetal Down syndrome, 203,

203f
Early pregnancy, diagnosis of, 46
Early pregnancy failure

assessment of, 46
with bleeding, 35

classification, 35
clinical outcome studies, 35–36,

35t, 36t
sonographic findings, 36–37, 37f

causes of, 34
without bleeding, 34, 34t

Ebstein’s anomaly
in fetal heart assessment, 167
four-chamber view, 182, 182f
teratogen-induced, 224, 224f

Echocardiography, M-Mode, in fetus, 152f
Echogenicity

in adenomyosis, 27, 27f–28f
of endometrial polyps, 29–31, 30f–31f
of fetal heart tumors, 183
of intracardiac foci, in fetal Down

syndrome, 202, 202f
of premenarchal ovaries, 55, 55f
of uterine fibroids, 22, 23f–25f

Echotexture
endometrial, 96, 97f
of ovarian mass, 82–84, 82f–84f

Ectopic kidney, fetal, 169, 169f
Ectopic pregnancy, 13–14, 13f–15f, 37

abdominal, 107

assessment of, 46–47, 47f
clinical findings for, 103
interstitial, 106
secondary amenorrhea and, 62–63,

62f
sonographic criteria for, 37t
termination of, methotrexate for, 228

“bizarre” response to, 106
ultrasound evaluation of, 103–107,

104f–107f
uncommon types of, 106–107

Effusions, pleural, in fetal Down
syndrome, 200, 201f

Embryology, genital, 52–53, 52f–53f
Embryonic demise, in threatened

abortion, 108, 108f
EMV (enhanced myometrial vascularity),

245
Encephalocele, 162, 162f
Endocervical canal, normal changes vs.

polyps within, 30, 30f
Endometrial biopsy

in abnormal uterine bleeding
evaluation

postmenopausal, 71
premenopausal, 21

in diagnostic workup algorithm, 71,
73f

tamoxifen therapy and, 101
Endometrial cancer

tamoxifen therapy and, 91–92
transvaginal sonography evaluation

of, 95–96, 96f–97f
benefits, 96, 97f–98f

Endometrial fluid, in postmenopausal
patients, 95

Endometrial polyps, 29–31, 30f–31f, 95,
95f–96f

with complex hyperplasia, 98f
with cystic change, 97, 99, 99f–100f
histology of, 29–30
sonographic diagnosis of

criteria for, 30–32, 30f–31f
hysteroscopy in, 30–31
hysterosonography technique in,

30–31
3-D sonography and, 70, 70f

treatment of, 31
Endometrial thickness, postmenopausal

carcinoma and, 94–95
hormone replacement therapy and,

67–68, 93, 94
outcome studies of, 66–67, 67f, 67t
sonographic evaluation of

benefits, 71
diagnostic workup algorithm for, 71,

72f
diffuse thickening and, 69–70, 69f
in endometrial hyperplasia, 68, 68f
in malignancy, 68, 68f

Endometriomas
acute pelvic pain and, 17, 17f
appearance of, 43, 43f
as palpable adnexal masses, 5, 5f

Endometriosis, 17, 17f
Endometriosis interna. See Adenomyosis
Endometritis, in postpartum patient, 248f,

249
Endometrium

in postmenopausal women,
sonographic evaluation of

transabdominal, 92, 92f
transvaginal, 92–93, 93f

response to tamoxifen. See Tamoxifen,
endometrial responses to
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Endovaginal sonography, 11, 19, 19f
in abnormal uterine bleeding

evaluation, 22
adenomyosis diagnosis with, criteria

for, 28–29
in endometrial polyp diagnosis, 28–29
in placenta previa, 115–116, 116f

Enhanced myometrial vascularity, 245
Epiphyses, stippled, teratogen-induced,

222–223, 223f
Esophageal atresia, fetal

elevated MS-AFP and, 195, 195f
polyhydramnios and, 146–147, 146f,

147f
Estrogenization, eugonadism, amenorrhea

and, 61–62, 61f–62f
Estrogens, teratogenic effects of, 224–225
Ethanol exposure, teratogenic effects on

fetus, 225, 226f
Eugonadism estrogenization, amenorrhea

and, 61–62, 61f–62f
EVS. See Endovaginal sonography
Exophytic myoma, ovarian, 7–8
Extrauterine pregnancy. See Ectopic

pregnancy
Extremities, fetal

lower
clubfoot and. See Clubfoot
normal, 172, 172f

ultrasound assessment of, 172, 172f
upper, defects of. See Upper limb

defects

F
Fallopian tube(s)

dilated, as palpable adnexal mass,
4–5, 4f

evaluation in infertility, 41–42, 41f
False-positives

in coarctation of the aorta, 180–181
in devitalized placenta accreta, 238f,

239
in endometrial malignancy, 95
in fetal Down syndrome, 199
in incompetent cervix, 122f, 128, 128f
and maternal serum-AFP, 188
in placenta previa, 115
in retained products of conception,

242, 242f
Feet. See Clubfoot
Female pseudohermaphroditism

(intersex), 59
Femur length

in fetal gestational age estimation,
137–138, 138t, 139f

short, in fetal Down syndrome, 202
Fetal alcohol syndrome, 225, 226f
Fetal anomalies

anatomical structures to be assessed
for, 161, 161t

etiology of, 161
incidence of, 161

Fetal biometry, 133
abdominal circumference in, 138–139
best parameters to use, 141
binocular distance in, 140, 140f
biparietal diameter in, 135t, 136, 136f

difficulties measuring perimeter,
136–137

cerebellar diameter in, transverse,
139, 140f

clavicular length in, 139
crown-rump length in, 134f, 134t.320,

136
femur in, 137–138, 138t.325f

head circumference in, 136f, 137, 137f
humerus length in, 138, 138t, 139f
long bones in, 137–138, 138t.325f
mean gestational sac diameter in,

133–134, 133t
measurement errors in, 141
nuchal translucency in, 139–140, 140f
other measures in, 140
placental thickness in, 140
problems raised in, 141
renal length in, 140

Fetal brain, circle of Willis and, 157
Fetal fibronectin test, with cervical

sonography, 125
Fetal gestational age, estimating, methods

for, 133. See also Fetal biometry
best parameters to use, 141
in diabetic mother, 208
where parameters suggest different

age, 141
Fetal heart, ultrasound evaluation of,

167–168, 167f–168f
for congenital heart disease

four-chamber view, abnormalities
found on, 178t, 179–183,
179f–183f. See also Four-chamber
view

general aspects of, 176–179,
176f–178f, 178t

identification sensitivity, 175–176
timing of, 175

Fetal spine
dysraphism of

detection of, 190–192, 191f
teratogen-induced, 222, 222f

ultrasound assessment of, 166–167,
166f–167f

elevated MS-AFP and, 190–192, 191f
Fetus. See also Fetal entries

demise of, 36
early pregnancy loss and, 34
genital embryology in, 52–53, 52f–53f
growth restriction in. See Intrauterine

growth restriction
teratogen exposure and

alcohol and recreational drugs,
225–228

hormones, 224–225
identifying, 217–219, 218t
infectious agents, 229–232
in obstetrical intervention and

procedures, 228
pharmaceuticals, 219–224
principles, 216–217, 217f
radiation and heat, 228–229
ultrasound evaluation in, 219

tumors in, polyhydramnios and, 150,
152, 153f

ultrasound assessment of
abdomen, 168–172, 168f–171f
for Down syndrome. See Down

syndrome, fetal
extremities, 172, 172f
face, views for examining, 165–166,

165f–166f
genetic sonogram. See Genetic

sonogram
head, 161–166, 161f–166f
heart. See Fetal heart
recommended anatomical

structures in, 161, 161t
spine. See Fetal spine
weight estimation, 213–214

Fever, in postpartum patient, 238
Fibroid tumors, uterine, 152, 153f, 154

Fibroids, uterine, 40, 40f
diagnosis of, 26
IVF and pregnancy success rates with,

40
pathology of, 22, 23f
sonographic findings in, 22, 23f–25f,

25–26, 29t
adenomyosis vs., 29t

treatment of, 26
Fibroma, benign ovarian, 7, 7f
Finger, fifth digit phalanx, in fetal Down

syndrome, 203, 203f
Finnish nephrosis, elevated MS-AFP and,

195
First-trimester bleeding

adnexal torsion and, 109, 109f
ectopic pregnancy and, 103–107,

104f–107f
in gestational trophoblastic disease,

108, 108f
threatened abortion and, 107–108,

107f–108f
ultrasound evaluation modalities used

in, 103
First-trimester pregnancy loss. See Early

pregnancy failure
Fluid collections, abnormal, in fetal Down

syndrome, 200–201, 201f
Follicle stimulating hormone, 50
Follicular cysts, ovarian, 12–13, 12f
Follicular phase, in normal menstrual

cycle, 50, 51f
Foot. See Clubfoot
Four-chamber view, fetal heart, 167, 176,

176f, 177, 177f
abnormalities to be considered in,

178, 178t
cardiomyopathy in, 209, 212f
in diabetic mother, 209f
enlarged right atrium in, 182, 182f
key features of, 177–178
left ventricle smaller than right

ventricle in, 180–181, 180f–181f
masses within cardiac chambers in,

182–183, 183f
normal, 209, 211f
right vertical smaller than left

ventricle in, 181–182, 181f–182f
septal defects in, 179–180, 179f–180f

Frontal bones, flattened, of fetal head, 162,
163f

FSH (follicle stimulating hormone), 50

G
Gastrointestinal obstruction, fetal,

polyhydramnios and, 145f–147f,
146–147

Gastroschisis, in fetal abdominal wall,
171–172, 171f

elevated MS-AFP and, 189t, 193–194,
194f

Genetic sonogram, of second-trimester
fetus, 204–205

following abnormal serum screens,
205–206

Germ cell tumors, ovarian, 7–8, 7f
Gestational age, fetal. See Fetal gestational

age
Gestational diabetes

fetal congenital malformations in, 213
fetal macrosomia associated with, 214
fetal risks and, 208

Gestational sac, intrauterine, in pregnancy
diagnosis, 46

Gestational trophoblastic disease, 108, 108f
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Glucocorticoids, teratogenic effects of, 225
Gonadotropin releasing hormone, 50, 52
Graafian follicle, 50, 51f
Gray-scale morphology, in ovarian cancer

screening, 78–84, 78f
ovarian mass and

echotexture, 82–84, 82f–84f
septa within, 78, 81f–82f
wall features, 78, 80f

ovary size and, 78
Great vessels, fetal heart, 167–168, 168f

transposition of, 184, 184f
“Ground-glass” appearance, of

endometrioma, 5, 5f, 43, 43f

H
hCG. See Human chorionic gonadotropin
Head circumference, in fetal gestational

age estimation, 136f, 137, 137f
Heart, fetal. See Fetal heart, ultrasound

evaluation of
Heat exposure, fetal, 229

teratogenic effects of, 228–229
HELLP syndrome, in postpartum patient,

238, 238f
Hematoma

avascular, vs. vascular retained
products of conception, 243, 243f

post-Cesarean section, 246–247,
246f–247f

retroplacental, 111–112, 111f–112f, 113
Hematometrocolpos, amenorrhea and,

61–62, 61f–62f
Hemorrhage, subchorionic, normal

intrauterine gestation with, 33, 33f
Hemorrhagic cysts, as palpable adnexal

masses, 2–3, 2f
Hereditary nonpolyposis colorectal cancer

syndrome, and increased ovarian
cancer risk, 76

Hernia, diaphragmatic, fetal heart
displacement by, 167, 167f

Heroin, teratogenic effects of, 228
Herpes simplex virus, teratogenicity of, 232
Heterotopic pregnancy, 37
High-intensity focused ultrasound, for

fibroid ablation, 26
High-risk patients, ovarian carcinoma

screening in, 77
history and physical examination, 77
serum CA 125 levels, 77
sonographic, 77–87, 78f–86f

HIV (human immunodeficiency virus),
teratogenic effects of, 232

HLHS (hypoplastic left heart syndrome),
in fetal heart examination, 180,
180f

Holoprosencephaly, 163–164, 164f
Hormone exposure, teratogenic effects of,

224–225
Hormone replacement therapy,

postmenopausal
bleeding and, 93–94
endometrial thickness and, 67–68

Human chorionic gonadotropin, 103
in gestational trophoblastic disease,

108, 108f
maternal serum, fetal Down

syndrome and, 199
Human immunodeficiency virus,

teratogenic effects of, 232
Humerus length

in fetal gestational age estimation,
138, 138t, 139f

short, in fetal Down syndrome, 202

Hydrocephalus, 163, 163f
teratogen-induced, 223

Hydroma, cystic fetal, elevated MS-AFP
and, 194, 194f

Hydronephrosis, fetal, diagnostic criteria
for, 169–170, 169f

Hydrops
nonimmune, 147–148, 147f–148f
polyhydramnios and, 148

Hydrops fetalis, in fetal Down syndrome,
200, 201f

Hydrosalpinx, 41–42, 41f
as palpable adnexal mass, 4–5, 4f

Hygroma, cystic fetal, 153f
nuchal, in Down syndrome, 200, 201f

Hyperglycemia, fetal congenital
malformations and, 213

Hypermenorrhea, 22–29, 23f–25f, 27f–28f,
29t

Hyperplasia, endometrial, 67, 68, 68f
Hyperthermia, effect on fetus, 229
Hypervascularity, endometrial, 95–96,

95f–97f
Hypogonadism

hypergonadotropic, 58–59, 59f
hypogonadotropic, 57–58, 58f

Hypomenorrhea, 29
Hypoplastic left heart syndrome, in fetal

heart examination, 180, 180f
Hypoplastic mandible, in fetal head

assessment, 165, 166
Hypospadias, in diabetic pregnancy, 212,

213f
Hypothalamic dysfunction, amenorrhea

and, 57
Hysterosalpingography

in abnormal uterine bleeding
evaluation, 21

in postmenopausal vaginal bleeding
evaluation, 66

Hysteroscopy
in endometrial evaluation, 99–100
in endometrial polyp diagnosis, 30–31
in postmenopausal vaginal bleeding

evaluation, 71
Hysterosonography. See

Sonohysterography

I
Iliac angle, in fetal Down syndrome, 202f,

203
Immunologic disorders, early pregnancy

loss and, 34
In vitro fertilization

pregnancy dating and, 46
pregnancy success rates and, 40
transvaginal sonography role in, 45,

45f
Incompetent cervix, 125–128, 126f–128f
Incomplete abortion

defined, 35
outcome studies of, 35–36, 35t
vs. complete abortion, 107f, 108

Inevitable abortion
defined, 35
outcome studies of, 35–36

Infants, preterm. See Premature infants
Infected abortion

defined, 35
outcome studies of, 35–36

Infection
pelvic inflammatory disease and, 16
postpartum pelvic, 248f, 249

Infectious agents, teratogenic effects of,
229–232

parasitic, 229, 231f
viral. See Viral infections, fetal

exposure to
Infertility

age and, 39
defined, 39
diagnosis of, 39
and early pregnancy diagnosis, 46
treatments for, monitoring, 43

ovarian response, 44–45, 44f–46f
uterine response, 43–44

ultrasound evaluation in
fallopian tubes, 41–42, 41f
ovaries, 42–43, 42f–43f
transvaginal sonography, 39
uterus, 39–41, 39f–41f

Inflammatory bowel disease, amenorrhea
in, 57, 58f

Inhibin-A, fetal Down syndrome screening
and, 199

Intermenstrual bleeding, 29–31, 30f–31f
Interocular distance, in fetal gestational

age estimation, 140, 140f
Interstitial ectopic pregnancy, 106
Intestinal obstruction, in cocaine-exposed

fetus, 227, 227f
Intrauterine gestation, bleeding and,

32–37
early pregnancy failure, 34. See also

Early pregnancy failure
normal, 32, 32f

with subchorionic hemorrhage, 33,
33f

Intrauterine growth restriction
cardiac anomalies in, 181
defined, 156
in diabetes pregnancy, 214
Doppler flow imaging in

arterial, 158
findings, 158–159
venous, 158, 158f

pathophysiology of, 159
Intrauterine mass, subchorionic

hematoma mimicking, 112–113,
112f–113f

Intrauterine membranes, subchorionic
hematoma and, 112, 112f

Involution, placental implantation site,
243–244

Iodine-131, teratogenic effects of, 221
Ischemia, uterine fibroid sensitivity to, 26
IUGR. See Intrauterine growth restriction
IVF. See In vitro fertilization

K
Kidneys. See also Renal entries

fetal, ultrasound assessment of, 169,
169f

autosomal recessive polycystic, 170,
170f

dysplastic, 170, 170f
multicystic dysplastic, 170, 170f

L
Laparoscopic surgery

for asymptomatic palpable adnexal
masses, 1, 8–9

for ectopic pregnancy, 14
Lateral ventricles, in fetal head

assessment, 163, 163f
Left ventricle, fetal heart

right ventricle smaller than, 181–182,
181f–182f

smaller than right ventricle, 180–181,
180f–181f
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Legs. See Lower extremities
Leiomyoma(s). See also Fibroids, uterine

retroplacental, 111, 112f
uterine, 95–96, 96f

“Lemon” sign, fetal head, 162, 163f
elevated MS-AFP and, 191–192, 191f

LH (luteinizing hormone), 50
Limb defects

chorionic villus sampling implicated
in, 228

upper. See Upper limb defects
Limb–body wall complex, elevated MS-

AFP and, 191, 191f
Lithium, teratogenic effects of, 224, 224f
LMP (low malignant potential lesions),

ovarian, 6
Long bone length, in fetal gestational age

estimation, 137–138, 138t, 139f
Low birth-weight infants. See Premature

infants
Low uterine contractions, simulating

placenta previa, 114f, 115
Lower extremities, fetal

clubfoot and. See Clubfoot
normal, 172, 172f

LSD (lysergic acid diethylamide),
teratogenic effects of, 228

Luteal phase, in normal menstrual cycle,
50–51, 51f

Luteinizing hormone, 50
Lymphoma, ovarian mass and, 84, 84f
Lynch II syndrome, and increased ovarian

cancer risk, 76
Lysergic acid diethylamide, teratogenic

effects of, 228

M
Macroglossia, in fetal Down syndrome,

200, 200f
Macrosomia, fetal, in diabetic pregnancy,

213–214
Magnetic resonance imaging

of adnexal lesions, 1
in congenital uterine anomalies, 54, 55f
of pituitary adenoma, 58, 58f
in postmenopausal vaginal bleeding

evaluation, 66
Magnetic resonance venography, in

postpartum ovarian vein
thrombophlebitis, 247, 248f

Male pseudohermaphroditism (intersex),
59–60

Mandible, hypoplastic, in fetal head
assessment, 165, 166

Marginal placenta previa, 115–116, 115f
Marijuana, teratogenic effects of, 228
Maternal age, early pregnancy loss and,

34
Maternal serum-alpha-fetoprotein

decreased, Down syndrome and, 199.
See also Down syndrome, fetal

elevated
amniocentesis following, 188, 189
fetal defects observed with,

189–196, 189t, 190f–195f
targeted sonography following, 188,

189
screening programs with, 187

patient triage in, 188–189
sources of, 187–188

Maternal serum radioassay, 103
Mayer–Rokitansky-Küster-Hauser

syndrome, 52, 62
MDS. See Mullerian duct system

Mean gestational sac diameter, in fetal
gestational age estimation,
133–134, 133t

Meckel’s syndrome, occipital cephalocele
and, 193

Membranes
fetal, premature rupture of, 128–129
intrauterine, subchorionic hematoma

and, 112, 112f
Menarche, 52
Meningomyelocele. See Myelomeningocele
Menometrorrhagia, 32
Menorrhagia

in adenomyosis, 26
uterine fibroids and. See Fibroids,

uterine
Menses. See Menstrual bleeding
Menstrual bleeding

abnormal flow in, 22. See also
Nonpregnant patient, bleeding in

absence of
in adolescent or young adult. See

Amenorrhea
at menopause. See Postmenopausal

women
defined, 50
in menstrual cycle, 50–51, 51f
physiology of, 51–52

Menstrual cycle, 50–51, 51f
folliculogenesis in, 42, 42f
in infertility evaluation, 40f, 41

Methotrexate
for ectopic pregnancy termination, 228

“bizarre” response to, 106
teratogenic effects of, 228

Metrorrhagia, 29–31, 30f–31f
Microcysts, in premenarchal ovaries, 55,

55f
Micromelia, thalidomide exposure and,

220, 220f
Middle cerebral circulation, Doppler flow

imaging of, 157–158, 157f
Miscarriage rates, 35
Misoprostol, teratogenic effects of, 221,

221f
Missed abortion. See also Early pregnancy

failure
defined, 35
outcome studies of, 35–36, 35t

Mittelschmerz, 11–12
Mobius sequence, misoprostol exposure

and, 221, 221f
Molar pregnancy, 35t, 152, 153f
Monochorionic-diamniotic twin

pregnancy, 143–145, 144f
Monochorionic twinning process

complications of, 143–145, 144f
determining, 143, 144f

MORE (Multiple Outcomes of Raloxifene
evaluation) trial, 90

MRI. See Magnetic resonance imaging
MS-AFP. See Maternal serum-alpha-

fetoprotein
Mucinous tumors, ovarian, 6–7

echotexture of, 82, 83f
Mullerian duct system

anomaly, vaginal obstruction in, 54,
55f

development of, 52–53
Multicystic dysplastic kidney, fetal, 170,

170f
Multicystic ovaries, premenarchal, 55–56
Multiple Outcomes of Raloxifene

evaluation trial, 90

Multiple pregnancy, 143–145, 144f
maternal serum-AFP detecting, 189t

Myelomeningocele
Chiari II malformations and, 165
deformities associated with, elevated

MS-AFP and, 190–192, 191f
in diabetic pregnancy, 209, 212f
fetal spine, 166f, 167, 190–192, 191f
“lemon” sign and. See “Lemon” sign,

fetal head
teratogen-induced, 222, 222f

Myoma(s)
exophytic ovarian, 7–8
in infertility evaluation, 40, 41, 41f

Myometrial cysts, in adenomyosis, 27
Myometrial thickening, in adenomyosis,

27
Myometrial vascularity, in postpartum

patient
enhanced, 245

focal vs. diffuse, 244f, 245
Myometrium

focal vs. diffuse vascularity, in
postpartum patient, 244f, 245

in infertility evaluation, 40, 40f

N
Nabothian cysts, 128, 128f
Nasal bone, evaluation in fetal Down

syndrome, 204, 204f
National Institute of Child Health and

Human Development Network,
cervical length study, 124–125

Neisseria gonorrhoeae, pelvic inflammatory
disease and, 16

Neoangiogenesis, in endometrial cavity, 95
Neonates, preterm. See Premature infants
Neovascularity, in malignant ovarian

lesions, Doppler imaging of
color, 85–87, 86f
spectral, 84–85, 85f

Neural tube defects, in fetus. See also
specific defects

amniotic fluid-AFP detecting, 188
in diabetic pregnancy, 209, 209f–210f,

212f
involving head, 161–162, 162f
involving spine, 166–167, 166f
maternal serum-AFP detecting, 187,

189–193, 189t, 190f–193f
polyhydramnios and, 148, 149f
teratogen-induced, 222, 222f
trisomy 9 and 13 and, 148, 150,

151f–152f
NICHD (National Institute of Child Health

and Human Development
Network), cervical length study,
124–125

Nonimmune hydrops
polyhydramnios and, 147–148,

147f–148f
uterine masses and, 152

Nonmenstrual bleeding, causes of, 32
Nonpregnant patient, bleeding in

abnormal menstrual flow, causes of,
22–32, 23f–31f, 29t

contact bleeding, 32
nonmenstrual, causes of, 32

Nuchal cystic hygromas, in fetal Down
syndrome, 200, 201f

Nuchal skin fold, thickened, in fetal Down
syndrome, 200–201, 201f

Nuchal translucency, in fetal gestational
age estimation, 139–140, 140f
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O
Obstruction, fetal duodenal. See Duodenal

atresia, fetal
Office hysteroscopy, in abnormal uterine

bleeding evaluation, 21–22
OHSS (ovarian hyperstimulation

syndrome), 44f, 45
Oligomenorrhea, 32
Omphaloceles, in fetal abdominal wall,

171, 171f
elevated MS-AFP and, 189t, 193, 193f

Oocyte retrieval, TVS role in, 45, 45f–46f
Ossification centers, fetal spine, 166, 166f
Outflow tracts, fetal cardiac. See Cardiac

outflow tracts, fetal
Ovarian carcinoma, 76

family history and, 76
heritable syndromes correlated with,

76
prevalence of, 76
risk factors for, 76
screening in high-risk women, 77

history and physical examination, 77
serum CA 125 levels, 77
sonographic, 77–87, 78f–86f

stage at detection, 76
Ovarian cysts, 11–13, 12f–13f, 80f

echotexture of, 82, 82f
Ovarian folliculogenesis, 52
Ovarian hyperstimulation syndrome, 44f, 45
Ovarian lesions

neoplastic, 6–8, 6f–8f
sonographic evaluation of, 8

Ovarian masses, gray-scale morphology and
echotexture, 82–84, 82f–84f
septa within, 78, 81f–82f
wall features, 78, 80f

Ovarian torsion, 11, 14–15, 16f
Ovarian tumors

benign, ultrasound evaluation of, 6–7,
6f–7f

classification, 6
germ cell, 7–8, 7f
mucinous, 6–7, 82, 83f

Ovarian vein thrombophlebitis, in
postpartum patient, 247, 248f

Ovary(ies). See also Ovarian entries
in infertility, ultrasound evaluation in,

42–43, 42f–43f
in infertility treatment

controlled stimulation, 44, 44f
monitoring, 44–45, 44f–46f

masses associated with. See Ovarian
masses, gray-scale morphology
and

mobility of, 43
postmenarchal, cyclical changes in,

50–51, 51f
premenarchal, 54–56, 55f
size estimation of, 78, 79f
tumors of. See Ovarian tumors

Overriding aorta, in fetal heart
examination, 183–184, 183f

Ovulation
in normal menstrual cycle, 42, 50–51,

51f
transvaginal sonography following,

42, 42f
Ovulatory cycle, 52

P
PA. See Pulmonary artery
PACs, fetal biometry and, 141
Pain

in obstetric patient. See First-
trimester bleeding; Second/third
trimester bleeding

pelvic
acute. See Acute pelvic pain
in postpartum patient, 238

right lower quadrant, appendicitis
and, 18, 18f

Palpable adnexal masses, asymptomatic
differential diagnosis of, 1
imaging of, 1
laparoscopic surgery for, 1, 8–9
management guidelines for, 8–9
ultrasound diagnostic evaluation of,

1–6, 1f–6f
Pancreas, fetal annular, polyhydramnios

and, 169
Paraovarian cysts, as palpable adnexal

masses, 3–4, 3f
Parasitic infections, fetal exposure to, 229,

231f
Paratubal cysts, as palpable adnexal

masses, 3–4, 3f
Parvovirus, teratogenicity of, 232
Patency, of fallopian tube, 42
Patent ductus arteriosus, in fetal heart

examination, 176
Patient history

in abnormal uterine bleeding
evaluation, 21

ovarian cancer and, 77
PCOS. See Polycystic ovarian syndrome
PDA (patent ductus arteriosus), in fetal

heart examination, 176
Pediatric patients

adolescent. See Adolescents
prematurity and. See Premature infants

Pelvic inflammatory disease, 16–17, 16f
transvaginal ultrasound in, 56

Pelvic kidney, fetal, 169, 169f
Pelvic pain

acute, 11–19. See also Acute pelvic pain
in postpartum patient, 238

Pelvic tenderness, in adenomyosis, 26–27
Pelvis. See also Pelvic entries

adnexal masses in, asymptomatic
palpable, 1–9

ovarian carcinoma in, 76–87
pain in. See Pelvic pain
tamoxifen therapy and. See Tamoxifen
ultrasound evaluation of

approaches to, 92–96, 92f–96f
in infertility. See Infertility

vaginal bleeding and
abnormal premenopausal, 21–37
postmenopausal, 65–73

Peritoneal inclusion cysts, as palpable
adnexal masses, 4, 4f

Periventricular leukomalacia, in cocaine-
exposed fetus, 227, 227f

Phacomelia, thalidomide exposure and,
220, 220f

Phalanx, fifth digit, in fetal Down
syndrome, 203, 203f

Pharmaceuticals, teratogenic effects of,
219–224

Physical examination
in abnormal uterine bleeding

evaluation, 21
in ovarian cancer, 77

Physiological cysts, as palpable adnexal
masses, 1–2, 3f–4f

PI (pulsatility index), in ovarian mass
vascularity evaluation, 84–85, 85f

Pituitary adenoma, amenorrhea and, 58,
58f

Pituitary dysfunction, amenorrhea and, 57,
58, 58f

Placenta
abnormalities of, elevated MS-AFP

and, 195–196
implantation site involution, 243–244
retained. See Retained placenta
thickness of, in fetal gestational age

estimation, 140
Placenta abruption, sonographic findings

in, 111–113, 111f–113f
Placenta accreta

devitalized, false-positive Doppler
signals in, 238f, 239

placenta previa with, 116, 116f
and prior C-section association, 116
retained placenta vs., 245–246, 245f

Placenta increta, retained placenta vs.,
245–246

Placenta previa
complete central, 114, 114f
marginal, 115–116, 115f
with placenta accreta, 116, 116f
“pseudo,” 107
sonographic findings in, 113–116,

114f–116f
Pleural effusions, in fetal Down syndrome,

200, 201f
Polycystic ovarian syndrome

amenorrhea in, 60–61, 60f
in infertility evaluation, 43, 43f
palpable adnexal masses in, 3, 3f

Polyhydramnios, 145
in diabetes pregnancy, 214
malformations associated with,

145f–147f, 146–147
mild, 146

Polymenorrhea, 31
Polyps, endometrial. See Endometrial

polyps
Posterior fossa, in fetal head, 161, 164f,

165, 165f
ventriculomegaly and, 192

Postmenopausal vaginal bleeding, 65
endometrial pathology and. See

Endometrial thickness,
postmenopausal

hysterosalpingography in, 66
MRI in, 66
nonimaging test in, 65–66
sonographic evaluation in, 66–70,

66f–70f. See also
Sonohysterography

benefits of, 71
diagnostic workup algorithm, 71,

72f
transvaginal sonographic evaluation

of, 93
Postmenopausal women

breast cancer in, tamoxifen therapy
for, 90–91. See also Tamoxifen

normal uterus in, 92, 92f
osteoporosis in, raloxifene for, 90
palpable adnexal masses in, 2

management guidelines, 9
vaginal bleeding in. See

Postmenopausal vaginal bleeding
Postpartum fever, 238
Postpartum ovarian vein

thrombophlebitis, 247, 248f
Postpartum patient

complications in

Index 257

14495_obgyn_IDX_pgs.qxd  8/16/07  1:59 PM  Page 257



Postpartum patient (continued)
clinical signs and diagnoses,

237–238, 237t, 238f
endometritis, 248f, 249
hematomas, post-Cesarean section,

246–247, 246f–247f
imaging modalities used, 237
imaging modalities used,

ultrasound technique, 238–239,
238f

ovarian vein thrombophlebitis, 247,
248f

retained products of conception,
239, 242–246, 242f–245f

normal pelvic changes in
after C-section, 239, 241f
after vaginal delivery, 239, 240f

POVT (postpartum ovarian vein
thrombophlebitis), 247, 248f

Pregnancy
adverse outcomes in, MS-AFP and, 187
bleeding in

causes of, 32
and early pregnancy failure. See

Early pregnancy failure
extrauterine gestation and, 37, 37t
in first trimester. See First-trimester

bleeding
in heterotopic pregnancy, 37
intrauterine gestation and, 32–37,

32f, 33f
in second and third trimesters. See

Second/third trimester bleeding
cervical role in, 121
dating of. See Pregnancy dating
diabetes mellitus in. See Diabetic

pregnancy
diabetogenic nature of, 208
early. See Early pregnancy; Early

pregnancy failure
extrauterine. See Ectopic pregnancy

Pregnancy dating
AFP testing for, 208
amniocentesis and, 208
fetal biometry for. See Fetal biometry
in vitro fertilization and, 46
large uterine size in

incorrect dates and, 143
large uterine masses and, 152, 153f,

154
multiple pregnancy and, 143–145,

144f
polyhydramnios and, 145–152,

145f–153f
small uterine size in

cerebral circulation and, 157–158,
157f

fetal growth restriction, 158–159,
158f

umbilical circulation and, 156–157,
157f

Pregnancy test(s), 103
in abnormal uterine bleeding

assessment, 21
Premature delivery

cervical sonography predicting, 125
defined, 121
in diabetes pregnancy, 214

Premature infants
cost of care for, 121
morbidity and mortality trends for, 121

Premature labor
evaluation of cervix in, 121, 122f

technical aspects, 122f–124f,
123–124

role of cervical sonography in, 125
findings, 125–129, 126f–128f

Premature rupture of fetal membranes,
128–129

Premenopausal women
abnormal vaginal bleeding in. See

Nonpregnant patient, bleeding in;
Pregnancy, bleeding in

palpable adnexal masses in, 1f, 2, 2f
management guidelines, 8

Presacral tumors. See Sacrococcygeal
teratoma

Preterm infants. See Premature infants
Primary amenorrhea

defined, 50
etiology of, 56t

Progestins, teratogenic effects of, 224–225
“Pseudo placenta previa,” 107
Pseudohermaphroditism, amenorrhea and,

59–60, 59f
Pseudoventricular septal defect, in fetal

heart assessment, 179, 179f
Pubarche, 52
Pulmonary artery, fetal heart, 177, 178f

overriding aorta and, 184
parallel aorta and, 184, 184f

Pulmonary atresia
chromosome deletions and, 175
in fetal heart examination

with intact ventricular septum, 181,
181f

with ventricular septal defect,
181–182

Pulmonary valve stenosis, in fetal heart
examination, 176

Pulsatility index, in ovarian mass
vascularity evaluation, 84–85, 85f

PVL (periventricular leukomalacia), in
cocaine-exposed fetus, 227, 227f

R
Radiation exposure, teratogenic effects on

fetus, 228–229
Raloxifene, for postmenopausal

osteoporosis, 90
Recreational drugs, teratogenic effects of,

225–228
Renal abnormalities

chromosome deletions and, 175
elevated MS-AFP and, 195

Renal agenesis
congenital gynecologic anomaly and,

52, 52f
in diabetic pregnancy, 212, 212f

Renal collecting system, in fetal abdomen
assessment, 169–170, 169f

Renal dysgenesis, teratogen-induced
ACE inhibitors and angiotensin II

receptor antagonists, 220, 220f
cocaine, 227, 227f

Renal length, in fetal gestational age
estimation, 140

Renal pyelectasis, in fetal Down
syndrome, 202, 202f

Reproductive organs
genital embryology and, 52–53
maturation of, 52
ultrasound imaging techniques, 56

Resistive index
in ovarian mass vascularity

evaluation, 84–85, 85f
vascularized trophoblast and, 243

Retained placenta
dilatation and curettage and, 242,

242f, 245

in postpartum patient, 242, 242f
vs. placenta accreta or increta,

245–246, 245f
Retained products of conception, 239,

242–246, 242f–245f
Retinoids, teratogenic effects of, 223–224
Retroplacental hematoma, 111–112,

111f–112f
Retroplacental leiomyoma, 111, 112f
Retzius, space of, post-Cesarean section

hematomas and, 246, 246f
Reversed diastolic flow, in umbilical

arterial circulation evaluation,
157, 157f

Rhabdomyomas, in fetal heart
examination, 183, 183f

RI. See Resistive index
Right atrium, fetal heart, 182, 182f
Right lower quadrant pain, appendicitis

and, 18, 18f
Right ventricle, fetal heart

double-outlet, 184
left ventricle smaller than, 180–181,

180f–181f
overriding aorta and, 184
smaller than left ventricle, 181–182,

181f–182f
“Ring of fire” appearance

in ectopic pregnancy evaluation, 103
ovarian follicular cyst and, 12–13, 12f

RLQ (right lower quadrant) pain,
appendicitis and, 18, 18f

Rokitansky nodule, 5
ovarian teratomas and, 82–83, 84f

RPOC (retained products of conception),
239, 242–246, 242f–245f

Rubella, teratogenic effects of, 229
Rupture

premature, of fetal membranes,
128–129

uterine. See Uterine rupture
RV. See Right ventricle

S
Sacral agenesis, in fetus of diabetic

mother, 209, 210f
Sacrococcygeal teratoma, fetal, 152, 153f,

172, 172f
elevated MS-AFP and, 194–195–380f

Saline infusion sonohysterography-
transvaginal sonography. See also
Sonohysterography

of endometrium, 94f, 95, 97
Salpingectomy/Salpingostomy, 14
Screening

for fetal Down syndrome, in second
trimester. See Second-trimester
screening, for fetal Down
syndrome

maternal serum-alpha-fetoprotein, 187
patient triage in, 188–189

for ovarian carcinoma, 77
history and physical examination,

77
serum CA 125 levels, 77
sonographic, 77–87, 78f–86f

Second/third trimester bleeding
circumvallate placenta and, 116–117,

117f
diagnostic considerations in, 110
nonimaging evaluation of, 110
placenta abruption and, 111–113,

111f–113f
placenta previa and, 113–116,

114f–116f
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uterine rupture and uterine
dehiscence and, 117–118

vasa previa and, 117, 117f
Second-trimester screening, for fetal

Down syndrome, 199
genetic sonogram in, 204–205

following abnormal serum screens,
205–206

sonographic findings, 201–204,
202f–204f

structural defects, 199–201,
200f–201f

Secondary amenorrhea, 62–63, 62f
defined, 50

Secundum atrial septal defect, in fetal
heart examination, 176

Selective estrogen receptor modulators,
90. See also Tamoxifen

Septa, within ovarian mass, 78, 81f–82f
Septic abortion

defined, 35
outcome studies of, 35–36

SERMS (selective estrogen receptor
modulators), 90. See also
Tamoxifen

Serous cystadenocarcinoma, ovarian, 6–7,
7f

Serous cystadenoma, benign ovarian, 6, 6f
septa within, 78, 81f

Serum screens, in fetal Down syndrome
testing, 199

abnormal, 199
diagnostic evaluation, 206
genetic sonogram following,

205–206
sonographic findings following,

199–204, 200f–204f
Sex cord tumors, ovarian, 7
Sexual development, delayed

amenorrhea and, 57, 57f
hypergonadotropic hypogonadism

and, 58–59, 59f
hypogonadotropic hypogonadism and,

57–58, 58f
Shoulder dystocia, in macrosomic diabetic

fetus, 214
Shpintzen’s syndrome, chromosome

deletions and, 175
SIS (saline infusion sonohysterography)-

transvaginal sonography. See also
Sonohysterography

of endometrium, 94f, 95
Skeletal dysplasias, fetal, polyhydramnios

and, 148, 151f
Small bowel obstruction, fetal,

polyhydramnios and, 146–147,
146f

Society of Radiologists in Ultrasound, on
transvaginal sonography role in
postmenopausal bleeding, 93

Sonohysterography
in endometrial polyp diagnosis, 30–31
in infertility evaluation, 41, 41f
in postmenopausal vaginal bleeding

evaluation, 68–70, 69f–70f
benefits, 71
diagnostic workup algorithm, 71,

72f
3-D, 70, 70f

in postpartum uterine evaluation,
242–243

Space of Retzius, post-Cesarean section
hematomas and, 246, 246f

Spectral Doppler imaging, in ovarian
cancer screening, 84–85, 85f

Spina bifida
elevated MS-AFP and, 191
open, cranial findings in, 191–192, 191f

Spinal dysraphism, fetal
detection of, 190–192, 191f
teratogen-induced, 222, 222f

Spine, fetal. See Fetal spine
Spontaneous abortion, 35

outcome studies of, 35–36, 35t
rates of, 36t
subclinical, 35

SRU (Society of Radiologists in Ultrasound),
on transvaginal sonography role in
postmenopausal bleeding, 93

Stenosis, aortic valve. See Aortic valve
stenosis

Stippled epiphyses, teratogen-induced,
222–223, 223f

Stomach bubble, absence in fetus,
polyhydramnios and, 147, 147f

Streaky shadowing, in adenomyosis, 28
Stromal tumors, ovarian, 7
Subchorionic hematoma

intrauterine membrane and, 112, 112f
mimicking intrauterine mass,

112–113, 112f–113f
Subchorionic hemorrhage

normal intrauterine gestation with,
33, 33f

in threatened abortion, 107–108, 107f
Subfascial hematoma, post-Cesarean

section, 246, 246f
Submucous uterine fibroids

sonographic findings in, 22, 24f–25f
treatment of, 26

Syphilis, fetal exposure to, 231–232, 232f
Systemic corticosteroids, teratogenic

effects of, 225
Systemic diseases, amenorrhea and, 57, 58f

T
Tachycardia, fetal, 152f
TAH-BSO (total abdominal hysterectomy-

bilateral salpingo-oophorectomy),
17

Tamoxifen
endometrial responses to, 91–92

with long-term use, 101
ultrasound evaluation of, 92–96,

92f–96f
estrogenic effects of, 90–91
mechanism of action of, 90–91
prophylactic use of, 92

TAPVR (total anomalous pulmonary
venous return), in fetal heart
examination, 181

TAS. See Transabdominal sonography
Teratogen exposure, fetal, 219
Teratogenesis, factors associated with, 216
Teratogenicity

of alcohol and recreational drugs,
225–228

of hormones, 224–225
of infections agents, 229–232
of interventional measures, 228
nature of, 218–219
of pharmaceuticals, 219–224
principles of, 216–217, 217f
of radiation and heat exposure,

228–229
Teratogens

fetal exposure to, assessment of, 219
identification of, 218, 218t
idiosyncratic effects of, 217–218
potency and risk of, 218

Teratoma
mature cystic, as palpable adnexal

mass, 5–6, 5f–6f, 7
sacrococcygeal. See Sacrococcygeal

teratoma
Testicular feminization syndrome, 60, 60f
Tetracycline, teratogenic effects of, 224
Tetralogy of Fallot, fetal

chromosome deletions and, 175
in diabetic pregnancy, 209, 211f
in Down syndrome, 200
overriding aorta and, 183–184, 183f
severe form of, 181–182
teratogen-induced, 223

Thalidomide, teratogenic effects of, 220,
220f

Thanatophoric dysplasia, fetal,
polyhydramnios and, 148, 151f

Thelarche, 52
Therapeutic abortion, outcome studies of,

35t
Thorax

fetal abnormalities of,
polyhydramnios and, 148, 150f

normal fetal heart in, 167, 167f, 176–177
Threatened abortion

defined, 35
outcome studies of, 35–36, 35t
transvaginal sonography in, 107–108,

107f
Thrombophlebitis, ovarian vein, in

postpartum patient, 247, 248f
Thyroid agents, teratogenic effects of,

221–222
Thyroid replacement agents, teratogenic

effects of, 221–222
TOA (tubo-ovarian abscess), 11, 16–17, 16f
Toes, gap between, in fetal Down

syndrome, 203, 203f
TOF. See Tetralogy of Fallot, fetal
Toluene inhalation, teratogenic effects of,

228
Torsion

adnexal. See Adnexal torsion
ovarian, 11, 14–15, 16f

Total abdominal hysterectomy-bilateral
salpingo-oophorectomy, 17

Total anomalous pulmonary venous
return, in fetal heart examination,
181

Toxoplasmosis, teratogenic effects of, 231,
231f

Transabdominal sonography
in cervix evaluation, 122f, 123
of female pelvis, 92, 92f
of female reproductive organs, 56
in incompetent cervix, 126f, 127
in placenta previa, 115
in vasa previa, 117, 117f

Translabial sonography, female
reproductive organs, 56

Transperineal sonography
in cervix evaluation, 121, 122f, 123
of female reproductive organs, 56
in placenta previa, 115–116, 116f

Transposition of the great arteries, fetal
heart, 184, 184f

corrected transposition and, 184
in diabetic pregnancy, 209, 210f
teratogen-induced, 223

Transvaginal sonography
of adnexal lesions, 1
in anencephaly, 149f
in cervix evaluation, 121, 121f, 123,

123f

Index 259

14495_obgyn_IDX_pgs.qxd  8/16/07  1:59 PM  Page 259



Transvaginal sonography (continued)
in ectopic pregnancy evaluation, 103,

104f
of female pelvis, 92–96, 92f–96f

benefits, 92–96–269, 97f–100f, 99,
101

tamoxifen therapy and, 101
of female reproductive organs, 56
in fetal heart evaluation, 175
in incompetent cervix, 122f, 126f, 127
in infertility evaluation, 39

endometrium, 40–41, 40f–41f
fallopian tubes, 41–42, 41f
ovaries, 42–43, 42f–43f
uterine anomalies, 40–41, 40f–41f

in lumbosacral neural tube defect, 149f
in postmenopausal bleeding, 93
role in infertility treatment monitoring

ovaries, 44–45, 44f–46f
uterus, 43–44

with saline infusion
sonohysterography. See Saline
infusion sonohysterography-
transvaginal sonography

in threatened abortion, 107–108,
107f–108f

Treponema pallidum, fetal exposure to,
231–232, 232f

Tricuspid valve
atresia of, 182
congenital absence of leaflets in, 182

Triplet pregnancy, 143, 144f
Trisomy 9, polyhydramnios and, 150,

151f–152f
Trisomy 13, polyhydramnios and, 148,

150, 151f–152f
Trisomy 18, polyhydramnios and, 148
Trisomy 21, polyhydramnios and, 148
Trophoblast, vascularized, 243
Truncus arteriosus, fetal

chromosome deletions and, 175
in diabetic pregnancy, 209, 211f
overriding aorta and, 184

Tubo-ovarian abscess, 11, 16–17, 16f
Tumors. See also individually named tumors

adrenal, 17–18, 60
cardiac, in fetal heart examination,

182–183, 183f
fetal, polyhydramnios and, 150, 152,

153f
ovarian. See Ovarian tumors
presacral. See Sacrococcygeal teratoma
uterine fibroid, 152, 153f, 154

Turner’s syndrome, amenorrhea in, 58–59,
59f

TVS. See Transvaginal sonography
TVUS (transvaginal ultrasound). See

Transvaginal sonography
Twin pregnancy, 143, 144f

acardiac twin, 145
complications associated with,

143–145, 144f
conjoined twins, 143, 144f

Twin-to-twin transfusion syndrome,
143–145, 144f

nonimmune hydrops and, 148

U
uE3 (unconjugated estriol), maternal

serum, fetal Down syndrome and,
199

Uhl’s anomaly, 182, 182f
Umbilical artery(ies)

Doppler flow imaging of, 156–157,
157f

hypoplastic, in diabetic pregnancy,
212, 213f

and umbilical cord, normal insertion
of, 171, 171f

Umbilical cord, normal insertion, 171, 171f
Umbilicus, abdominal wall defects at, 171,

171f
Unconjugated estriol, maternal serum,

fetal Down syndrome and, 199
Upper limb defects, fetal

misoprostol exposure and, 221, 221f
thalidomide exposure and, 220, 220f

Ureteral calculus, acute pelvic pain and,
18–19, 19f

Ureteropelvic junction obstruction, in fetal
renal collecting system, 169

Urethral valves, fetal, 171, 171f
Urinary bladder, fetal, 170–171, 170f
Urinary enzyme-linked immunosorbent

assay, 103
Uterine aplasia, amenorrhea due to, 62
Uterine artery flow, color Doppler TVS

assessing, 95
Uterine bleeding, abnormal

diagnostic evaluation of, 21–22
initial assessment of, 21
sonographic, 22

dysfunctional, 29
menstrual flow and, 22–32. See also

specific conditions
in pregnant patient, 32–37. See also

Early pregnancy failure;
Pregnancy, bleeding in

Uterine dehiscence
defined, 118, 247
diagnosis of, 247
post-Cesarean section, 247, 247f
second/third-trimester bleeding and,

117–118
sonographic diagnosis of, 118

Uterine fibroids, 152, 153f, 154
Uterine hypoplasia, amenorrhea due to,

62
Uterine leiomyomata. See Fibroids, uterine
Uterine mass, pregnancy dating and, 152,

153f, 154
Uterine rupture

defined, 118
second/third-trimester bleeding and,

117–118
sonographic diagnosis of, 118

Uterine size
after puberty, 54
in obstetric patient

greater than dates, 143–154
less than dates, 156–159

Uterine tenderness, on palpation, in
adenomyosis, 28

Uterus. See also Uterine entries
in amenorrhea patients, ultrasound

evaluation of, 53–54, 54f
bicornuate, 52–53, 53f
congenital anomalies of, imaging

evaluation of, 54, 55f
infantile, 57, 57f

in Turner’s syndrome, 59, 59f
in infertility evaluation, 39–41, 39f–41f

monitoring of, in infertility treatment,
43–44

neonatal, 53, 53f
postmenarchal, 53, 54f
premenarchal, 53–54, 54f
size of. See Uterine size

V
Vaginal bleeding

in menstrual cycle. See Menstrual
bleeding

placenta previa severity and, 114
postmenopausal. See Postmenopausal

vaginal bleeding
premenopausal, abnormal, evaluation

of, 21–22. See also First-trimester
bleeding; Nonpregnant patient,
bleeding in; Pregnancy, bleeding
in; Second/third trimester
bleeding

Vaginal delivery, normal pelvic findings
after, 239, 240f

Vaginal obstruction, amenorrhea and,
61–62, 61f–62f

Mullerian duct anomaly and, 54, 55f
Varicella-zoster virus, teratogenic effects

of, 231
Vasa previa, 117, 117f
Velocardiofacial syndrome, chromosome

deletions and, 175
Ventricles, fetal heart. See Left ventricle,

fetal heart; Right ventricle, fetal
heart

Ventricular septal defect, fetal heart, 167
for congenital heart disease, 176,

179–180, 179f–180f
in diabetic pregnancy, 209, 211f
pulmonary atresia with, 181–182
teratogen-induced, 223

Vesicoureteral reflux, in fetal renal
collecting system, 169

Viral infections, fetal exposure to
cytomegalovirus, 229, 230f
herpes simplex, 232
HIV, 232
parvovirus, 232
rubella, 229
varicella-zoster, 231

Virilization, in female adolescence, 60
Vitamin A congeners, teratogenic effects

of, 223–224
VSD. See Ventricular septal defect, fetal

heart
VUR (vesicoureteral reflux), in fetal renal

collecting system, 169

W
White classification, of diabetes mellitus

in pregnancy, 208
White matter damage. See Periventricular

leukomalacia

Y
Young adults, amenorrhea in, 50–63. See

also Amenorrhea
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