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The
First Trimester
Sonographic Protocols
Normal First Trimester
Abnormal First Trimester—Failed Pregnancy

SONOGRAPHIC PROTOCOLS
During the first trimester of pregnancy, the standard sonographic exam is
performed to assess the following:
• Presence of gestational sac
• Size of sac
• Location of sac
• Number of sacs
• Presence of a yolk sac
• Presence of an embryo/fetus
• Cardiac activity (using a two-dimensional video clip or M-mode imaging)
Spectral and color Doppler imaging is avoided whenever possible during the
first trimester as it is associated with a higher exposure to acoustic energy. In
addition, the examination should assess the following structures:
• Uterus
• Cervix
• Adnexa
• Cul-de-sac

3
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The rest of this chapter rehearses the development of
a pregnancy during the first trimester, including both
normal and abnormal sonographic findings, targeted
protocols, and diagnostic criteria.

NORMAL FIRST TRIMESTER
The first trimester of a pregnancy begins with the first
day of the woman’s last menstrual period (LMP) and
ends 10 weeks later. The end of the first trimester marks
the point when all organ systems have been differentiated and are in place and the embryo has become a
fetus. It is important to note that, although ovulation typically occurs 14 days after the first day of the menstrual
period, the first day of the last menstrual period—not
the date of conception—determines the beginning of a
pregnancy in clinical obstetrics. The term for the gestational age based on this date is menstrual age, and it is
this age on which ultrasound charts and biometric measurements are based. Embryologic tests, by contrast,
are based on conceptual age, the age from conception,
which lags behind menstrual age by 2 weeks. Gestational
age is covered in more detail later in this chapter.

PREGNANCY DIAGNOSIS
Three main diagnostic tools are used in the diagnosis
of pregnancy: patient history and physical examination
(H&P), laboratory evaluation, and sonography.

Patient History and Physical Examination
Assessing the patient’s history—particularly the date
of the onset of the last menstrual period, along with
information about historical frequency of menstrual
periods, flow, and duration—is the initial approach.
A missed menstrual period accompanied by nausea,
vomiting, generalized malaise, and breast tenderness is
often considered diagnostic of early pregnancy. However, normal implantation bleeding, which occurs at
about the same time as an expected menstrual period,
may confuse the clinical presentation.
A physical examination will reveal a gravid uterus (the
uterus during pregnancy), which will be enlarged on
bimanual examination, and Chadwick’s sign (a bluish
discoloration of the cervix), which will be observed by
8–10 weeks. Goodell’s sign (softening of the vaginal portion of the cervix), Hegar’s sign (softening of the uterine
isthmus), and hyperpigmentation of the linea alba (the
fibrous structure that runs down the abdominal midline)
are other physical signs associated with early pregnancy.

Laboratory Evaluation
Laboratory evaluation typically centers on assays for
the beta subunit of human chorionic gonadotropin
(beta-hCG) in maternal serum, but other hormones that
have been used in the early diagnosis of pregnancy
include progesterone and early pregnancy factor.
Progesterone
In a normal first trimester pregnancy, progesterone
levels rise to multiples of those observed during the
nonpregnant state and are an indicator of the integrity of an intrauterine gestation. Typical serum levels
range from 10 to 44 nanograms per milliliter (ng/ml);
laboratory values less than expected raise suspicion
for ectopic pregnancy and are also associated with an
increased risk of failed intrauterine pregnancy.
Early Pregnancy Factor
Early pregnancy factor (EPF) is a protein produced by
the conceptus within hours after fertilization and is
the earliest laboratory evidence of pregnancy. Because
EPF is produced prior to implantation, abnormal values
may indicate embryo loss prior to implantation, earlier
than can be discerned using hCG and/or progesterone
assays. EPF is measured using the rosette inhibition test
(RIT), which yields either positive or negative results.1
Human Chorionic Gonadotropin
Human chorionic gonadotropin is a glycoprotein similar
in structure to follicle-stimulating hormone (FSH),
luteinizing hormone (LH), and thyrotropin. It is composed of alpha and beta subunits and can be detected
in the maternal serum as early as 6–8 days post
conception. Qualitative serum beta-hCG testing, which
yields a simple positive or negative result, has a threshold of about 25 million International Units per milliliter
(mIU/ml). Quantitative serum evaluation is more sensitive, with a threshold as low as 1 mIU/ml, and provides
a numeric value that can be followed serially and correlated with a normally progressing gestation to rule
out a failed pregnancy.
Human chorionic gonadotropin is secreted by
physiologically active trophoblastic tissue. Because
every intact conceptus, intrauterine or ectopic, contains trophoblastic tissue, the presence of the beta
subunit of this glycoprotein hormone in maternal blood
is strong evidence of pregnancy. A “negative” betahCG blood test (that is, one resulting in undetectable
levels by radioimmunoassay) essentially excludes the
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Zona pellucida
First polar body
Corona radiata
Meiotic spindle

Secondary oocyte

Figure 1-1. Fertilization.

FERTILIZATION AND EMBRYOLOGY

• Day 17: 8-cell stage.

The early development of the conceptus/embryo can
be summarized as follows, using menstrual ages.

• Day 18: 12- to 16-cell stage, known as the morula.
• Day 18 or 19: The morula enters the uterus and
begins transformation into the blastocyst, a hollow
ball of cells with a single germ layer.

Conceptus Period: Weeks 3–5
Menstrual weeks 3–5 (conceptual weeks 1–3) constitute the conceptus period.

• Days 18–21: The blastocyst cavity and inner cell
mass form; the blastocyst cavity becomes the
primary yolk sac; amniotic cavity formation begins.

Menstrual Week 3/Days 15–21: Early Development
of the Conceptus

Menstrual Week 4/Days 22–28: Implantation,
Bilaminar Embryonic Disc, Amnion, and Chorion

• Days 15–16: Fertilization of the oocyte or (when
mature) ovum (the female gamete) by the
spermatozoon or sperm cell (the male gamete)
occurs within 24–36 hours of ovulation on day 14
(Figure 1-1).

A normal intrauterine pregnancy begins with the
implantation of the conceptus in the secretory endometrium in the central portion of the uterine cavity.
• Days 21–22: Implantation of the blastocyst in the uterine wall and formation of the syncytiotrophoblast,

• Days 16–18: The zygote (fertilized egg) traverses the
fallopian tube (Figure 1-2).
Morula

Four-cell
stage

Zygote

Fertilization
Eight-cell
stage

Two-cell
stage

Blastocysts
Posterior
uterine wall

Figure 1-2. Tubal transit of the zygote.

Oocyte in tube

The First Trimester

the placental precursor (Figure 1-3). Vaginal bleeding
may occur at this time.

Glandular
secretion

• Days 23−26: Transformation of the inner cell mass
into the bilaminar embryonic disc (Figure 1-4),
which has two germ layers, the epiblast and the
hypoblast.
• Days 27−28: Regression of the primary yolk sac
and formation of a secondary yolk sac and the
surrounding chorionic cavity. The amniotic sac
enlarges on the side of the embryo opposite the
yolk sac. The adjacent amnion and secondary yolk
sac (Figure 1-5) are sometimes visible sonographically within the chorionic cavity. This finding is
called the double bleb sign. At the beginning of the
fourth week, the gestational sac is about 1 mm in
diameter.

CHAPTER 1

Syncytiotrophoblast
Inner cell mass
Cytotrophoblast
Blastocyst cavity
Figure 1-3. Implantation.

Menstrual Week 5/Days 29–30: Gastrulation

Uterine gland

• Trilaminar disc: Formation of the trilaminar disc,
comprising the three primary germ layers: ectoderm,
endoderm, and mesoderm.

Amnion
Maternal
blood in
lacunae

• Notochord: Formation of the primitive node and
streak and the rod-shaped group of cells that defines
the body’s primary supporting axis (the notochord).
The notochord forms within the embryonic plate
between the endoderm and ectoderm.
• Early embryo: The notochord induces development
of the structure of the early embryo and later develops into the nucleus pulposus of the discs of the
spinal column.

Bilaminar
embryonic
disc
Primary
yolk sac

Endometrial
epithelium
Extraembryonic
mesoderm

Figure 1-4. Bilaminar embryonic disc.

Menstrual Weeks 5–6/Days 31–42: Neurulation
and Vasculogenesis

Maternal
blood

• Days 31−42: Neural tube and neural plate: Formation of the neural plate, neural tube, and somites
(blocks of mesoderm located on either side of the
neural tube), which develop into the central nervous
system.

Primary
chorionic
villus
Connecting
stalk

4 Day 35: Neural tube formation (neurulation) begins
(Figure 1-6A) and the first somites appear.
4 Day 40: The rostral (head) end of the neural tube
closes.
4 Day 42: The caudal (sacral) end of the neural tube
closes and neurulation ends (Figure 1-6B).
• Days 35−42: Formation of primitive blood cells
(hematogenesis), blood vessels (angiogenesis), fetal
heart, and placental vasculogenesis.

Secondary
yolk sac
Bilaminar
embryo
Remnant
of primary
yolk sac
Figure 1-5. Secondary yolk sac.

Extraembryonic
somatic mesoderm
Endometrial epithelium
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4
3

3

2

1

1

A

2

Figure 1-9. A Schematic and B correlative sonogram demonstrating the double
decidual sac sign. Echogenic ring formed by
two decidual layers surrounding the gestational sac. 1 5 decidua vera, 2 5 decidua
capsularis, 3 5 decidua basalis,
4 5 yolk sac.

B

• Double decidual sac sign: The echogenic ring formed
by the decidua vera (parietalis) and decidua capsularis is called the double decidual sac sign (or double
sac sign). The decidua basalis (future placenta) may
be visualized as an area of echogenic thickening
on one portion of the sac. This sign can typically be
visualized by 5.5–6 menstrual weeks (Figures 1-9A
and B), when the mean sac diameter is $8 mm.5 As
the use of high-resolution transvaginal sonography
has become more extensive, the double sac sign has
come to play a less significant role in the diagnosis
of pregnancy.

YOLK SAC
The secondary yolk sac is the earliest embryonic
structure identified sonographically and is reliably
demonstrated by 5 weeks in a normal gestation. The
yolk sac initially produces red blood cells needed by
the primitive circulatory system.

High-frequency (7–10 MHz) transvaginal sonography
is required to consistently visualize yolk sacs in 8 mm
gestational sacs. The inability to demonstrate a yolk
sac when the mean sac diameter is $ 8 mm or when
serum beta-hCG levels have reached discriminatory
levels is consistent with a failed pregnancy.

Sonographic Signs—Yolk Sac
The following are the characteristic sonographic signs
of a normal yolk sac:
• Spherical in shape, with a sonolucent center and a
clearly defined echogenic wall (Figure 1-10)
• May be visualized when the mean sac diameter is
$ 5 mm (at 5 menstrual weeks)
• Always visualized when the mean sac diameter is
$ 8 mm (at 5.5 menstrual weeks)

EMBRYO
In a very early intrauterine pregnancy (,6 weeks),
endovaginal sonography may reveal a small “embryonic bud,” measuring 1–2 mm and lying adjacent to
the yolk sac, with or without cardiovascular activity
(Figure 1-11). Absence of these findings at such an
early embryonic moment does not portend pregnancy
failure. By 6 weeks, however, an embryo with cardiovascular activity can be reliably demonstrated with
endovaginal sonography.

Sonographic Signs—Cardiac Activity

Figure 1-10. Sonogram of a gestational sac with a yolk sac
(arrow) situated normally between the amnion and chorion.

Embryonic cardiac activity may be visualized when the
crown-rump length (CRL) is approximately 2–4 mm
and will be observed in normal embryos 5 mm or more
in length. In normal pregnancies the embryo will be
visualized when mean sac diameter is 5–12 mm, and
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Table 1-4.

Measures of pregnancy viability using endovaginal sonography.

Age
(Menstrual Weeks)

Mean Sac Diameter
(mm)

Gestational sac may be identified

4.5

2

Gestational sac always identified

5

5

Yolk sac identified

5

10

Viability Measure

Embryo detection
Cardiac activity identified

Underpinning the reliability of the sonographic findings is the reliability of the dating of the pregnancy. As
significant embryonic events are unfolding on a daily
basis, uncertainty about the date of the last menstrual
period introduces uncertainty into the sonographic
findings. Normal variations in the first 14 days of the
menstrual cycle that delay fertilization will render even
firm dates for the last menstrual period somewhat
unreliable. As always in clinical practice, correlation
with physical findings and laboratory values, particularly quantitative serum beta-hCG titers, is essential for
a proper diagnosis (see Table 1-1).

Sonographic Signs—Embryonic Anatomy
Embryonic development is rapid in the first trimester of
pregnancy. By 10 weeks, all major organ systems have
appeared and are in place; by 12 weeks, the embryo
has transitioned into a fully formed fetus.

5–6

5–12

6–6.5

13–18

omphalocele, a pathologic protrusion of part of the
large intestine—and, in many instances, other intraabdominal structures—through the anterior abdominal
wall. (See Chapter 9 for more on abdominal anatomy
and pathology.)
Prominent Rhombencephalon
The embryonic brain is a collection of cystic cavities surrounded by thin mantles of neural tissue. The
rhombencephalon, which in the fetus comprises the
hindbrain structures, can appear prominent, a normal
finding during the first and second trimesters. However,
if seen after the second trimester, this sonographic
finding suggests a Dandy-Walker malformation—cystic
dilatation of the fourth ventricle, hypoplasia or complete absence of the vermis, an enlarged posterior
fossa, and hydrocephalus (Figure 1-14).

Identifying anatomic structural anomalies is not usually
possible in the first trimester. However, there are three
normal embryonic anatomic findings that, if detected
in later trimesters, raise the specter of a major fetal
anomaly: midgut herniation, a prominent rhombencephalon, and abnormal nuchal translucency.
Midgut Herniation
In an embryo, the primitive gastrointestinal tract
resides in the base of the umbilical cord, as much of
the abdominal cavity is filled with liver (Figure 1-13).
This normal physiologic herniation of the bowel occurs
at about 8 menstrual weeks (6 conceptual weeks)
and is reduced into the abdominal cavity by menstrual week 12 (conceptual week 10). The sonographic
appearance of midgut herniation when observed
later than menstrual week 14 is consistent with an

Figure 1-13. Embryonic midgut herniation: normal herniation of
intra-abdominal contents into the base of the umbilical cord (arrow)
at 10 weeks’ gestation.
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C. Persistent trophoblastic neoplasia
D. Choriocarcinoma
40. The sonographic findings in these images are most
consistent with:

42. A patient presents with a positive pregnancy test,
vaginal bleeding, and mid-pelvic pain. A coronal
section through the uterus is presented in this
image. The most likely diagnosis is:

A. Missed abortion
B. Normal intrauterine pregnancy
C. Interstitial ectopic pregnancy
D. Gestational trophoblastic disease
43. A patient presents with a history of a hydatidiform
mole evacuated 3 months prior. Routine serum
surveillance demonstrates a sudden increase in
beta-hCG levels. This image raises the suspicion of:
A. Complete hydatidiform mole
B. Partial hydatidiform mole
C. Chorioadenoma destruens
D. Placental abruption
41. The arrow in this image of a 10-week fetus is
pointing to:

A. Stein-Leventhal syndrome
B. Retained molar tissue
C. Recurrent trophoblastic disease
D. Abdominal abscess
A. Gastroschisis
B. Normal embryonic midgut herniation
C. Omphalocele

ANSWERS

D. Umbilical vein thrombosis

See Appendix A on page 477 for answers.
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The Fetal Chest,
Lungs, and Heart
Lung Development and Anatomy
Heart Development and Anatomy
Sonographic Anatomy
Chest Abnormalities

The thoracic cavity, commonly called the chest, encompasses the heart, lungs,
great vessels, and mediastinal structures. It is bordered anterolaterally by the
rib cage and sternum and posteriorly by the spine. Its inferior boundary is
formed by the diaphragm, a thick bilateral muscular structure that separates
it from the abdominal cavity. Sonographic examination of all these component
anatomic structures is an integral part of a routine obstetric ultrasound examination beginning with the second trimester.

LUNG DEVELOPMENT AND ANATOMY
EMBRYONIC AND ALVEOLAR PERIODS
There are two periods of critical importance when monitoring for abnormalities during pulmonary development:
• The embryonic period, from 3 to 6 conceptual weeks (5 to 7 menstrual
weeks), when the presence and integrity of normal anatomic structures in
the chest is established
• The alveolar period, beginning at 36 conceptual (38 menstrual) weeks,
which determines the maturity and proper functionality of the lungs at birth
151
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Table 7-1.	Amniotic fluid index (AFI) values in
normal pregnancy.
Menstrual			 Percentile
Week			
Values (cm)
		 2.5th

5th

50th

95th

97th

16

7.3

7.9

12.1

18.5

20.1

17

7.7

8.3

12.7

19.4

21.1

18

8.0

9.7

13.3

20.2

22.0

19

8.3

9.0

13.7

20.7

22.5

20

8.6

9.3

14.1

21.2

23.0

21

8.8

9.5

14.3

21.4

23.3

22

8.9

9.7

14.5

21.6

23.5

23

9.0

9.8

14.6

21.8

23.7

24

9.0

9.8

14.7

21.9

23.8

25

8.9

97

14.7

22.1

24.0

Figure 7-2. Polyhydramnios. Sector scan through the gravid

26

8.9

9.7

14.7

22.3

24.2

27

8.5

9.5

14.6

22.6

24.5

28

8.6

9.4

14.6

22.8

24.9

uterus at 18 menstrual weeks’ gestation demonstrating an excessive amount of amniotic fluid completely surrounding the fetal
abdomen.

29

8.4

9.2

14.5

23.1

25.4

30

8.2

9.0

14.5

23.4

25.8

7.9

8.8

14.4

Amniotic Fluid Abnormalities

31

23.8

26.3

32

7.7

8.6

14.4

24.2

26.9

Polyhydramnios

33

7.4

8.3

14.3

24.5

27.4

34

7.2

8.1

14.2

24.8

27.8

35

7.0

7.9

14.0

24.9

27.9

36

6.8

7.7

13.8

24.9

27.9

37

6.6

7.5

13.5

24.4

27.5

38

6.5

7.3

13.2

23.9

26.9

39

6.4

7.2

12.7

22.6

25.5

40

6.3

7.1

12.3

21.4

24.0

4 Fetal swallowing abnormalities

41

6.3

7.0

11.6

19.4

21.6

4 Fetal renal insufficiency

42

6.3

6.9

11.0

17.5

19.2

4 Gastrointestinal tract absorption abnormalities

Source: Reprinted with permission in modified form from Moore TR,
Cayle JE: The amniotic fluid index in normal human pregnancy. Am J
Obstet Gynecol 162:1168, 1990.

Polyhydramnios (Figure 7-2) is commonly defined as
an AFI of 20 cm or greater. It is commonly caused
by conditions that result in increased urinary or
respiratory fluid production or conditions that result
in decreased fetal swallowing. Common causes of
polyhydramnios include:
• Idiopathic causes, which may be related to:

• Fetal anomalies:
4 Fetal neural tube defects
4 Fetal gastrointestinal obstructive anomalies

percentiles, a progressive increase in the AFI is noted
until approximately 28 menstrual weeks (Table 7-1).
After that, the AFI slowly decreases.
• After 30 menstrual weeks, the normal AFI generally
falls between 10 and 20 cm at the 50th percentile
(AFI varies at higher and lower percentiles).
• An AFI # 5 cm is consistent with oligohydramnios.
• An AFI $ 20 cm is consistent with polyhydramnios.1, 2

4 Fetal hydrops
4 Trisomy 18 (Edwards syndrome)
4 Cystic hygromas
• Placental abnormalities
• Intrauterine infection
• Maternal diabetes mellitus
• Twin-to-twin transfusion syndrome

156
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Figure 7-5. The human cardiovascular system at 6 menstrual
(4 conceptual) weeks. Reprinted
with permission from Moore KL,
Persaud TVN, Torchia MG: The
Developing Human: Clinically
Oriented Embryology, 9th edition.
Philadelphia, Elsevier Saunders,
2013, p 291. (Re-rendered for this
publication.)
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• Phosphatidylglycerol (PG) appears at about the
time of lung maturity (35 menstrual weeks). If
phosphatidylglycerol is identified in amniotic fluid,
it is unlikely that the fetus will develop respiratory
distress after delivery.
• Surfactant-protein A (SP-A) measures the level of a
protein synthesized primarily in the alveoli of the lung
and excreted into amniotic fluid. Diminished levels
are associated with neonatal respiratory distress.

HEART DEVELOPMENT AND ANATOMY
EMBRYOLOGY
The cardiovascular system begins its nonstop supporting role in the life of a human organism when the
primitive circulatory system, powered by a singlechambered tube, begins to beat at 22 days after conception. By the beginning of the 6th menstrual week,
the bulbous, hollow cardiovascular channel has already
established vascular communication with the maternal
circulation in the chorion and with the main embryonic
circulation via the cardinal veins and intersegmental
arteries (Figure 7-5).
The drumstick-shaped truncus arteriosus, sitting craniad to the bilobed bulbus cordis, partitions into the
great arteries—the aorta and the pulmonary trunk—by
the end of the 7th menstrual week (Figure 7-6). Ridges
of tissue arise along the walls of the bulbus cordis and,
over several days, spiral into the aorticopulmonary
septum, which partitions the aorta and pulmonary

Chorion

trunk. Interference with this embryonic partitioning
mechanism will result in a congenital conotruncal cardiovascular anomaly, as described on pages 176–180.
Partitioning of the primordial heart begins around the
middle of the 6th and is complete by the end of the 7th
menstrual week (Figure 7-7). The membranous septum
primum grows from the roof of the single atrial chamber toward the centrally located endocardial cushions
(plugs of cardiac mesenchymal tissue). The septum
secundum also grows adjacent to the septum primum
and together they form the embryonic atrial septum.
This septum partitions the right and left atria, leaving
a gap that will ultimately become the foramen ovale.
In the single lower chamber, the primordial interventricular septum arising from the apex grows upward to
separate right and left ventricles, leaving an interventricular foramen that permits cross-circulation until the
end of the 9th menstrual week.
In the central portion of the primordial heart, endocardial cushions grow outward and upward, fusing
with the septum primum descending from above and
with the interventricular septum arising from below
to form the complex, valve-containing atrioventricular
partitions.
Embryologic development of the fetal heart can be
summarized as follows:
• Cardiovascular tube formation, menstrual weeks
4.1−4.6: A linear tube forms and begins beating as
soon as it is formed.

The Fetal Chest, Lungs, and Heart

Figure 7-12. Sagittal
section through the aortic
arch demonstrating its
main thoracic segments.
A Schematic. B Sonogram.
A1 5 ascending aorta,
A2 5 aortic arch, A3 5
descending aorta, A4 5
thoracic aorta, LV 5 left
ventricle, RV 5 right
ventricle. (The blue vessel
in the schematic is the
internal jugular vein, not
visible in the accompanying
sonogram.)
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B

thoracic aorta). These vessels can be visualized as
early as 14 menstrual weeks in an axial view through
the upper mediastinum. At the same gestational age,
a sagittal plane can demonstrate the segments of
the aortic arch (Figures 7-12A and B) and the vessels
arising from it (Figures 7-13A and B)—including the
brachiocephalic (also called the innominate), left common carotid, and left subclavian arteries. The common
carotid arteries and jugular veins are also commonly
seen in the neck of an older fetus.
Concomitant with fetal lung development is the development of associated pulmonary vasculature. The
pulmonary arteries arise from six different developmental configurations of embryonic aortic arches.
These primitive vascular structures, which develop at

SC

Figure 7-13. Sagittal
close-up section through the
aortic arch demonstrating
the major vessels arising
from it. A Schematic.
B Sonogram. LV 5 left ventricle, RV 5 right ventricle,
A1 5 ascending aorta, A3
5 descending aorta, BC 5
brachiocephalic artery, C 5
left common carotid artery,
SC 5 left subclavian artery.
(The blue vessel in the schematic is the internal jugular
vein, not visible in the
accompanying sonogram.)

different times during early gestation, give rise to the
fetal aortic arch and all of its branches and to pulmonary arterial vasculature. The pulmonary veins develop
as an outgrowth of the dorsal atrial wall.

HEART
The fetal heart can be most clearly imaged if the fetus
is in a supine position within the uterus. If the fetus
is lying on its side, the heart can still be imaged fairly
well through the ribs. If the fetus is lying in the spineup position, however, imaging cardiac structures is
much more difficult. To define the cardiac position and
situs, the sonographer must determine the position of
the fetus in the uterus (i.e., the fetal lie; see Chapter
12, pages 330–331) and must establish fetal laterality
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Figure 7-23. Hallmark sonographic findings in diaphragmatic hernia, transverse sections through the thorax.
A Cardiomediastinal shift (arrow). B Bowel loops (arrow) at the same level of the heart (H). C Stomach (arrow)
in the thorax; H 5 heart, L 5 liver. D Color Doppler image of an hepatic vein (arrow) in the thorax; H 5 heart.

Associated Abnormalities
The following abnormalities are characteristically
associated with diaphragmatic hernia:
• Pulmonary hypoplasia
• Pulmonary sequestration
• Trisomies 13, 18, and 21
• Turner syndrome
• Neural tube defects
• Congenital cardiac anomalies
Sonographically, the most notable intrathoracic abnormality in congenital diaphragmatic hernia is displacement of the fetal heart toward the right chest wall.
Typically, the cardiac apex will be angled to the left.
More careful examination usually suggests either bowel
or stomach in the left hemithorax. A diaphragmatic

hernia can be differentiated from an intrathoracic
mass by failure to visualize the diaphragm on the
affected side. Typically in patients who have pulmonary
sequestration or cystic adenomatoid malformation,
the diaphragm will be visible below the lesion.
Sonographic Signs
The following are the characteristic sonographic signs
of diaphragmatic hernia:
• Cardiomediastinal shift to the nonherniated side of
the chest (Figure 7-23A)
• Stomach/bowel loops at the same level as the heart
(Figures 7-23B and C)
• Hepatic veins and liver in the thorax (Figure 7-23D)
• Absent bowel loops in the abdomen
• Polyhydramnios
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Figure 7-24. Gross pathologic specimens
of cystic adenomatoid malformation of the
lung (CAML). A Type I: large, macrocystic
lesion. B Type II: multiple small cysts. C Type
III: in this example, noncystic lesions that have
produced a mediastinal shift.

A

B

smaller when compared with total lung volume as the
pregnancy progresses.
Three categories of cystic adenomatoid malformation
of the lung exist and are based on the size of the cysts
present in the lung:
• Type I: macrocystic, consisting of large cysts of variable sizes, usually 2–10 cm; this is the most common
type, accounting for 70% of cases (Figure 7-24A).
• Type II: multiple small cysts (,1.2 cm); this is a less
common type, accounting for 15%–20% of cases
(Figure 7-24B).
• Type III: microcystic (,0.5 cm) or noncystic lesions
producing a mediastinal shift; this type accounts for
less than 10% of cases (Figure 7-24C).
C

Cystic Adenomatoid Malformation of the Lung
Also called congenital pulmonary airway malformation
(CPAM), cystic adenomatoid malformation of the lung
(CAML) is an abnormality of lung development in which
normal lung is replaced by nonfunctioning cystic tissue.
It is usually unilateral and involves an entire lobe of the
affected lung. The prognosis for neonates born with
CAML varies widely and is dependent primarily on the
extent of lung replacement with anomalous tissue.
Mediastinal shift by a cystic adenomatoid malformation
mass is associated with an increased likelihood of
fetal demise. It is well established that many cystic
adenomatoid malformation lesions become relatively

Associated Abnormalities
The following abnormalities are characteristically associated with cystic adenomatoid malformation of the lung:
• Pulmonary sequestration
• Renal agenesis
Sonographic Signs
The following are the characteristic sonographic signs
of cystic adenomatoid malformation of the lung:
• Type I: nonvascular cystic masses in the fetal lung
(Figure 7-25A)
• Type II: homogeneously echogenic lobe(s) (Figure
7-25B)
• Type III: mediastinal shift with lateral displacement of
the heart (Figure 7-25C)
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Figure 7-25. Hallmark sonographic findings in cystic adenomatoid malformation of the lung (CAML). A Type I: nonvascular cystic lesions in the lung
(arrows). B Type II: homogeneously echogenic lung lobe. L 5 lung, Li 5 liver.
C Type III: mediastinal shift with heart (H) displaced to the right by cystic
mass (CM) in the left hemithorax.

Tracheal Atresia
Tracheal atresia is a rare pulmonary anomaly in which
the trachea fails to form or is obliterated by external
compression of the airway structures. It is a uniformly
lethal condition. The level of tracheal obstruction is
typically at the larynx.
Associated Abnormalities
The following abnormalities are characteristically
associated with tracheal atresia:
• Renal anomalies

A

• Central nervous system malformations
• Tracheoesophageal atresia
Sonographic Signs
The following are the characteristic sonographic signs
of tracheal atresia:
• Bilateral diffusely echogenic lungs

L
Li

• Fluid-filled trachea (Figure 7-26)
• Enlarged lungs adjacent to a relatively small,
compressed heart
• Reduced cardiothoracic circumference ratio
• Polyhydramnios

B
Right

Left

Caudad

Cephalad

CM

H

Figure 7-26. Coronal section through the fetal chest in a fetus
with tracheal atresia demonstrating a fluid-filled trachea (arrow)
coursing between the pulmonary vasculature (arrowheads).

C
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Figure 7-47. Premature atrial contraction (arrow).

Figure 7-48. Atrioventricular block. M-mode demonstration of

M-mode demonstration of atrial contractions (A)
before passive ventricular filling (V).

atrial contraction (A) rhythm independent of ventricular contraction
(V) rhythm.

compensatory pauses. They are rarely associated with
other congenital cardiac anomalies and are usually
self-limiting, do not compromise cardiac function, and
resolve spontaneously either in utero or shortly after
birth.

CHAPTER 7 REVIEW QUESTIONS
1. All of the following cardiac segments are assessed
during the course of a routine sonographic examination of the fetal heart EXCEPT:
A. Visceroatrial situs

Sonographic Signs

B. Ventricular loop

The characteristic sonographic sign seen with premature atrial contractions is early atrial contraction before
passive ventricular filling.

C. Truncus arteriosus

Atrioventricular Block
Atrioventricular block (AV block) is a bradyarrhythmia
caused by abnormalities in cardiac conduction. This
condition is characterized by an atrial contractile
rhythm independent of ventricular contractile rhythm.
While dissociated atrial and ventricular contractions can
be an isolated and serendipitous observation during
routine sonographic examination, persistent congenital
complete AV block (CAVB) is also associated with concomitant cardiac anomalies, accompanied by the risk of
developing hydrops fetalis, in 35%−53% of cases.20

D. Abdominal visceral situs
2. Which of the following would be an indication for
fetal echocardiography?
A. Dextrocardia
B. Two-vessel umbilical cord
C. Increased diameter of nuchal lucency
D. All of the above
3. Approximately what percentage of fetal blood
flows across the foramen ovale into the left
atrium?
A. 20%
B. 30%

Sonographic Signs

C. 40%

The following are the characteristic sonographic signs
seen with atrioventricular block:

D. 60%

• Real-time demonstration of atrial contraction rhythm
independent of ventricular contraction rhythm (Figure 7-48)
• M-mode demonstration of a ventricular contraction
rate , 70 bpm

4. All of the following fetal cardiac anomalies can be
detected on a four-chamber view EXCEPT:
A. Transposition of the great vessels
B. Single ventricle
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17. An anomalous condition characterized by an
accessory fragment of lung that has no connection
to the tracheobronchial tree and that maintains its
own, separate arterial circulation is:
A. Cystic adenomatoid malformation

CHAPTER 7

22. In the image accompanying question 19 the
structure identified as #4 is the:
A. Right atrium
B. Left atrium
C. Pulmonary artery

B. Diaphragmatic hernia

D. Superior vena cava

C. Pulmonary sequestration

23. The anomaly demonstrated in this image is:

D. Diaphragmatic eventration
18. Fetal pleural effusion is also called:
A. Hydrothorax
B. Pyothorax
C. Hydrops fetalis
D. Pulmonary hypoplasia
19. In this image the structure identified as #1 is the:

2

A. Aortic coarctation

1
3

B. Transposition of great vessels
C. Patent ductus arteriosus

4

D. Pulmonary stenosis
24. The arrow in this image points to:

A. Right ventricle
B. Left ventricle
C. Right atrium
D. Left atrium
20. In the image accompanying question 19 the
structure identified as #2 is the:
A. Right ventricle
B. Left ventricle
C. Right atrium

A. Pulmonary sequestration

D. Left atrium

B. Pericardial tumor

21. In the image accompanying question 19 the
structure identified as #3 is the:
A. Pulmonary artery
B. Pulmonary vein
C. Inferior vena cava
D. Aortic root

C. Cystic adenomatoid malformation of the lung
D. Pleural effusion
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25. The anomaly demonstrated in this image is:

A. Diaphragmatic hernia
B. Pulmonary sequestration
C. Cystic adenomatoid malformation of the lung
D. Cystic fibrosis
RV

RV

RA

28. This image best demonstrates:

RA

A. Mitral atresia
B. Pulmonary stenosis
C. Patent foramen ovale
D. Patent ductus arteriosus
26. This image demonstrates:
A. Diaphragmatic hernia
B. Duodenal atresia
C. Ectopia cordis
D. Cystic adenomatoid malformation

ANSWERS
See Appendix A on page 480 for answers.

A. Normal lung/liver echogenicity
B. Pulmonary sequestration
C. Cystic adenomatoid malformation of the lung
D. Cystic fibrosis
27. This image demonstrates:
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All questions specifically designed to prep you for the ARDMS “Advanced Item Type” (AIT)
questions are identified. This is a new class of ARDMS exam question that tests practical
sonographic skills by simulating hands-on clinical experience. (See “AIT Preparation Questions”
at www.ARDMS.org.)
The ARDMS Ob/Gyn exam uses an Advanced Item Type called “Hotspot” questions. These items
require examinees to indicate the answer to a question by using the cursor to point at or mark
directly on an image. In ScoreCards, similar questions are identified in the question page footers
as “AIT—Hotspot” questions. These flashcards ask you to indicate the label on an image that
corresponds to the correct answer.
“AIT—PACSim” items are similarly marked. These highly interactive case-based Picture Archive and
Communication Simulation (PACSim) questions simulate a reading station and require examinees
to read a patient’s clinical history, evaluate existing image(s), and complete a diagnostic ultrasound
report by selecting from the options presented. Currently these items are specifically designed
for reading physicians taking the Physician in Vascular Interpretation (PVI) exam; however, other
specialties such as Ob/Gyn lend themselves to this type of question, so as a bonus feature we have
identified such questions in the ScoreCards footers as well.
Finally, “AIT-SIC” (Semi-Interactive Console) items are questions that require the examinee to use a
semi-interactive console to correct a problem with the image presented. These are limited to the
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Sonography Principles and Instrumentation (SPI) examination. They do not appear in the Ob/Gyn
specialty exam and are therefore not included among these Ob/Gyn ScoreCards.

Tips for Maximizing Your Learning
Here are some tips for maximizing the value of the ScoreCards system:
Take it with you. The ScoreCards study system is designed to be portable. Use it on breaks or
between patients. You can review a dozen question/answer items in five minutes.
Study, test yourself, review. As you study for the ARDMS specialty exam in Ob/Gyn sonography,
ScoreCards drills you on key facts and figures, it tests your knowledge of those facts in practical
situations, and it provides clear explanations and references for further study. Each Q&A card
is keyed to the table of contents. You always know where you are, how you are doing, and how
important the topic is to your overall success on the exam.
Triangulate on your target. By itself, the ScoreCards study system is a powerful, convenient,
and fun way of learning and testing yourself. It is especially effective when used with Ob/Gyn
Sonography: An Illustrated Review (Step 1: review text) and Ob/Gyn Sonography Review (Step 2:
mock examination). Just as each ScoreCard tells you which study topic it covers, it also indicates
exactly where you can find further information about the subject, often in the Step 1 review text.
So do the Davies mock examinations. This integrated, systematic strategy triangulates on your
target—exam and career success!
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Q

1

1

What is the earliest sonographic sign of a pregnancy?
a. double bleb sign
b. double sac sign
c. yolk sac
d. decidual thickening

Obstetrics / First Trimester

2

A

1

D. Decidual thickening.
Thickening of the endometrium is an early sign of pregnancy. Thickening does not
always confirm an intrauterine pregnancy (IUP), as the uterine lining will increase in
size in the presence of an ectopic pregnancy as well. Follow-up ultrasound and serial
beta-hCG values must be obtained to confirm an IUP.

4 Baun J: Ob/Gyn Sonography: An Illustrated Review. Pasadena, CA, Davies Publishing, 2016, p 8.

Q

3

2

A normal gestational sac grows at the rate of:
a. 0.5 mm per day
b. 1.1 mm per day
c. 1.5 mm per day
d. 2.1 mm per day

Obstetrics / First Trimester

4

A

2

B. 1.1 mm per day.
The normal gestational sac has a growth rate of approximately 1.1 mm per day.
Inadequate gestational sac growth may be a predictor of pregnancy failure.

4 Baun J: Ob/Gyn Sonography: An Illustrated Review. Pasadena, CA, Davies Publishing, 2016, p 14.

Q

5

3

What is the term for the sonographic appearance of a small fluid-filled sac
contained within the decidua at approximately 4.0–4.5 menstrual weeks?
a. double bleb sign
b. double sac sign
c. intradecidual sign
d. pseudogestational sac sign

Obstetrics / First Trimester

6

A

3

C. Intradecidual sign.
The intradecidual sign represents the very early gestational sac. This sign is seen prior
to the appearance of the secondary yolk sac.

4 Baun J: Ob/Gyn Sonography: An Illustrated Review. Pasadena, CA, Davies Publishing, 2016, p 9.

Q

7

4

When can you first identify a gestational sac using endovaginal sonography?
a. 4–5 menstrual weeks
b. 2–3 menstrual weeks
c. 5–6 menstrual weeks
d. 6–7 menstrual weeks

Obstetrics / First Trimester

8

A

4

A. 4–5 menstrual weeks.
The gestational sac can be seen as early as 4–5 menstrual weeks, but an intrauterine
pregnancy (IUP) cannot be confirmed until the secondary yolk sac is seen, typically
at about 5–6 menstrual weeks.

4 Baun J: Ob/Gyn Sonography: An Illustrated Review. Pasadena, CA, Davies Publishing, 2016, p 8.
4	Gill KA: Gynecology. In Gill KA: Ultrasound in Obstetrics and Gynecology: A Practitioner’s Guide. Pasadena, CA, Davies
Publishing, 2014, p 97.

Q

9

5

What term describes the echogenic ring formed by the decidua parietalis and
decidua capsularis?
a. double bleb sign
b. intradecidual sign
c. double decidual sac sign
d. pseudogestational sac sign

Obstetrics / First Trimester

10

A

5

C. Double decidual sac sign.
The decidua parietalis (also called the decidua vera) and the decidua capsularis can
be visualized together at 5.5–6.0 menstrual weeks and indicate the presence of a
pregnancy. Their appearance together is known as the double decidual sac sign or
double decidual ring sign.

4 Baun J: Ob/Gyn Sonography: An Illustrated Review. Pasadena, CA, Davies Publishing, 2016, p 10.
4	Sliman MH, Gill KA: The first trimester. In Gill KA: Ultrasound in Obstetrics and Gynecology: A Practitioner’s Guide.
Pasadena, CA, Davies Publishing, 2014, pp 95–96.
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handy references. Step 3 in Davies’ CME-approved 1-2-3 Step
Ultrasound Education and Test Preparation program, ScoreCards
for Ob/Gyn Sonography is very effective in combination with
Ob/Gyn Sonography: An Illustrated Review (Step 1—review text),
Ob/Gyn Sonography Review, and Ultrasound Physics Review
(Step 2—mock exams).
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