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Preface

Translated by Feiran Liu

It is universally acknowledged that ultrasound examination plays a vital role in obstetrics
and gynecology clinical practice. The rapid development of ultrasound technology broadens
and deepens its clinical application. At the same time, the requirements for ultrasound diagno-
sis in obstetrics and gynecology are much higher. The diagnostic risk of obstetrics and gyne-
cology ultrasound is high, especially in obstetrics. The requirements by doctors for ultrasound
diagnoses prompt sonographers to improve and strengthen their ultrasound knowledge, scan-
ning skills, picture recognition ability, and related obstetrics and gynecology clinical
knowledge.

In our daily work, the questions put forward by medical students and training staff from the
ultrasound department of elementary healthcare affiliations are not sophisticated theoretical
ones but urgent practical problems met in daily clinical work, which include how to handle the
ultrasound machine to get the best image and how to identify normal and abnormal images and
then differentiate kinds of abnormal images to make the correct diagnosis. Therefore, it is
necessary to write this obstetrics and gynecology ultrasound book with great practicality to
solve confusion faced by medical students, residents, and intermediate doctors, and that is why
we have written this book.

West China Women’s and Children’s Hospital is the largest hospital specializing in obstet-
rics and gynecology and pediatrics in the south-west of China. The number of its outpatients is
almost 600,000 per year, and the number of operations performed is 10,000 per year. Notably,
the number of ultrasound examination cases is more than 100,000 per year, which makes it
possible for us to summarize variable cases and clinical data.

The content of this book, covering various aspects of obstetrics and gynecology ultrasonog-
raphy, is illustrated with images, focusing on practicality. With more than 400,000 words in
total, it included more than 500 cases of typical ultrasound images with a clear note. At the
same time, this book summarized concise theories of common diseases and normal and abnor-
mal diagnoses related to pregnancy. We also noted key points of differential diagnosis, as well
as experience and lessons learned in daily work. Except for ultrasound diagnosis of common
diseases of obstetrics and gynecology, we also summarize a comprehensive introduction to the
application of ultrasound technology in obstetrics and gynecology. Based on the practicality
and popularity of the knowledge, we also shed some light on the progress of ultrasound tech-
nology in obstetrics and gynecology. The attached video will provide you with vivid and intui-
tive examples of basic operation skills of obstetrics and gynecology ultrasonography.

After the first edition of Practical Ultrasonography in Obstetrics and Gynecology was pub-
lished in 2006, it has been received with favor and welcomed by sonographers and readers.
Based on the rapid development of practice and theory of ultrasound in obstetrics and gynecol-
ogy, we update and revise the contents of this book to meet the needs in the work of ultrasonic
diagnosis in obstetrics and gynecology and the demand from readers and the press in 2017.
Following international practice, we make some revision, but the content and the form are
consistent with the first edition. Except for some correction of inaccuracy in the original edi-
tion, we also added some new content. The amendments are as follows.
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. Focus on practice as in the original edition.
. More attention has been paid to the cases and practical theory. Chapter one and chapter two

were combined in the original edition. The section on uterine hypertrophy has been
removed. The content of combined application of ultrasound and hysteroscopy has been
edited and the chapter has been renamed “The application of endoscopic
ultrasonography.”

. The following content in the corresponding chapter has been added: nuchal translucency in

early pregnancys; fetal facial and thoracic malformation; vasa previa; abnormality of umbili-
cal cord insertion site; CT and MRI examination of the neonatal head; three-vessel view of
fetal heart; fetal cardiac functional score; intravenous contrast echocardiography; salpin-
gography; and pelvic floor ultrasound.

. More attention has been paid to the quality of pictures. Nearly 300 pictures have been

replaced or updated.

This book is written and revised by Taizhu Yang, Hong Luo, Qi Zhu, Fan Yang, Jiao Chen,

Yu Tian, Houqing Pang, Min He, Hong Xu, Ying Tang, Nan Guo, Bo Zang, and others. Special
thanks for Jia Yuan who has done much work for collection of the images and editing of this
book.

By all means, due to the limited time and the ability of authors, there might be some mis-

takes. We would appreciate if you figure it out and inform us. Also, we dedicate this book to
the people who helped and encouraged us.

Chengdu, China Taizhu Yang
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Clinical Basis of Diagnosis Ultrasound
in Obstetrics and Gynecology

Taizhu Yang, Hong Luo, Bo Zhang, and Min He

1.1 Physics and Technology of Diagnostic
Ultrasound
1.1.1 Basic Physics of Ultrasonic Wave

Ultrasonic wave, a special type of sound wave, belongs to
elastic mechanical wave. Particles in the transfer medium
move back and forth in the horizontal direction and produce
alternative rarefaction waves and compression waves. Sound
travels away in a longitudinal waveform.

1.1.1.1 Frequency of the Ultrasonic Wave

The acoustic frequency range of human hearing is limited
from 20 to 20,000 Hz. Ultrasound is a sound with a fre-
quency higher than 20,000 Hz. In general, ultrasound fre-
quencies used for clinical applications range from 2 to
10 MHz.

1.1.1.2 The Relation between Wavelength
and Frequency

The period is the time to complete a single cycle. The fre-
quency of the wave is defined as the number of vibration
periods of the sound per second. The wavelength, A, is the
distance between corresponding points per period. Frequency
and wavelength are related inversely. Higher the frequency,
the shorter the wavelength.

The following equation is the relationship between fre-
quency and wavelength:

c=Mork=clf

This chapter was translated by Miaogian Wang and Qiubo Lv.
Department of Obstetrics and Gynecology, Beijing Hospital, National
Center of Gerontology, Beijing, China.

T. Yang (P<) - H. Luo - B. Zhang - M. He
Department of Ultrasonography, West China Second University
Hospital, Sichuan University, Chengdu, China
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c—acoustic velocity,
Jf—frequency,
A—wavelength.

1.1.1.3 Acoustic Velocity

Acoustic velocity is used to describe the distance that sound
travels in a unit of time. Propagation velocity of the sound
varies in different media: fastest in the solid, followed by
liquid, and slowest in the gas. Propagation velocity of soft
tissue in the body is about 1540 m/sec, similar to that in the
liquid (1500 m/sec). The general difference in the acoustic
velocity among different parts of soft tissues in the body is
about 5%. Consequently, the measuring error of ultrasound
is around 5%.

1.1.1.4 Acoustic Intensity

Acoustic intensity is defined as the power distributed in a
unit of area, measured in W/cm?. Usually, the acoustic output
of diagnostic ultrasound is less than 100 mW/cm?. Acoustic
intensity for fetal use should be as low as possible, so does
the examining time.

1.1.2 Physical Basis of Ultrasonic Imaging

1.1.2.1 Acoustic Impedance and Ultrasonic
Imaging

The acoustic impedance varies in tissues with different den-
sities. The interfaces will reflect the incident sound energy
when the acoustic impedance difference between interfaces
is larger than 1%. There is a positive correlation between
echogenicity and acoustic impedance difference. Echoes
with different intensities create various imaging (Table 1.1).

1.1.2.2 Attenuation of Ultrasonic Energy
in the Body
1. The tissues with enormous water represent less attenua-
tion and more transmission. When compared with
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Table 1.1 Reflection type of the tissues

Acoustic
impedance
Echo difference Type of tissues
Extremely Extremely Gas-tissue interface (bowel/
hyperechoic large lung), which goes against
further traveling
Hyperechoic Large Tissues with enormous calcium
or fibration (bone/calcification/
stone/scar)
Relative Relatively Solid heterogeneous tissues,
hyperechoic large fibroplasia, vessel wall, renal
collective system
Medium Small Solid homogeneous tissues
(uterus/ovary/liver/spleen/renal
cortex/muscle)
Hypoecho Very small Tissues with uniform density
(renal pyramids/certain cancers)
Anechoic None Blood/amniotic fluid/urine/
cystic fluid/bile/transudate

surrounding tissues, they have reduced internal acoustic
energy with posterior enhancement. Among the liquid
media, cyst fluid, urine, and amniotic fluid transmit the
largest amount of acoustic energy, followed by bile and
blood.

2. Shadowing is visible when the tissue with enormous cal-
cium or fibration attenuates more acoustic energy than
the surrounding tissues. Bones, calculus, and the calcifi-
cation of tissues represent hyperechoic with posterior
shadow.

1.1.3 Ultrasonography Technology

1.1.3.1 B-mode Ultrasound

The echo is expressed in the form of light spots. Images of a
certain depth and width can be obtained under multi-beam
scanning. The intensity of the reflected echo, which was used
to be expressed by the brightness of light spots, is indicated
now by the gray-scale value. The more gray-scale variations,
the better display. Ultrasonic imaging under different probes
is in various shapes, such as rectangular, curvilinear, and fan
shaped.

Transabdominal Ultrasonography

In gynecological and obstetrical applications, transabdomi-
nal ultrasound is frequently used. In a linear array transducer,
the elements are arranged in a line, while the elements of a
curved transducer are arranged in an arc shape. The curved
transducer is more frequently utilized in transabdominal
ultrasound, with a frequency of 3-5 MHz and numerous ele-
ments of 128-256. In a curved array transducer, elements
transmit and receive sound waves in sequence, producing a

frame of tomographic image in arc shape. Transabdominal
ultrasound can display in real time, with a scanning frame of
1618 frames per second.

Transvaginal Ultrasonography

The vaginal probe is small and its elements are placed in the

front of the handle, which can be placed into the vagina to

show the uterus, ovary, and other targets in the near-field.
High-frequency fan-shaped ultrasound (5-10 MHz) is

often used to obtain higher definition images.

1.1.3.2 M-Mode Ultrasound Imaging

Based on the 2D imaging, move the M-mode sampling line
to the ROI, collect the signals of the structures that are
threaded by the echo, and display the dynamic curve.
M-mode ultrasound is mainly used to analyze fetal heart
activity because of its strong space—time relationship.

1.1.3.3 Doppler Ultrasound
All the Doppler ultrasonic instruments have a 2D ultrasound,
color Doppler, and spectral Doppler.

Color Doppler Velocity (CDV)
Choose the color Doppler mode, move the sampling to the
ROI, and encode the received Doppler signals.

1. Different colors indicate different directions of blood
flow. The color red represents a positive frequency shift,
indicating that the blood travels toward the transducer.
Blue is assigned to present a negative frequency shift,
indicating that the blood travels oppositely to the probe.

2. The brightness of the color stands for the magnitude of
velocity. Typically, the brighter the color, the higher the
velocity; the darker the color, the lower the velocity.

3. The color green indicates a large dispersion of the blood
flow, representing turbulence.

4. Primary colors — red, green, and blue — can be mixed to
form other colors. Red and blue are combined to produce
purple, red and green to produce yellow, blue and green to
produce cyan. When three primary colors are mixed in
equal parts, white will be presented.

Color Doppler Energy (CDE)

Power Doppler is based on the intensity of ultrasonic signals
scattered by the red blood cells, relating to the blood flow.
Power Doppler is irrelevant to the direction or velocity of the
blood flow. The blood flow is designed to display in a single
color, without red (positive), blue (negative), or multi-color
presentation. Power Doppler is more sensitive and has an
advantage over color Doppler to show low-speed blood flow.
Also, power Doppler is much less angle-dependent, contrib-
uting to a better display of the vessels. The image, with
strong background noise, shows no information of the flow
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direction or velocity and fails to distinguish between vein
and artery.

Spectral Doppler

The fast Fourier transform (FFT) algorithm is used to com-
pute the Doppler spectrum. The complex signals received by
the probe are transformed into simple frequency and ampli-
tude signals to compose a spectral image. This image can be
used to analyze the blood flow direction, velocity, dispers-
ibility, and changes over time.

The ordinate (Y-axis) represents the velocity-frequency
shift, and the abscissa (X-axis) represents time. The band-
width reflects the dispersibility of the blood flow. In the case
of laminar flow, the velocity is consistent, with narrow band-
width. Whereas, in the turbulence cases, the velocity is var-
ied, with large dispersion and wide bandwidth. The amplitude
of the Doppler signal, signal on the Z-axis, is encoded as the
spectrum’s gray scale. High amplitude presents a high gray
scale and high brightness, indicating a large number of eryth-
rocytes. Those with low amplitude have a low gray scale and
low brightness, indicating less red blood cells.

Spectral Doppler is divided into pulsed Doppler (PW) and
continuous Doppler (CW). PW transmits and receives
Doppler signals with a single chip, which can accurately
locate and sample. CW has dual chips, one of which emits an
ultrasonic wave, and the other receives the Doppler signal,
which is used to detect high-speed blood flow.

Hemodynamics
General Parameters and Measurement
Peak systolic velocity, PSV(Vs, Vmax): measure at the high-
est point of the systolic phase of the spectrum.

End diastolic velocity, EDV(Vd, Vmin): measure at the
lowest point of the diastolic phase of the spectrum.

Mean velocity (Vmean, Vm) and velocity time integral
(VTI): trace along the blood flow spectrum, then the mean
velocity and VTI can be obtained.

Hemodynamic Parameters

Resistance index, RI: reflects the resistance of the blood
flow.

V.-V,

RI=—
Vs

(normal value : 0.7 £0.05)

Pulse index, PI: reflects the elasticity and compliance of the
blood vessels.

pr=: Vs
Vm
S/D (Vs/Vd): the ratio of the PSV to the EDV, and the
normal value is 3:1.
PI, RI, S/D, the ratios of velocity parameters, are not
affected by the exploration angle, which is of great value in

(normal value : 1-1.5)

evaluating the resistance of blood vessels and perfusion of
tissues and organs.

1.1.3.4 3D Ultrasound Imaging

A series of 2-D sectional image information is collected and
displayed as a 3-D image after digital processing by a profes-
sional computer.

1. 3-D reconstruction: place the 3-D probe on the lower
abdomen and obtain a series of related 2-D images for
further 3-D reconstruction. The image is intuitive, which
has a strong 3-D sense.

2. Real-time 3-D imaging: place the real-time volumetric
3-D probe on the lower abdomen, and the electronic
phase-controlled vibration probe scan automatically to
obtain real-time 3-D images.

See Chap. 8 for the application of 3-D ultrasound imaging
technology in obstetrics and gynecology.

1.2  Ultrasonic Anatomy and Physiology
of Female Pelvic Cavity
1.2.1 Anatomy and Ultrasonic Imaging

of Pelvic Cavity

1.2.1.1 Pelvic Structures

The pelvis is a ring-shaped bony structure, consisting of
sacrum, coccyx, two hip bones, hip joints, and ligament. The
anterior part of the pelvic cavity is mainly the bladder and
urethra. The middle part is the uterus, cervix, and vagina, and
the fallopian tubes and ovaries are on the two sides. The pos-
terior part is the rectouterine pouch (Douglas cavity) and rec-
tum. The blood vessels in the pelvis mainly include the
internal iliac arteries and veins, external iliac arteries and
veins, and branches. The pouches, formed by the bladder,
uterus, rectum, and the peritoneum continuation between the
pelvic wall, include the rectouterine pouch and the vesico-
uterine pouch. The rectouterine pouch is the lowest point of
the female peritoneal cavity, where the exudate, bleeding,
and empyema in the peritoneal cavity often accumulate
(Fig. 1.1).

1.2.1.2 Female Internal Genitalia

The female internal genitalia include vagina, uterus, fallo-
pian tubes, and ovaries. The fallopian tube and ovary are
often called adnexa (Fig. 1.2).

The Vagina
1. Anatomy of the vagina
(a) Vagina is a muscular duct, 10 to 12 cm long.
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Fig. 1.1 Sagittal view of

female pelvic cavity

Fig. 1.2 Female internal
genitalia

(b)
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(d)

Suspensory ligament of ovary

Fallopian tube

Uterine cavity
Round ligament

Uterus body

Bladder cavity _O_

Vesicouterine
pouch

Symphysis pubis
Urethra
Vagina

Fallopian tube

Uterine
cavity
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The anterior wall is adjacent to the bladder and ure-
thra, and the posterior wall is adjacent to the rectum.
The vaginal fornix is formed between the vaginal
wall and the cervix, which can be divided into ante-
rior and posterior fornix and two lateral fornixes. The
posterior fornix is deep, and the rectouterine pouch is
above its back.

Normally, the anterior and posterior walls of the
vagina lie in contact, and the vagina and cervix are
connected at an acute angle.

2. Normal ultrasonic image

(a)

The longitudinal view shows that the anterior and
posterior walls of the vagina are closed to each other,
and the center is the vaginal cavity. A small amount of
gas is visible in the vaginal cavity, shown as a thin
hyperechoic line by ultrasound, called the vaginal gas
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(b)

(©)

(d)

Uterosacral ligament

Vagina

line. According to the presence of the vaginal gas
line, it can be judged as having a vaginal cavity
(Fig. 1.3).

The vaginal wall is a thin hypoechoic structure. The
thickness of the anterior and posterior vaginal walls is
shown via the filled bladder and the inflated rectum.
On the transverse view vagina is a short horizontal
hypoechoic structure, and the hyperechoic horizontal
line in the center of the vagina is the vaginal cavity.
The tissue between the bladder and the vaginal cavity
is the vaginal-bladder diazoma, and that between the
rectum and the vaginal cavity is the rectal-vaginal
diazoma.

Uterus (UT)
1. Anatomy of the uterus
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Fig. 1.3 Image of the uterus and vaginal gas line. (a). The longitudinal view shows the vaginal gas line; (b). The longitudinal and transverse view
of the vagina

(a)

(b)

(©)

(d)

(e)

®)

The size of uterus, which is in an inverted pear shape,
changes with age. The length of the neonatal uterus is
2.5-3.0 cm. The adult uterus is 7-8 cm long, 4-5 cm
wide, 2-3 cm thick, and weighs about 50 g. The uter-
ine volume of menopausal women becomes smaller.
The upper part of the uterus is wider, and the bulge is
called the fundus. The uterine horns are the two sides
of the uterine fundus. The lower part of the uterus is
narrow and cylindrical, called the cervix. The cervix
of an adult woman is about 3 cm long, and the cervi-
cal canal is spindle-shaped.

The uterine body wall is composed of serous layer,
muscular layer and mucosal layer, namely endome-
trium. The myometrium is the thickest layer, which is
about 0.8 cm thick in non-pregnant adult women.
The uterine cavity is in a triangular shape, which is
wider at the top and narrows at the bottom, and its
volume is about 5 ml (Fig. 1.4).

In different periods of growth, the length ratio of the
uterine body to cervix is different. It is 1:2 in infancy,
1:1 in adolescence, and 2:1 in adulthood.

The isthmus of the uterus is a narrow portion of the
junction between the uterus and the cervix and is the
part between the histologic internal os of the cervix
and the anatomical internal os. During non-preg-
nancy, the length is about 1.0 cm, and up to 10 cm in
the third trimester.

Uterine ligaments, including broad ligament, round
ligament, main ligament, and uterosacral ligament,
maintain the position of the uterus. Usually, the
uterus is slightly anteversion, flexion, and easily
affected by the body position, bladder filling degree,
rectum, and abdominal pressure.

(a)

(b)

(©

2. Normal uterine sonogram

Longitudinal view: the anterior or horizontal uterus is
inverted pear-shaped, with a smooth and clear out-
line. The serous layer is hyperechoic surrounding the
myometrium, and the muscular layer is uniform and
moderate isoecho. The endometrium is in a linear
echo. The endometrium is an essential marker for
identifying the location of the uterus and lesions.
When the normal anatomical structure of pelvic cav-
ity changes due to pelvic surgery, tumors or patho-
logical changes, and inflammatory adhesions, it is
vital to find the endometrium for judging the position
of the uterus and the relationship between the lesion
and the uterus. There is a slight depression in the
lower part of the anterior uterine wall, which is the
isthmus’ location and the internal os of the uterus.
The uterine position can be identified by observing
the angle between the uterus and the cervix or by the
relationship between the uterine fundus and the blad-
der. The endometrium’s thickness and shape vary
with the menstrual cycle (Figs. 1.5 and 1.6).
Transverse view: The bottom of the uterus is triangu-
lar, the horn of the uterus protrudes like a beak, and
the body is oval. In the center of the uterus, the endo-
metrium can be seen in a Chinese character “—”
shape (Fig. 1.7).

The cervix is mainly composed of connective tissue.
The echo is slightly stronger and denser than the uter-
ine body. It is fusiform and hyperechoic in the longi-
tudinal view and ring-shaped and hyperechoic in the
transverse view (Fig. 1.8).

3. Measure the uterine size: Through a moderately filled

bladder, measure the length and anteroposterior diameter
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Fundus

Uterus body
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Uterine cavity
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r
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Fig. 1.4 Anatomy of the uterus. (a). Coronal view of the uterus; (b). Sagittal view of the uterus; (¢). Coronal view of uterus (3-D ultrasound); (d).
Sagittal view of uterus (3-D ultrasound)

of the uterine body on the longitudinal view, and measure
the transverse diameter on the transverse view. The length
and diameter of the cervix are measured on the longitudi-
nal view, and the transverse diameter is measured on the
transverse view. The reference values for ultrasonic mea-
surement of the normal adult uterus are: 5.5-7.5 cm in
length, 3.0-4.0 cm in anteroposterior diameter, 4.5—
5.5 cm in transverse diameter, and 2.5-3.0 cm in cervix
length. The uterine diameter in multiparous women can
increase by 1.2 cm. The adolescent uterine body is about

the same length as the cervix, and the uterine body is
about twice the length of the cervix during fertility.
Among the elderly, it becomes 1:1 (Figs. 1.9 and 1.10,
normal values are shown in Table 1.2).

. Cyclically change and sonographic appearance of the

endometrium

(a) Proliferative phase: The endometrium is composed of
a zona functionalis and basalis layer. The basalis
layer of the endometrium is echogenic, but the func-
tional layer is hypoechoic. From the fifth to 14th day
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Fig. 1.5 The relationship between the mass and the endometrium. (a).  uterus is compressed with displayed endometrium, indicating that the
Sagittal view of the uterus, the endometrium is linear and centered. The =~ mass is outside the uterus
serous layer is hyperechoic surrounding the myometrium; (b). The

Fig. 1.6 Uterine position. (a). Sagittal view of the anterior uterus; (b). Horizontal uterus; (c). Posterior uterus: the uterine body is located behind
the cervix



(b)

of the menstrual cycle, the endometrium begins to
proliferate as a result of estrogen effects. From early
to mid-hyperplasia, the endometrium appears as a
hyperechoic line; in late hyperplasia, the endometrial
echo is slightly thickened and hyperechoic, with a
thickness of 2—-4 mm (Fig. 1.11).

Secretory phase From the 15th to 28th day of the
menstrual cycle, under the influence of ovarian hor-
mones, the functional layer increases in thickness. In
early secretion, the thickness of the endometrium is
5-6 mm, fusiform and hypoechoic, surrounded by
subendometrial halo. Throughout the mid to the late
secretory phase, the endometrium measures up to
7-10 mm, representing a hyperechoic ellipse, and the
surrounding subendometrial halo widens.
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(c) Menstrual phase: from the first to fourth day of the
menstrual cycle, the ovarian hormone decreases, the
endometrium falls off, and menstruation comes.
Ultrasonic image shows that the uterine cavity line is
not clear, the echo of the endometrium is heteroge-
neous, and small anechoic areas may be seen.

(d) Measurement of the endometrium: Measure the junc-
tion boundary of the endometrium and myometrium
and calculate the whole or 1/2 of the whole endome-
trial thickness. Transvaginal ultrasound can clearly
show the thickness and shape changes of the endome-
trium during the menstrual cycle. For patients who
are not suitable for transvaginal examination, the
bladder is required to be moderately filled before
transabdominal ultrasound examination.

Oviduct
1. The anatomy of the fallopian tube: it is a pair of slender

and curved tubular muscular organs, with a total length of
8—14 cm. The proximal extremity of the fallopian tube is
connected to the uterine horn, and the distal extremity is
free, close to the ovary. The oviduct is divided into the
interstitial, isthmus, ampulla, and funnel (Fig. 1.12).

. Sonogram of the fallopian tube: Normally, the fallopian

tube is not visible. When there is a fallopian tube disease
or ascites in the pelvic cavity, ultrasound can show the
fallopian tube or fallopian tube lesion floating in the asci-
tes. In the diagnosis of fallopian tube diseases, transvagi-
nal ultrasonography is superior to transabdominal
ultrasonography (Fig. 1.13).

R1S G667 C4

Fig. 1.8 The longitudinal and transverse view of the cervix. (a). The longitudinal view shows a fusiform hyperechoic cervix; (b). Transverse view,
a ring-shaped hyperechoic cervix
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Fig. 1.9 Measurement of the uterus. (a). Longitudinal view of the
uterus: the distance from the uterine fundus serous layer to the cervical
ostium is the long diameter; the maximum thickness vertical to the lon-
gitudinal diameter of the uterus is the anteroposterior diameter; (b). The
transverse diameter of the uterus: The left to right diameter of the oval

Ovary
Anatomy of Ovary

1. The ovary is located in the pelvic cavity, behind the fal-
lopian tube, one on the left sides of the uterus and the
other on the right. The ovary is oval and is connected to
the posterior layer of the broad ligament.

2. The dense connective tissue in the surface of the ovary is
called the tunica albuginea. The ovarian tissue under the
tunica albuginea is divided into cortex and medulla. There
are tens of thousands of primordial follicles and dense
connective tissue in the cortex. The medulla contains
loose connective tissue, abundant blood vessels, nerves,
lymphatic vessels, and a small amount of smooth muscle
fibers. No follicles exit in the medulla.

3. The shape and size of the ovaries are age-related. The ovary
in adult women weighs 5—6 g, and the volume is less than

uterus, measured at the lower edge of the uterine horn on the transverse
view, is the transverse diameter; (c¢). The cervical length refers to the
distance between the external os and internal os of the cervix, and cervi-
cal diameter is the maximum anteroposterior diameter perpendicular to
the cervical length

6 ml. The ovarian volume is less than 1 ml before 2 years
old, 2 ml before 12 years old, and reaches 6 ml in the ovula-
tion phase in women of childbearing age. After menopause,
the ovaries shrink and become smaller and harder. The
length, width, and thickness of the ovary are about 0.5 cm,
respectively. Prior to puberty, the surface of the ovary is
smooth, which contains multiple follicles. Ovulation since
puberty results in an uneven ovarian surface.

Ovarian Physiology

1. Development and maturation of the follicle: all the
oocytes in the ovary are formed in the embryonic stage.
In every menstrual cycle since puberty, more than 10 fol-
licles, about 5 mm in diameter, begin to grow under the
influence of follicle-stimulating hormone (FSH). If the
FSH receptor is sufficient, the follicle will synthesize
enough estrogen, which acts synergistically with growth
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Fig. 1.10 Ratio of the uterine body to cervix length in different periods. (a). Ratio of the uterine body to cervix length is 1:1 in adolescence, (b).
2:1 in adulthood; (¢). 1:1 in menopause

Table 1.2 Uterine size in adulthood in Sichuan province

(cm, X=*s)

Nulliparous women Multiparous women

Items Size of the uterus | 95% confidence interval | Size of the uterus | 95% confidence interval
Length of the uterine body 497 +£0.62 3.80-6.21 5.35 +0.65 4.13-6.61
Anteroposterior diameter of the uterine body |3.48 +(0.38 2.73-4.22 3.80 +0.36 3.10-4.56
Transverse diameter of the uterus 4.60 £ 0.56 2.54-5.70 4.96 £0.52 3.92-6.11
Length of the uterine cavity 3.75+£0.52 2.76-4.82 4.00 = 0.55 2.94-5.14
Transverse diameter of the uterine cavity 2.73 £0.45 1.81-3.63 2.96 £0.51 2.00-4.42
Cervical length 2.64 +£0.43 1.85-3.52 2.78 £0.42 2.62-3.60
Anteroposterior diameter of the cervix 2.62+0.32 2.01-3.34 2.93+0.40 2.17-3.70

Note: the data is from the West China Second University Hospital, Sichuan University

factor to stimulating further follicle development.
Generally, only one growing follicle matures and reaches
18-20 mm in diameter during each menstrual cycle.

. Ovulation: mature follicles secrete lots of estradiol and
little progesterone. Under the stimulation of estrogen,
luteinizing hormone (LH) and FSH are secreted in a peak

form. The oocyte is discharged when the mature follicle
ruptures, and the follicular fluid flows into the pelvic
cavity.

. Luteal phase: The mature follicle collapses after ovula-

tion, the blood vessel in the theca ruptures, and the blood
flows into the cavity and forms hematoma, called Corpus
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Fig. 1.11 Cyclically change of endometrium. (a). In the early phase of hyperplasia, the endometrium shows a hyperechoic line; (b). In hyperpla-
sia, the endometrium is hyperechoic and strip-shaped; (c). In the secretory phase, the endometrium shows hyperechoic in a fusiform shape

Ampulla Isthmus Interstitial

Fig. 1.12 The fallopian tube. (a). Composition of the fallopian tube and transverse view image; (b). Sonogram of the fallopian tube



hemorrhagicum. The rupture of the follicle wall is quickly
closed by fibrin and repaired. The granulosa cells and
endometrial cells of the follicle wall invade inward, form-
ing the corpus luteum together with surrounding outer
follicular membranes, and begin to secrete progesterone.
After ovulation, progesterone secretion of the corpus
luteum increases gradually, reaching the peak at day 7-8
after ovulation, then decreases slowly to the level in the
follicular phase when menstruation comes. The life span
of the corpus luteum is about 2 weeks. After 68 days of
degeneration, cells of the corpus luteum degenerates, and
the tissue is fibrotic and scar-like, which is called the cor-
pus albicans (Fig. 1.14).

Sonogram of the Ovary

1. The ovaries are located on both sides of the uterus, near
the bottom of the uterus. The sonogram shows that the
ovary is solid elliptical tissue. The ovarian size is about
4 cm x 3 cm X 1 cm in childbearing women. The ovary
appears attenuated and hypoechoic, and the follicle is
round and anechoic. The two ovaries are slightly different
in size, varying with age and menstrual cycle (Fig. 1.15).

Fig. 1.13 Sonogram of the fallopian tube sonogram shows the fallo-
pian tube floating in the ascites

a Primordial
follicle

X Developing follicle

1— Mature Follicle
#/— Medulla

Corpus
albicans

Corpus
luteum

Follicle rupture
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The two ovaries are oval, with a clear boundary. The echo
is slightly higher than that of the uterus. Small follicles are
visible.

2. The ovary is connected to the uterus by the ovarian liga-
ment, with a large degree of mobility and unfixed posi-
tion. During an ultrasonic examination, pay attention to
the scanning range, looking above and behind or far away
from the uterus. The ovarian position variation and obvi-
ous intestinal gas interference affect the display rate of
the ovary. The internal iliac vessels are anatomical mark-
ers for finding ovaries (Fig. 1.16).

3. Measure the ovarian length and anteroposterior diameter
on the maximum long axis section of the ovary and mea-
sure its width on the transverse view.

4. The size of the follicle changes with the menstrual cycle
in childbearing age. Ultrasound can observe the ovarian
changes in the follicular phase, ovulatory phase, and
luteal phase during the normal menstrual cycle (Fig. 1.17).

Adjacent Organs
1. Bladder and ureter

(a) The bladder (BL) is located in front of the uterus and
the upper part of the vagina and is divided into the
bladder top, bladder bottom, bladder body, and neck
of the bladder. There are no obvious boundaries
among these parts. A closed urachus in the front cen-
ter of the bladder is visible, and ureters are inserted
on both sides of the back.

(b) The ureters start from the renal pelvis, travel down
the peritoneum, enter the pelvis, cross the uterine
artery at the point 2 cm next to the cervix, and then
enter the bladder. The total length of the ureters is
about 25 cm.

(c) The distended bladder represents a clear outline and
smooth and continuous inner wall. The cavity filled
with urine is an anechoic area. The bladder shape in
females is affected by the degree of distention and by
sonography view. Color Doppler flow imaging shows
the urine spray phenomenon (Figs. 1.18 and 1.19).

(d) Usually, ureter is not visible via ultrasound.

According to its anatomical position, scan from bot-

Fig. 1.14 Ovaries. (a). Ovarian structure and follicular diagram of each phase; (b). 2-D and 3-D ultrasound images of the ovary
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tom to top through the distended bladder, and a tubu-
lar anechoic ureter is shown above the level of the
vagina, lying posterior to the ovary and anterior to the
internal iliac arteries and veins.
2. Pelvic Intestinal tract

(a) The intestinal tract in the pelvic cavity is cloud-like
hyperechoic due to inflation, accompanied by poste-
rior shadows. Intestinal peristalsis is visible.

The pelvic organs cannot be displayed by transabdominal
scanning if the bladder is not moderately distended. The
intestinal tract can be pushed away by the distended bladder,
then the pelvic organs and part of the intestinal tract could be
shown clearly (Figs. 1.20 and 1.21).
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(b) During the pelvic examination, pay attention to iden-
tify the solid or mixed ovarian tumors from the fecal
and gas echoes in the rectum. If it is difficult to iden-
tify, thorough defecation or enema will be required
before recheck.

3. Muscles in the pelvis

(a) Iliopsoas muscle is located on both sides of the
pelvis, displayed by the oblique view from the
abdominal midline to the hip. They appear hypoechoic
long-bands on the longitudinal view, and two
hypoechoic ellipses on both sides of the bladder on
the transverse view (Fig. 1.22).

(b) Iliac fossa triangle: the iliac fossa triangle is com-
posed of abdominal wall, iliopsoas muscle, and float-
ing intestine. Usually, this triangle is full of intestinal
tubes. When there is bleeding or fluid accumulation
in the abdominal cavity, a liquid dark area appears in
this triangle (Fig. 1.23).

1.2.2 Blood Vessels and Color Doppler
Sonography of Female Pelvic Cavity

1. The internal iliac artery provides the main arterial supply
to the pelvic organs via multiple branches (Fig. 1.24).

2. The uterine artery originates from the anterior trunk of
the internal iliac artery, at the point about 2 cm outside the
cervix, crosses the end of the ureter anteriorly to the lat-
eral uterine margin, and divides into two branches before
reaching the upper cervical vagina. The smaller branch
travels downward and supplies the cervix and the upper
vagina. The main branch of the uterine artery ascends in
a tortuous course lateral to the uterus in the broad liga-
ment, supplying the uterus, ovary, and fallopian tube.

Fig. 1.16 Relationship between ovary and internal iliac vessels. (a). 2-D images of the ovary and internal iliac vessels; (b). Color Doppler flow
images of ovary and internal iliac vessels
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Fig. 1.17 The ovary in the follicular phase, ovulatory phase, and luteal
phase during the normal menstrual cycle. (a). During a follicular devel-
opment period, 5-10 developing follicles are visible; (b). Pre-ovulation
phase: the follicle, reaching 14 mm in diameter, is likely to mature,
which is defined as the dominant follicle (arrow); (c). Follicle matura-

Fig. 1.18 Sagittal and transverse view of the distended bladder

tion phase: The follicle is more than 18 mm in diameter, 20-25 mm in
average, and moves to the surface of the ovary; (d). Luteal phase: the
corpus luteum is formed after ovulation, hypoechoic, with a slightly
thicker wall and irregular edge. Some weak dot echo can be seen inside
the cyst

Fig. 1.19 Urine spray (arrow) in the trigone area of the bladder
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Fig. 1.20 Sonogram of an empty bladder. The pelvis is filled with  Fig.1.22 Iliopsoas muscles located on both sides of the uterus
intestine

Fig. 1.23 Bilateral iliac fossa triangles

Fig. 1.21 Sonogram of the filled bladder, part of the intestinal tract is
visible

Fig. 1.24 Diagram of female B
pelvic blood supply
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3. The uterine artery branches pierce the uterine myome- 1.2.2.2 Color Blood Flow Imaging of Uterine

trium and divide into arcuate arteries and spiral arteries to Artery
supply the uterine muscle and endometrium. 1. Place the interest box 2 cm away from the cervix for
4. The uterine venous plexus accompanies the arcuate artery oblique or longitudinal scanning to show the uterine

and circulates in the uterine myometrium. artery.

2. The blood flow in the uterine muscle is circular or punc-
1.2.2.1 Doppler Characteristics of the Internal tate. The closer to the serosa, the more blood flow signal.
lliac Artery and Vein The uterine spiral artery is challenging to display during
1. The systolic spectrum of internal iliac artery is positive, non-pregnancy. In early pregnancy, the spiral artery pres-
with lower resistance. ents punctate blood flow around the gestational sac, with

low resistance (Figs. 1.27 and 1.28).
Sometimes, small humplike spectrums are visible at the

end of diastole. 1.2.2.3 Doppler Ultrasound Characteristics
of Uterine Artery
2. The iliac vein, accompanied by the internal iliac artery, 1. During the non-pregnant state and early pregnancy, the
has no pulsatile features, and the waveform fluctuates color Doppler spectrum of the uterine artery demonstrates
with the breathing. The blood flow direction is opposite to a sharp systolic peak, decreased diastolic velocity, and
the adjacent artery (Figs. 1.25 and 1.26). early diastolic notch. With the change of the menstrual

cycle, the resistance index (RI), pulsatility index (PI), and
other related parameters of the uterine artery and branches
change accordingly. The RI and PI values increase
(RI=0.88 = 0.1, PI = 1.8 + 0.4) during the late secretion
and menstrual phase; keep intermediate in the prolifera-
tive phase; and decrease in the early and mid-secretion
phase (Fig. 1.29).

2. During the second trimester of pregnancy, the uterine
artery gradually thickens, resulting in a further
decrease in blood flow resistance. The resistance index
gradually decreases, changing from the high-resistance
waveform pattern to the low-resistance waveform

1\ ; A !\ 1 r‘ l. } (Fig. 130) . .

ad Lol \.,. T AY AV TAY TAYTY 3. The uterine artery and branches are challenging to dis-

r r v v ! " play after menopause.

Fig. 1.25 Color Doppler flow image and spectrum of the internal iliac
artery

Fig. 1.26 Color Doppler flow image and spectrum of the internal iliac ~ Fig- 1.27 Color blood flow imaging of uterine muscle
vein
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Fig. 1.28 Color flow imaging and spectrum of trophoblast around gestational sac. (a). Color blood flow signal of trophoblast; (b). Blood flow
spectrum of trophoblast, with a low-resistance waveform

1.2.2.4 Doppler Ultrasound Characteristics

of Ovarian Arteries

1. The ovarian artery originates from the abdominal aorta,
descends to the pelvis along with the anterior psoas mus-
cle, crosses the ureter and the lower common iliac artery,
and enters the ovarian hilum through the mesentery. The
left side ovarian artery may originate from the left renal
artery. The fallopian tube is supplied by ovarian arteria
branches in the mesentery of the fallopian tube. The end
of ovarian arteria branches anastomoses with the uterine
artery’s ovarian branch near the uterine horn. The ovaries
have a dual blood supply system.

2. The detection of ovarian blood vessels is affected by the
ultrasound instrument’s sensitivity, the scanning method,
and the operator’s professionalism.

Fig.1.29 Color Doppler spectrum of the uterine artery during the non- 3. Color Doppler can display the blood vessels coming from

pregnant period the ovarian hilum and the ovarian blood signals distrib-
uted in a star or radial pattern (Fig. 1.31).

4. Color blood flow and spectrum Doppler examination can
reflect ovarian function. The spectrum of the main ovar-
ian artery branch presents a high-resistance waveform,
indicating that the ovary is not functional or inactive. It is
challenging to detect ovarian blood flow signals after
menopause because of the decreasing ovarian function
and reducing blood vessels in the ovary (Fig. 1.32).

1.3  Ultrasonic Examination and Scanning
Method in Obstetrics and Gynecology

The main ultrasound examination methods in obstetrics and
gynecology are transabdominal scanning, transvaginal scan-
ning, transrectal scanning, transperineal scanning, and trans-

Fig. 1.30 Color Doppler spectrum of the uterine artery during cavitary scanning.
pregnancy



Fig. 1.31 Color Doppler flow image of the ovary
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1.3.1 Transabdominal Scanning

Transabdominal scanning (TAS) is the most commonly used
ultrasound method in obstetrics and gynecology, applicable
to all women who need pelvic ultrasound examination. The
frequency of probe used in TAS is 3.5-5.0 MHz, and the con-
vex vibration electronic probe is preferred. TAS provides a
wider field of view and flexible operation angle and plane,
which is conducive to the overall display of pelvic viscera
and adjacent organs.

1. Preparation before TAS.
Except for the women with normal condition in mid to

late pregnancy, the bladder of the examinee is required to be
appropriately filled before TAS.

Fig. 1.32 Ovarian color blood flow imaging and spectrum during the
physiological phases. (a). Menstrual phase: spectrum with low ampli-
tude and high resistance; (b). Follicular phase: the spectrum of internal

ovarian artery is parabolic, and the RI value is about 0.5; (c). Luteal
phase: the formation of corpus luteum vessels and blood flow resistance
is related to pregnancy
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2. The purpose of bladder distention.

The urine in the moderately filled bladder is used as a
liquid medium to form an acoustic window, which can
push the intestine that covers the pelvic organs away,
which can avoid intestinal gas interference, and which can
contribute to better present the posterior pelvic organs’
morphology and outline. For suspected cervical insuffi-
ciency or bleeding caused by placenta previa in mid-late
pregnancy, a filled bladder is required to present the lower
segment of uterus, the cervical structure, and the relation-
ship between the lower placental edge and the internal cer-
vical os clearly.

3. Methods and standards for filling the bladder.

(a) Require the patient to drink 500-700 ml water in an
hour, and TAS can be performed until the patient has
obvious micturition desire.

Catheterization: For patients with emergencies, renal

insufficiency, elderly, or unable to drink plenty of

water in a short period or hold urine, insert urinary

catheters under routine disinfection and inject 300—

500 ml of sterile saline.

4. The influence of bladder filling degree on TAS. If the
bladder is insufficiently filled or empty, the pelvic organs
fail to completely display. Furthermore, because of the
intestinal gas interference, the pelvic organs cannot be
displayed at all, causing missed diagnosis or misdiagnosis.
The overfilling bladder may compress the uterus to make
it smaller, affecting the measurement accuracy. Some pel-
vic masses may be pushed out of the pelvis, leading to
missed diagnosis (Fig. 1.33).

5. Scanning method.

(b)

The patient takes the supine position. Place the probe on
the surface of the abdominal wall between the umbilicus and
the pubic symphysis, and smear some couplant locally.
Firstly, show the mid-sagittal view of the uterus using longi-
tudinal scanning. In this view, the echo of the uterine endo-
metrium and the cervical endometrial echo are displayed on
the same sagittal view. Observe the morphology and contour
of the uterus, cervix, and endometrium and the echo of the
uterine three-layer structure, and measure the anteroposte-
rior diameter, length of the uterus, and endometrial thickness
on this section. Then, choose the midsagittal view of the
uterus as the center, slide the probe slowly to each side of the
uterus and change the scanning angle to observe whether the
echo of the uterus and the pelvic sidewalls on each side is
abnormal. Rotate the probe by 90 degrees, change to a trans-
verse scan continuously, and sweep upward and downward.
Observe the uterine cavity and echo of the anterior and pos-
terior walls on each transverse section, and measure the
transverse diameter of the uterus. The ovaries can be scanned
longitudinally, horizontally, and diagonally. The scanning
angle of the probe is changed during the scanning to display
the lesions in the ovary and pelvis more clearly and obtain
the best image for diagnosis.

1.3.2 Transvaginal Scanning

Transvaginal scanning (TVS) is an essential method of ultra-
sound examination in obstetrics and gynecology, which has
become a routine method for pelvic ultrasound examination
of married women. Choose a transvaginal probe with a fre-
quency of 5.0-7.5 MHz or 5.0-9.0 MHz. Due to the high
frequency of transvaginal probe, the scanning approach is
closer to the pelvic organs, contributing to a clear display of

Fig. 1.33 The influence of bladder filling degree on TAS. (a). Insufficiently filled bladder. The uterus and ovaries are not clearly showed. (b).
Overfilling bladder. The uterus is compressed



20

T.Yang et al.

the tiny structure of the uterus, ovaries, and pelvic masses, so
as to obtain sufficient and accurate information and improve
the diagnostic accuracy of pelvic diseases.

1.3.2.1 Preparation before Examination

The patient should empty the bladder before the examina-
tion. TVS should be arranged in a particular ultrasound exam
room, satisfying the conditions for pelvic examination in
obstetrics and gynecology. Disposable pads, sterilized rub-
ber condoms, and perineum disinfectants are required.

1.3.2.2 Scanning Method

The patient took the lithotomy position. Put a small amount
of couplant inside the sterilized condom and place over the
disinfected vaginal probe. Insert the vaginal probe into the
vagina gently until the top of the probe reaches the vaginal
fornix or cervix, and the probe is generally placed in the
posterior vaginal fornix. First, find the standard mid-sagit-
tal view of the uterus: the echo of the uterine endometrium
and the cervical endometrium are displayed on the same
sagittal view. Then identify the position of the uterus. The
excessive anteverted or retroverted uterus may affect the
display of the standard sagittal view. Adjust the depth of the
probe into the vagina and the angle between the scanning
beam and the uterus to obtain a relatively standard image.
In this section, observe the condition of the cervix, endo-
metrium, uterine cavity, and myometrium, and measure the
anteroposterior diameter, length of the uterus, and endome-
trial thickness. When it is changeling to obtain satisfied
sagittal images of the uterus, apply pressure on the exam-
inee’s pubic symphysis with the sonologist’s non-scanning
hand to make the uterus steady and close to the probe. The
handle of the vaginal probe can also be adjusted to make
the image more complete and clear. Then rotate the probe
to scan the transverse section, measure the transverse diam-
eter of the uterus, and observe the morphology and echo of
uterine walls on each side and the uterine cavity. Finally,
rotate the probe and slide to the left and right sides of the
uterus, using the iliac blood vessels as markers, and find the
bilateral ovaries. Measure the ovarian size, observe the
shape of the ovary and the structural characteristics of the
peripheral mass. Pay attention to distinguish the relation-
ship between the masses and ovaries, and note whether
there is fluid or other abnormalities in the rectouterine
pouch.

1.3.2.3 Contraindications of TVS

For patients with sizeable pelvic mass or pregnant for more
than 3 months, TVS fails to provide entire information of the
uterus and mass due to the limitation of high frequency, lim-
ited penetration, and focusing depth. TVS is not suitable for
unmarried women, patients with an imperforate hymen, and
vaginal malformation that cannot place a vaginal probe.

1.3.3 Transrectal Scanning

Transrectal scanning (TRS) requires a special rectal probe.
TRS is often used to diagnose malformation of rectum, sig-
moid colon, prostate, and other diseases, and acts as an aux-
iliary way of ultrasound examination in gynecology and
obstetrics. It is mainly used to examine the pelvic viscera of
unmarried women, elderly patients with severe vaginal atro-
phy, or patients with vaginal stenosis or severe vaginal mal-
formation caused by vaginal surgery or radiotherapy.

1.3.4 Transperineal Scanning

Transperineal scanning (TPS), placing the probe at the vulva
area of women, can eliminate the intestinal gas interference
and the attenuation of abdominal fat without a filled bladder.
TPS is used to observe female pelvic floor structure and
obtain a satisfactory display of cervical lesions, vaginal
mass, urinary tract micro-lesions, etc. Pay attention to plac-
ing the sterilized condom over the vaginal probe.

1.3.5 Transcavitary Scanning

The probe for transcavitary scanning is a special probe
2-7 mm in diameter, with a frequency in the range of 7.5—
20 MHz. Transcavitary scanning is mainly used to observe
the tiny pathological lesions of the uterine cavity and myo-
metrium, which is not widely used.

1.3.6 Key Points of Ultrasound Examination
in Obstetrics and Gynecology

1. TAS of the pelvis.

(a) The bladder of the examinee should be appropriately
filled before TAS. Patients usually take the supine
position. Rotate and slide the probe or combine sev-
eral scanning techniques.

On the sagittal section of the uterus, observe the mor-

phology and contour of the uterus, cervix, and endo-

metrium, and measure the anteroposterior diameter,
length of the uterus, and endometrial thickness.

Observe the uterine body and fundus and measure the

transverse diameter of the uterus on the transverse

section. Observe the echo characteristics of the myo-
metrium through various sections.

(c) Measure the ovarian length and anteroposterior
diameter on the maximum long axis section of the
ovary, and measure its width on the transverse view.
Observe the size, morphology, and echo of the ovary.
It is recommended to measure the size of the follicle

(b)
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and record the number when the diameter of the ovar-
ian follicle is more than 1 cm.

(d) The combined scanning method is used in the ultra-
sound scanning of the fetus in the middle and late
pregnancy. Change the scanning technique constantly
with the fetal position and movement during the
examination, to show the structure and morphology
of the fetal surface and internal organs. Prenatal
ultrasound scan of the fetus should be carried out in
accordance with the prenatal ultrasound grading
requirements: general, routine, systematic, and
targeted.

2. TVS It is required to empty the bladder before TVS. The
examinee should take the lithotomy position. Select a
special vaginal probe and pay attention to sterilization
and isolation of the vaginal probe during operation.

1.4 Reading and Writing of Sonogram
in Obstetrics and Gynecology
1.4.1 Reading Methods of the Sonogram

1.4.1.1 Reading Method of TAS Sonogram

The Sagittal Plane (SP)

When the patient takes the supine position, the left side of
the sonogram on the monitor represents the cranial direction
of the subject--the uterine bottom, the right side represents
the caudal direction--the cervix and vagina, the upper part is
the anterior abdominal wall and bladder, and the lower part
is the posterior pelvic wall and rectum.

The Transverse Plane (TP)

When the patient takes the supine position scanned in the
transverse plane (TP), the left side of the image on the moni-
tor is the left adnexa, and the right side is the right adnexa.

1.4.1.2 Reading Methods of TVS Pelvic
Sonogram

The Sagittal View
According to the personal habits of the operator on the sagit-
tal view, set the orientation of the image to display the uterus
and adnexa superiorly or inferiorly on the screen.

Reading methods of TVS sonogram:

1. When the uterus and adnexa are displayed inferiorly on
the screen, the upper part (near field) of the ultrasound
image represents the cranial direction of the subject—the
uterus and its bottom, the lower part (far-field) represents
the caudal direction --the cervix and vagina, the left side

represents the posterior pelvic wall and rectum, and the
right side represents the anterior pelvic wall and bladder.

2. When the uterus and adnexa are displayed superiorly
on the screen, the upper part of the ultrasound image
represents the caudal direction of the subject—the cer-
vix, the lower part represents the cranial direction—the
uterus and its bottom, the left side of the sonogram rep-
resents the anterior pelvic wall and bladder, and the
right side represents the posterior pelvic wall and
rectum.

The Transverse Section

The transverse section of the uterus is displayed by rotating
the probe until the beam is perpendicular to the axis of the
uterus. The right side of the sonogram represents the right
uterine wall and right adnexa, and the left side represents the
left uterine wall and left adnexa. The scanning direction of
the probe determines the position of the left and right adnexa.

1.4.1.3 Orientation Recognition of Fetal

Sonogram
According to the relationship between the longitudinal axis of
the pregnant women and that of the fetus, as well as the relation-
ship between the fetal presentation and the pelvis of pregnant
women, we can identify the fetal position and orientation.

1.4.2 Writing Methods and Requirements
of an Ultrasonic Report in Obstetrics
and Gynecology

The ultrasonic report is the conclusion of one examination,
the clinical basis for diagnosis, and the evidence for inform-
ing the examinee of the ultrasonic examination with words or
images as well. The report in gynecology and obstetrics
mainly includes three parts: general items, examination find-
ings (description), and diagnosis opinions.

1.4.2.1 The General Items
Complete the items according to the general items of the
report. If necessary, add the instrument model, probe fre-
quency, scanning method, etc.

1.4.2.2 Examination Findings

Analyze comprehensively and make a detailed and objective
description after obtaining several ultrasound images by var-
ious scanning methods. It mainly includes the morphology,
structure, size, location, and echo characteristics of the
examined organs, as well as the relationship with the sur-
rounding organs. When necessary, the important negative
image features of relevant organs should also be described
for differential diagnosis.
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1.4.2.3 The Diagnosis Opinions
The diagnosis opinions should be brief to indicate the loca-
tion and nature of the lesions. The principle of ultrasonic
diagnosis is to point out the location and physical property.
For the diseases that can be diagnosed from the image, we
can directly prompt the definitive diagnosis or possible diag-
nosis of disease; for the diseases that cannot be determined
from the image, it is not suitable to prompt the diagnosis of
disease directly. In patients with multiple disease changes,
the definitive diagnosis should be given priority. Generally, it
is not appropriate to make a pathological diagnosis directly.
The designated superior doctor should review the ultra-
sonic report written by the refresher doctor or technician and
sign before official releasing. The ultrasonic report should be
neat, clear, and easy to understand, avoiding altering and
typos. No false ultrasonic report is allowed in any case.

Notices for Ultrasound Examination
in Obstetrics and Gynecology

1.5

1. The operation should be standardized, skilled, and pay
attention to the scanning ways and methods of obstetrics
and gynecology ultrasound. Interventional ultrasound
and intracavitary ultrasound must strictly follow the asep-
sis principle to prevent infection. Make sure there are no
mistakes in the prevention of complications and emer-
gency preparation during operation. Interventional ultra-
sound diagnosis or treatment should be carried out in a
special ultrasound intervention room.

2. Explain the necessity of examination, possible results and
uncomfortable reactions or complications to the patients

before the patients undertake intracavitary ultrasound,
interventional ultrasound or treatment, and some special
ultrasound diagnoses. The examinations can only be car-
ried out after obtaining the understanding and agreement
of the patients and their families, and the patients are
requested to sign the relevant informed consent forms.

3. The ultrasonic report should be written thoughtfully, and
the ultrasonic diagnostic results should be objective and
authentic. For diseases or structures that cannot be judged
by ultrasonic images, it is advisable to just make a
description of the image rather than report a speculative
diagnosis of diseases.
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Application of Diagnostic Ultrasound
in the Perinatal Period

Taizhu Yang, Ying Tang, Yu Tian, Bo Zhang, Hong Luo,

Qi Zhu, and Houging Pang

2.1 Changes of the Uterus During

Pregnancy

During pregnancy, with the participation of hormones pro-
duced by the placenta and the influence of neuroendocrine,
the maternal uterus will undergo a series of anatomical and
physiological changes to meet the needs of the fetal growth
and development.

2.1.1 The Uterus
2.1.1.1 The Volume and Size
The uterus undergoes a gradual increase in volume and size,
and becomes softer during pregnancy. The uterus is about
7 cm x 5 cm x 3 cm in non-pregnancy period and rises to
35 cm x 25 cm x 22 cm at term.

The volume of the uterine cavity is about 10 ml or less in
the non-pregnancy period, which increases over hundreds of
times at term (nearly 5000 ml).

2.1.1.2 The Thickness of the Myometrium

The thickness of the myometrium is about 1 cm in non-
pregnancy, 2.0-2.5 cm in the second trimester, and then
becomes thinner from 1.0 to 1.5 cm at term.
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2.1.1.3 The Morphology and Blood Flow
of Uterine Arteries

The uterine artery twists in non-pregnancy and turns to be
straight at term to meet the increasing need for blood flow
in the placenta villous space. A 4 to six-fold increase in
uterine blood flow is observed at term (450-650 ml per
minute), of which the muscle layer accounts for about 5%,
the uterine decidual layer accounts for 10% to 15%, and
the placenta accounts for the most part (80% to 85%).
However, uterine blood flow is significantly reduced dur-
ing contraction.

2.1.2 Isthmus Uteri

Isthmus is the narrowest portion of the uterus, which is
located between the uterine body and cervix, and becomes
soft during pregnancy. It is just 1 cm in length in non-
pregnancy. After 12 weeks of gestation, it gradually stretches
and becomes thinner, and expands as a part of the uterine
cavity, thereby forming the lower segment of the uterus. It
gradually stretches to 7 to 10 cm in labor and becomes part
of the soft birth canal.

2.1.3 Cervix

The length of the cervix tube is 2 to 3 cm before labor, and
that of primipara was slightly longer than that of the multip-
ara. After the onset of labor, with muscle at the level of inter-
nal ostium pulling upward, the cervix gradually shortens
until it disappears. The changes are mediated through the
coordinated effects of regular uterine contractions, fetal pre-
sentation, and anterior amniotic fluid sac.
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2.2  Embryonic and Fetal Developmental

Characteristics

The mature oocyte is discharged from the ovary then into the
fallopian tube and combines with sperm in the ampulla of
the fallopian tubes. This process is defined as fertilization. The
combined new cell, i.e., the zygote, divides to produce a solid
cell mass named a morula. These cells continue to divide and
increase, accompanied by the emergency of intercellular spaces
between morula cells, and then coalesce to form the blastocele.
Then the formation of blastocyst is complete. Trophoblasts of
the blastocyst participates in the formation of embryonic acces-
sory structures, while a part of inner cell mass develops into the
embryo. Depending on the movement of the cilia and the mus-
cle fibers of the fallopian tube, the fertilized ovum divides
repeatedly as it gradually travels to the uterus and reaches the
endometrial cavity 4-5 days after fertilization. The process of
invasion of blastocyst to the endometrium is called implanta-
tion. It takes 7-8 days from fertilization to implantation. The
implantation site usually locates in the posterior or anterior
wall of the upper portion of the uterus. If the blastocyst implants
near the cervix where the placenta will grow later, it is called
placenta previa. When the blastocyst implants outside the body
cavity of the uterus, it is called ectopic pregnancy, or called
extrauterine pregnancy as an old saying.

Embryo development is a continuous process that pro-
ceeds through cell division and differentiation step by step,
including fertilization, cleavage, implantation, ovigerm
stage, embryo stage, and fetus stage.

The development of the embryo and the fetus takes four
weeks (28 days) as a gestational month or a gestational age
unit. The menstrual age is commonly the used gestational
age in clinical practice, which is calculated from the first day
of the woman’s last menstrual period to the day the fetus and
its appendages are discharged from the mother. The whole
process is about 40 weeks on average (equivalent to 38 weeks
of fertilized age). A full-term pregnancy is 280 days.

In the first eight weeks of pregnancy the living is called an
embryo, and the formation and differentiation of main organs
have completed at end of this stage. From the ninth week of
gestation, the embryo has a human-like morphological trait,
which is called a fetus. The first trimester is before the 13th
week of pregnancy. After that, each organ develops further
until it matures (Table 2.1).

2.3  Diagnostic Ultrasound of Normal

Pregnancy

Since ultrasound has been used in obstetrics, with the rapid
development of the ultrasound technique, clinicians can
dynamically monitor the whole process of fetal growth in each
stage and evaluate whether the morphological structures of
fetal systems and organs are normal. According to the biologi-
cal measurement of multiple parameters, ultrasound can accu-
rately estimate fetal age and pulmonary maturity and evaluate
the development of the fetus in the uterus. As a necessary
method for obstetrics, prenatal ultrasound screening for fetal

Table 2.1 Length, weight, and characteristics during development of the fetus

Developmental characteristics and ultrasonic image

Gestational age (week) Length Weight characteristics

The end of the 8th week The eyes, ears, nose, and mouth can be distinguished. It is
initially humanoid, with early heart formation and pulsation
seen by ultrasound. The crown-rump length can be measured

The end of the 12th week 9cm l4¢g The external genitalia has developed, and the fetal fingers (toes)
can be distinguished. The limbs are active. Ultrasound can
display the skeletal system and scan the upper and lower limbs
in sections

The end of the 16th week 16 cm 110 g The sex of the fetus can be distinguished. Fetal respiratory
movement began to appear, and some pregnant women could
feel fetal movement. Ultrasound can observe the fetal head,
intracranial structure, spine, trunk, maxillofacial, limb bone,
stomach bubble, and bladder

The end of the 20th week 25 cm 320g Begin to swallow and urinate. Fetal heart sounds can be heard
from the abdominal wall of pregnant women. A clear outline of
fetal kidney appears

The end of the 24th week 30 cm 630 g After 16 weeks of gestation, it can observe all fetal organs by
ultrasound. 18th—26th week is the best period for fetal
malformation screening

The end of the 28th week 35cm 1000 g Testicles drop gradually

The end of the 32th week 40 cm 1700 g

The end of the 36th week 45 cm 2500 g

The end of the 40th week 50 cm 3000 g
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growth anomalies and fetal anomalies is becoming an essen-
tial part of prenatal diagnosis. One or more times of ultrasonic
scanning is needed for almost every pregnant woman during
pregnancy. In recent years, image quality has been dramati-
cally improved with the development of ultrasonic technology.
The application of high-frequency vaginal probe becomes part
of a first-trimester screening program for fetal abnormality. It
shows excellent value in the field of Obstetrics and possesses
essential clinical value in improving the quality of fetal life
and reducing perinatal mortality.

2.3.1 Basic Concepts

1. Pregnancy is the process in which the embryo and the
fetus develop in the mother’s uterus. The fertilization of
oocyte is the beginning of pregnancy, while the expulsion
of the fetus and its appendages from the mother is the
termination of pregnancy. Clinically, the process of preg-
nancy is divided into three stages: It is called the first tri-
mester before the end of the 12th week of pregnancy, the
second trimester which is from the 13th to the 27th week,
and the third trimester after the 28th week.

2. The fetus undergoes embryonic and fetal development in
the uterine cavity of the mother, and each organ com-
pletes differentiation and further maturation. The forma-
tion of fetal appendages, including placenta, amniotic
fluid, and umbilical cord, ensure the connection between
the fetus and the mother, as well as the growth and devel-
opment of the fetus.

3. The clinical diagnosis of pregnancy is mainly based on a
history of amenorrhea with morning sickness, cervical and
uterine softening, and a bluish discoloration of the cervix.
Human chorionic gonadotrophin (HCG) can be detected in
either the mother’s blood or urine. The abdominal size of
pregnant women gradually increases in the second and third
trimesters; also, maternal weight, fundal height, and abdom-
inal circumference of pregnant women keep increasing
with gestational age in the prenatal examination. The fetal
heartbeat is visible from the 12th week of pregnancy, with
an average of 120 to 160 times per minute.

4. From the 11th week of pregnancy until delivery, it is vital
to monitor fetal growth and development in the uterus and
evaluate the morphology and structure of fetal organs,
placenta, amniotic fluid, and umbilical cord.

5. During 11 to 14 weeks of gestation, ultrasound is carried
out to screen for aneuploidy chromosomal abnormalities,
adverse outcomes through assessing the thickness of fetal
nuchal translucency and nasal bone and detect fetal struc-
tural abnormality by observing morphological structure.

6. Most fetal anomalies can be identified during 18 to
26 weeks of gestation, which is the best time to observe
whether the fetal development is normal. Multiparameter

bio measurement using ultrasound is useful to predict
gestational age and assess fetal growth. Moreover, ultra-
sound can also accurately determine fetal lie, fetal pre-
sentation, fetal position, and heart activity. By detecting
the blood flow spectrum of the fetal umbilical artery and
uterine artery, color Doppler flow imaging and spectral
Doppler can reflect the blood flow of the placenta
indirectly. The detection of uterine artery blood flow has
clinical value in predicting the occurrence of pregnancy-
induced hypertension (PIH).

2.3.2 Ultrasound Diagnosis

2.3.2.1 First Trimester
1. The changes of uterus and the appearance of gestational sac

With transabdominal ultrasound, the uterus is enlarged
and swollen. The gestational sac is visible in the uterine cav-
ity about six weeks after the last menstruation. Under trans-
vaginal ultrasound, the gestational sac can be detected as
early as 30 to 35 days after conception (Fig. 2.1).

2. Characteristics of the gestational sac.

The gestational sac (GS) is a round or oval anechoic area,
and the decidual layers around the sac appear as a hyper-
echoic ring. The size of the gestational sac is becoming
enlarged with the increase of menopause days. After 12 to
13 weeks, the chorion fuses with decidua, and the gestational
sac is invisible by ultrasound (Figs. 2.2 and 2.3).

3. The yolk sac. Yolk sac (YS) is located inside the gesta-
tional sac. The image is characterized by a ring-shaped
hyperechoic structure with an anechoic center. At 5 to
6 weeks after the last menstrual period, a yolk sac, 3 to
8 mm in diameter, is visible under transvaginal ultra-
sound, earlier than the embryo. The embryo is smaller
than the initial yolk sac. The yolk sac is a vital sign to
confirm intrauterine pregnancy. The appearance time, the
size, and shape of the yolk sac are closely related to the
outcome of early pregnancy. The excessive large or small
yolk sac and strange echo, are indicative of an abnormal
early pregnancy. The appearance of the yolk sac is useful
in distinguishing an intrauterine pregnancy from a pseu-
dogestational sac in ectopic pregnancy, and it disappears
after the tenth gestational week (Figs. 2.4 and 2.5).

4. Embryo The embryo is first identified as the thickening
part adjacent to the yolk sac. Under transvaginal ultra-
sound, a primitive embryonic heartbeat is identifiable
when the embryo is more than 2 mm in length. Most of
the fetal heartbeat is visible at the sixth week of pregnancy,
and the embryonic growth rate is about 1 mm/d. After
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Fig. 2.1 Transabdominal/transvaginal ultrasound images in early preg- ~ sac on day 42 of gestation; (¢). Transvaginal scan, a tiny intrauterine
nancy. (a). Transabdominal scan, a tiny intrauterine gestational sac on  gestational sac on day 33 of gestation; (d). On 44 days of pregnancy, the
day 38 of gestation; (b). Swollen uterus and an intrauterine gestational  thickening part adjacent to the yolk sac is the early embryo

Fig. 2.2 Characteristics of the gestational sac. (a). The round gestational sac and the hyperechogenic decidua around the sac on day 38 of gesta-
tion; (b). The oval gestational sac and the hyperechogenic decidua around the sac on day 42 of gestation
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Fig. 2.4 Yolk sac in early pregnancy. (a). Forty eight-day pregnancy, a ring-shaped hyperechoic normal yolk sac; (b). The yolk sac appeared prior
to the embryo

6.5 weeks of gestation, the embryo grows up gradually. 6. The amniotic sac.
At the eighth week of gestation, the embryo is in human With the increase of gestational age, the amniotic sac
shape, and the fetal limb buds are hyperechoic. The intra-  (AS) adheres closely to the chorion followed by their fusion.
uterine pregnancy can be confirmed as long as the embryo  AS, which is filled with amniotic fluid, provides an impor-
in the gestational sac, and primitive cardiac pulsation is  tant environment for fetal survival.
visualized (Figs. 2.6 and 2.7).

5. The Placenta After about 9 weeks of pregnancy, a 7. Estimation of gestational trimester @ Gestational sac

crescent-shaped hyperechoic placenta can be clearly measurement: gestational age (week) = the maximum
showed via ultrasound (Fig. 2.8). diameter of gestational sac +3 (Fig. 2.9). @ Measurement

of fetal crown rump length (CRL): CRL (cm) + 6.5 = ges-
On day 83 of gestation, the placenta has formed and pres- tational age (week)(a simple estimation method)

ents in a crescent-shaped structure. (Fig. 2.10).
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Fig. 2.5 Abnormal yolk sac in early pregnancy. (a). Fifty-day preg-
nancy, a very small yolk sac without an embryo; (b). Forty eight-day
pregnancy, an irregular-shaped yolk sac without an embryo; (¢). Fifty

The measurement: When the fetus is naturally extended,
measure the distance from the cephalic skin’s outer edge to
the fetal rump’s outer edge. When CRL is less than 84 mm,
CRL is recommended to calculate the gestational age. Still,
when CRL is more than 84 mm, the head circumference
(HC) is more accurate for estimating gestation age than the
biparietal diameter (BPD).

8. Nuchal Translucency.

Nuchal Translucency (NT) refers to the fluid-filled space at
the back of the fetal neck. The NT value increases with the
gestational age (Table 2.2). In 11 to 13 + 6 weeks of gestation
when the fetal CRL is in 45 to 84 mm, measure the NT when
the fetus is in a naturally extended state on the midsagittal
view. Enlarge the image to show only the fetal head, neck, and
upper thorax in the picture, and then measure the distance per-
pendicular to the NT anechoic area at the widest part of
NT. The horizontal line of the calipers should not be placed in
the transparent area, but be overlapped with the hyperechoic
edges exactly. Measure more than two times and record the

six-day pregnancy, an enlarged yolk sac without an embryo; (d). Fifty-
day pregnancy, a calcified yolk sac and an embryo without cardiac
pulsation

maximum value. Multiple pregnancies require special consid-
erations, especially for chorionicity. For measuring fetal NT,
operators need to complete specialized training and certifica-
tion, and have appropriate capacities for ultrasound instru-
ments and corresponding management (Fig. 2.11).

9. Nasal Bone (NB): Nasal bone can be observed after
11 weeks. When the fetus is in a natural stretching state
on the midsagittal view, enlarge the image to show only
the fetal head, neck, and upper thorax in the picture. The
nose root, nose tip, and nose bone present as three echo-
genic lines. The thicker line in the bottom, which is more
echogenic than the skin line echo, represents the nasal
bone (Figs. 2.12 and 2.13).

10. Essential structure screening in the first trimester.
Enlarge the screening site of the fetus to account for more

than one-third of the screen. After 10 weeks of gestation, the
fetal skull shows a hyperechoic ring under ultrasound. After
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Fig. 2.6 Cardiac activity of the embryo in early pregnancy. (a). 46-day
pregnancy, color Doppler image shows the primitive embryonic cardiac
pulsation; (b). M-mode scan shows the primitive cardiac pulsation of

12 weeks, the brain midline, choroid plexuses, lateral ven-
tricle, thalamus, and cerebellar hemisphere can be clearly
shown on the transverse view of the fetal brain. Some struc-
tures of the brain, such as corpus callosum and cerebellum,
are not fully grown in the first trimester and cannot be accu-
rately evaluated. After 10 weeks of gestation, ultrasound
shows the spinal canal and the parallel bead-like hyperechoic
spine. The sacrococcygeal vertebral body completes ossifi-
cation at about 18 weeks. Observe the vertebral arrangement
and integrity of the vertebrae and the surface skin. After
12 weeks of gestation, observe the four-chamber view
through the transverse view of fetal thorax, and confirm the
location of the fetal heart and cardiothoracic ratio. After
11 weeks of gestation, the fetal stomach is visible in most of
the fetuses. The fetal stomach locates on the left side of the
abdominal cavity, and the liver on the right side. The normal
ultrasound appearances of the fetal kidney are slightly
hypoechoic, fava bean-shaped, and located near the spine.
On the view of umbilical cord insertion into the anterior
abdominal wall, confirm the integrity of the abdominal wall

the embryo; (¢). Spectral Doppler image shows the fetal heart pulsation
with a single peak wave

and the position where the umbilical cord inserts. A
physiological umbilical hernia can be observed at 11 weeks
of gestation, so the diagnosis of omphalocele should be made
after 12 weeks. After 11 weeks of pregnancy, note the num-
ber of umbilicus artery, and the location and size of the fetal
bladder in the transverse view of the bladder. Moreover, pri-
mary ossification centers of the long bones are visible at nine
weeks of gestation, and the hands and feet can be identified
at 11 weeks (Fig. 2.14).

2.3.2.2 The Second- and Third-Trimester
Pregnancy

Ultrasound Images of the Fetal Head
Transverse view scanning is mainly used. The fetal head
increases to be an oval and echo-reflective hyperechoic ring
during the pregnancy.

Fetal brain structure is becoming apparent, and the struc-
tures including septum pellucidum, ventriculus system, thal-
amus, brain midline, choroid plexus, cerebellum, and cisterna
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Fig. 2.7 Images of the embryo in early pregnancy. (a). On day 48 of  head, trunk, and limb buds of the embryo are visible; (d). On day 82 of
gestation, an embryo in the uterus; (b). On day 56 of gestation, the  gestation, the head, trunk, and limbs can be identified obviously
intrauterine embryo in human shape; (¢). On day 66 of gestation, the

Fig. 2.8 Placenta in early pregnancy




2 Application of Diagnostic Ultrasound in the Perinatal Period 31

Fig. 2.9 Measurement of the gestational sac. (a). Sagittal image of the uterus, measurement of the length, and anteroposterior diameters of the
gestational sac; (b). Transverse section of the uterus, measurement of the left to the right diameter of the gestational sac

Fig. 2.10 Measurement of CRL. (a). The fetal length on day 66 of gestation; (b). Fetal CRL on day 74 of gestation; (c). Fetal CRL at 13 weeks
of gestation
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Table 2.2 NT and NB value of normal fetuses during 11 to 14 weeks of gestation

NT
Gestation (week) n (number) X(mm) SD(mm)
11 1252 0.995 0.333
12 2435 1.189 0.358
13 2227 1.331 0.371
14 1043 1.378 0.396

NB

n(number) X(mm) SD(mm)
329 1.969 0.474
656 2.003 0.465
564 1.995 0.458
255 2.048 0.486

Note: The data are from the West China Second Hospital of Sichuan University

Fig. 2.12 Fetal nasal bone. Measurement of NB at 12 + 3 weeks of
gestation

_—

| TN -

Fig.2.13 Abnormal echo of fetal nasal bone. Thickened fetal NT with
absent nasal bone at 12 + 6 weeks of gestation.

magna can be observed. Color Doppler flow shows the cere-
bral vessels of the fetus (Figs. 2.15 and 2.16).

Ultrasound Image of the Fetal Face

After 11 weeks of gestation, the fetal maxillofacial bones are
gradually visible. Under appropriate scanning angle in the
context of amniotic fluid, fetal eyes, nose, lips, philtrum,
face, upper alveolar bone, lower alveolar bone, ears, scalp,
and hair can be observed through a systematic evaluation in
the coronal and sagittal views (Fig. 2.17).

Images of the Fetal Spine

The hyperechoic vertebrae show regular “string-bead” in
parallel arrangement on sagittal view. The sacrococcygeal
region slightly tilts backward and expands in the lumbar
section. The vertebrae distribute as a triangle on a trans-
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Fig. 2.14 Screening of essential structures in early pregnancy. (a).
Transverse view of the fetal head at 13 weeks of gestation; (b).
Transverse view of fetal chest: spectrum Doppler of fetal tricuspid
valves; (c¢). Transverse view of the fetal stomach in abdominal level;
(d). Transverse view of fetal bladder showing bilateral umbilical arter-

ies; (e). Fetal omphalocele at 13 weeks of gestation, showing the umbil-
ical cord inserting into the abdominal cavity on one side of the bulging
area; (f). Holoprosencephaly at 13 weeks of pregnancy; (g). Fetal lower
limbs at 12 weeks of gestation; (h). Fetal upper limbs at 12 weeks of
gestation




34 T.Yang et al.

Fig.2.15 Fetal head. (a). Transverse view of the fetal head presenting ~ The septum pellucidum and thalamus are showed; (d). Transverse view
hyperechoic ring structure; (b). Transverse view of the fetal head show-  of fetal head showing anterior horns of the lateral ventricles; (e).
ing fetal brain structure: midline and thalamus; (¢). Transverse view of ~ Transverse view of fetal head showing cerebellum; (f). Intracranial cho-
the fetal head presenting the complete and smooth ring echoic structure.  roid plexus of the fetus; (g). The lateral ventricle of the fetus
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Fig. 2.16 Fetal intracerebral vessels. The cranial base view of Fetal
Willis artery ring

verse view, and the spinal canal is visible as strip-like
anechoic area. The centrum is the ossification center of the
vertebral body. On the coronal view, the spine appears as
three parallel hyperechoic lines near the ventral side
(Figs. 2.18 and 2.19).

Ultrasound Images of Fetal Thorax
The fetal chest cavity is composed of spine, ribs, and ster-
num. Main organs in the fetal chest are the heart, large blood

vessels, trachea, lungs, esophagus, and so on. The heart
located in the left chest cavity, with the apex pointing to the
left. The left and right ventricles and atria are of the same
size. Multiple hyperechoic ribs in an oblique arrangement
are visible after 11 to 12 weeks of gestation. During the third
trimester, the echo of fetal ribs is becoming visualized. The
fetal lung is of moderate echo with a smooth edge in the
second and third trimesters. It does not squeeze the heart and
is clearly displayed with the liquid background (Figs. 2.20
and 2.21).

Images of the Fetal Abdomen

The liver, located in the right upper fetal abdomen, pres-
ents homogeneous isoecho (as shown in the Fig. 2.22).
The fetal umbilical vein inserts into the abdominal cavity
in the midline of the fetal abdominal wall. It divides into
two branches, one joins the portal system to the liver sub-
stance and the other connects to the inferior vena cava
through the ductus venous. The umbilical cord inserts into
the abdominal wall, as shown in the Fig. 2.22. The gall-
bladder, in the same view with the umbilical vein, is visi-
ble after 24 weeks of gestation. The fetal stomach is
anechoic in the left side of the abdominal cavity (as shown
in the Fig. 2.22). After 20 weeks of pregnancy, digestive
tract malformation should be considered if there is an
absent fetal stomach combined with hydramnios, and
repeated examination should be carried out 30 to 45 min-
utes later. Multiple anechoic bowel loops are evident in
the fetal abdominal cavity during the second and third tri-
mesters of pregnancy (as shown in the Fig. 2.22). With the
development of a pregnancy, meconium thickens, fol-
lowed by gradually increased bowel echo (Fig. 2.22).

Images of Fetal Genitourinary Tract

After 16 weeks of pregnancy, the fetal kidneys are visible by
the longitudinal and transverse view of transabdominal ultra-
sound. Fetal kidneys, showing as a circular or ovoid-shaped
hypoecho, located lateral to the fetal spine. Echo of the renal
capsule and collecting system is enhanced. The fetal bladder
is a round cystic structure, the size of which varies during
dynamic observation. After 16 to 18 weeks of gestation, fetal
gender can be identified (Figs.2.23 and 2.24).
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Fig. 2.17 Fetal maxillofacial region. (a). Image of fetal orbits; (b). 2-D image of fetal mandible, mouth, and nostrils; (¢). Image of fetal nose and
mouth; (d). Sagittal view of the fetal face; (e). Image of the fetal face; (f). Image of one fetal ear




2 Application of Diagnostic Ultrasound in the Perinatal Period

Fig. 2.18 Fetal spine. (a, b). Full view of the fetal spine, vertebrae are arranged regularly, the spinal canal presents strip-like anechoic area, and
the spine has natural physiological curvature

Fig. 2.20 Fetal ribs. (a). Transverse view of fetal ribs; (b). Sagittal view of fetal ribs
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Fig. 2.21 Fetal thorax. (a). The Transverse view of the fetal thorax showing the heart; (b). Blood flow of fetal heart chambers; (¢). The sagittal
view of the fetal thorax showing hyperechoic fetal lung, which can be clearly shown with a pleural effusion

Images of Fetal Limbs and Fetal Movements

With the progress of the pregnancy, the echo of fetal bones is
gradually enhancing, accompanied by posterior attenuation.
Because of the amniotic fluid surrounding the fetus, the
second trimester is the best period for observing fetal limbs
and their movements. During the third trimester, it is difficult

to display the fetal limbs due to the impact of fetal growth,
fetal position, amniotic fluid, and other factors. After
28 weeks of gestation, a small oval mass echo which is iden-
tified by visualizing the distal femur is the femoral epiphysis.
The appearance of skeletal epiphyseal ossification centers is
conductive to estimate gestational age (Figs. 2.25 and 2.26).
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Fig. 2.22 Fetal abdominal cavity. (a). Homogeneous isoechoic fetal — hepatic arteries; (d). Hyperechoic bowels in the abdominal cavity; (e).
liver locates in the right upper abdominal cavity; (b). A horn-shaped or ~ Fetal gallbladder
oval anechoic fetal stomach in the left upper abdomen; (c). Fetal intra-
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Fig.2.23 Fetal kidney. (a). Transverse view of fetal abdomen showing the renal capsule, medulla, and pelvis; (b). Sagittal view of fetal abdomen
showing oval fetal kidney on the side of spine; and (¢, d). Transverse and Sagittal images showing the blood flow of fetal kidney

Fig. 2.24 Fetal bladder and genitalia. (a, b). Sagittal and transverse  both sides; (d). Image of male genitalia shows the scrotum, the penis,
images of the lower abdomen show a circular anechoic bladder; (¢). and the testicles on both sides clearly
Axial image of female genitalia in a fetus shows the labia majora on
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Fig. 2.25 Fetal limbs. (a). Longitudinal view of fetal femur; (b). Sagittal view of fetal tibia and fibula; (¢). Sagittal view of fetal humerus; (d).

Sagittal view of fetal ulna, radius, and metacarpus

2.3.2.3 Fetal Appurtenances

Placenta

The placenta is the organ that plays a crucial role in exchang-
ing substances. As a combination of the embryonic and
maternal tissues, it is composed of the amnion, lobule cho-
rion, and decidua basalis. The placenta at term is circular or
oval, 16 to 20 cm in diameter, and 1 to 3 cm in thickness
(generally no more than 5 cm). The placenta is divided into
the fetal side and maternal side. The arteries and veins of the
umbilical cord radially distribute from the attachment of the
umbilical cord to the placental (Fig. 2.27).

Fetal side of the placenta is covered with a smooth amni-
otic membrane, which presents as a thin strip-like hyper-
echoic. In contrast, the echo of the maternal side of the
placenta is close to that of the myometrium. And the
hypoechoic retroplacental space, composed of uterine ves-
sels, can be visualized between posterior placenta and myo-
metrium. The placental parenchyma appears as uniform and
intermediate echo (Fig. 2.28).

Usually, the placenta is attached to anywhere of the uter-
ine wall, including anterior, posterior, left lateral, right lat-
eral, or fundal. The placenta substance in the first and second
trimesters shows uniform moderate echo. During the second
and third trimesters, the placenta can be divided into grades
0, I, 11, and IIT according to the characteristics of the ultra-
sound image, which can be helpful to evaluate the maturity
of the placenta (Figs.2.29 and 2.30).

Amniotic Fluid
Amniotic fluid is an essential environment for fetal growth,
which protects the fetus and mother. The amount of amniotic
fluid is sufficient in the second trimester and then decreased
gradually. The amount of amniotic fluid significantly reduced
in post-term pregnancy. The amniotic fluid shows anechoic
areas for its excellent sound transmission. In the third trimes-
ter, moderate-echo particles are scattered in the amniotic
fluid (Fig. 2.31).

There are two methods to estimate the amniotic fluid
with the use of ultrasound techniques: one is to measure
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Fig.2.26 Fetal movements. (a to d). The upper extremity and various positions of hand; (e to g). The lower extremity and different views of foot;
(h). Fetal sucking its hand in the uterus




2 Application of Diagnostic Ultrasound in the Perinatal Period

43

Fig. 2.26 (continued)

Fig. 2.27 Schematic
representation of placenta

Decidua basalis

Myometrium

the deepest vertical pocket (DVP), the other is to measure
the amniotic fluid index (AFI). To measure the depth of
amniotic fluid, we should assess a pocket of a maximal
depth of amniotic fluid and take the average value after
repeated measurements. Measurement of amniotic fluid
index (AFI): with the maternal midline and horizontal line
through the umbilicus as the limits, the abdomen of preg-
nant women is divided into four quadrants: the upper left
quadrant, the lower left quadrant, the upper right quad-
rant, and the lower right quadrant. Measure the maximum
vertical depth of amniotic fluid in each of the uterine

Fetal circulation

-
“ !/ Umbilical arteries

Intervillous space Chorionicy

Placental septum

Cytotrophoblastic shell

Uterine spiral arteries

Endometrial vein

quadrants and sum up. The DVP ranges from 2 cm to
8 cm, and the normal range for AFI is 5 to 20 cm
(Fig. 2.32).

Umbilical Cord

The umbilical cord is a strip-like tissue that connects the
fetus and the placenta, which is vital for oxygen exchange,
nutrients supply, and metabolites elimination between the
mother and the fetus. One side of the cord is inserted into the
umbilical ring of the fetal abdominal wall, the other is
attached to the fetal side placenta. The cord contains one
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Fig. 2.28 Normal placenta. (a). Maternal side, parenchyma, and fetal side of the placenta; (b). Vena plexus in the retroplacental space appears
hypoechoic; (c). The retroplacental space blood flow is shown by color Doppler ultrasound

umbilical vein and two arteries. Under ultrasound, the umbil-
ical cord shows a twisted, alternating bright-dark echogenic
structure, floating in amniotic fluid. The color Doppler shows
a red and blue strip-like echo. Spectrum Doppler is utilized
to analyze the spectrum of the umbilical artery and vein
(Fig. 2.33).

2.3.2.4 Special Tips

1. During the ultrasound examination, we should confirm the
gestational age and measure multiple parameters to evalu-
ate whether the fetus is consistent with the gestational age.

2. The primary order of ultrasound scans in first, second,

and third pregnancy is the fetal head, spine, trunk, inter-
nal organs, extremities, and appendages.

. Detect fetal abnormalities at 11 to 13 + 6 weeks and 18

to 26 weeks, and repeated examination is recom-
mended if necessary. The following fetal malforma-
tions should be prenatally diagnosed: anencephaly,
encephalocele, spina bifida aperta, chest, and abdomi-
nal wall defects with the abnormal placement of
internal organs, single cavity heart, and fatal
achondroplasia.
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Fig. 2.29 Placental attachment. (a). Placenta is attached to the anterior wall of uterus; (b). Placenta is attached to the posterior wall of uterus; (c).
Placenta is attached to the lateral wall of uterus; (d). Placenta is attached to the fundus of uterus

4. Early abortion with hematocele in uterine cavity should
be distinguished from pseudogestational sac of ectopic
pregnancy, twin pregnancy, intrauterine hematocele or
effusion (Fig. 2.34).

5. During the second trimester, the placenta may be low-
lying and partially or entirely covering the cervix, which
requires dynamic observation. It is not appropriate to
diagnose placenta previa too early.

6. When measuring the depth of amniotic fluid, the probe
should be perpendicular to the uterine amniotic cavity, try
to avoid the fetal limbs, and reduce the pressure on the
abdominal wall of the pregnant woman.

2.3.2.5 Ultrasonic Bio-Parameter Evaluation

of Fetal Development in the Second

and Third Trimesters
After 12 weeks of pregnancy, all fetal systems develop rap-
idly. Real-time ultrasound can clearly display the morpho-
logical structure of each organ and its physiological activity.
From the second trimester of gestation, measure the ana-
tomic structures to detect fetal malformation as early as pos-
sible. Some standard biometric parameters are used to
estimate fetal growth and gestational age by ultrasound,
include biparietal diameter, head circumference, abdominal
circumference, and femur length. When there is abnormal
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Fig. 2.30 Grading of placental maturity. (a). Grade O placenta, the
chorionic plate showing as a bright, straight line, placenta substance
presents uniform homogeneous echo, and the basal layer is not appar-
ent; (b). Grade I placenta, chorionic plate surface is not smooth, and the
echo of placenta substance is uniform, with a few hyperechoic spots on
the maternal side of the placenta; (¢). Grade II placenta, indentations
along the chorionic plate extend to the placenta, which has not reached
the basal layer. The echo of granules in the substance becomes thicker,

and the hyperechoic strip area can be observed in the basal layer; (d).
Grade III placenta, Indentations of the chorionic plate extend to the
basal layer. The placenta lobules present as multiple isoechoic rings,
and the blood pool in the central portion shows anechoic areas. The cel-
lulose and calcium in the lobule space are hyperechoic. Thickened and
highly reflective granule in placental substance is visible. The lobules
integrate with the basal layer, without a distinctive boundary

Fig.2.31 Amniotic fluid. (a). The anechoic amniotic fluid with good sound transmission in the first and second trimester; (b). The amniotic fluid
with scattered echogenic dots in the third trimester
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Right upper
quadrant
(AFI-Q1)

Left upper
quadrant
(AFI-Q2)

Right lower | Left lower
quadrant quadrant
(AFI1-Q3) (AFI1-Q4)

Fig. 2.32 Measurement of amniotic fluid. (a). Measurement of AFV ~ fluid of all the quadrants and sum up to obtain the AFI [Right upper
should be performed in the vertical dimension, avoiding the fetal parts; — quadrant(AFI-Q1); Left upper quadrant (AFI-Q2); Right lower
(b). Schematic diagram of AFI measurement; (¢). Measure the amniotic ~ quadrant(AFI-Q3); Left lower quadrant(AFI-Q4)]
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Fig. 2.33 Umbilical cord. (a). 2-D ultrasound shows the chain-like
umbilical cord in amniotic fluid; (b). Transverse view of the umbilical
cord distributed as a triangle; (¢). The blood flow of the umbilical arter-

development, the transverse cerebellum diameter, chest cir-
cumference, subcutaneous tissue, and other limb bones can
be measured as well.

Estimation of Gestational Age by Ultrasound
1. Measurement of Biparietal Diameter

Biparietal diameter (BPD) is one of the basic prenatal
examination biometers assessed by ultrasound. BPD should
be measured on an axial plane at the level of thalami, where
the calvaria presents as an oval ring, and the septum pellu-
cidum, symmetrical thalamus, intermittently midline falx,
the third ventricle, and other structures are visible. There are

ies and vein; (d). The umbilical cord originates from the umbilical ring
of the fetal abdominal wall

three methods to measure the BPD: @ from the outer edge of
the fetal calvarial wall to the outer edge of the contralateral
side; @ from the outer edge of the fetal calvarial wall in the
near field to the inner edge of the contralateral side; @ the
distance between the two sides of the calvarial wall
(Fig. 2.35).

2. Measurement of head circumference

Head circumference (HC) measurement can reflect the
growth of the fetal head more accurately. When there is a
nonstandard shape of fetal head, HC is used in conjunction
with the BPD. The HC is measured on the same view as the
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Fig. 2.34 Ultrasonographic features and differential diagnosis of uter-
ine hematocele in early pregnancy. (a). Forty-five days after the last
menstrual period, an embryo with a heartbeat in the gestational sac,
accompanied by hematometra; (b). 36 days after the last menstrual
period, the gestational sac-like echolucent area in the uterine cavity,

BPD. Use the peripheral trace function button of the ultra-
sonic instrument to trace along the outer edge of the calvar-
ium, and the HC value can be automatically obtained.
Alternatively, it can be measured from the anteroposterior
diameter (A) and transverse diameter (B) of the calvarium on
the standard view of the skull. The calculation formula of HC
is HC = (A + B) *1.57 (Fig. 2.36).

3. Measurement of abdominal circumference
The measurement of the abdominal circumference (AC) is

mostly used in the third trimester. During late pregnancy, the
growth rate of AC gradually exceeds that of HC, due to the

without embryo inside. The decidual reaction is not obvious. The echo
of the gestational sac, about 0.8 cm in diameter, is visible in the right
adnexal area. The decidual reaction is obvious, and HCG was positive.
(¢). The intracavitary fluid is visible

development of internal organs and the increase of subcutaneous
fat. Therefore, the abdominal circumference is considered to be
the best indicator for assessing fetal growth and estimating
body weight in late pregnancy. When measuring the AC, take a
transverse image of the fetal abdomen, which is circular or
oval, at the level of the stomach bubble. The portal vein is in the
front, and the spine is visible in a transverse view. The mea-
surements include skin and subcutaneous fat. The measure-
ment method is the same as that of HC. The calculation formula
for AC is AC = (A + B) x 1.57 (Fig. 2.37).

Calculation: Choose the ellipse function button of the
ultrasonic instrument to trace over the outer edge of the
abdominal wall, then the value of AC is obtained.
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Fig. 2.35 Measurement of BPD. (a). The first method for BPD mea-
surement: from the outer edge of fetal calvarial wall to the contralateral
outer edge; (b). The second approach for BPD measurement: from the

4. Measurement of femur length

The length of the femur is relatively easy to measure, and
its accuracy is similar to that of BPD. It is also one of the
basic biometric parameters under prenatal ultrasound. When
measuring the femur, hold the probe and scan down the fetal
spine longitudinally to the sacrum, showing the transverse
view of one femur, and then slowly rotate the probe to dis-
play the long axis of the whole femur. The beam must be
perpendicular to the long axis of the femur, and the distance
between the proximal apex of the femur and the midpoint of
the distal slope is measured (Fig. 2.38).

The normal values of fetal BPD, chest circumference, AC,
FL, and FL/AC at 19 to 42 gestational weeks are shown in
Tables 2.3 and 2.4.

outer edge of the skull to the contralateral medial edge; (c). The third
approach for BPD measurement: distance between the midpoints of the
calvarial wall on both sides

Estimation of Fetal Weight

Measure fetal bio-parameters by prenatal ultrasound to esti-
mate the fetal weight, which is of great clinical significance
for the diagnosis of threatened preterm delivery, intrauterine
fetal growth retardation, giant fetus, and post-term preg-
nancy. The prediction of prenatal fetal weight is helpful for
obstetricians to judge the survival rate of the fetus, to pro-
pose treatment protocol and to determine the delivery time
and mode.

Up to now, many calculation methods and formulas for
estimating fetal weight by ultrasonic measurement have been
reported. The relationship between fetal weight and birth
weight by single parameter measurement is analyzed in our
hospital. This study conducted 115 cases from 38 to 41 weeks
of gestation without any complications. Multiple parameters
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Fig. 2.36 Measurement of fetal head. (a). The first approach for HC measurement: trace along the outer perimeter of the calvarium with trace
function button; (b). The second approach: HC = (A + B) x 1.57

Fig. 2.37 Measurement of fetal AC. (a). The first approach for AC measurement: AC = (A + B) x 1.57; (b). The second approach: choose the
ellipse function button to trace over the outer edge of the abdominal wall

Fig.2.38 Measurement of FL. (a, b). Measure the distance from the top of the proximal arc of the femur to the midpoint of the distal slope
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Table 2.3 Predictive parameters of gestational age and fetal development [Unit (cm)]

Item BPD TC AC FL
Percentile 10 50 90 10 50 90 10 50 90 10 50 90 FL/AC
19 to 22 weeks | 4.25 4.94 5.43 12.09 14.01 15.83 12.72 14.51 16.65 2.76 3.39 4.02 10.23
23 to 26 weeks | 5.70 6.29 7.06 16.87 18.54 20.39 15.81 19.29 21.55 3.96 4.68 532 10.24
27 to 28 weeks | 7.17 7.62 7.84 20.92 22.15 23.69 21.80 23.40 25.00 5.50 5.78 6.12 10.25
29 to 30 weeks | 7.72 7.92 8.30 22.18 23.50 25.13 25.53 24.41 25.95 5.78 5.90 6.46 |0.25
31to 32 weeks | 7.98 8.29 8.53 23.38 24.66 25.95 24.57 25.86 26.92 5.97 6.36 6.63 0.25
33 to 34 weeks | 8.36 8.66 9.00 24.79 25.76 27.11 26.08 26.99 28.34 6.43 6.74 7.09 10.25
35 weeks 8.65 8.91 9.22 26.04 27.11 28.46 27.01 27.99 29.39 6.76 6.98 7.37 10.25
36 weeks 8.81 9.02 9.40 26.86 29.63 28.77 27.83 28.93 30.15 6.88 7.22 7.48 10.25
37 weeks 8.88 9.19 9.41 27.04 28.21 29.34 28.36 29.53 30.59 7.14 7.48 7.85 10.25
38 weeks 9.03 9.33 9.66 27.55 23.71 29.81 28.74 30.09 31.25 7.24 7.65 7.98 10.25
39 weeks 8.99 9.35 9.65 28.24 29.37 30.41 28.80 30.09 31.54 7.36 7.82 8.11 ]0.25
40 weeks 9.10 9.42 9.65 27.84 29.06 30.35 29.31 30.44 31.73 7.40 7.79 8.16 |0.25
41 to 42 weeks | 9.15 9.59 9.83 27.65 29.34 30.82 29.63 30.70 32.04 7.68 7.87 8.17 10.25
Note: the data is from the West China Second University Hospital, Sichuan University
Table 2.4 The length of fetal limb bones [Unit: cm, x+s ]
Fertilization age Humerus Ulna Radius Femur Tibia
12 1.29 +£0.23 0.96 +0.18 0.81 +£0.23 1.36 £ 0.30 0.93+0.23
13 1.50 £ 0.29 1.32£0.22 1.00 £ 0.27 1.60 + 0.25 1.22 +0.24
14 2.06 =0.48 1.78 £0.49 1.56 = 0.46 2.11 £0.45 1.61 =0.49
15 2.08 £0.29 1.86 = 0.19 1.62 +0.17 2.11+£0.26 1.74 £ 0.32
16 2.51+£0.24 2.23+0.23 2.02+0.20 2.59 +0.20 2.14+0.14
17 2.83 +0.24 2.59 +0.23 2.34+0.19 2.88 +0.20 2.52+0.24
18 3.10+0.12 291 +0.18 2.55+0.21 3.32+0.26 2.88 £0.25
19 3.37+0.21 3.10+0.20 2.79 +0.19 3.53+0.19 3.06 £0.21
20 3.68 +0.18 3.34+0.10 296 +0.14 3.93+0.10 3.33+0.25
21 3.79 +£0.20 3.58 +0.21 3.17 +£0.20 4.06 +0.28 348 +0.22
22 4.10+0.23 3.85+0.26 3.46+0.34 4.40 +0.37 3.76 £0.21
23 429 +0.24 3.94 +0.19 3.52+0.15 4.52 +0.30 3.95+0.21
24 4.51+£0.22 4.06 £0.19 3.63 +0.20 4.67+0.21 429 +0.18
25 4.66 +0.20 4.34+0.17 3.85+0.18 5.09 +0.19 4.45+0.21
26 4.89 +0.30 4.43 +0.45 397041 549041 4.69 +0.34
27 5.14 +0.30 4.60 +0.28 4.19 +0.30 5.72 +0.28 4.98 +0.37
28 5.14+0.20 473 £0.20 434 +0.17 573 +0.31 4.96 +0.17
29 5.23+0.32 4.86 +0.24 4.38 £0.26 6.00 +0.30 5.22+0.28
30 5.55+0.21 5.15+0.25 472 +0.24 6.26 =0.21 5.52+0.28
31 5.76 +0.26 5.28 +0.26 4.81 +0.36 6.50 = 0.34 5.66 =0.26
32 5.83 £0.31 5.31+0.29 477 +0.28 6.73 +0.37 5.79 +0.39
33 5.95+0.26 5.45+0.33 4.95 +0.36 6.98 +0.24 5.93+0.33
34 6.04 +0.40 5.52+0.30 5.01 =£0.37 6.89 +=0.33 5.92 +£0.31
35 6.31 £0.26 5.89 +0.37 5.35+0.37 7.43 +0.23 6.22 +0.20
36 6.38 + 024 5.74 +0.32 5.31+042 7.37+£0.17 6.19 +0.39
37 6.47 +0.19 5.92+0.18 5.36 +0.20 7.59 £0.13 6.45+0.23
38 6.72 +0.40 6.00 = 0.37 5.56 +0.46 7.60 = 0.43 6.56 = 0.50

Note: the data is from the West China Second University Hospital, Sichuan University

including BPD, HC, AC, transverse cerebellar diameter, FL,
subcutaneous tissue thickness at the middle of the femur,
kidney length, and liver length were measured by ultrasound
within three days before delivery. Also, the bodyweight of
the neonate was measured within 24 hours after delivery.

After statistical processing, the linear relationship and rela-
tive error of each index were calculated, and transverse cer-
ebellar diameter was best correlated with the fetal weight.
No matter which method or formula is used to estimate the
fetal weight, the accuracy of ultrasonic measurement affected
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by many factors must be taken into accounts, such as the
verification of menstrual cycle and gestational age, the body
shape of pregnant women, complications, drug abuse, and
genetic factors (Fig. 2.39).

Special Tips

1. When measuring growth parameters, pay attention to
select the standard views, and take the average value after
three or more measurements.

2. The measurement methods used must be uniform. There
are many parameters and measurement methods intro-
duced at home and abroad. Choose uniform methods and
standards, and derive the standard application data of the
region.

3. The errors are mostly caused by nonstandard planes,
inconsistent measurement methods, and the effects of dif-
ferent fetal positions and head shapes (Fig. 2.40).

Fig.2.40 Measurement of BPD in different views. (a). Standard view  (¢). When the bone echo is observed in the head, the measured value of
of BPD; (b). The brain midline demonstrates a straight line, the intra- BPD is too small
cranial structure is unidentifiable, and the measured value is too small;
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Table 2.5 S/D ratio value ( Xts ) of the umbilical artery in normal pregnancy

Gestational age(week) 20t ~ 24 24+ ~ 28 28+~ 30 30t~ 34 34+ ~ 38 38+~ 42

S/D 39+0.8 3.1+05 28+04 27+04 23+03 2.1+03

Note: The data are from the West China Second Hospital of Sichuan University

2.3.2.6 Clinical Significance of Fetal Umbilical
Artery Blood Flow Doppler

Basic Concepts

Fetal placental circulation and maternal placental circulation
are respective blood circulation systems during pregnancy.
The oxygen and material for fetal growth are exchanged
between the mother and the fetus through the placenta bar-
rier. The placenta is a vital organ, which allows for blood and
substance exchange, deliver nutrient-rich blood to fetal tis-
sues and organs via blood circulation channels, including
umbilical artery, umbilical vein, vein catheter, artery cathe-
ter, and patent foramen ovale. Use color Doppler ultrasound
to detect the maternal and fetal blood circulations, which
indirectly reflects the status of fetal blood supply.

The hemodynamics change of fetal umbilical artery can
indicate the function of placenta and the intrauterine state of
the fetus indirectly. In normal pregnancy, the hemodynamic
characteristics of fetal placenta circulation are represented
by the ratio of peak systolic velocity (S)-to-peak end-
diastolic velocity (D) of umbilical artery.

Color Doppler ultrasound for fetal umbilical arterial
blood flow spectrum is easy to obtain, without any discom-
fort to pregnant women, and no side effects to the fetus. As a
noninvasive prenatal examination, it has been widely used in
surveillance of placental function and fetal intrauterine
condition.

Detection method of umbilical artery blood flow spec-
trum: The umbilical artery can be detected at the free-floating
portion of umbilical cord in the amniotic fluid, near the
beginning of the placenta or the abdominal wall of the fetus.
The arteries in the umbilical cord should be located by color
Doppler, and the sampling volume was placed at the artery to
detect the blood flow spectrum to obtain the S/D ratio.

Normal Spectral Doppler of Fetal Umbilical Artery

Since the application of spectrum Doppler ultrasound in
obstetrics, many scholars have studied the fetal umbilical
artery hemodynamics and established their own standard
umbilical artery S/D value. A large number of studies indi-
cate that the placenta matures during normal pregnancy, with
increasing villous capillaries, decreased placental vascular

resistance, and increased blood flow. The end-diastolic
velocity of umbilical artery increases. Therefore, the S/D
ratio value of umbilical artery decreases with gestational
age. Most scholars regard the umbilical artery S/D < 3 as
normal standard for term pregnancy. The ultrasonic measure-
ment of fetal umbilical blood flow S/D ratio in our hospital is
shown in Table 2.5.

Abnormal Spectral Doppler of Fetal Umbilical Artery
With the development of the pregnancy, if the fetal umbilical
artery S/D ratio fails to decrease with gestational weeks, or
S/D > 3 at term, even with the absent end-diastolic velocity
(AEDV) or reversed end-diastolic velocity (REDV), the fol-
lowing abnormalities should be considered: placental insuf-
ficiency, intrauterine growth retardation, fetal distress,
maternal pregnancy-induced hypertension, fetal malforma-
tions, and oligohydramnios. The umbilical artery blood flow
of 101 high-risk singleton pregnancy fetuses were detected.
According to the ROC curve, the best S/D ratio value for
predicting adverse pregnancy outcomes was defined as 2.8,
having a sensitivity of 70.6%, a specificity of 97.6%, and an
accuracy of 92.0%. Moreover, we compared and analyzed
the S/D ratio of the umbilical artery between 59 malformed
fetuses and 118 healthy fetuses in our hospital. The umbilical
artery S/D ratio of the fetuses with multiple malformations,
digestive system malformations, and central nervous system
malformations were significantly higher than that in the nor-
mal control group, suggesting that increased or abnormal
S/D ratio of the umbilical artery should be watched over for
fetal malformation.

Typical Cases

When AEDV or REDV appears in the fetal umbilical artery
blood flow spectrum, the fetal prognosis is poor (Figs. 2.41
and 2.42).

At 37 weeks and 5 days of gestation, oligohydramnios
was observed, and fetal umbilical artery S/D ratio was 4.5.
Cesarean section was performed due to markedly decreased
fetal movement 2 days later. The neonate exhibited Apgar
scores as 6 immediately after delivery, 7 at 1 minute, and 10
at 3 minutes. He was diagnosed with mild neonatal asphyxia
clinically.
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Fig.2.41 Abnormal fetal umbilical artery blood flow spectrum (1). (a,
b). 33 weeks of pregnancy combined with pregnancy-induced hyper-
tension, oligohydramnios, and IUGR, the first color Doppler ultrasound
scan showed the umbilical artery S/D ratio was 6.74. Five days later, the

Fig.2.42 Abnormal fetal umbilical artery blood flow spectrum (2)

2.4  Ultrasonic Diagnosis of Fetal
Abnormality
2.4.1 Normal Multiple Pregnancy

2.4.1.1 Basic Concepts

Multiple pregnancy is defined as the presence of two or more
fetuses in the uterus during the same pregnancy. The ratio of
twins to singleton pregnancy in China is 1: (66 to 104).
Family history, multiple parity, and other factors increase the
incidence of multiple pregnancy. In recent years, due to the
widespread development of assisted reproductive technol-
ogy, the incidence of twin or more has increased dramati-
cally, even as high as 20%—-40%.

CDFI showed the REDV, with unresponsive NST for many times. Two
days later, the intrauterine fetus died. Placental pathological indicated
extensive multifocal ischemic infarction with multiple hematomas

In multiple pregnancies, maternal complications are more
common, maternal morbidity, perinatal mortality, and the
incidence of neonatal disease are higher. Ultrasound is a con-
venient and practical method to diagnose multiple preg-
nancy, and the accuracy in early pregnancy is almost 100%.
Ultrasound has become an essential method for multiple
pregnancy.

There are two types of twins, dizygotic twins and mono-
zygotic twins. Dizygotic twins are formed by the fertilization
of two ova respectively, accounting for about two-third of the
total number; and monozygotic twins account for one-third.
According to the different replication times of oosperm,
twins are divided into three types, including dichorionic
diamniotic twin, monochorionic diamniotic twin, and mono-
chorionic monoamniotic twin.

Family history of twins, ovulation induction, vitro fer-
tilization and multiple embryos transfer may be found
during the process of history taking. Pregnant women
have more severe morning sickness and more weight gain
than the singleton’s. The abdomen distends in the last tri-
mester, accompanied with hydramnios, dyspnea, and
walking difficulty. Two or more fetal poles can be detected
on obstetric examination, and two fetal hearts can be
heard in different parts of the abdomen of pregnant
women.

2.4.1.2 Ultrasonic Diagnosis

1. Image of twin or multiple pregnancy in early first trimes-
ter shows two or more gestational sacs in the uterus, with
the presence of yolk sac, embryo, and fetal heartbeat in
each gestational sac (Fig. 2.43).
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The type of chorionicity and amnionicity in twin
pregnancies can be preliminarily determined in the
first trimester, according to the intrauterine gesta-
tional sac location or the thickness of the membrane.
In the first trimester, the two distant gestational sacs
or one gestational sac with a thick membrane, or even
the lambda sign (A) can be observed in dichorionic
diamniotic twin pregnancy. Monochorionic diamni-
otic twins represent a single gestational sac, two
yolk sacs, and two embryos with fetal hearts.
Monochorionic monoamniotic twin pregnancy is rare
and susceptible to complications, such as twin-to-

One gestational sac with two yolk sacs and embryos,

without intervening membrane.

3.

4.

Images of the mid and late period of twin or multiple
pregnancy show more than two fetuses in the uterus, one
or two placentas, and the intervening membrane in the
amniotic cavity (Fig. 2.49).

Dichorionic twins and monochorionic twins can be dis-
tinguished based on discordant fetal sex, number of the
placenta, and the thickness of the intervening membrane
(Fig. 2.50).

twin transfusion syndrome and conjoined twins, and 2.4.1.3 Special Notice

the prenatal mortality is extremely high (Figs. 2.44,
2.45,2.46,2.47, and 2.48).

1.

When diagnosing twin or multiple pregnancy during
early pregnancy, the number of typical gestational sacs

Fig. 2.43 Twins in early pregnancy. (a). On the 50th day of gestation,
the intervening membrane is observed in the gestational sac, with two
visible embryos and fetal hearts; (b). On the 57th day of gestation, the

intervening membrane is observed in the gestational sac, which con-
tains two embryos with fetal hearts and movement

Fig. 2.44 Dizygotic twins. (a, b). In early intrauterine pregnancy, the two gestational sacs are relatively far apart, with a thicker intervening
membrane
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Fig. 2.45 Early twins pregnancy. (a, b). Early pregnancy, two intrauterine gestational sacs with a yolk sac, an embryo, and fetal heart,

respectively

Fig.2.46 Dichorionic diamniotic twins. (a). Three embryos in two gestational sacs, one of which is a monoamniotic twin with two embryos; (b).

The sign of “A” between the intervening membrane and the placenta

Fig.2.47 Monoamniotic twin pregnancy. One gestational sac with two
yolk sacs and embryos, without intervening membrane

and embryos and fetal heartbeats must be ensured on the
sonogram.

. Since the beginning of the second trimester of pregnancy,

dichorionic, or monochorionic twin can be preliminarily
judged based on the number of placentas, the thickness of
the intervening membrane, and the sex of each fetus. If
the intervening membrane is not visible after repeated
examinations for monochorionic twins, pay attention to
excluding the conjoined twins and umbilical cord
entanglement.

. When meeting potential multiple pregnancy women, pay

attention to the scanning direction of the transducer.
During the examination, the head, neck, spine, chest,
heart, abdomen, and limbs of each fetus should be traced,
observed, and measured separately, to avoid false-positive
twins or missed diagnoses. The most accurate diagnostic
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Fig.2.48 Early multiple pregnancy. (a). After successful embryo transferring, three gestational sacs with embryos and fetal heartbeat are observed
in the uterus; (b). 76 days of natural pregnancy, 5 sacs in the uterus, each with one fetus and fetal heartbeat

Fig. 2.49 Multiple pregnancy in the second and third trimesters. (a). Twin; (b). Triplet; (¢, d). Intervening membrane in the amniotic cavity of
twins; (e). Transverse view of twin abdomen; (f). Transverse view of triplet’s abdomen
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Fig. 2.50 Twin pregnancy, two placentas

image is to show two or more fetal heads on the same
view or no less than two fetal trunks on the same trans-
verse section.

2.4.2 Macrosomia

2.4.2.1 Basic Concepts

The fetus with a birth weight above 4000 g is defined as mac-
rosomia. According to data from China, fetal macrosomia
accounts for 5.62%-6.49% of all the newborn babies.
Because of the increased risk of perinatal morbidity, and the
probability of dystocia as a result of cephalopelvic dispro-
portion, the rate of neonatal and maternal complications
increases. Therefore, the estimation of fetal weight through
ultrasound measurement is helpful for the clinical choice of
delivery mode.

Maternal diabetes is the main risk factor for macrosomia.
Other related factors include tall parents, multipara with
excessive weight gain, post-term pregnancy, more dietary
intake with less activity, and hydramnios. Macrosomia can be
diagnosed according to the medical history of pregnant
women, the symptoms and rapid weight gain in late pregnancy,
and larger fundal height and abdominal circumference.

At present, multiple ultrasonic parameters have been pro-
posed for estimating fetal weight. These include several fetal
measurements: BPD, HC, FL, AC, as well as body weight
predictive values. If these parameters are all above the 90th

percentile of normal gestational age, macrosomia should be
considered. In addition, other methods, such as measurement
of shoulder distance and upper arm soft tissue thickness, are
also used.

2.4.2.2 Ultrasonic Diagnosis

1. Fetal parameters are measured by ultrasound, and fetal
weight is predicted to be greater than the 90th percentile
of corresponding gestational age (Fig. 2.51).

2. The measurement of fetal subcutaneous soft tissue thick-
ness at the middle point of femur and the cheek-to-cheek
diameter can be supplemental, and if the shoulder dis-
tance of the fetus is larger than BPD, macrosomia should
be considered (Fig. 2.52).

Thickened subcutaneous tissue and facial hypertrophy of
the fetus.

2.4.3 Fetal Intrauterine Growth Retardation

2.4.3.1 Basic Concepts

Intrauterine growth retardation (IUGR) refers to the birth
weight of full-term infant less than 2500 g, or falls below two
standard deviations or the tenth percentile of average fetal
weight for gestational age. The average incidence in China is
6.39%, which is one of the main complications during the
perinatal period.

The causes of IUGR are diverse and complex, and are
mainly related to maternal genetic factors, nutrition, patho-
logical pregnancy, pregnancy complications, and other fac-
tors. It can also be related to abnormal fetal development,
metabolic dysfunction, various growth factors deficiency,
intrauterine infections, radiation exposure, as well as abnor-
mal fetal appendages.

IUGR is classified into three types: symmetrical [IUGR
caused by intrinsic factors, asymmetrical [IUGR caused by
extrinsic factors, and symmetrical IUGR caused by extrinsic
factors. Symmetrical IUGR occurs in the early stage of ges-
tation, all the fetal organs are affected, and the prognosis is
poor. Asymmetrical [UGR caused by extrinsic factors often
occurs in the middle and late stages of gestation, and the fetal
growth is asymmetric. Symmetrical [IUGR, caused by extrin-
sic factors, is mostly the interacted result of various factors,
the absence of amino acids and trace elements, or adverse
drugs.
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ARER =94.6 CM2
IRC =34.9 CH

Fig.2.51 Macrosomia. (a—d). At 38 weeks and 6 days of gestation, fetal BPD, HC, AC, and FL are all larger than those of the same gestational
age, and the neonatal weight is 4300 g

Dynamically measure the fetal BPD, FL, AC, chest cir-
cumference, HC, HC/AC, FL/HG, transverse cerebellum
diameter, and umbilical artery S/D ratio, which helps accu-
rately estimate the fetal size for further clinical diagnosis and
classification.

2.4.3.2 Ultrasonic Diagnosis

1. After the second trimester of gestation, the values of
fetal BPD, FL, and AC are less than two standard devia-
tions below the mean for gestation age. Moreover, the
fetal AC is less than the HC after 36 weeks’ gestation
(Fig. 2.53).

2. The growth rate of the fetus slows down during the whole
pregnancy. If the growth rate of BPD and FL is lower than
the normal standard after three consecutive weeks of

Fig.2.52 Macrosomia observation, [IUGR should be considered.
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35 weeks of
gestation

The fetal BPD smaller than the
same gestational age.

Fig. 2.53 Ultrasonic diagnosis of IUGR. (a—c). At 35 weeks of gestation, the fetal BPD, FL, and AC are significantly smaller than those of the

same gestational age

2.4.3.3 Special Notice

1. TUGR should not be diagnosed by a single measurement
but should be dynamically observed for at least 2 to
3 weeks.

2. When the S/D ratio of the umbilical artery increases dur-
ing the third trimester, the incidence of IUGR increases
significantly.

3. Diagnosis of fetal [IUGR should be based on the compre-
hensive analysis of individual genetic factors and fetal
nutritional status.

2.4.4 Intrauterine Fetal Demise

2.4.4.1 Basic Concepts

Intrauterine fetal demise is defined as fetal death that occurs
in utero due to maternal or fetal reasons after the 20th week
of pregnancy.

Ultrasound can directly observe the fetal heartbeat and
movement to identify the fetal demise, and estimate the time
of death based on some secondary degenerating signs after
stopped growing.

If the dead fetus is retained for more than 3 weeks, degen-
erative placental tissue will release thromboplastins into the
maternal circulation, which may lead to maternal coagulopa-
thy. Once a fetal demise is diagnosed, the pregnancy should
be terminated as early as possible.

2.4.4.2 Ultrasonic Diagnosis

1. Fetal heartbeat and fetal movement are not visible. The
measurement values of all fetal parts are smaller than that
for gestational age (Fig. 2.54).

2. The deformed and overlapping fetal skull bones are
caused by the collapse of the fetal brain. The scalp is
separated from the skull bones, and the intracranial struc-
ture is unclear. If the fetus has been dead for a long time,
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Fig. 2.54 Intrauterine fetal death at 21 weeks of gestation. (a). At 21 weeks of gestation, no fetal heartbeat nor fetal movements, and smaller BPD

for gestation age; (b). No blood flow in the fetal heart is visible

Fig.2.55 Intrauterine fetal demise at 22 weeks of gestation

the fetal head and gross skin present a double-layer echo-
genic, the viscera blurs, pleural effusion and ascites
appear, and the amniotic fluid reduces or even turns tur-
bid (Figs. 2.55 and 2.56).

At 22 weeks of gestation, rare amniotic fluid and gross
distortion of the fetus because of a long time demise.

3. The placenta is indistinct with obscured outlines, and pla-
centa edema presents an inhomogeneous echo (Fig. 2.57).

2.5 Ultrasonographic Images of Common

Fetal Congenital Anomalies

Congenital anomalies refer to abnormalities in fetal develop-
ment whose main features are malformations of morphology
and structure. It is a crucial differentiation period of cell tis-

sue, blood vessels, and function of the embryo in the first
eight weeks of pregnancy. During the differentiation process,
the interference of genetic factors, environmental teratogenic
factors, or the combination of genetic and environmental
teratogenic factors can lead to fetal abnormalities. Each sys-
tem of the fetus can be involved with various manifestations,
even death. Fetal congenital malformation accounts for a
considerable proportion of fetal or infant mortality. According
to the statistics, about 30% of stillbirths have deformities,
and about 2% of the surviving fetuses have apparent defor-
mities. With the popularization and development of modern
ultrasonic technology, the majority of congenital fetal anom-
alies can be diagnosed by prenatal ultrasonography.

2.5.1 Congenital Abnormalities of the Fetal

Neural System

2.5.1.1 Basic Concepts
Neural malformation of fetus refers to anencephaly, exeuce-
phalia, hydrocephalus, encephalocele, meningocele, spina
bifida, myelomeningocele, microcephaly, and so on. Internal
or external teratogenic factors interfere with the normal
development of the central nervous system, from neural tube
formation in the early embryo to the formation, growth,
development, and transition of various structural primitives
of the brain in fetal period. All the above can cause struc-
tural, morphological, and even functional abnormalities of
the nervous system. The most vulnerable period is between
the fifth and 18th week of gestation. 10% of the cases are
associated with chromosomal malformations, genetic muta-
tions, maternal diabetes, and ingestion of teratogenic drugs.
The basis of pathological changes is that the neural tube is
not developed or closed incompletely. It may cause fetal
brain development to be primitive or undeveloped, skull defi-
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Fig. 2.56 Intrauterine fetal demise. (a). Deformed fetal skull bones; (b). Deformed fetal skull is imbricate; (¢). Fetal maceration with unrecogniz-
able head, trunk, and limbs

ciency, abnormal spine, encephalocele, myelomeningocele,
and other malformations. Hydrocephalus can occur due to
abnormal secretion of fetal cerebrospinal fluid or obstruction
of circulatory channels. Chromosomal abnormalities can
also lead to abnormal central nervous system development.

Fetal central nervous system malformation is often asso-
ciated with hydramnios. The clinical manifestations are
abdominal distention, distension, discomfort, nausea, and
vomiting. Acute hydramnios can cause dyspnea and fail to
supine. The obstetric abdominal examination performs to be
high uterine tension, high uterine position, an abdominal
circumference greater than menopause months, unclear fetus
position, and untouchable fetal head. AFP in maternal blood
and amniotic fluid increase.

Ultrasound observations of the normal fetal nervous sys-
tem include cranial morphology and size. Various sections

Fig. 2.57 Placenta edema after fetal demise
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should be taken to show structures like hemicerebrum, lat-
eral ventricle and choroid plexus, third ventricle, brain mid-
dle, thalamus, the cavity of septum pellucidum, cerebellar
hemisphere and vermis, fossa cranii posterior, fourth ventri-
cle, and the continuity and integrity of spinal echo. The com-
bination of fetal genetics and ultrasound may result in the
diagnosis of most fetal nervous system malformations by
prenatal ultrasound.

2.5.1.2 Ultrasonic Diagnosis

Anencephaly and Exencephaly

1. Exencephaly: The main features are the absence of skull
and skin, and brain tissue disorganized and exposed to
amniotic fluid. Because the ears and the hemispheres of the
brain are apparently separate, in early period the fetal head
ultrasonic image present to be “Mickey sign” (Fig. 2.58).

2. Anencephaly: The full skull and brain echo of the fetus is
not visible, with the absent brain midline. With longitudi-
nal scanning along the spine of the posterior neck, there is
no echo of the skull ring and brain at the superior apex of
the spine. The forehead cannot be shown above the eye
socket by facial scan which appears as “frog face”
(Figs. 2.59 and 2.60).

3. Most of them combined with hydramnios, spina bifida, or
other deformities.

Hydrocephalus

1. Lateral or bilateral ventricles of the fetus are enlarged, or
both the third and fourth ventricles are enlarged. The ven-
tricular rate is the ratio of lateral ventricular width to
hemispheric width. Lateral ventricles expansion should
be suspected if the ventricular rate is more than one-third
after 20 weeks of gestation, or the posterior horn of lat-

Fig.2.58 Exeucephalia. (a). At 15 weeks of gestation, sagittal view of the fetus shows no skull ring; (b). Coronal view presents the “Mickey sign”
of the fetal head, only the eye socket is shown. (¢). 3-D image of visual exeucephalia
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Fig.2.59 Anencephaly. (a). The fetus had no skull or brain, with the eye socket at the highest point and invisible frontal bone, appearing as “frog
face.” (b). The autopsy image

Fig.2.60 Anencephaly. Prenatal ultrasound performance and images after labor induction. (a) Sagittal plane shows the absence of fetal skull and
brain. (b) Coronal plane shows the “frog face”. (¢) Image after labor induction



eral ventricle is more than 1 cm at any week of gestation.
The fetal prognosis is poor when the lateral ventricle
expands to >1.5 cm (Fig. 2.61).

. Hydrops of unilateral lateral ventricular is obvious,
and the brain midline is shifted to the contralateral
side. In the case of severe bilateral hydrops of lateral

T.Yang et al.

ventricular, the brain midline can also be shifted
(Fig. 2.62).

. In severe fetal hydrocephalus cases, the brain tissue

becomes thinner due to pressure. The BPD and HC are
significantly larger than those of the same gestational age
(Figs. 2.63 and 2.64).
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Fig.2.61 Hydrocephalus. (a). The lateral ventricle width and ventricular rate of the fetus increase. (b). The bilaterally dilated anterior horn of the
lateral ventricle. (c). The dilated third ventricle. (d). A large accumulation of fluid in the bilateral ventricles of the fetus

Severe hydrocephalus (I). (a, b). Hydrops of unilateral lateral ventricular is obvious, and the brain midline is shifted
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Fig.2.63 Severe hydrocephalus II. (a). There is a large amount of intracranial fluid, leading to the thin cerebral cortex and large HC. The structure
of the ventricle is not visible. (b). Hydrops in bilateral lateral ventricles and the significantly expanded third ventricle
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Fig. 2.64 Severe hydrocephalus III. (a). Fluid accumulation in the posterior cranial fossa of the fetus. (b). Fluid accumulation in the posterior
cranial fossa and lateral ventricles of the fetus

Encephalocele and Meningocele

1.

Multiple sections show the interrupted and discontinuous
echo of fetal skull ring.

It appears as an inhomogeneous hypoechoic mass caused
by bulging brain tissue and meninges. When a large num-
ber of brain tissue is expanded, the fetal head skull ring
decreases. Meningocele is primarily considered in cystic
mass with thin wall cases (Figs. 2.65 and 2.66).
Seventy-five percent of defects are located at the poste-
rior part of the occipital, few in the frontal and apical
regions, and fewer in the nasofrontal area (Fig. 2.67).

Spine Bifida and Meningomyelocele
1. On the longitudinal section of the spine from the fetal

dorsal direction, defects of the skin, and soft tissue at
the site of spina bifida show interrupted echo
(Fig. 2.68a).

. On the transverse view, the triangular ossification centra

of the spine is abnormal, which represents a typical “V”
or “U” shape (Fig. 2.68b).

. An expanded mass at the cleft of the spine is visible.

Spinal meningocele is the case that only the meninge and
hydrops inside the mass. Meningomyelocele is the case
that both the meninge and the nervous tissue inside the
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Fig.2.66 Meningocele. (a, b). Obviously defected fetal skull. The bulging meninges and brain tissue appear as a mixed echo

mass. The echo of most protrusions is cystic anechoic Microcephaly
(Fig. 2.69). 1. The microcephaly is diagnosed by ultrasonic biological

. Spina bifida can be accompanied by a series of brain
abnormalities, including cerebellar abnormality,
effacement of cisterna magna (the banana sign), the
lemon sign, and ventriculomegaly. If any of the above
suspicious signs are found during the examination,
the fetal spine should be scanned carefully. (Figs. 2.69
and 2.70).

measurements, without obvious abnormality in skull
morphology. It is one of the indicators to diagnose micro-
cephaly that the measurement of fetal BPD and HC are
less than three standard deviation away from mean of the
same gestational age (Fig. 2.71).

. Ultrasound measurements of other fetal growth parame-

ters are within the normal range.
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Fig. 2.67 Occiput posterior encephalocele. (a—c). Prenatal ultrasound performance and images of the autopsy

Fig. 2.68 Spine bifida. (a) Sagittal view shows interrupted echo of skin and missing vertebra at the thoracic and cervical segments of the fetal
spine. (b). The transverse view shows a cystic protrusion at the skull defect
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Sacrococcygeal cystic lesion

Spinal meningocele

Fig.2.69 Spine bifida with meningomyelocele L. (a, b). The fetal sacrococcygeal cystic mass is meningomyelocele. (¢, d). Sagittal and transverse
view shows the interrupted skin echo and widened spinal canal. (e, f). Ultrasonographic images of the banana sign and the lemon sign
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33 weeks of
pregnancy

Fetal head

37 weeks of
pregnancy

BPD is smaller than the gestational age

Fig. 2.71 Microcephaly. (a). At 33 weeks of gestation, BPD: 7.4 cm, FL: 5.6 cm. (b). At 37 weeks of gestation, BPD: 8.3 cm, FL: 7.0 cm, with
cleft lip confirmed after induced labor

3.

4.

The ratios of fetal HC/AC, BPD/AC, BPD/FL are signifi-
cantly lower than normal. Moreover, the smaller the HC,
the more severe the dysnoesia.

Other accompanied deformities.

Other Rare Malformations of the Nervous System

1.

Holoprosencephaly: Holoprosencephaly represents as an
intracranial structural disorder. There is only a sizeable
primitive ventricle without brain midline, septum pellu-

cidum, the third ventricle, bilateral lateral ventricles, and
bilateral thalamus. The facial structure is severely abnor-
mal. What is more, the fourth ventricle and posterior cra-
nial fossa present enlarged cystic masses (Fig. 2.72).

. Choroid plexus cyst: Round and smooth anechoic cyst in

the hyperechoic choroid plexus is visible in choroid
plexus cyst cases after ten weeks of gestation. It can be
unilateral or bilateral, single, or multiple. Most of them
can disappear after 26 weeks of gestation. If the cysts are
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bilateral and keep existing or growing, further chromo-
some examination should be performed (Fig. 2.73).

. Arachnoid cyst and congenital porencephaly: Arachnoid
cysts represent round or irregular anechoic cystic areas in
the brain with thin and smooth cystic walls. The cyst is
not connected to the lateral ventricle. The prognosis is
poor if the cyst keeps growing or is associated with other
malformations, and further chromosomal examination
should be performed. Congenital porencephaly is charac-
terized by one or more irregular cystic anechoic areas in
the fetal brain. The cyst is connected to the lateral ven-
tricle and may accompany with hydrocephalus. It is
extremely rare (Fig. 2.74).

. Dandy-Walker syndrome: Sonography shows the com-
pletely absent cerebellar vermis and the two separated
cerebellar hemispheres. The posterior cranial fossa and
the fourth ventricle are enlarged and communicated with
the posterior cranial fossa. Dilated lateral ventricles can
be found in some cases (Fig. 2.75).

. Intracranial tumor: Intracranial tumor is extremely rare.
Teratoma is the most common intracranial tumor. It often
occurs in the tentorium. The tumor may result in com-
pression and displacement of normal intracranial struc-

Fig. 2.72 Holoprosencephaly. (a). Typical ultrasonic imaging. (b, ¢). Combined hypotelorism

tures like brain middle or hydrocephalus. Most of them
are discovered until the middle or third trimester.
Intracranial tumors can be lethal.

2.5.1.3 Special Tips
1. The majority of the fetal central nervous system malfor-

mations have a poor prognosis, such as anencephaly,
severe hydrocephalus, encephalocele, meningocele, spina
bifida, and myelomeningocele. The neonates usually die
a few hours after birth. Pregnancy should be terminated
immediately after a confirmed diagnosis.

. Fetal neurological abnormalities have the risk of recur-

rence. Those who had already given birth to a fetus with
neural tube defects have a risk of recurrence at about 5%.
Moreover, the recurrence risk of those who had two chil-
dren with neural tube defects is 10%. The recurrence risk
is 15% to 20% for those who have had three such chil-
dren. Pregnant women with high-risk factors should be
examined multiple times at different gestational weeks.

. Half of the patients who suffer from anencephaly, exen-

cephaly, or hydrocephalus are often associated with spina
bifida or other malformations. Be careful and patient
when scanning the spine and other areas of the fetus.
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Fig.2.73 (a). The unilateral fetal choroid plexus cyst usually disappears spontaneously after 26 weeks of gestation. (b). Bilateral choroid plexus
cysts should be observed regularly. If it does not vanish after 26 weeks of gestation, a chromosome examination should be performed

Fig. 2.74 Arachnoid cyst and congenital porencephaly. (a). Arachnoid  directly. (b). Congenital porencephaly appears as an asymmetric cere-
cysts appear as sharply defined cystic lesions with thin and smooth cys-  bral hemispheric cavity
tic walls. The surface of the cyst is often attached to the endocranium

4. When the fetal posterior fossa effusion is larger than
1.2 cm, regular surveillance, and follow-up by sonogra-
phy are suggested. Be cautious about diagnosing micro-
cephaly, only cases that the fetal growth values such as
BPD and HC below more than three standard deviations
from the normal values of the same gestational age should
be highly suspected after regular dynamic measurement.
Attention should be paid to the small measurement value
of fetal head due to the particular head shape and parental
genetic factors (Fig. 2.76).

5. It is essential to improve the ultrasonic accuracy of fetal
malformation in the early diagnosis. The doctor who is
engaged in ultrasonic diagnosis should remember all
kinds of anatomical and sonogram features in different
developing stages of the fetus. The technique of scanning
should be programmed and standardized to avoid missed
diagnosis and misdiagnosis. Choose further relevant

Fig. 2.75 Dandy-Walker syndrome. The posterior fossa cyst is com-
municated with the fourth ventricle. And the third ventricle is enlarged
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Fig. 2.76 It must be cautious to make the diagnosis of hydrocephalus when fetal lateral ventricle is less than 1.0 cm and fetal posterior fossa
effusion below 1.5 cm. (a) The width of the lateral ventricle is 1.08 cm. (b) This image shows the mild enlarged cisterna magna

laboratory tests according to the actual situation, such as
karyotype analysis and percutaneous umbilical blood
sampling.

6. Ultrasonic result is affected by fetal position or maternal
factors. Undertake the examination after the fetus or the
pregnant women is properly promoted. Be patient and
careful during the examination. Pregnant women are sug-
gested to review regularly when suspicious lesions in a
system or part of the fetus cannot be confirmed immedi-
ately. The decision should be taken after consultation by
two or more physicians or transfer to the superior hospital
for confirmation.

7. Pay attention to multi-section scanning of the fetal head
and spine and avoid missing small encephalocele or
meningocele.

2.5.2 Gastrointestinal Abnormalities
of the Fetus

2.5.2.1 Basic Concepts

Fetal gastrointestinal malformation, a common congenital
malformation, includes esophageal atresia and stenosis, duo-
denum stenosis and atresia, intestinal atresia and stenosis,
and colon atresia and stenosis. The formation of such defor-
mities may be related to the following reasons: the esopha-
gus forming different types of blind ends during the
development of laryngopharyngeal tracheal fold in embryo;
the blocked or incomplete vacuolization of esophagus and
intestine; embryonic mesenteric blood supply or the disor-
dered vacuolization of the midgut.

In cases of esophageal atresia, duodenal stenosis, or
atresia, some are accompanied by other congenital mal-
formations. Among them, cardiac defect is the most com-
mon one, followed by gastrointestinal malformation,
urinary malformation, and skeletal deformity. Some

fetuses may be associated with chromosomal abnormali-
ties, and the risk of developing trisomy 21 syndrome
(Down’s syndrome) is significantly increased. A few
abnormalities are related to genetic factors, such as con-
genital megacolon.

As a result of fetal deglutition and functional disorders of
digestion, absorption, and so on, digestive tract malforma-
tions are often associated with polyhydramnios. Pregnant
women present with abdominal distension, chest tightness,
and inability to lie on the back. Congenital esophageal atre-
sia often coexists with tracheoesophageal fistula, which is
changeling to diagnose prenatally. The neonate may have a
cough and cannot eat. The diagnosis is confirmed after fur-
ther examination.

Ultrasound has a certain value in the diagnosis of diges-
tive tract malformations. The prognosis of simple gastroin-
testinal stenosis or obstruction relates to the associated
deformities. Some of these simple deformities can be cor-
rected by surgical treatment. Gastrointestinal dysplasia with
other abnormalities or chromosomal abnormalities has a
poor prognosis.

2.5.2.2 Ultrasonic Diagnosis

Esophageal Atresia

1. Esophageal atresia is highly suspected if no stomach bub-
ble in the abdominal cavity is found, or the stomach bub-
ble is very small with polyhydramnios after 18-20 weeks
of gestation (Figs. 2.77 and 2.78).

2. In the case of partial esophageal atresia, the upper esoph-
agus represents the anechoic cystic area. After 26 weeks,
the fetal swallowing motion is visible under ultrasound,
and the anechoic cyst is evident in the coronal section of
the fetal neck, whose size changes with the swallowing.

3. Esophageal atresia often accompanies congenital heart
malformation and chromosome abnormality.



2 Application of Diagnostic Ultrasound in the Perinatal Period 75

Cui 0122013 18:13:30 TiBO.3 Mit2

8C Unl. Huaxi No.2 Hospit C8-1/08 Gen
FR 28Hz L]
RS

Fig. 2.77 Esophageal atresia. (a, b). The image shows no stomach absent stomach bubble with polyhydramnios at 35 weeks of gestation.
bubble in the abdominal cavity with polyhydramnios at 28 weeks of — The fetus died from digestive tract atresia after birth
gestation. Fetal echocardiography shows an atrial septal defect. (c). An

Fig. 2.78 Small fetal stomach bubble. (a). The image shows the diameter of gastric bubble is only 1.18 cm with polyhydramnios at 26 weeks of
gestation. (b). The same patient was reviewed 3 weeks later, the diameter of gastric bubble is 2.0 cm and the digestive tract is normal after birth
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Duodenal Stenosis or Atresia

1. The classic “double bubble” sign appears as two similar
anechoic masses in the transverse view of the fetal abdo-
men, representing the expended stomach and duodenum.
The bubble at the left upper abdomen and inferior to the
heart is gastric bubble, and the bubble at the right lower
side of liver is the expended duodenum (Fig. 2.79).

2. Adjust the direction of the probe and the connection
between the two bubbles can be found (Fig. 2.80).

3. It is often accompanied by hydramnion. The degree of
hydramnion and the occurrence time are related to the
severity of duodenal obstruction.

Jejunoileal Stenosis or Atresia

1. The section of the middle and lower abdomen of the fetus
demonstrates multiple anechoic areas in the abdominal
cavity, which are persistent with peristalsis. The lower the
atresia, the more dilated the jejunoileal (Fig. 2.81).
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2. The small intestinal diameter is dilated more than 7 mm, and
the diameter gradually increases during multiple examina-
tions, indicating the small intestinal obstruction (Fig. 2.82).

3. Ultrasonography shows significantly enhanced intestinal
peristalsis, with fetal ascites. Most of the cases are accom-
panied by hydramnion (Fig. 2.83).

Colon Stenosis or Atresia

1. The expended colon in the middle and lower fetal abdo-
men, which is more than 1.8 to 2.0 cm in diameter, increases
with the gestational age. The expended colon appears like
a multilocular cyst, with an irregular shape. Duplicature is
visible on the inner wall of the dilated bowel (Fig. 2.84).

2. The fetal lower bowel in pelvic dilates is in a “V” or “U”
shape in anal atresia cases. Fetal anal atresia should be
highly suspected if there is an apparent half-septum in
liquid area of the expended bowel (double leaf sign).

3. It often combines with hydramnion.
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Fig. 2.79 Duodenal stenosis or atresia I. (a—c). The transverse section of the fetal abdomen shows two sonolucent bubbly anechoic areas, com-

bined with hydramnion
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Fig. 2.80 Duodenal stenosis or atresia II. (a, b). After adjusting the probe, the connection between the stomach bubble and dilated duodenum is
visible

Fig. 2.81 Jejunoileal stenosis or atresia I. (a, b). The images show the fetal dilated small intestine, like a “honeycomb” appearance

Other Rare Fetal Intestinal Abnormalities

1.

Megacolon: The bowel expands obviously in ultrasound.
It is difficult to diagnose by ultrasound if there is no sig-
nificant expansion of the bowel. Take it seriously if there
is positive family history.

. Meconium ileus: It is rare. The echo of intestine is signifi-

cantly enhanced, similar to the echo of bone. The bowel
above the obstruction dilates (Fig. 2.85).

Space Occupying Lesions of Liver

1.

Intrahepatic calcification: Antenatal ultrasound shows a
strong echo in the liver, and the big ones are accompanied

by posterior shadow. Most of them will disappear after
birth (Fig. 2.86).

. Liver tumor: Liver tumors of the fetus are rare. The

most common liver tumors in literature are hepatic
cyst, hepatic hemangioma, hepatoblastoma, hepatic
hamartoma, and so on. The echo of the hepatic tumor
can be cystic, solid, or mixed. The boundary of the
mass is generally clear with regular and orderly mar-
gins. Hepatic hemangioma and hepatoblastoma can
lead to the enlargement of the liver. The echo of the
tumor is chaotic, with abundant blood flow under CDFI
(Figs. 2.87 and 2.88).
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Fig. 2.82 Jejunoileal stenosis or atresia II. (a—c). The fetal bowel is dilated, with more than 2.0 cm in diameter, and septum is visible in the
cavity

Fig. 2.83 Fetal ascites. (a). A large amount of ascites in abdominal cavity on the sagittal section. (b). The extremely distended abdomen
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Dilated bowel

Fig. 2.84 Colon stenosis or atresia. (a—c). Septal or lobulate cystic masses in the lower fetal abdomen, most of which are colonic atresia or stric-
ture and anal atresia

Fig. 2.85 Meconium ileus. (a, b). The involved bowel is dilated, and the bowels below are hyperechoic
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2.5.2.3 Special Tips

1. Note that the fetal bowel can be segmental hyperechoic in
the third trimester of pregnancy, 1.8-2 cm in diameter, or
hyperechoic clumps in the intestine with different sizes
and no echo attenuation. It can disappear after birth and is
easy to be misdiagnosed as intestinal abnormalities
(Fig. 2.89).

2. Intestinal dilatation should be distinguished from dilated
ureteral and intraperitoneal cysts. Colon dilatation often
occurs in the third trimester, which should be distin-
guished from the fetal bladder, renal cyst, and abdominal
cyst. Change the scanning angle of the probe for further
diagnosis (Fig. 2.90).

3. Trregular transverse section of the abdomen should be
avoided. When the stomach and bladder, or the stomach

1: 4.8¢cm

2:4.9cm

Fig.2.87 Liver tumor. At 26 weeks of gestation, the ultrasound revealed a solid lesion in the liver with a diameter of about 5.0 cm. (a). The sagittal
view of the liver tumor. (b). The transverse view of the liver tumor. (¢). CDFI shows the blood flow in the mass
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and fluid-containing intestines are showed in the same
section, it is similar to the “double bubble” sign (Figs. 2.90
and 2.91).

4. Anal atresia and megacolon are lack of specificity. The
anal atresia cannot be completely excluded when there is
no significant intestine dilatation in ultrasound.

5. Even if there is a standard size stomach bubble in the fetal
abdominal cavity, esophageal atresia with tracheoesopha-
geal fistula cannot be wholly excluded.

2.5.3 Fetal Gastroschisis (Anterior Abdominal
Wall Defect)

2.5.3.1 Basic Concept
Fig.2.88 The image shows a solid liver tumor, which is the postopera- 1. At 6-10 weeks of the pregnancy, the digestive tract grows
tive specimen of the same fetus in Fig. 2.87 faster than the abdominal cavity and abdominal wall,

Fig. 2.89 Bowel of fetus. (a, b). The images show a strong echogenic mass in the fetal bowel at 38 weeks of gestation. There is no digestive tract
abnormality after birth

Ve l-.-v‘-"f'?"l
- - o "~

Fig. 2.90 Cystic lesions in abdominal cavity. (a). Fetal renal cysts. (b). The dilated bowel. We should pay attention to the distinction between the
two diseases
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Fig.2.91 False “double bubble” sign. Bladder and stomach bubble are
displayed in the same section, because of the unstandardized view,
which is easy to be misdiagnosed as “double bubble” sign

resulting in the midgut being pushed to the bottom of the
umbilical cord and formed a physiologic midgut hernia.
After 10 weeks of gestation, the abdominal cavity grew
faster with expanded volume. The head fold and tail fold
of anterior abdominal wall along with skin and muscles
on both sides close and fold rapidly from the lateral dor-
sal midline. The midgut which protrudes outside the body
cavity recedes into the abdominal cavity gradually. The
midgut rotates and merges with the abdominal wall to
form the umbilical ring in the center.

During the formation of the fetal abdominal wall, the for-
mation of the abdominal wall is inhibited or delayed, affected
by some factors, leading to the defects of the abdominal wall
and the umbilical region. All the above may result in pro-
lapse and abdominal cavity content bulging.

Fetal omphalocele is caused by the failed fusion of the
ectoderm and mesoderm along the midline, resulting in
hypoplasia of the anterior abdominal wall. Defects in the
muscles and skin around the midline umbilical cord lead to
the bulging of partial the peritoneum or abdominal organs.
The expanded contents are covered with an amniotic mem-
brane and peritoneum.

Fetal gastroschisis, also known as visceral valgus, is char-
acterized by a defect of the entire anterior abdominal wall,
where valgus abdominal organs floating in the amniotic cav-
ity. Fetal gastroschisis is caused by some teratogenic factors
during the formation of the abdominal wall.

2.5.3.2 Ultrasonic Diagnosis

Omphalocele

1. The interruption of hyperechoic fetal skin continuity of
the anterior abdominal wall is visible. There is an extrud-
ing mass with unequal size in the fetal umbilical cord,

T.Yang et al.

covered with a strong linear echo on the surface. There is
an anechoic area between the two membranous echoes
(Fig. 2.92).

2. The umbilical cord entrance is usually located on the sur-
face of the mass, attached to the center of the mass or one
side. CDFI shows the mass is attached to the entrance of
the umbilical cord. This disease is often combined with
other abnormalities.

3. The content of small puffed mass is mostly bowels, and that
of larger masses can be stomach, liver, pancreas, and spleen.
Ultrasound is utilized to identify the inside contents.

Gastroschisis

1. The echo of the fetal abdominal wall is discontinuous.
The transverse section of the abdomen reveals the width
of the abdominal wall defect. The abdominal cavity is
empty, and the measured value of AC is less than that of
the corresponding gestational week.

2. The viscera in the abdominal cavity, such as liver, stom-
ach, intestines, and bladder, emerge from the defect and
protrude into the amniotic cavity.

3. The umbilical cord entrance is in normal position or on
the left inferior abdominal wall aside protrusions. Color
Doppler blood flow shows the relationship of blood flow
between the umbilical cord and viscera. Confirm the
structure of the organ according to the presence of blood
flow inside (Fig. 2.93).

4. Fetal  gastroschisis  is
polyhydramnios.

often combined  with

2.5.3.3 Special Tips

1. The surface of omphalocele is covered with peritoneum
and amniotic membrane. There is an anechoic strip
between the two membranes, which is the differential
point from gastroschisis. Pay attention to the difference
between the abdominal skin mass, umbilical cord mass,
fatal omphalocele, and gastroschisis.

2. Gastroschisis often occurs after the second trimester and
even in the third trimester. Therefore, we should notice
the integrity of the fetal abdominal wall in late
pregnancy.

3. When there is only a small amount of intestine in the pro-
trusion, it is easy to be mistaken for fetal external genita-
lia (Fig. 2.94).

4. Physiological bowel herniation usually appears in the
6th—tenth week of pregnancy, so omphalocele should not
be diagnosed before 12 weeks of pregnancy. If the diam-
eter of the umbilical cord mass is >7 mm, or the diameter
of the umbilical cord mass is bigger than the diameter of
AC, it should be alert to the omphalocele and reviewed
regularly.

5. The image of pseudo bulged out viscera is caused by the
lack of amniotic fluid, the nonstandard scanning, or
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Fig.2.92 Omphalocele. (a, b). Omphalocele in transection of the abdomen. The umbilical cord is attached to the expanded mass. (¢). Omphalocele
is confirmed after labor induction

overexertion of the probe. It can be distinguished by
changing the angle of the probe and changing the position
of the pregnant woman and fetus (Fig. 2.95).

2.5.4 Urogenital System Abnormalities
of Fetus

2.5.4.1 Basic Concepts

The urogenital system of the fetus develops at the end of the
third week in the human embryo. It is developed from the
intermediate mesoderm. During the embryo, the nephrotome
forms and differentiates into the pronephros, then the meso-
nephros, and finally evolves into the metanephros. The meta-
nephros develops into a permanent kidney of the adult. The
mesonephros duct develops into the ureter, renal pelvis, caly-
ces, and collecting tubules.

Various factors affect the process of urinary tract develop-
ment process, resulting in urethremphraxis and congenital
kidney malformations—polycystic kidney, ectopic kidney,
renal absence, and duplex kidney.

After 13 weeks of gestation, the fetal bladder is visi-
ble. After 16 weeks of gestation, the structures of the
fetal kidney can be shown clearly. The prenatal ultra-
sonic detection rate of urinary system malformation is
varied. The main cause of false-positive diagnosis is the
slight dilatation of the renal collecting system. Different
authors have different criteria for diagnosing fetal hydro-
nephrosis, which is not easy to unify at present. Most
domestic and foreign scholars believe that follow-up is
necessary if the dilated renal pelvis ranges from 0.5 to
1.0 cm and is associated with ureter or bladder
expansion.
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Fig. 2.93 Fetal gastroschisis with extruded organ. (a). Fetal gastroschisis with extruded liver. (b). Fetal gastroschisis with extruded bowel. (c).
CDFI shows the blood flow of extruded liver. (d). Fetal gastroschisis with extruded bowel and liver

Fig. 2.94 The difference between the intestine and fetal external genitalia. (a). The image shows a small amount of intestine in the protrusion,
which is easy to be mistaken for fetal external genitalia. (b). The external genitalia of the fetus
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Fig.2.95 Pseudo bulged out viscera caused by the nonstandard tranesection scanning. (a). Pseudo bulged out viscera caused by overexertion. (b).
The image shows a normal abdominal transverse view of the same fetus after adjusting the probe

2.5.4.2 Ultrasonic Diagnosis

Renal Absence

1.

The renal structure is not visible in the kidney area on
both sides of the fetal spine nor in the abdomen or pelvis.
Renal absence may be unilateral or bilateral.

. After 16 weeks of gestation, sonography shows no kid-

neys and bladder, with oligohydramnios. If unilateral
renal deficiency does not affect the bladder, the amniotic
fluid may be in the normal range, and the contralateral
kidney is compensatorily enlarged.

. In cases of unilateral or bilateral renal absence, color

Doppler flow imaging fails to show the unilateral or bilat-
eral renal artery (Fig. 2.96).

Polycystic Kidney

1.

Infantile polycystic (autosomal recessive

inheritance)

(a) Both kidneys are enlarged uniformly with an intact
capsule and normal shape.

(b) The echo of the kidney is diffusely enhanced. The
boundary between the renal cortex and the collect-
ing system is not clear. The cut surface appears to be
spongy.

(c)  3)Abnormality in kidney size and echo is obvious
after 24 weeks of gestation, with a poor prognosis.

The recurrence rate is 25% (Figs. 2.97 and 2.98).

kidney

2. Adult polycystic kidney

(a)  Adult polycystic kidney is characterized by a unilat-
eral or bilateral renal lesion represents as a multi-
locular cystic mass, without normal kidney
morphology. The abnormal kidney is enlarged.

(b) There are many vesicular echoes in different sizes,
without communication between the sacs, repre-
senting a grape, or honeycomb shape.

(c) No renal cortex beneath the renal capsule and col-
lecting system in the center is visible in severe renal
cyst cases. Some renal cysts appear as a large cysts
in the center with small ones in peripheral, resem-
bling hydronephrosis. Communication between the
sacs is vital to identify the cysts or hydronephrosis
(Fig. 2.99).

(d) In unilateral polycystic kidney cases, the other kid-
ney is healthy. The prognosis is good. Regular fol-
low-up is suggested after birth.

3. Other kidney dysplasias

(a) Duplex kidney.

() The enlarged kidney has upper and lower renal
pelvises, which are not connected. Most of the
upper renal pelvises are dilated, and the lower
ones are normal in size (Fig. 2.100).

(IT) The ureter is dilated. The expanding and circu-
itous ureter in the fetal pelvis is visible.
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Fig. 2.96 Renal absence (a, b). The transverse images show no right kidney and the enlarged left kidney. Only one renal artery is shown. (¢, d).
The bilateral kidneys and renal arteries are absent

(IIT) The ureteral hernia is a bulbous vesicle located
behind the bladder and extending toward the
bladder.

(b)  Ectopic kidney.

() No renal is found in the renal region on one or
both sides. The kidney could be found in other
parts of the abdominal cavity or pelvic cavity
by careful scanning (Fig. 2.101).

(II) Pay attention to the differentiation from unilat-
eral kidney absence and horseshoe kidney.

4. Urethremphraxis
(a) Hydronephrosis: The most common type of ure-
thremphraxis is hydronephrosis, most of which is

(b)

unilateral. Hydronephrosis can also be bilateral.
If the hydronephrosis is less than 1.5 cm, it usu-
ally disappears spontanecously after birth. If the
measured value is more than 1.5 cm and accom-
panied by ureteral dilatation, we should exclude
the urethremphraxis or bladder regurgitation. It
should be regarded as abnormal when the renal
pelvis is cystic dilated with septum around the
cyst, and thinner renal column and cortex
(Figs. 2.102 and 2.103).

Megabladder and megaloureter: The megabladder
should be considered when a giant bladder increases
gradually, which is more than 5 c¢cm in diameter,
without shrink during dynamic surveillance. Most
of the megaloureter are functional obstruction,
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Fig. 2.97 Polycystic kidney. (a, b). The echo of both kidneys is  renal volume and enhanced renal parenchymal echo with normal amni-
enhanced, and the boundary between the renal cortex and the collecting ~ otic flow. The pregnant woman had two previous pregnancy histories
system is unclear at 21 weeks of gestation. This sagittal section demon- ~ with infantile polycystic kidney. One infant died at four months, and the
strated the increased fetal renal volume. (¢, d). At 32 weeks gestation, ~ other died one year after birth. Infantile polycystic kidney is confirmed
the longitudinal and transverse sections of the fetus show increased after induction of the present fetus

(@)

(b)

Fig. 2.98 Infantile polycystic kidney after labor induction

resulting in dilatation of the ureter and renal pelvis.
Ultrasound shows obvious hydronephrosis and
tortuous dilated ureter, which can disappear sponta-
neously after birth or after surgery (Fig. 2.104).

5. Other rare abnormalities of the fetal urinary system

Posterior urethral valve: It only happens in males.
The bladder is extremely dilated with a thickened
wall. The posterior urethra and double ureters are
dilatated, with renal pelvis effusion (Fig. 2.105).
Exstrophy of the bladder: When the kidneys and
amniotic fluid volume are normal with the absence
of a full bladder, we should scan the lower abdomen
of the fetus to find the lower umbilicus and inferior
abdominal wall defects (Fig. 2.106).
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{ Polycystic lesion in left kidney

Fig. 2.99 Adult polycystic kidney. (a). Unilateral solitary renal cyst; (b). Single cyst in bilateral kidney; (c). Polycystic lesion in right v; (d).
Polycystic lesion in left kidney; (e, f). For the same fetus, bilateral renal volume increased with abnormal shape, and several cysts in the kidneys
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(c) Renal tumors: A heterogeneous solid mass in renal
region with an irregular shape. Hamartoma is the
most common (Fig. 2.107).

(d) Congenital bladder diverticulum: The bladder shows
“double capsule” sign and the filling degree and
morphology of the “double capsule” may change
during dynamic surveillance.

2.5.4.3 Special Tips

1. It is conducive to display the kidney in occiput anterior
position and sacroanterior position. If unilateral or bilat-
eral renal absence is suspected, scan the pelvic and
abdominal cavity for a possible ectopic kidney. Renal
cysts should be distinguished from abdominal mass and
intestinal dilatation.

Fig. 2.100 Duplex kidney. There are two renal pelvises in left fetal
kidney, and the upper one is dilated

Fig. 2.101 Pelvic ectopic kidney. (a, b). No renal is found in the left renal region of the fetus. Renal-like echo is detected in the left side of the
pelvic cavity

HH 1

Fig. 2.102 Fetal hydronephrosis 1. (a). At 34+ weeks of gestation, 34+ weeks of gestation, left fetal renal pelvis is separated about 1.7 cm,
fetal bilateral renal pelvis is separated about 0.6-0.7 cm, and the and the separation disappears after birth
anechoic area of renal pelvis separation disappears after birth. (b). At
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Fig.2.103 Fetal hydronephrosis II. (a). At 22+ weeks gestation, there ~ Vis is obviously dilated with ureteral dilatation, and the ureter appears
is a huge effusion in renal pelvis. (b). The renal pelvis and calyces are  as strip-shaped anechoic. (e). The renal pelvis is dilated and the renal
obviously dilated in the form of a “color palette”. (¢, d). The renal pel- ~ cortex is thinner
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Fig. 2.104 Megabladder. (a, b). The diameter of the fetal bladder is greater than 5 cm, without significant reduction half an hour later

Fig. 2.105 Posterior urethral valve. (a). The posterior urethra is obviously dilated, like a “keyhole” that communicates with the bladder. (b). The
bladder is obviously enlarged with bilateral hydronephrosis. (¢). Image shows male genitalia
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2. Focus on scanning the fetal urinary system in oligohy-
dramnios cases. However, oligohydramnios is not the
only sign of urinary system malformation.

3. The majority of urinary system malformations are nonfa-
tal and can be corrected by surgery after birth. Ultrasound
diagnosis should be cautious and serial prenatal ultra-
sound surveillance and long-term postpartum follow-up
are essential. Some malformations are of high occurrence
rate or a positive family history. Detailed clinical history
and family history are important.

2.5.5 Fetal Skeletal and Limb Abnormalities

kY

Fig. 2.106 The postnatal image shows exstrophy of bladder

2.5.5.1 Basic Concepts
By the end of the fourth week after fertilization, the skel-
eton and skeletal muscles develop in the embryonic meso-

Fig. 2.107 Right renal teratoma. (a—c). The images are prenatal sonogram, postpartum sonogram, and postoperative pathological image
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derm and the following somites. Each somite is divided
into myotome, sclerotome, and dermatome, and then dif-
ferentiated into cartilage. By the end of the eighth week,
the limbs of the fetus are basically formed, and the bones
of the fetus are not ossified yet. They are all cartilages. In
this process, the fetal limbs are easy to damage, resulting
in limb malformation.

After the fetal cartilage reaches a specific volume, the
central part of the cartilage forms the primary ossification
center. This center grows in both directions of the forming
bone. The ossification center of epiphyseal cartilage is the
secondary ossification center, which appears gradually after
birth. Malformations in the ossification process of cartilage
in embryo, and the osteogenesis of bone hypoplasia can lead
to the abnormal development of fetal bones and limbs. It is
mostly related to autosomal dominant or recessive
inheritance.

There are many kinds of fetal skeletal system malforma-
tions, involving a wide range, including skull, spine, limbs,
hands, and feet.

Fetal skeletal ossification echoes appear earlier than other
organs on ultrasound images. Therefore, most skeletal sys-
tem malformations can be detected early by prenatal ultra-
sound through the observation of the characteristics of
ossification, morphology, and the echo of fetal bones in vari-
ous parts, and through the measurement of the length of long
bones, which should combine with the intrauterine posture
and movement of the fetus.

2.5.5.2 Ultrasonic Diagnosis

Osteogenesis Imperfecta

1. Fetal limb skeletons are short, and the long bone is short
and thick. It can fracture into an angle and bending.

2. Multiple fractures can be seen in the ribs, leading to the
deformed chest.

3. The fetal skull bone is thin, and the echo is lower than the
normal one. The skull ring deforms when the head is slightly
pressurized by the probe (Figs. 2.108, 2.109, and 2.110).

4. Tt may be accompanied by polyhydramnios.

Fig. 2.108 Osteogenesis imperfecta I. (a, b). Images show poor cranial calcification. The skull echo is almost equal to the echo of the cerebral
midline. The skull ring is deformed by the pressurized probe. (¢). Narrow chest. (d). Enlarged femur which is fractured into an angle
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Fig. 2.109 Osteogenesis imperfecta II. (a). A pregnant woman’s first
fetus was diagnosed with osteogenic dysplasia after birth and died
42 days later. At 35 + 3 weeks of gestation in present pregnancy, ultra-

sound shows callus formation on one femur and fracture on the other.
(b). In the same fetus, the head echo is weakened, and the head ring is
deformed after the probe pressurized

Fig.2.110 The same fetus as Fig. 2.109. Osteogenesis imperfecta is confirmed after induced labor. (a). Image of the fetus after induced labor. (b).
X-ray of the same fetus

Achondroplasia

1. The size of the fetal BPD is consistent with or more significant
than that of the gestational age, and the shape of the head ring
is normal. Long limb bones are short and thick with enhanced
echo. The acoustic shadow behind the bone is not obvious.

2. Some fetuses can be accompanied by anasarca, serous
effusion, and hygroma colli (Figs. 2.111 and 2.112).

3. More than half of them combined hydramnios and other
malformations.

Thanatophoric Dysplasia

1. Limbs are very short and shaped like a seal.

2. The skeleton of the limbs is not clear, even unable to dis-
tinguish the shape of the fetal hands and feet.

3. Fetal limbs are excessively short, and the soft tissue
increased relatively (Figs. 2.113 and 2.114).

4. Thanatophoric dysplasia can combine with hydramnion.
Some cases represent decreased fetal movement.
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2.65CM

Fig. 2.111 Achondroplasia I. (a). At 28 weeks gestation, the length of the fetal femur is 2.24 cm. (b). The length of the fetal femur at the same
gestational week is 2.65 cm. (c). The same fetus with head and body edema

JLENGTH =2.65 CM

Fig.2.112 Achondroplasia II. (a). Edema from fetal scalp to the whole body. (b). Short limb bone. (c). Fetal body edema, like “cocoon”
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Fig. 2.113 Thanatophoric dysplasia I. (a, b). Images show the extremely short fetal limbs with narrow chest. (¢, d). Pictures without obvious
limbs echo but mainly with soft tissue echo. The echo is dominated by soft tissue. e. Long bones are short and curved like a telephone
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Fig.2.114 Thanatophoric dysplasia I

Partial Deformity of Fetal Limbs, Hands, and Feet

1. Absent forearm bone: Only one bone is visible in the lon-
gitudinal and transverse sections. The normal distal ulna
and radius are on the same level. The distal radius is
shorter than the ulna when it is hypoplastic or absent. The
ulna can be identified according to the relationship
between the hand and the hypothenar muscle (Figs. 2.115
and 2.116).

2. Congenital hand malformation.

The absent or hypoplasia ulna and radius can cause hand
malformation and dysfunction. Common hand malforma-
tions include hands agenesis, ectrodactyly, polydactyly, syn-
dactyl, and split hands. The display of fetal hand and finger
are affected by the amniotic fluid, fetal position, and fetal
movement. The club hand is characterized by the display of
the angular metacarpal bones in the section of the ulna and
radius. The diagnosis should be confirmed after the fetal
movement or the change of position (Figs. 2.117 and 2.118).
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3. Congenital malformation of the foot: Congenital tali-
pes equinovarus is a common deformity in malforma-
tions of the fetal foot. Typically, the calves and the vola
cannot be shown in the same view. If the tibia, fibula,
and vola are found simultaneously in the same section,
congenital talipes equinovarus should be considered
(Fig. 2.119).

Fetal Limb Tumors

1. Limb tumors are rare. Ultrasound images show the swell-
ing, thickening, and hypoechoic limb with tumor lesion.

2. The benign and malignant nature of the tumor can be pre-
liminarily judged according to the richness of blood sup-
ply in the tumor. However, ultrasound could not confirm
the pathological result (Fig. 2.120).

2.5.5.3 Special Tips

1. The best time to detect fetal skeletal dysplasia is
16-26 weeks of gestation. The bone structure is easy to
show at this time. Most abnormalities can be detected by
prenatal ultrasound examination.

2. The ultrasonic measurement and observation of the bone
are reliable clues to find the fetal bone malformation.
Fetal bones should be thoroughly examined.

3. Ultrasound examination of fetal limbs should be continu-
ously traced from the proximal end of the limb to its dis-
tal end, combining the longitudinal section and the
transverse section.

4. Affected by amniotic fluid, fetal movement, and fetal
position, it is challenging to show fetal hands, feet, and
the number, shape, and structure of fingers and toes.
Sonographers should observe for enough time for every
fetus and be patient and careful.

2.5.6 Complex Twin Pregnancy

2.5.6.1 Basic Concept

The incidence of miscarriage and malformation in twin preg-
nancy is high. The common abnormalities are one of the
twins’ malformations, death or disappearance; twins intra-
uterine growth retardation; conjoined twins; twin—twin
transfusion syndrome, etc. All kinds of malformations that
can occur in a single pregnancy can occur in a twin
pregnancy.

The rate of congenital malformations is higher in multiple
pregnancies than in a single pregnancy. There is a higher rate
of malformation of monozygotic twins, represented by con-
joined twins.
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Fig. 2.115 Absent bilateral fetal radius
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Fig. 2.117 Deformity of fetal limb bone. (a—c). Fetal forearm absence with hand deformity
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Fig. 2.118 Fetal forearm absence with hand deformity after induction labor. (a). Picture after induction labor. (b). X-rays of the same induced
fetus

Fig.2.119 Fetal congenital talipes equinovarus. (a, b) The calves and the vola are shown in the same section

In recent years, due to various reasons, the number of

twin pregnancy increases, and the incidence of deformity is
also significantly increased.

2.5.6.2 Ultrasonic Diagnosis

Conjoined Twins

1.

Craniopagus twins: One type is a partial connection, that
is, the head of one fetus is joined to the other’s scalp or
bone. The image shows the heads of the two fetuses stick
close to each other. The other type is complete craniopagus
twins, sharing the brain and facial features (Fig. 2.121).

2. Most cases of thoraco-omphalopagus twins share the

hearts and livers, always combined with congenital car-
diac abnormalities, kidney abnormalities, and omphalo-
cele (Fig. 2.122).

. Some parts of the body of two fetuses are connected,

which may occur in the upper abdomen, the lower abdo-
men, even the entire abdomen. The skin of the conjoined
area is continuous (Fig. 2.123).

. The heads of the two fetuses are separated, the two bodies

fused, and only a trunk and one set of limbs can be seen
(Figs. 2.124 and 2.125).

5. Hydramnios, without septum in the amniotic cavity.
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Fig. 2.120 Fetal limb tumor. (a—c). At 33+ weeks of gestation, the right upper limb is swollen and thickened with abundant blood flow in the
swollen tissue. The humerus is normal. The fetus is diagnosed as rhabdomyosarcoma after labor induction
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Fig. 2.122 Conjoined twins II. The image shows the twins’ thorax is
connected and the twin share one heart
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Fig. 2.123 Conjoined twins III. (a). Diagrams of conjoined twins. (b). The picture shows the twins share a common liver in the upper abdomen
and there are two stomach bubbles. (¢). The image shows the twins are attached to the lower abdomen with two bladders
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Fig. 2.124 Conjoined twins IV. (a). Two separate fetal heads echo; (b). Two widened spines echo; (¢). There are two heads and one body after
induction of labor. (d). X-ray images of conjoined twins after labor induction
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Fig. 2.125 Conjoined twins V. (a, b). The images show the twins are connected throughout the abdominal cavity. (¢). Image shows both twins
have cleft lip. (d). Picture of conjoined twins after labor induction

6. Asymmetric conjoined twins are called fetus in fetu. Two
fetuses are in different sizes. One is developing normally,
while the other is undeveloped and connected to the regu-
larly developing fetus. It can also attach to a part of the
normal fetal body (Fig. 2.126).

Deformity in One of the Twins
1. Acephalocardius in one of the twins.

(a)

There is one normally developing fetus in the uterus
and the other with a severe deformity. The mal-
formed fetus may have no heart and head, and hypo-
plasia limbs, in the same amniotic cavity as the
normal fetus (Fig. 2.127).

(b)

(©)

Color Doppler ultrasound shows the umbilical cord
is inserted into the malformed fetus, and the other
end of the umbilical cord is connected to the
placenta.

Most cases are accompanied by hydramnios.

2. Other deformities in one of the twins.

(a)

(b)

Most of the deformities in one of the twins are anen-
cephaly and hydrocephalus, while the other fetus is
normal (Fig. 2.128).

One of the twins died, and the other normal fetus
has heart beating and fetal movement
(Fig. 2.129).
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Fig.2.126 Fetus in fetu. (a, b). Prenatal ultrasound images; (¢). Prenatal MRI image; (d). Postpartum CT image
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Fig.2.127 Acephalocardius in one of the twins. (a, b). At 25 weeks of  has fetal movements. (¢). Pathology after labor induction confirms the
gestation, one of the twins is normal. The other fetus was headless and ~ mass is an acephalocardius
heartless, with the visible spinal column and hypoplastic lower limbs. It

AT 2808 T2 WUAXT 2nd Hotpital
AABL L B ™WoY 20072

b =

Fig. 2.128 Deformities in one of the twins. (a). At 21 weeks gestation, one of the twins is anencephaly. (b). At 30 weeks gestation, one of the
twins is meningoceles
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Fig. 2.129 Stillborn in one of the twins

2.5.7 Twin-Twin Transfusion Syndromes

2.5.7.1 Basic Concept

Twin—-twin transfusion syndrome (TTTS) occurs in mono-
chorionic twins with artery—artery, venous—venous, and
artery—venous anastomosis between placentas. It is now
believed that TTTS may occur whenever there is vascular
anastomosis with different pressures between the placentas.
The donor fetus supplies blood to the recipient fetus, which
leads to two unbalanced fetal blood and produces a series of
pathological changes.

TTTS may occur early in pregnancy, causing one of the
twins to disappear. If it occurs in the second trimester of
pregnancy, the donor fetus may have anemia, IUGR, and
even death. The recipient fetus is hypervolemic with ana-
sarca, weight gain, and even death.

Clinical diagnostic criteria: ® The difference in birth
weight between the two fetuses is more than 20%. @ The dif-
ference in hemoglobin between the two newborns is >50 g/L.
® The amniotic septum is thin with two layers of the amni-
otic membrane or no amniotic septum. The twins share one
placenta. @ Placental pathology shows anastomotic branches
formation.

2.5.7.2 Ultrasonic Diagnosis

1. Ultrasound image shows only one placenta with a thin
septum between the twins, and two fetuses have the same
sex.

2. Polyhydramnios/oligohydramnios sequence: Amniotic
fluid depth of the recipient is >8.0 cm, and the depth of
the donor is <2.0 cm. The donor one even appears stuck
in some severe cases (Fig. 2.130).

3. There is a significant difference in fetal growth measured
by ultrasound. The difference between the BPD and FL
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between the donor and the recipient is >5 mm. The
expected difference in fetal weight is higher than 25%.
The AC of recipient increases significantly, with a differ-
ence of 20%.

4. The bladder of the recipient is enlarged, and the bladder
of the donor is small or unfilled.

5. One of the twins shows edema, combined with pleural
effusion, ascites, or the death of one of the fetuses.

6. The S/D and PI of the umbilical artery are abnormal in
one of the twins. Even, the end-diastolic blood flow inver-
sion is detected (Fig. 2.131).

2.5.7.3 Special Tips

1. Identify the type of twins from the following aspects: the
diaphragm in the amniotic sac, the thickness of the mem-
brane, the number of placentas, the twin peak sign, and
the sex of the fetus.

2. Distinguish the relationship between the head, trunk, and
limbs of each fetus to judge the fetal position correctly.

3. When twin pregnancy is diagnosed in early pregnancy,
note the morphology, size, and spacing of the two typical
sacs. Moreover, confirm the number of embryos in the
sacs and fetal heartbeats.

4. If there is an intrauterine neoplasm, pay attention to the
relationship between the tumor-like echo in the amniotic
cavity and the fetus. CDFI is used to show the blood sup-
ply of the mass, and the relationship between the mass,
umbilical cord, and placenta.

2.5.8 Facial Anomalies

2.5.8.1 Basic Concept

The embryonic development of the face is a very compli-
cated process. The development of the eye begins at the fifth
week of the embryo, and its basic structure forms at the end
of the eighth week. Moreover, nasal primordium is initially
located above the eye level, gradually migrates to the middle
and lower direction, and merges in the midline below eye
level and forms the nose.

The lips and palates of the fetus are formed between 7 and
12 weeks of the embryo. Affected by teratogenic factors in
the process of formation, some organs which should be fused
do not fuse completely, resulting in the cleft, that is, the cleft
lip. Cleft palate occurs when the palate fusion is abnormal.
Cleft lip and palate can be simultaneous or single.

Facial anomaly is not simply a problem of deformity, but
an important issue that deeply affects a person’s psychology
and spirit. Therefore, the prenatal diagnosis should be as
accurate as possible, which is of great significance.
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Fig.2.130 Twin-twin transfusion syndrome I. (a, b). Polyhydramnios/ ~ der of the donor is filled poorly. (e, f). The growth and development of
oligohydramnios sequence. b The donor is a stuck twin with oligohy-  twin fetuses are inconsistent
dramnios. (¢, d). The bladder of the recipient is enlarged and the blad-
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Fig.2.131 Twin—twin transfusion syndrome II. (a). The recipient fetus. (b). Abnormal unimodal spectrum of umbilical artery in the donor fetus

2.5.8.2 Ultrasonic Diagnosis

Cleft Lip and Palate

1. On the coronal and transverse views, the upper and lower
lips of the fetus can be clearly displayed. The cleft lip is
characterized by an interrupted echo in one side or both
sides of the upper lip.

2. When the interrupted echo reaches the nostril, it can
cause a deformed and flat nostril on the same side, often
with cleft palate.

3. When the cleft lip is accompanied by alveolar cleft or
complete cleft palate, the alveolar continuity is inter-
rupted simultaneously with the continuous interruption of
the upper lip, showing an extremely protruded hyper-
echoic mass below the nose (Figs. 2.132 and 2.133).

External Nasal Abnormalities

1. Arhiny is caused by the absent or hypoplastic embryonic
frontonasal process. It mainly occurs in the holoprosen-
cephaly and combined with facial deformities, such as
hypotelorism and hypertelorism.

2. Proboscis and beak nose deformity: Except for facial and
intracranial structural changes of the arhiny, the external
nose is like a proboscis or elephant trunk above the eye or
between the orbits. It represents a columnar soft tissue
echo and protrudes forward, often without nostrils in the

middle of the proboscis. The proboscis is common in
holoprosencephaly cases.

3. Flat nose or single nostril deformity: It is characterized
by the flat nose, single nostril deformity, and hypotelorism
(Fig. 2.134).

Ear Anomalies

1. Anotia: Anotia is characterized by the absence of unilat-
eral or bilateral auricles, often accompanied by atresia of
the external auditory canal.

2. Microtia: The normal ear morphology disappears.
Instead, there is a clump, dot, or distinctly abnormal soft
tissue, which often accompanies the absence of external
auditory canal.

3. Low-set ears: Compared with the temporal bone level, the
external ear moved down significantly, and the distance
from the shoulder is significantly shortened (Fig. 2.135).

Eye Abnormality

1. Hypotelorism: It mainly exists in the holoprosencephaly
cases, rare in other syndromes (Fig. 2.136a, b).

2. Hypertelorism: It can be a major independent defect or a
secondary manifestation of multiple syndromes. These
syndromes are mostly related to chromosome abnormal-
ity or maternal exposure history of teratogenic factors
(Fig. 2.136¢).
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Fig.2.132 Fetal cleft lip and palate L. (a, b). Cleft lip, (¢, d). Unilateral cleft lip with cleft palate (e, f). Bilateral cleft lip with cleft palate
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Fig.2.133 Fetal cleft lip and palate II. (a, b). Fetal alveolar bone protrudes forward with abnormal upper lip morphology. There is a solid hyper-
echoic protuberance in front of the nose

Fig. 2.134 Congenital nasal deformity. (a, b). Holoprosencephaly associated with beak nose deformity (c, d). Single nostril deformity
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Fig. 2.135 Congenital ear anomalies. (a, b). Microtia. (¢). Low-set ear
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Fig. 2.136 Congenital eye anomaly. (a, b). Holoprosencephaly associated with hypotelorism. (¢). Hypertelorism (Trisomy 18). (d). Right

anophthalmia

3. Anophthalmia: The sonography shows the absence of one
or both sides of the orbits and eyeballs on the horizontal
transection of the eyes. An arcuate hyperechoic is visible
at the area of the orbit (Fig. 2.136¢).

Micrognathia

1. A standard midsagittal view of the fetus shows a forward
protruded forehead, nasal tip, upper lip, lower lip, and
chin. The lower lip forms an “S” or reverses “S” shape

with the chin. The chin retracts and the lower lip moves
back, which make the curve into a small circular arc. The
more severe the deformity, the smaller the chin and the
straighter the curve are (Fig. 2.137).

. The length of the normal fetal mandible is about half of

the BPD, which is significantly shorter in micrognathia
cases.
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Fig. 2.137 Micrognathia. (a). Normal fetal face in midsagittal view. (b). Micrognathia

2.5.8.3 Special Tips

1. Common reasons for misdiagnosis of cleft lip and palate
are as follows: A. Lack of experience in diagnosis. B. The
section is not standardized, and anomalies are not shown
through two orthogonal sections at the same time. C. A
deep philtrum can be mistaken for the cleft lip. D. It also
can be mistaken for a cleft lip when the umbilical cord is
pressed vertically against the lip. Color blood flow, fetal
mouth movement, and fetal movement are helpful in this
situation. E. The squeezed fetal upper lip is mistaken for
cleft lip, where dynamic observation is suggested.

2. It is challenging to scan the fetal maxillofacial and exter-
nal ear malformation. We should pay attention to acquire
the standard view and try to change the fetal position.

2.5.9 Chest Abnormality

2.5.9.1 Basic Concepts

There are five distinct stages of the human lung development,
including the embryo stage, pseudoglandular stage, canalicu-
lar stage, saccular stage, and alveolar stage. At the fourth week
of embryonic development, the laryngotracheal sulcus is
formed and gradually differentiated. By the end of the sixth
week, the bronchus form and bifurcate irregularly and small
vesicles differentiate into respiratory bronchioles, alveolar
tubes, blastocysts, and alveoli. By the end of the 16th week,
the bronchial tree has formed. At 16-20 weeks, the number
and complexity of airways, great vessels and capillaries in the
lung increase significantly. After 24 weeks, the cubed epithe-
lial cells lining the airway gradually become flattened
(Alveolar type I epithelial cell). Alveolar type II epithelial
cells secrete alveolar surface-active substances at the same

time. It is fully prepared for an effective arterial gas exchange
after birth. In the development process of the fetal lung, the
fastest growth happens in the three months before delivery. Its
weight is about 1/70 of fetal body weight, and its volume is
about 1/2 of fetal chest cavity.

The diaphragm of the fetus gradually forms between 6
and 14 weeks, and the posterolateral part of the diaphragm is
formed by the chest wall and closed in the end. The defect of
the diaphragm may result from weak or failed fusion of the
related structures before the formation of the diaphragm. The
stomach, intestine, liver, and spleen in the abdominal cavity
enter the chest cavity through the diaphragm defect, which
compresses the lungs and causes pulmonary dysplasia. The
fetus often dies of respiratory failure after birth.

2.5.9.2 Ultrasonic Diagnosis

Pulmonary Hypoplasia

1. The diagnosis of pulmonary hypoplasia by 2-D ultra-
sound is mainly according to the area and the length of
the lung, chest circumference, thoracic area measure-
ment, and other relevant ratios, such as increased cardio-
thoracic ratio, decreased chest circumference/AC ratio,
and decreased chest circumference/FL ratio (Fig. 2.138).

2. 3-D ultrasound is a hot topic in current research, which
mainly focuses on the measurement of lung volume and a
series of parameters derived from it, such as the ratio of lung
weight-to-fetal weight, and the ratio of actual lung volume to
the expected value. However, it is not thorough enough to
put forward a specific evaluation standard, which needs fur-
ther study. We measured the lung volume of 402 fetuses
between 20 and 32 weeks of normal pregnancies and estab-
lished the normal values (Fig. 2.139, Table 2.6).



2 Application of Diagnostic Ultrasound in the Perinatal Period

—
62

|6.00H2] 9pn
Fetal Heart

Detal 1

76d3
Gan=

D1 =337cm
02 = 341cm
Circum = 10.66cm
Area = 9.04cm*
D1 =6.17cm
D2 = 5.69cm
Circum = 18.62cm
Areq = 27.56¢cm?

Fig. 2.138 Common 2-D ultrasonic parameters of pulmonary dysplasia. (a). Chest circumference. (b). Pulmonary area. (¢). Pulmonary length.
(d). Cardiothoracic ratio

" 'w""ﬁ'\

[
1Y
’.

fl

'. ;
\

A

. [
4

VOCAL: 9.397 om®

Fig. 2.139 The measurement of lung volume by 3-D ultrasound
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Table 2.6 Normal fetal lung volume at 20-32 weeks of gestation ( Xts 959 Cch

Gestation Lung volume (ml)

(week) Number Left lung volume Right lung volume Total lung volume

20 23 4.38 £ 1.09(2.24-6.52) 6.09 + 1.49(3.17-9.01) 10.5 + 2.54(5.47-15.5)
21 25 5.65 = 1.20(3.30-8.00) 7.80 = 1.66(4.55-11.1) 13.5 £2.93(7.70-19.2)
22 25 6.71 = 1.64(3.50-9.93) 9.23 £2.05(5.22-13.2) 15.9 £ 3.68(8.74-23.1)
23 27 8.17 £2.07(4.10-12.2) 11.5 £2.47(6.65-16.3) 19.7 £4.52(10.8-28.5)
24 35 9.54 +2.04(5.54-13.5) 13.1 £2.90(7.45-18.8) 22.7+4.91(13.1-32.3)
25 40 11.1 +2.54(6.07-16.0) 14.9 +3.31(8.40-21.4) 26.0 = 5.80(14.6-37.3)
26 40 12.8 +3.08(6.76-18.8) 16.9 +3.43(10.2-23.6) 29.7 £ 6.44(17.1-42.3)
27 39 14.0 +3.05(7.98-19.9) 18.6 £4.29(10.2-27.0) 32.5+£7.27(18.3-46.8)
28 38 15.4 +£3.53(8.43-22.3) 21.5+5.11(11.5-31.5) 36.8 £ 8.57(22.0-53.6)
29 35 17.3 £3.65(10.1-24.4) 233 £5.14(13.2-33.4) 40.6 = 8.75(23.4-57.8)
30 35 18.6 +£3.77(11.2-26.0) 25.8 £ 6.35(13.4-38.3) 44.4 +10.0(24.7-64.1)
31 22 21.1 £4.50(11.3-30.9) 29.7 £ 6.56(16.9-42.6) 50.8 £ 11.5(28.2-73.4)
32 18 21.8 £5.29(11.4-32.1) 31.7 +7.37(17.3-46.2) 53.5 £ 12.5(28.9-78.1)

Extralobar Sequestration (ELS)

1.

The performance of 2-D ultrasound: A triangular or leaf-
like hyperechoic mass in the thorax or abdomen. The
internal echo is homogeneous with a clear boundary.
The color Doppler examination shows that the nourishing
blood vessels originate from the systemic circulation
artery or its branches (Fig. 2.140).

. 3-D power ultrasound is more sensitive to detect abnor-

mal blood supply vessels.

Prognosis and clinical management depend on whether
the fetus is combined with pleural effusion and edema. It
also depends on whether the size of the mass can gradu-
ally recede.

Congenital Cystic Adenomatoid Malformation

(CCAM)

Ultrasound images of congenital cystic adenomatoid malfor-
mation can be simply divided into the macrocytic type and
microcystic type (mainly the solid portion). The macrocytic
type presents as a solid, strong echogenic mass or mixed
echogenic mass in the chest cavity with cysts of different
sizes. In contrast, the microcystic type tends to be a solid
hyperechoic tissue (Fig. 2.141).

Diaphragmatic Hernia

1.

Abdominal viscera-like echo is seen in the fetal chest,
with the cardiac mediastinum pushed to the opposite side.

. The fetal stomach and heart are at the same level in trans-

verse chest section, and the heart moves to the right side.

. If the intestines herniate into the chest cavity the peristal-

sis can be observed and if stomach herniates the size of it
will change. AC is smaller than normal (Figs. 2.142 and
2.143).

A diaphragmatic hernia is more common on the left than
on the right.

Pleural Effusion and Ascites
1. Irregular fluid anechoic area is observed in the fetal chest

cavity and even around the heart. The fetal lungs are evi-
dent in large amounts of fluid (Fig. 2.144).

2. Free liquid anechoic areas are found in the abdominal

cavity, between the intestines, and in perihepatic area
(Fig. 2.145).

2.5.9.3 Special Tips
1. Fetus with severe bilateral lung dysplasia cannot survive

after birth. Fetus with unilateral lung dysplasia may sur-
vive after birth, but neonatal mortality can reach 50%.
The prognosis is worse when combined with other severe
malformations. Besides, the prognosis also depends on
the cause of pulmonary dysplasia.

. The diagnosis of ELS is influenced by instrument resolu-

tion, pregnant women’s abdominal wall thickness, fetal
movement, operator’s professional level, and other fac-
tors. The abnormal blood supply is detected only in 40%
to 65% of cases. Therefore, MRI is recommended for
pregnant women in controversial cases. 50%—70% of the
ELS cases can decrease or even completely disappear
with the progression of pregnancy, and the mechanism is
unknown. Therefore, if there are no other severe malfor-
mations, it is recommended to continue pregnancy sur-
veillance with the comprehension of the family. The
interval time of follow-up should be as short as possible,
so that the complications such as pleural effusion and pul-
monary dysplasia can be detected and treated timely.

. About 70% of CCAMs have a stable mass size in lit-

erature, about 20% of cases get atrophic or disappeared
before birth, and only 10% of the cases are gradually
increased. So the patients without fetal edema and
polyhydramnios can be dynamically observed in 2 to
3 weeks.
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Fig. 2.140 Extralobar sequestration. (a). At 25 weeks of gestation, the
2-D ultrasound shows a lobulated or triangular hyperechoic mass with
clear boundaries at the base of the left lung. The supply vessel is origi-

4. For communicating diaphragmatic hernia, the abdominal
content herniated into the chest cavity changes with the
abdominal pressure. The abdominal contents herniate
into the chest cavity when the abdominal pressure
increases, and return to the abdominal cavity when the
abdominal pressure decreases. The sonogram shows that
the size of hernial mass varies at different times.

2.5.10 Other Congenital Malformations (Cystic
Hygroma, Sacrococcygeal Teratoma,
Amniotic Band Syndrome, Pelvic Cysts)

2.5.10.1 Basic Concepts

The abnormal development of the fetal lymphatic system
may be caused by the failure of the normal connection
between cervical lymphatic vessels and internal jugular vein
during the development of the lymphatic system. Lymphatic

nated from the aorta. (b). Postpartum CT proves the ELS. The patient
underwent mass resection, with good prognosis. (¢, d). ELS with pleu-
ral effusion

circumfluence obstacle causes the edema of fetal neck, par-
tial upper limb, and even whole body.

1. Cystic hygroma: Most of the cases are associated with
chromosomal abnormalities (Turner syndrome, Trisomy
21 syndrome) and cardiovascular abnormalities. The
common cystic hygromas are mostly located on the dor-
sal side of the fetal head and neck. Capillary lymphangi-
oma is another kind of lymphangioma. It often occurs in
the fetal neck, chest, upper arm, and other parts of the
subcutaneous tissue.

2. Sacrococcygeal teratoma: It is a congenital germ cell
tumor and composed of three germ layers. Most are
located near the sacrococcyx of the fetus. It can be classi-
fied as benign, malignant, and immature teratoma.

3. Amniotic band syndrome: During the early and second
trimester of pregnancy, the mesodermal fibrous bands on
the surface of the amnion chorionic membrane leak out,
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Fig. 2.141 Congenital cystic adenomatoid malformation. (a, b). The  vary. (¢, d). The microcystic type is characterized by homogeneous
macrocytic type is characterized by one or more circular anechoic area  strong echo without cyst
in the lung parenchyma with distinct boundary and the size of cysts

Fig. 2.142 Diaphragmatic hernia I. (a). At 32 weeks of gestation, the  transverse section of the abdomen of the same fetus shows the fetal
sagittal section of the fetus shows the heart and the gastric bubble are at  heart moving to the right with intestinal peristalsis next to the heart
the same level with the bowel moving above the diaphragm. (b). The
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infiltrating and wrapping around the body of the fetus. All
the above may result in fetal malformation. Once it is
attached to the fetus, amniotic banding can easily lead to
amputation, narrow ring around limbs, and immobiliza-
tion of the fetus in a certain position. The earlier the
amniotic membrane is damaged, the more serious the
abnormalities are.

Fig. 2.143 Diaphragmatic hernia II. Postpartum X-ray confirms gas-
tric and bowl punching above the diaphragm

4. Pelvic cysts: Fetal pelvic cysts have a wide range of

sources, in which the most common are female fetuses’
ovarian cysts. Ovarian cysts are often found in the third
trimester of pregnancy. No definite cause has been found,
and most studies believe it is related to maternal hormone
overstimulation.

2.5.10.2 Ultrasonic Diagnosis

Cystic Hygroma

1.

It appears as an irregular anechoic cystic mass on the
back of the fetal head and neck, clinging to the back of
the neck tightly.

Septum is visible in the cystic mass in the neck. The cys-
tic area extends upward to the head and surrounds the
fetal head (Fig. 2.146).

The fetal scalp is edema with low echo. It can also appear
as “cocoon” like anasarca, and be accompanied by skel-
etal variations and malformations (Figs. 2.147 and 2.148).

Sacrococcygeal Teratoma

1.

A cystic, mixed, or solid mass that are attached to the
fetus is visible at the sacrococcygeal or perineal regions
of the spine on the longitudinal view of the fetal back.
The sacrococcygeal mass protrudes into the amniotic
cavity and oscillates with fetal movement. Complete
cystic teratoma is indistinguishable from spinal meningo-
cele in the sacrococcygeal region.

Color Doppler flow image shows abundant blood flow in
the heterogeneous echogenic mass, suggesting that the
tumor is most likely malignant (Fig. 2.149).

Fig. 2.144 Pleural effusion. (a, b). The transverse view of the fetal chest shows bilateral pleural effusion and visible echo-enhanced lungs
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Fig. 2.145 Ascites. (a). Transverse view of the abdomen shows fluid between intestines and floating bowl. (b). A large amount of ascites with
scrotal effusion. (c). A large amount of ascites

Amniotic Band Syndrome

1. In the amniotic cavity, the strip-like enhanced echo is
observed and attached to a part of the body.

2. In malformation cases, it is necessary to search for the
amniotic band at the malformation part (Fig. 2.150).

3. Fetal movement is limited and may combine with
oligohydramnios.

Pelvic Cysts

1. The majority of pelvic cysts are from the ovary and are
prevalent in female fetuses.

2. Ultrasound shows a cystic mass on one side of the bladder
or above it, which is in a round or oval shape with a clear

boundary and capsule. Its shape does not change with the
change of planes and fetal movement (Fig. 2.151).

3. The position and shape of double kidneys, bladder, and

stomach bubble are normal.

2.5.10.3 Special Tips
1. In any period of pregnancy, if we find cystic hygroma,

chromosome examination should be taken. In cases with
chromosome abnormality, the fetus should be terminated
in time.

. Fetal cystic hygroma in early or middle pregnancy is

prone to abort. If the tumor is small and located on the
body surface, the abortion may occur in the third trimester.
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Fig.2.146 Cystic hygroma I.
(a). There is cystic echo in the
back of the head and neck,
with septum inside. (b). 3-D
ultrasound shows “cocoon”
like edema. (c). Induced labor
confirms the cystic hygroma
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Fig.2.147 Cystic hygromall. (a). At 24 weeks of gestation, an enlarged mass around the neck. (b). “Cocoon” like edema of fetal limbs and trunk.
c. Separated skull and scalp of the same fetus

Fetuses without chromosomal abnormalities have a better
prognosis. Due to the compression of the respiratory
tract, fetal separated cystic hygroma accompanied by
edema, and cystic hygroma located in the front of the
neck have an extremely poor prognosis.

3. When the cord or lamellar enhanced echo is found in the
amniotic cavity, pay attention to whether there is adhe-
sion with the fetus. It should be differentiated from
unfused amnion and chorion, intrauterine adhesion, intra-
uterine adhesion, and amniotic membrane separation of
twins.

4. Note the difference between sacrococcygeal cystic tera-
toma and spinal meningocele.

5. Avoid the missed diagnosis of small swelling in the skull
and spine.

Fig.2.148 Anasarca in fetus
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Fig.2.149 Sacrococcygeal teratoma. (a). 2-D ultrasound shows a large heterogeneous mass in the sacrococcygeal region with the fluid area. (b).
CDFI shows abundant blood flow in the mass. (¢). 3-D ultrasound image. (d). Induced labor confirms sacrococcygeal teratoma

Fig. 2.150 Amniotic band syndrome. (a). Image shows that the amniotic tape attaches to the fetal skull and causes exeucephalia. (b). The speci-
men after labor induction shows amniotic band attached to the fetal head
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Fig.2.151 Pelvic cyst. It is proved to be ovarian cyst after birth

2.6 Ultrasonic Diagnosis of Abnormal
Fetal Appendages
2.6.1 Placenta Previa

2.6.1.1 Basic Concepts

Placenta Previa

Placenta previa is defined as the condition that the placenta
wholly or partly covers the internal cervical os after 28 weeks
of gestation, which happens when the placenta attaches to
the lower segment of the uterus with its inferior edge below
the fetal presentation. Risk factors include endometrial dis-
ease, large placenta, succenturiate lobe, developmental retar-
dation of the trophoblast, smoking, and drug abuse.

The most common clinical manifestation is painless bleed-
ing from the vagina during the second and third trimesters,
leading to anemia and even shock. The fetal position is abnor-
mal in one-third of the cases, mainly the breech presentation.

The placenta is relatively large in the first and second tri-
mesters. Part of women observed with temporary condition
of placenta previa or low-lying placenta before 30 weeks will
have a normal placental location in advancing gestational
age. This phenomenon was called “Placental Migration” by
King (Fig. 2.152).

Vasa Previa

Vasa previa refers to the fetal vessel, which lacks the protec-
tion of Wharton jelly and placenta, crosses within the mem-
branes, and overlies the lower uterine segment or the cervix.
Vasa previa occurs in approximately 1/2500 to 1/6000 deliv-
eries, which is relatively rare. High-risk factors of vasa pre-

via include placenta previa or low-lying placenta,
velamentous placenta, succenturiate lobe, placenta duplex,
multiple pregnancy, and IVE. According to its cause and the
shape of the placenta, vasa previa can be classified into two
types: type I, unilobar placenta with vasa previa (89.5%)
(Fig. 2.153); type II, multilobate with vasa previa (10.5%)
(Fig. 2.154).

Pernicious Placenta Previa

Pernicious placenta previa was first proposed by Saudi
scholar Chattopadhyay in 1993. Pernicious placenta previa is
characterized by the placenta previa with the previous cesar-
ean section history, and the placenta is attached to the origi-
nal uterine scar, often accompanied by placenta implantation.
30% ~ 50% cases of the pernicious placenta previa combine
with placenta implantation. The mortality rate of pregnant
women in these cases is up to 10%. The etiology is not
detailed, which might be related to the erosion ability of pla-
cental villi and the imbalance between decidual tissues.
High-risk factors could be maternal age, multiparous history,
multiple cesarean sections, placenta previa, submucous
myoma, uterine infection, and so on.

The main clinical manifestation is painless vaginal bleed-
ing in mid and late pregnancy. Ultrasound is the most com-
monly used diagnostic method. The characteristics of 2-D
ultrasound are as follows: ® Vortex formation in placenta
(also known as “Swiss cheese”); @ A locally exophytic mass
encroaches on the bladder; @ Thinning or interruption of the
vesical peritoneum; @ Irregular retroplacental clear space.
The characteristics of color Doppler ultrasound are as fol-
lows: ©® Abnormal diffusion or concentration of blood flow
in the lacunae;® Pasty dark areas with chaotic blood flow; ®
Highly vascularized vesical peritoneum; @ The vessels in the
sub-vesical and adjacent regions are dilated significantly.
When failing to diagnose by using the abdominal ultrasound,
the transvaginal ultrasound should be recommended, which
is safe and more accurate (Fig. 2.155).

2.6.1.2 Ultrasonic Diagnosis

According to the relationship between the inferior placental
edge and the internal cervical os, placenta previa is divided
into four types:

1. Low-lying placenta: The inferior placental edge is less
than 2 cm away from the internal cervical os (Fig. 2.156).

2. Marginal placenta previa: The edge of placenta is attached
to the lower part of the uterus, even to the internal cervi-
cal os, but does not completely cover the internal cervical
os (Fig. 2.157).
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Fig. 2.152 Placental migration. (a). The inferior placental edge is 2.3 cm away from the cervix. (b). In the same case, the placental position is
normal

Fig. 2.154 multilobate with vasa previa, type II
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Fig.2.155 Pernicious placenta previa. (a). 2-D Sonogram shows the vortex formation in placenta and the thinned vesica peritoneal extension. (b).
Color Doppler flow imaging shows abundant blood vessels in the vesical peritoneum

Fig.2.157 Marginal placenta previa. 30 years old and 36 weeks of gestation, the inferior edge of the posterior placenta reaches the margin of the
internal cervical os, but not cover the internal cervical os
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33 years old and 33** weeks of gestation, the inferior
placental edge is 1.56 cm away from the internal
cervical os.

30 years old and 36 weeks of gestation, the inferior edge
of the posterior placenta reaches the margin of the internal
cervical os, but not cover the internal cervical os.

3. Partial placenta previa: The placenta partially covers the
cervical os (Fig. 2.158).

4. Complete placenta previa: The placenta completely cov-
ers the internal cervical os (Fig. 2.159).

34 weeks of gestation, irregular vaginal bleeding for
2 weeks. a. Longitudinal section; b. Transverse section, the
placenta completely covers the internal cervical os.

2.6.1.3 Special Tip

1. During transabdominal ultrasound scanning, the inferior
edge of the placenta can be stretched by the overfilled
bladder, resulting in the false appearance of placenta pre-
via (Fig. 2.160).

30 years old, 28 weeks of gestation. The image shows an
overfilled bladder and stretched lower uterine segment,
which needs to recheck to exclude false placenta previa.

2. Due to the phenomenon of “placenta migration,” it is not
suitable to make a definitive diagnosis of placenta previa
until followed up to about 34 weeks of gestation.

3. The median longitudinal view is utilized to distinguish
the type of placenta previa by ultrasonography.

Fig.2.158 Partial placenta previa. (a). At 30*> weeks of gestation, the
inferior edge of the posterior placenta covers the internal cervical os,
with a fluid echolucent area between the internal cervical os and the
region behind the placenta. (b). In the same case, the transverse section

shows that part of the placenta covers the internal cervical os. The aster-

isk presents the Crucial triangle, and the arrow shows the post placental
hemorrhage

Fig.2.159 Complete placenta previa
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Fig. 2.160 False low-lying placenta

4. The placenta previa attached to the posterior wall is easily
blocked by the fetal presentation, and is not easy to show
the relationship between the inferior placental edge and the
internal cervical os, which might lead to miss diagnosis.
The Crucial triangle is helpful in determining the type of
placenta previa. The three sides of the Crucial triangle
(Fig. 2.158) are composed of the bladder wall, part of the
fetal cranial ring, and part of the chorionic plate. Through
the amniotic fluid in the Crucial triangle, the relationship
between the inferior edge of the posterior placenta and the
internal cervical os can be shown on the sonographic
image.

5. Transvaginal ultrasound can accurately distinguish the
relationship between the inferior placental edge and the
internal cervical os. Please be gentle in examining.

6. Vasa previa have no obvious clinical manifestation before
delivery, which is challenging to be detected by 2-D ultra-
sound features, resulting in a low prenatal diagnosis rate.
Vasa previa is an obstetric emergency and the absolute
indication of cesarean section. If the vasa previa is not
diagnosed promptly in prenatal period, the perinatal mor-
tality is very high. The sagittal view of the cervix and the
placental umbilical cord insertion view can facilitate to
improve the detection rate of vasa previa during middle
pregnancy.

2.6.2 Placenta Accreta
2.6.2.1 Basic Concepts

Placenta accreta refers to the implantation of placental villi
into the myometrium due to decidual dysplasia. The villi will

T.Yang et al.

invade the myometrium when the decidua is of defect or the
decidual layer is damaged. Placenta accreta is a severe
obstetric complication, which can lead to postpartum
hemorrhage.

The prenatal detection rate of placenta accreta is low,
which is only 2.6% reported by Gielchinsky et al.

Common risk factors include endometrial injury, placen-
tal attachment abnormalities, and cicatricial uterus.

1. Endometrial damage: Multiple abortion, intrauterine
infection, intrauterine surgery, and multi-pregnancies are
causes of endometrial damage.

2. Abnormal placental attachment: The placenta is attached
to the lower uterine segment, cervix, and uterine horn,
where the endometrium is thin and vulnerable to the inva-
sion of villi into the uterine muscularis.

3. Cicatricial uterus: Placenta accreta happens when the pla-
centa attaches to the scar of the uterine incision.

2.6.2.2 Ultrasonic Diagnosis

1. The placenta is slightly thickened than that of normal, the
implanted placenta invades the myometrium, with an
unclear boundary between the placenta and uterine wall.
Some even penetrate the myometrium, forming a local
protrusion. The placenta that invades the myometrium is
usually hyperechoic, a few times isoechoic.

2. There are many fluid echolucent areas in the placenta,
which are irregular in shape and different in size.

3. Color Doppler ultrasound shows the formation of placen-
tal vascular lacunae, which is more than 1 cm wide. There
is abnormal blood flow in the retroplacental space, which
is jet like.

2.6.2.3 Special Tips

1. It is challenging to diagnose placenta accreta prenatally.

2. Carefully observe the boundary between the placenta and
uterine muscle wall in complete placenta previa or cesar-
ean scar pregnancy cases, and pay attention to whether
there is placenta accreta.

2.6.2.4 Typical Cases

Pregnant woman, 38 years old, G3P1 + 2. At 32 + 3 weeks of
pregnancy, she is hospitalized because of vaginal bleeding
for half an hour. Sonogram shows that the fetal position is
normal, and the placenta is attached to the posterior uterine
wall—completely covers the internal cervical os. There are
multiple dilated blood sinuses in the placenta, with a maxi-
mum diameter of 4.3 cm. The retroplacental space at the
lower part of the posterior uterine wall is not apparent, with
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1e uterine wall where the placenta has been
implanted is extremely rich in blood flow
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at the placenta accreta
of the postpartum uterus

Blood

13 days after surgery

Fig. 2.161 Complete placenta previa with placenta accreta. (a). Complete placenta previa. (b). Abundant blood sinuses in the placenta. (c).
Normal retroplacental space disappeared but with abnormal blood flow. (d). Blood flow at the placenta accreta of the postpartum uterus

rich blood flow. The diagnosis opinions: intrauterine live
fetus; complete placenta previa; suspected partial placenta
accreta. Cesarean section is performed at 34 + 4 weeks.
Intraoperatively, the placenta is attached to the posterior wall
and the right anterior wall of the uterus, completely covering
the internal cervical os, and partially adhered or implanted to
the uterus (Fig. 2.161).

2.6.3 Placental Abruption

2.6.3.1 Basic Concepts

Placental abruption is defined as a normally implanted pla-
centa partially or completely separating from the uterine wall
after 20 weeks of gestation or during the delivery period,
before the delivery of the fetus. Placental abruption can be
divided into the dominant abruption, recessive abruption,
and mixed abruption. The incidence rate is 0.46%—-2.10% in
China and 1% abroad.

The placental abruption is related to severe pregnancy-
induced hypertension syndrome, hypertension, placental
vascular abnormality, twins, premature rupture of mem-
branes, trauma, correction of fetal position by external trans-
fer, excessively short umbilical cord, and other factors.

Placental abruption is divided into mild placental abrup-
tion and severe placental abruption, and vaginal bleeding is
divided into dominant bleeding and recessive bleeding. The
patient may have mild abdominal pain in mild placental
abruption cases, and persistent abdominal pain, back pain,
board-like rigidity, and even shock in severe placental abrup-
tion cases.

2.6.3.2 Ultrasonic Diagnosis

1. There are liquid echolucent areas with an unclear bound-
ary between the placenta and uterine wall, without visible
blood flow. Depending on the course of bleeding, the
irregular masses may appear in enhanced or sonolucent
echo (Figs. 2.162 and 2.163).
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Fig. 2.162 Placental abruption (I) (a). The patient is 31 years old and
at 31 weeks of gestation. The placenta is located in the right anterior
wall, and there is a heterogeneous hyperechoic mass, 9.6 cm x 7.4 cm x
10.7 cm, in the maternal surface of the right posterior placenta, protrud-
ing into the amniotic cavity; (b). The patient is 27 years old and at 23
weeks of gestation. The placenta is located in the posterior uterine wall.

Fig.2.163 Placental
abruption (II). The fluid
echolucent area is visible
between the fetal membrane
and the posterior uterine wall

A homogeneous hypoechoic mass, 5.1 cm x 5.4 cm x 10 cm, is observed
between the maternal surface of the placenta and the muscle wall; (c,
d). The patient, 25 years old and at 27 weeks of gestation, is suffering
from abdominal pain and vaginal bleeding. The placenta is located at
the right anterior wall, 7.1 cm in thickness, and protrudes into the amni-
otic cavity

4C1-8 #30
JA2 150mm
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A subchorionic fluid echolucent area with an unclear
boundary is visible under the fetal surface of the placenta.

2. The placenta protrudes into the amniotic cavity.

3. If blood breaks into the amniotic cavity, floating hyper-
echoic dots or mass—representing the clot, can be
observed in the amniotic fluid.

4. Extremely large abruption area may lead to decreased
fetal heart rate, even the disappearance of fetal heartbeat
and fetal movement.

5. When detecting the blood or blood clot posterior to the
placenta and the sign that fetal membrane peeling from
the uterine wall, Michael considered that the diagnosis of
placental abruption is valid.

2.6.3.3 Special Tips

1. The sonographic appearance of placental abruption is
extremely variable depending on the location, type,
amount of bleeding, and the bleeding course in different
placental abruption cases.

2. Ultrasound has some limitations in the diagnosis of mild
placental abruption because of its untypical clinical
symptoms and physical signs.

3. In the case of posterior placenta abruption, ultrasonogra-
phy diagnosis may be influenced by the thickness of the
abdominal wall and the placental position.

4. The placental abruption should be distinguished from the
retroplacental venous plexus, local contractions of the
uterine wall in the second trimester, retroplacental leio-
myoma, blood sinus in the placenta, placenta previa, and
threatened rupture of the uterus.

2.6.4 Placental Tumor

2.6.4.1 Basic Concepts
The placental tumor is rare and can be divided into primary
tumors and metastatic tumors. Primary tumors are chorioan-
gioma and teratoma, etc. The metastatic tumors are extremely
rare, most of which are malignant melanomas caused by
hematogenous metastasis.

Placenta Hemangioma

Chorioangioma, also known as placental hemangioma, is a
benign tumor with morbidity of 0.5% to 1%. Placenta hem-
angioma, single or multiple, locates on the surface of the pla-
centa in most cases and some lie in the placental parenchyma.
The tumor size varies with the gestational age.

Placental hemangioma affects fetal growth and develop-
ment by changing the placental blood flow and disrupting
normal blood supply. Small placental hemangioma, less than
5 cm in diameter, has no effect on the development of fetus
or the pregnant women. If the placental hemangioma is

larger than 5 cm, it may cause compression symptoms, poly-
hydramnios, prenatal bleeding, pregnancy-induced hyper-
tension syndrome, premature delivery, fetal heart
enlargement, stillbirth, etc.

Placenta Teratoma

Placenta teratoma is extremely rare, with less than 10 cases
reported in literature. The tumors are mostly located on the
fetal surface of the placenta, between the amnion and chori-
onic membrane, or on the fetal membrane at the edge of the
placenta. Placenta teratoma is round or oval in shape, with a
conspicuous boundary, and 5-8 cm in diameter.

2.6.4.2 Ultrasonic Diagnosis

Placenta Hemangioma

1. The tumor is a round mass with a conspicuous boundary.
The larger placental hemangioma often protrudes into the
fetal surface. The hemangioma lying on the maternal sur-
face or parenchyma is usually small with solid isoechoic.

2. Part of the large hemangioma has pattern-shaped and
strip calcification, accompanied by polyhydramnios, or
fetal development abnormalities (Figs. 2.164 and 2.165).

3. Abundant blood flow signals in the placental hemangi-
oma are visible (Fig. 2.166).

Placenta hemangioma with hyperechoic calcification.

Placenta Teratoma

1. Placenta teratoma is characterized by a cystic and solid
mass with a smooth surface (Fig. 2.167).

2. Calcification is visible in 40% of the cases, showing
hyperechoic mass with posterior attenuation.

3. Color Doppler shows no blood flow signals in most of the
masses.

2.6.4.3 Special Tips

1. The placental hemangioma should be differentiated from
uterine leiomyoma. Uterine leiomyoma is mostly located
in the uterine muscle wall, closely related to the uterine
wall, with surrounding annular blood flow. Uterine leio-
myoma has no relation to the placental blood flow
(Fig. 2.168).

2. As the placental hemangioma grows fast, we should
recheck the placental hemangioma regularly to observe
its size dynamically.

2.6.5 Umbilical Cord Abnormality

2.6.5.1 Basic Concepts
The umbilical cord is the link connecting the placenta to the
fetus, and the link of blood circulation between the mother
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Fig. 2.165 Placenta hemangioma (II). (a, b). The patient is 20 years  boundaries on the placental fetal surface is visible, protruding into the
old, at 25 weeks of gestation. The fetus has died. The placenta is near ~amniotic cavity. Fetal scalp edema is shown. M represents the
the fundus of the uterus. A solid hypoechoic mass with conspicuous —hemangioma

Fig. 2.166 Placenta hemangioma (III). (a, b). The same patient is  mass in the parenchyma, with visible color blood flow. The reexamina-
29 years old, 32 + 4 weeks gestation, and the placenta is located in the  tion one month later shows that the placenta mass is larger, with a size
anterior wall. Sonogram shows a 4.8 cm x 3.8 cm x 4.8 cm hypoechoic ~ of 6.8 cm X 5.4 cm x 6.3 cm. M shows hemangioma
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and the fetus. The umbilical cord of a term fetus is 40-60 cm
in length, 1.5-2.0 cm in diameter, which is approximately
the same as the length of the fetus. Excessively short umbili-
cal cord refers to the umbilical cord is shorter than 30 cm,
while those longer than 70 cm in excessively long umbilical
cord cases. The umbilical cord is curved and floats in the
amniotic cavity.

Umbilical Cord Coiling

The incidence is 13.7%—-20%. Nuchal umbilical cord is the
most common, which occurs in 25% of pregnancies, fol-
lowed by umbilical cord coiling of the trunk and limbs. 1 to
2 loops of the nuchal cord are common; multiple loops of the
nuchal cord are rare.

Umbilical Cord Twist

The umbilical cord twist can be up to 6 to 7 loops under
physiological conditions, and it may endanger the fetal life
when the umbilical cord twists more than 11 loops.

G3SHS

Fig.2.167 Placenta teratoma

133

Single Umbilical Artery

Single umbilical artery happens in about 1% of pregnancies,
25%-30% of which combined with a variety of severe vis-
ceral malformation. The perinatal mortality is 20%.

Umbilical Cord Cyst

Umbilical cord cysts are divided into pseudocyst and true cyst.
Pseudocyst, without capsule, is a kind of cyst with different sizes,
caused by focal hydropic or metamorphosed Wharton jelly. A
true cyst is the remains of an embryo with a layer of epithelial
cells lining the cyst wall, formed by a yolk or allantoic sac.

The Umbilical Cord Insertion into the Placenta

The umbilical cord normally inserts to the center of the pla-
centa or the eccentric position in about 90% cases. Marginal
cord insertion is defined as the cord insertion is less than 2 cm
away from the edge of the placenta. Velamentous cord inser-
tion refers to the condition that the umbilical cord inserts into
the fetal membrane beyond the edge of the placenta, and the
blood vessels enter the placenta between the chorionic and
amniotic membranes, in fan-shaped and distributed like sails.

2.6.5.2 Ultrasonic Diagnosis

Umbilical Cord Coiling

1. The 2-D ultrasound image is characterized by a “U” or
“W” shaped or serrated impression of the neck skin on
the longitudinal section of the fetus.

2. Color Doppler flow imaging (CDFI) shows the red and
blue garland-like umbilical cord around the neck of the
fetus. Appropriately slant the probe to show a complete
multicolor umbilical cord around the neck.

3. A “U” or “W” shaped impression on the fetal surface is
visible if the umbilical cord twists around the fetal body
(Fig. 2.169).

Fig. 2.168 Myoma of uterus. (a, b). The patient is 30 years old and at 28 weeks of pregnancy. Sonogram shows solid hypoechoic mass between
the posterior placenta and the muscle wall, with a conspicuous boundary and surrounding blood flow. M represents the myoma
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Umbilical Cord Twist

CDFI of the normal umbilical cord is a red-and-blue struc-
ture in the shape of a Chinese fried dough twist. In the
absence of a cord helix, the shape of twist disappears, and the
red-and-blue blood flow in cord vessels are parallel.

Single Umbilical Artery

1. The transverse view of the cord shows only one umbilical
artery and one umbilical vein, representing two parallel
circles in the shape of the Chinese character “&”
(Fig. 2.170).

2. On the longitude view, only one umbilical artery can be
found under multidirectional scanning, and its inner
diameter is larger than the normal umbilical artery.

3. CDFI shows two circular structures, one is in red color,
and the other is blue.

Umbilical Cord Cyst

1. The cyst is a round anechoic area with a smooth surface.
It protrudes to one side of the umbilical cord, floating in
amniotic fluid with the umbilical cord (Fig. 2.171).

The cyst protrudes to one side of the umbilical cord.

2. Umbilical cord cyst mostly occurs in the umbilical ring or
the beginning part of placenta of the fetus, generally
3—4 cm in diameter. Once the blood vessel is compressed,
the fetus may die.

3. CDFI shows no blood flow signal inside the cyst.

Abnormal Umbilical Cord Insertion into the Placenta
Abnormal umbilical cord insertion includes marginal cord
insertion and velamentous cord insertion (Fig. 2.172).

2.6.5.3 Special Tips

1. In the second trimester, the umbilical cord, twisting
around the neck or limbs, can be self-released. The fetus
is endangered in multiple loops twisting cases, with deep
impression around the neck.

2. In single umbilical artery cases, observe in detail to
exclude the fetal malformation and IUGR.

3. The cord cyst wall is thin, floating in amniotic fluid,
which is easy to be missed.

Umbilical cord twists 1 loops around the trunk

Fig.2.169 The umbilical cord twists around the neck and trunk. a. There is a “W”” shape impression on the neck of the fetus in a 2-D ultrasound
image. b,c. CDFI shows the umbilical cord twists 1 and 2 loops. d. Umbilical cord twists one loop around the fetal body
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Fig. 2.170 Single umbilical artery. (a, b). The same patient 31 years
old, at 37 + 1 week gestation. The image shows the umbilical cord in the

shape of “&” in amniotic fluid in the transverse view, and color blood

aTSOw
VTS T

N VY MUELYY TR S
™YY TomeTeY Trarsy

Fig.2.171 Umbilical cord cyst

2.6.6 Polyhydramnios and Oligohydramnios
2.6.6.1 Basic Concepts

Polyhydramnios

Polyhydramnios is defined as the volume of the amniotic fluid
more than 2000 ml in the third trimester, which can be divided
into chronic polyhydramnios and acute polyhydramnios.

Oligohydramnios

Oligohydramnios refers to the volume of the amniotic fluid
less than 300 ml at the term of pregnancy. Oligohydramnios
always happens in the early or second trimester, leading to
miscarriage.

Oligohydramnios is often accompanied by fetal urinary
tract malformation, and the prognosis of the fetus is poor if
oligohydramnios occurs in the early or second trimester of
pregnancy.
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-
Single umbilical artery

flow shows only one artery and one vein. The arrow shows the single
umbilical artery

2.6.6.2 Ultrasonic Diagnosis

1. Prenatal ultrasound can accurately diagnose polyhydram-
nios or oligohydramnios.

2. The ultrasonic diagnosis criteria of polyhydramnios and
oligohydramnios are: the vertical depth of amniotic fluid
is more than 8 cm in polyhydramnios cases, and the verti-
cal depth of amniotic fluid is less than 2 cm in oligohy-
dramnios. Amniotic fluid index (AFI) method: if the AFI
is greater than 20 cm, it means polyhydramnios; if the
AFT is less than 5 cm, it is oligohydramnios.

3. The fetus sinks to the posterior uterine wall in polyhy-
dramnios cases, which makes it difficult to observe the
fetal spine (Fig. 2.173).

4. The boundary between amniotic fluid and the fetal body
surface cannot be seen well in oligohydramnios cases; the
fetal structure is challenging to display (Fig. 2.174).

2.6.6.3 Special Tips

1. About 20% of pregnant women with polyhydramnios are
combined with fetal dysplasia. Notice the fetal malforma-
tion during the ultrasound examination.

2. Pay attention to fetal urinary system abnormality in oli-
gohydramnios cases.

3. During the ultrasound scanning, we should pay attention
to the fetal malformation caused by the mechanical com-
pression of oligohydramnios, such as Potter syndrome.

2.7  Ultrasonic Diagnosis of Cervical
Insufficiency in Pregnancy
2.7.1 Basic Concepts

Cervical insufficiency of pregnant women, that is, the relax-
ation of the internal cervical os, is one of the major causes of
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Fig.2.172 Abnormal umbilical cord insertion. (a). Marginal cord insertion: it shows the cord insertion at the edge of the placenta. (b). Velamentous
cord insertion: the cord inserts between the chorionic and amniotic membranes
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Fig. 2.174 Oligohydramnios. (a). At 3 months of gestation, there is extremely little amniotic fluid, and the fetus is close to the uterine wall and
the placenta. (b). At 27 weeks of gestation, no amniotic fluid is visible
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recurrent late miscarriage and premature birth. After the sec-
ond and third trimesters of pregnancy, the fetus and its
appendages grow fast, the pressure in the uterine cavity
increases and the fetal sac protrudes into the internal cervical
o0s, leading to abortion or premature delivery.

For pregnant women with threatened preterm delivery, cer-
vical examination is often used to evaluate preterm delivery.
However, multiple examinations may promote preterm deliv-
ery. Since the 1980s, ultrasound has been used to evaluate the
cervical morphology, including length changes of the cervix
during pregnancy and dilatation of the internal cervical os.
Ultrasound is utilized to screen patients at risk of premature
birth and monitor the treatment of threatened premature birth.

For pregnant women who have a history of habitual abor-
tion or cervical insufficiency, ultrasound helps to choose
clinical treatment or a proper position for cervical cerclage
after the second trimester, providing a method to evaluate the
prognosis after cerclage or fetal protection.

Ultrasound is used to measure the length of the cervix
from the time of pregnancy or 2 weeks before the previous
miscarriage, observing whether the internal cervical os is
dilated and whether the fetal sac is protruded into the cervi-
cal canal. The common methods include transabdominal
ultrasound and transvaginal ultrasound.

2.7.1.1 Transabdominal Ultrasound

Before the examination, the moderately filled bladder and
amniotic fluid are used to form an acoustic window. Observe
the length of the cervix, whether there is dilatation of the
internal cervical os, and whether the amniotic fluid is embed-
ded into the cervix on the sagittal view.

2.7.1.2 Transvaginal Ultrasound

The patient should empty the bladder before the examina-
tion, and take the bladder lithotomy position. After steriliz-
ing the vulva, place the sterilized condom over the disinfected
vaginal probe, and insert the vaginal probe into the vagina
for longitudinal fan scanning. Observe the whole cervix and
the amniotic cavity between the internal cervical os and the
uterus, and observe whether the internal cervical os is dilated
or whether amniotic fluid is embedded into the cervix.

2.7.2 Ultrasonic Diagnosis

1. Under the moderately filled bladder, the internal cervical
os of the normal cervix in pregnancy is closed, the cervi-
cal canal is not dilated, and the cervical length is more
than 3 cm (Fig. 2.175).

Transabdominal scanning shows the cervical length and
the shape of the internal cervical os during pregnancy.
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2. Using ultrasound to measure cervical length changes, and
observe the internal cervical os if there is dilatation, and
the width and depth of the dilatation should be measured
to evaluate the prognosis of preterm labor. The cervical
length of 131 normal women in early, middle, and late
pregnancy was measured in our hospital. The results con-
firmed that the cervical length was significantly shortened
after term pregnancy, which was consistent with the cer-
vical physiological changes during pregnancy. In another
study, TVS was chosen to measure the cervical length and
observe the shape of the internal cervical os of 52 preg-
nant women, who had been clinically diagnosed as threat-
ened preterm delivery. According to the ROC curve,
taking the cervical length of 17 mm as the critical value,
was the best choice to predict the outcome of preterm
delivery (Figs. 2.176, 2.177, and 2.178).

3. The dilatation of the internal cervical os and amniotic sac
embedding into the cervix are reliable indications for pre-
term birth.

4. The nonpregnant cervix and the internal cervical os are
closed, and there is no individual morphological change
on the ultrasound image. It is almost impossible to deter-
mine whether the internal cervical os is dilated or not, and
there is no objective criterion for dilatation. Therefore,
the clinical gynecological examination is a unique
method. In non-pregnancy, cervical insufficiency should
be considered when the cervical dilator (7-8 mm), can
easily get through the internal cervical os; cervical relax-
ation is suspected when feeling the external cervical os is
relaxed with bimanual examination.

At 33 * weeks of gestation, clinical diagnosis: threatened
preterm labor. Ultrasound shows that the cervical length is
2.1 cm, without amniotic fluid embedded in the internal cervical
os. Keep on fetal protection treatment until term delivery.

I 1Em

Fig.2.175 Normal cervix during pregnancy
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The internal cervical os and cervical canal
is slightly dilated(Before the pressure) e e m———
e 2.4cm dilated of the internal cervical os
after slightly pressurizing the fundus

Fig.2.176 Cervix dilatation(I). (a). The patient had recurrent miscar-  internal cervical os is slightly dilated by 1.0 cm. (b). The amniotic fluid
riage for 3 times. At 34 weeks of gestation, the clinical diagnosis is ~ was embedded into the cervical canal and 2.4 cm dilated after slightly
threatened preterm birth, the cervical length is less than 2.0 cm, and the  pressurizing the fundus. Preterm labor occurred 3 days later

The dilated internal cervical os about 2 cm

Fig. 2.177 Cervix relaxation (IT). (a). The patient had 5 pregnancies  0s, about 1.5 cm. (b, ¢). The cervical canal is obviously dilated after
with spontaneous abortion. At 26 weeks of the sixth pregnancy, the 2 days, the amniotic sac has protruded into the vagina, and premature
sonogram shows the shortened cervix and the dilated internal cervical — delivery occurred once more
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2.7.3 Special Tip

1. The moderately filled bladder is necessary for pregnant
women to observe the relaxation of the internal cervical
os with transabdominal ultrasound.

2. In order to observe whether there is dilatation in the inter-
nal cervical os, we can compress the uterine fundus when
there is no uterine contraction.

3. Transvaginal ultrasound can show more details of the cer-
vix. Be gentle and careful to avoid excessive pressure.
Affected by the probe pressure, the dilated cervix may
contract and close, resulting in missed diagnosis of cervi-
cal insufficiency.

4. The length of the cervix may change spontaneously dur-
ing examination (Fig. 2.179).

Dist = 0.49 cm

Fig. 2.179 Cervical spontaneous change. (a). The vaginal sagittal Twenty more seconds later, the cervix dilates further, and the remaining
view shows the cervix with normal length, which is about 3.16 cm. (b).  closed part is only 0.49 cm in length
About 20 seconds later, cervical canal is moderately dilated (*). (c).
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2.8  Ultrasonic Diagnosis of Abnormal 2.8.2 Ultrasonic Diagnosis
Puerperium
2.8.2.1 Acute Endometritis
2.8.1 Basic Concepts The uterus of the patients with poor involution is larger than

Puerperium refers to the process from the delivery of placenta
to the recovery of all organs of the whole body to the normal
prepregnancy state, generally 6 weeks. During the puerpe-
rium, the maternal reproductive organs may undergo genital
infection, bleeding, poor recovery, and other abnormalities,
because of childbirth, trauma, decreased body resistance, and
the invasion of some pathogenic bacteria in the body.

The clinical manifestation of puerperal abnormality is
varied, common puerperal infectious diseases are as fol-
lows: acute vulvitis, acute vaginitis, acute cervicitis, acute
endometritis, myositis, acute pelvic peritonitis, diffuse
peritonitis, acute pelvic connective tissue inflammation,
acute salpingitis, postpartum hemorrhage, placenta residue
or implantation, incision infection of the abdominal wall or
uterus, etc.

Ultrasound cannot diagnose all abnormal diseases in the
puerperium, but provide a reference for clinical diagnosis
and treatment through some abnormal ultrasound images of
the genitals. Ultrasound is utilized to locate and qualitatively
diagnose inflammatory mass, abscess, and intrauterine
residue.

that of the normal puerperal uterus. Heterogeneous speckled
echo and strong strip echo in the dark area of effusion are
visible in the uterine cavity. The uterine cavity line is not
apparent or hypoechoic (Fig. 2.180).

2.8.2.2 Acute Pelvic Parametritis and Abscess

The uterus is larger than the normal puerperal uterus, the out-
line is indistinct, and echo of the myometrium is nonuniform.
Irregular, inhomogeneous, and hypoechoic area and fluid
echolucent area without boundaries are visible beside the
uterus or in the pelvic cavity. There are complex echoes or
cystic masses on both sides or posterior to the uterus, some of
which even surround and adhere to the uterus, leading to an
indistinguishable uterine boundary (Figs. 2.181 and 2.182).

2.8.2.3 Gestational Residual Pregnancy Tissue

The uterus is large, with poor involution. The hyperechoic
strip in the uterine cavity represents residual membranes.
Residual placenta is characterized by irregular, heteroge-
neous, hyperechoic solid tissue of different sizes in the
uterine cavity. Color Doppler image shows a little blood flow
around the residual placenta (Fig. 2.183).

Fig. 2.180 Acute endometritis. (a). Large uterus, inhomogeneous, and hypoechoic endometrium. (b). Endometritis after induced labor, inhomo-
geneous endometrium with some liquid echolucent area
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2.8.2.4 Postpartum Placenta Implantation

Complete placenta implantation shows the enlarged uterus, and
the hyperechoic mass occupied the whole uterine cavity.
Partially placental implantation is characterized by a part of the
myometrium missing or interrupted, without a distinct bound-
ary between the placenta and uterus. The placenta implants to
the serosa layer, with surrounding blood flow (Fig. 2.184).

Fig. 2.181 Acute pelvic parametritis. On the eighth day after delivery,
the patient has pain in the lower abdomen, with increased body tem-
perature and increased white blood cells. Sonogram shows the indistin-
guishable uterus contour and surrounding irregular hypoechoic tissue

2.8.2.5 Abnormal Uterine Incision after Cesarean
Section

Transabdominal or transvaginal scan shows the enlarged
uterus, hypoechoic, anechoic, or hyperechoic anterior uterine
wall incision, protruding to the bladder. The cloudy-shaped
and flocculent echo can be seen in the mass. In severe cases,
the continuous echo of serosa layer on the lower part of the
anterior uterine wall is interrupted, even with anechoic diver-
ticulum (Fig. 2.185).

2.8.2.6 Abdominal Wall Hematoma and Pelvic
Hematoma

Irregular spindle-shaped hypoechoic lesion is visible
under the abdominal incision. The hematoma forms a
mass, locates under the peritoneum, and protrudes into the
abdominal cavity. Pelvic hematomas are mostly located in
the incision of the anterior wall and the side of the uterus.
The hematoma shows homogeneous hypoechoic spots,
and hyperechoic mass in the long duration hematoma
(Fig. 2.186).

2.8.2.7 Foreign Body of the Abdominal Cavity

The foreign body mass with posterior attenuation is visible
in the abdominal cavity or pelvic cavity. The mass is
extremely hyperechoic in the near field, with a waterfall-like
posterior attenuation shadow (Fig. 2.187).

Fig. 2.182 Postpartum pelvic inflammatory mass. (a). 11 days after

labor induction, the patient has a fever and abdominal pain.

boundary. (b). On the 20th day after delivery, the patient has abdominal
pain. Ultrasonography shows a cyst in the pelvic cavity, with unclear
Ultrasonography examination shows the heterogeneous, irregular fluid and flocculent hyperechoic

masses on the right side of the pelvic cavity without a conspicuous
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Fig. 2.183 Intrauterine pregnancy residue after delivery. (a). On the intrauterine cavity, b shows a homogeneous mass of increased echo-
sixth day after delivery, area of increased echogenicity is found in the  genicity in the uterus, ¢ shows the echo enhancement of the intrauterine
lower segment of the uterine cavity. The discharged mass is residual  residue with posterior attenuation, and the discharged mass is the resid-
fetal membrane; (b, ¢). The space-occupying lesion is found in the ual placenta and organized tissue

2.8.3 Ultrasound Findings wall, and residue in the uterine cavity. Note the healing of
the uterine incision and abdominal wall incision in cesar-
1. The patients with postpartum hemorrhage or puerperal ean section cases.
infection should be routinely examined by ultrasound. 3. Expand the scope of scanning to the above pelvic parts,
2. Pay attention to whether there are space-occupying which is conducive to detect lesions other than uterine
lesions and liquid echolucent areas in the pelvic cavity, appendages.

and observe the size of the uterus, the echo of the muscle
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Postpartum uterine

13 days after surgery

Fig. 2.184 Postpartum partial placenta implantation. (a, b). The
patient is diagnosed with placenta implantation by ultrasound before
the operation and confirmed by cesarean section. After 2 weeks of fetal
preservation treatment, a mass in the lower segment of the posterior
uterine wall is shown, with surrounding blood flow; (¢, d). Incomplete

placental abruption after induced labor. A hyperechoic mass is visible,
at the right corner of the uterine cavity, 6.5 cm in diameter, which is
connected with the uterine cavity, and without surrounding blood flow.
No residue is scraped out after two times of curettage, and finally the
placenta is removed by laparotomy
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Fig. 2.185 Abnormal anterior wall incision of the postpartum uterus.
(a). At 50 * days after delivery, the puerpera has vagina bleeding.
Sonogram shows irregular hypoechoic mass at the incision of the ante-
rior uterine wall, with a diameter of about 2.0 cm. (b). On the 40th day
after delivery, the hypoechoic mass is found in the incision of the lower
segment of the anterior uterine wall, with unclear boundary. (¢). On the

18th day after delivery, a hypoechoic mass with a diameter of 2.0 cm is
visible under the serous membrane of the anterior uterine wall, which is
a hematoma. (d). On the 17th day after delivery, the puerpera has vagi-
nal bleeding and fever. Transabdominal scan shows a hypoechoic mass,
3.0 cm in diameter, at the incision of the lower segment of the anterior
uterine wall, with the liquid echolucent area inside
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Fig. 2.186 Hematoma under the abdominal incision. After cesarean section, irregular anechoic or hypoechoic masses are visible under the

abdominal wall

Fig.2.187 Foreign body in the abdominal cavity (gauze). Three weeks
after delivery, the patient has obvious abdominal pain, accompanied by
fever. Sonogram shows an irregular hyperechoic mass, about 8.0 cm in
diameter in the middle abdomen, without an obvious boundary. A pos-
terior waterfall-like attenuation shadow is visible. It is confirmed as
residual gauze by laparotomy

29 Ultrasonic Diagnosis of Brain
Diseases in the Neonate
2.9.1 Anatomy of the Brain

The brain tissue is composed of the skull, meninges, brain,
and ventricle.

2.9.1.1 The Skull

The skull consists of the frontal bone, parietal bone, tempo-
ral bone, and occipital bone, with bony suture and fontanelle
formed at the junction. Fontanelle includes anterior fonta-
nelle, posterior fontanelle, temporal fontanelle, and mastoid
fontanelle. The anterior fontanelle is closed at 1.5-2 years
old, and the temporal fontanelle is closed about 2 months
after birth. The anterior fontanelle and temporal fontanelle
are the main acoustic windows of ultrasonic examination.

2.9.1.2 Meninges
The meninges are divided into three layers from outside to
inside: dura, arachnoid, and pia mater.
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2.9.1.3 The Brain

The brain includes the cerebrum, diencephalon, brain stem,
and cerebellum. The brain stem is composed of midbrain,
pons, and medulla oblongata.

1. Cerebrum:

(a) The cerebrum is divided into two hemispheres by the
falx cerebri. From front to back, they are the frontal
lobe, parietal lobe, occipital lobe, and the temporal
lobe on both sides.

(b) The left and right cerebral hemispheres are connected
by the corpus callosum.

(c) The surface layer of the cerebral hemisphere is the
cortex—also known as gray matter, and the deep part
is the medulla—also known as white matter. There
are many gray matter cell masses in the medulla,
called basal ganglia, which are caudate nucleus,
zonal nucleus, lenticular nucleus, and amygdala.

(d) The caudate nucleus is divided into head, body, and
tail. The head is located under the anterior horn of the
lateral ventricle. There is embryonic germinal layer
between the head and the ependyma of lateral ven-
tricle, and rich vascular network, which is the predi-
lection site of intracranial hemorrhage.

2. Diencephalon: Located between the cerebral hemisphere
and the brainstem.

3. Brainstem: Connecting the diencephalon upward and spi-
nal cord downward.

4. Cerebellum: Located in the dorsal side of the brainstem
and inferior to the occipital lobe of the brain, and com-
posed of left and right expanded cerebellar hemispheres
and narrow vermis in the middle.

2.9.1.4 Ventricles
Ventricles include the left and right lateral ventricles, the
third ventricle, and the fourth ventricle.

1. Lateral ventricle: ©The lateral ventricle has anterior horn,
body, posterior horn, and inferior horn. The junction of
the posterior horn, inferior horn, and body is the trigone
of lateral ventricle. ® The choroid plexus is formed by the
pia mater of the top cerebral artery and ependyma, pro-
truding into the ventricles, which is located in the middle
and lower part of the lateral ventricle. The choroid plexus
is well displayed at the trigone of the lateral ventricle. ®
The lateral ventricle is connected with the third ventricle
through the interventricular foramen. @ The lateral ven-

tricle is filled with cerebrospinal fluid and is the largest
anechoic area in the brain.

2. The third ventricle: Located between the thalamus on
both sides, showing a small space. The third ventricle is
connected with the fourth ventricle through the aqueduct
of the midbrain.

3. Fourth ventricle:
cerebellum.

Located between brain stem and

2.9.1.5 Blood Vessels of the Brain

1. Cerebral artery: The blood supply of the brain mainly
comes from the internal carotid artery and vertebral
artery, constituting a rich vascular network in the brain to
supply brain tissue. The circle of cerebral artery, Willis
Circle, is located at the bottom of the brain. It is com-
posed of the branches of the bilateral internal carotid
arteries and vertebral arteries, and the starting part of the
anterior, middle, and posterior cerebral arteries, and con-
nected by the anterior and posterior communicating
branches.

2. Cerebral vein:

The venous return is divided into two groups: Superficial
vein and deep vein. The cerebral vein does not accompany
the artery.

2.9.2 Neonatal Brain Examination

2.9.2.1 Examination Conditions of Neonatal
Brain

1. 2-D high frequency curved transducer, 5-7 MHz, is com-
monly used.

2. It should be carried out in a quiet environment, and seda-
tives are necessary sometimes.

3. Choose the anterior fontanelle and temporal fontanelle as
the acoustic window for neonatal brain examination.

2.9.2.2 Examination Method of Neonatal Brain

Scanning Method of the Anterior Fontanelle

1. Coronal view: Let the neonate lie in the supine position,
then place the probe on the anterior fontanelle. The ante-
rior fontanelle is the right niche, which is the best acous-
tic window for neonatal brain examination. A series of
coronal views of the brain can be obtained by fan scan-
ning from the anterior to the posterior coronal section.
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2. Sagittal view: Rotate the probe 90 ° from coronal direc-
tion at the anterior fontanelle, scanning from left to right
in a fan-shaped, and a series of sagittal views of the brain
can be obtained.

Scanning Method of Temporal Fontanelle

1. Place the probe on the temporal fontanel and scan from
front to back or from top to bottom, by which a series of
transection images of the brain can be obtained. It is
mainly used to measure the ratio of lateral ventricle diam-
eter to cerebral hemisphere.

2. The blood flow of the cerebral artery and the Willis Circle
is shown.

In addition, other fontanelle and bony suture can be
used as an acoustic window for brain examination, but it is
rarely used because of its small size and inconvenient
operation.

2.9.3 Ultrasonogram of Normal Neonatal
Brain

2.9.3.1 2-D Manifestations of Neonatal Brain
Tissue

1. The skull shows a thick bright linear echo.

2. The brain tissue represents homogeneous and diffuse
hypoechoic; only the echo of the cerebellum is slightly
stronger.

3. The cerebrospinal fluid in the ventricles is anechoic.

4. The walls of ventricles and the falx cerebri show bright
linear echoes, and bilateral structures of the midline are
symmetrical.

5. The normal choroid is hyperechoic, bilaterally symmetri-
cal, and less than 12 mm in width.

2.9.3.2 Ultrasonic Measurement of Neonatal
Brain

1. The body width of the lateral ventricle in normal neonates
is less than 5 mm. The standard measurement is the verti-
cal distance between the lateral ventricle wall and the
contralateral side of the caudate nucleus. According to the
measured width, the lateral ventricular dilatation and
hydrocephalus are divided into mild, medium, and heavy
degrees. The width of the lateral ventricle body is

5-10 mm in mild cases, 10-15 mm in moderate cases, and
more than 15 mm in severe cases.

2. Ventricular ratio is the ratio of the distance between the
external wall of the lateral ventricle and the brain midline
to the diameter of the ipsilateral cerebral hemisphere,
which is not more than 0.35 normally.

2.9.3.3 Examination Technique of Neonatal Brain

Coronal View

1. Coronal view through the anterior horn of lateral ventri-
cle: The bilateral anterior horn of lateral ventricles is in
“V” shape, and the hypoechoic horizontal zonal corpus
callosum is above the bilateral ventricles anterior horns.
The anechoic transparent septum locates between the two
anterior horns.

2. The coronal view through the interventricular foramen:
The anterior horn of bilateral ventricles and the third ven-
tricle form a “Y” shape, which is used as the level to mea-
sure the width of the lateral ventricle and the third
ventricle.

3. Coronal view of the trigonometry of lateral ventricle: The
bilateral choroid plexus is hyperechoic in the shape of the
Chinese character “/\,” and the inferior cerebellum is
visible (Fig. 2.188).

Sagittal View

1. Median-sagittal view: Arcuate corpus callosum can been
seen, above and at the lateral of which are cingulate
gyrus, frontal lobe, parietal lobe, and occipital lobe, in the
inferior of which are the septum pellucidum, third ven-
tricle, brainstem, and cerebellum.

2. Paramedian sagittal view: The arcuate anechoic area in the
middle is the lateral ventricle, which is divided into ante-
rior horn, body, posterior horn, and inferior horn; the fron-
tal lobe, parietal lobe, and occipital lobe can be seen above
and outside the lateral ventricle; the hyperechoic choroid
plexus is in the trigonometry of lateral ventricle; caudate
nucleus, thalamus, and thalamic sulcus of caudate nucleus
are in the internal side of lateral ventricle; and cerebellar
tissue is visible under the lateral ventricle (Fig. 2.189).

3. The transverse section shows the midline of the brain and
bilateral symmetrical thalamus. Measure the ratio of the
ventricle to the ventricle and observe the blood flow of
circle Willis (Fig. 2.190).
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Fig.2.188 Coronal section of the neonatal brain. (a). Coronal view of
the brain. (b). Coronal view through the anterior horn of the lateral
ventricle. (¢). Coronal view through the interventricular foramen. (d).

2.9.3.4 Color Doppler Ultrasound
of the Neonatal Brain

Scanning through the Anterior Fontanelle

The internal carotid artery, basilar artery, and cerebral artery
are visible on the sagittal view. The basilar artery travels
toward the probe, and mostly appears in red color. The intra-
cranial vein travels away from the probe and usually appears
in blue. Based on this, we can get information on the blood
flow of the arteries and veins, and measure S/D, PI, and RI
(Fig. 2.191).

Scanning through the Temporal Fontanelle
The middle cerebral artery and the circle of Willis can be
obtained on the transverse view.

Hyperechoic choroid plexus in coronal view of the trigonometry of lat-
eral ventricle presents “/\” (arrow)

Color Doppler ultrasound is utilized to identify the tubu-
lar structure as vessel or cyst, or to discriminate between nor-
mal vessel and the abnormal one, such as arteriovenous
malformations (Fig. 2.192).

294 Abnormal Neonatal Brain Sonography
2.9.4.1 Hypoxic-Ischemic Encephalopathy

Basic Concepts

Neonatal hypoxic-ischemic encephalopathy (HIE) refers to
the perinatal hypoxic-ischemic brain damage caused by
asphyxia and hypoxia. HIE often occurs in term infants,
leading to brain edema, periventricular leukomalacia,
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Fig. 2.190 The transverse view of the neonatal brain. (a). The transverse section of the neonatal brain. (b). The transverse view
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Fig. 2.192 CDFI of the fetal cerebral artery and Willis’s circle. (a). CDFI of the fetal cerebral artery and Willis’s circle. (b). Neonatal middle
cerebral artery and Willis’s circle
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cerebral infarction, and basal ganglia and thalamus damage.
The clinical manifestation is hyperactivity or depression
within 12 hours after birth, with muscle tension changes—
enhanced or weakened.

Ultrasound Diagnosis

1. Brain edema is characterized by mildly enhanced echo
widely distributed in the brain parenchyma, narrowing or
absent lateral ventricle, the unclear boundary of the sul-
cus gyrus, etc. (Fig. 2.193).

2. Periventricular leukomalacia is a bilateral and hyper-
echoic inverted triangle superolateral to the anterior horn
of the lateral ventricle in the coronal section, and an area
of irregular increased echogenicity superolateral to the
lateral ventricle in the sagittal section. 2-3 weeks later,
multiple small cysts are formed (Fig. 2.194).

hed

Cerebral infarction shows localized hyperechoic reflec-
tion in the distribution area of the cerebral artery.

The injury of basal ganglia and thalamus represents bilat-
erally symmetric hyperechoic reflection.

Ultrasonic Classification
Some scholars classify the HIE by its sonographic changes.

1.

Localized type: @ Scattered and unsymmetrical dot, strip,
or fused hyperechoic area around the lateral ventricle and
thalamus area is visible on the coronal view, with a diam-
eter less than 1 cm; @ On the sagittal view, radiated hyper-
echoic area, forward from the triangle area, is shown.
Diffuse type: The whole brain is diffusely echo enhanced,
presenting fuzzy structure and other manifestations of
brain edema.

Fig. 2.193 Fetal brain edema. (a). Diffusely and slightly enhanced
echo in the brain parenchyma of the fetal head in the coronal view. (b).
The image shows diffusely and slightly enhanced echo in brain paren-

chyma in the sagittal section, narrowed lateral ventricle, and the sulcus
gyrus with unclear boundary

Fig.2.194 Periventricular leukomalacia. (a). Coronal section: Bilateral periventricular echo is enhanced (arrow). (b). Sagittal view: Periventricular
echo enhancement (arrow)
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In mild cases, the echo of the lesion is lower than that of Special Tips
the choroid plexus; in a moderate degree, the echo of the 1. Cranial ultrasound is the first choice for the diagnosis of

lesion area is equal to that of the choroid plexus; in severe neonatal HIE. CT is sensitive to early cerebral hemor-
cases, the echo of lesion area is stronger than that of the cho- rhage. MRI is an important supplement to ultrasound and
roid plexus. CT, especially for the evaluation of mild HIE (Fig. 2.195).

Fig.2.195 CT and MRI findings of HIE. (a, b). CT shows intraventricular hemorrhage and subarachnoid hemorrhage. (¢, d). MRI manifestations
of the acute phase, a wide area of brain edema
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2. HIE can be accompanied by intracranial hemorrhage,
especially subarachnoid hemorrhage.

3. The lesions persist for 3 to 4 weeks in dynamic observa-
tion, and the prognosis is poor.

2.9.4.2 Intracranial Hemorrhage

Basic Concepts

Intracranial hemorrhage (IH), common in birth injury,
hypoxia, hemorrhagic diseases, and so on, is the most com-
mon neonatal brain disease, especially in premature infants.
Severe cases may cause death or neurological sequelae.

Clinical manifestations: Mild IH may be asymptomatic,
and the prognosis is good. Severe IH with the following
symptoms has a poor prognosis: irritability, convulsion,
reduced reaction, low muscle tension, disturbance of con-
sciousness, coma, and apnea.

Bleeding sites are subependymal, choroid plexus, brain
parenchyma, subdural, subarachnoid space, and cerebellum.
The morbidity and mortality of severe hemorrhage are high.

IH is generally divided into 4 grades: Grade I, subependy-
mal hemorrhage; grade II, intraventricular hemorrhage; grade
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III, intraventricular hemorrhage with ventricular dilatation;
grade IV, ventricular dilatation and intracerebral hemorrhage.

Ultrasonic Diagnosis
1. Subependymal hemorrhage.

(a) Sonogram shows a focal hyperechoic mass under the
anterior horn of lateral ventricle, unilateral, or
bilateral.

(b) Combine the abnormalities on the coronal and sagit-
tal views for further diagnosis.

(c) Subependymal cyst is formed after the hemorrhage is
absorbed (Fig. 2.196).

2. Intraventricular hemorrhage.

(a) Intraventricular hemorrhage is caused by subependy-
mal hemorrhage broke into the lateral ventricle, or
choroid plexus hemorrhage flowed into the lateral
ventricle.

(b) Sonogram shows hyperechoic masses in the ventricle
with irregular distribution; the choroid plexus is
thickened, enlarged, and lengthened, with a rough
surface (Fig. 2.197).

Fig. 2.196 Subependymal hemorrhage. (a). The coronal view of the
neonatal head shows subependymal hemorrhage under the anterior horn
of bilateral ventricles (grade I). (b). The coronal view of the neonatal
head shows the formation of the left ependymal cyst in the late stage of

hemorrhage (arrow). (¢). The sagittal view of the neonatal head shows
the left ependymal cyst in the later stage of hemorrhage (arrow). (d).
Coronal view of the neonatal head shows the right ependymal cyst in
the late stage of hemorrhage (arrow)
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Fig. 2.197 Intraventricular hemorrhage. (a). On the sagittal view, the
right ventricle is filled with irregular hyperechoic mass, combining with
lateral ventricular dilatation. (b). In the sagittal view, lateral ventricular
dilatation and irregular hyperechoic mass at thalamic sulcus of the cau-
date nucleus are shown. (¢). Lateral ventricular dilatation and hyper-
echoic mass (arrow) at the choroid plexus are visible in the sagittal
section. (d). The coronal view shows bilateral ventricular dilatation and
bilateral intraventricular hyperechoic mass (arrow). (e). The transverse
view shows bilateral ventricular dilatation and hyperechoic mass in the
right ventricle (arrow), indicating intracranial hemorrhage (grade III).

(f). The coronal view shows the bilateral ventricular dilatation, and a
mass with relatively hyperechoic edge (arrow), which is formed by the
liquefied blood clot in the late stage of hemorrhage. (g). The transverse
view shows the dilated bilateral ventricles, shifted midline, and a mass
with relatively hyperechoic edge (arrow), which is formed by the lique-
fied blood clot in the late stage of hemorrhage. (h, i). The coronal view
shows the dilated bilateral ventricles, and a mass with relatively hyper-
echoic edge (arrow), which is formed by the liquefied blood clot in the
late stage of hemorrhage
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Fig.2.197 (continued)

(c) In the late stage of hemorrhage, the echo intensity
gradually become weakened or absorbed to form a
cyst.

3. Hemorrhage of cerebral parenchyma.

. Hemorrhage of cerebral parenchyma is the most serious
type of intracranial hemorrhage, and the mortality rate is
as high as 75%. Survivors often have neurological
sequelae, such as cerebral palsy, epilepsy, growth retarda-
tion, mental or motor disorders. It happens in the frontal
lobe, occipital lobe, or parietal lobe, especially in prema-
ture cases.

. Sonogram shows the focal increased echogenicity or
complex echoic mass in the cerebral parenchyma, regular
or irregular, with a conspicuous boundary. When the mass
is large, the cerebral midline will be shifted to the healthy
side (Fig. 2.198).

. Subdural hemorrhage: Subdural hemorrhage is caused by
the rupture of the tentorium cerebelli or falx cerebri. The
distance between the skull and brain tissue increases, rep-
resenting an anechoic area with scattered points echo

inside. If a large clot forms, it could be hyperechoic
(Fig. 2.199).

. Subarachnoid hemorrhage: The widened horizontal or

vertical part of the lateral fissure or the enlarged cistern is
visible in the sonogram.

. Cerebellar hemorrhage: Sonogram shows abnormal area

of increased echogenicity in the cerebellum, with irregu-
lar margins.

Special Tips
1. Meningitis, brain tumor, and brain abscess may also

exhibit t areas of increased echogenicity, enlarged ven-
tricular, echo enhanced choroid plexus, anechoic, and
complex echo areas. It is necessary to combine the his-
tory and clinical manifestations for further diagnosis.

. Under ultrasound examination, it is difficult to show

small subdural hemorrhage, subarachnoid hemorrhage,
and cerebellar hemorrhage.

. Generally, ultrasound is the first choice for routine screen-

ing of neonatal intracranial hemorrhage. When there are



156

T.Yang et al.

Fig. 2.198 Parenchymal hemorrhage. (a). The transverse view shows
the enhanced echo in the right brain parenchyma and midline deviation.
(b). The coronal view shows the enhanced echo in bilateral paren-
chyma. (¢). The coronal view shows the enhanced echo in bilateral
parenchyma, mainly on the right side. (d). The coronal view shows the

enhanced echo in the right brain parenchyma (arrow). (e). The sagittal
view shows the dilated lateral ventricle and the hyperechoic mass in the
thalamus. (f). The sagittal view shows the enhanced echo in the left
parenchyma, indicating intracranial hemorrhage (grade IV)

Fig.2.199 Subdural hemorrhage. (a). The coronal view shows the right subdural hemorrhage (arrow). (b). The lateral transverse view shows the
subdural hemorrhage (arrow)
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no positive findings by ultrasound while highly suspected
abnormal in clinical, CT, or MRI is recommended to
detect subdural hemorrhage, hemorrhage in posterior
fossa and other marginal locations, and brain parenchyma
point hemorrhage. If the condition of neonate keeps sta-
ble and accessible to MRI, it is better to choose MRI than
CT. MRI is superior to CT and ultrasound in assessing the
prognosis (Fig. 2.200).

2.9.4.3 Periventricular Leukomalacia
Basic Concepts

Periventricular leukomalacia (PVL) refers to the ischemic
coagulation necrosis of periventricular white matter, which

mostly involves the optic radiation area of the lateral ven-
tricular triangle and the white matter area outside the anterior
horn. PVL often occurs in premature infants, and can be
divided into four stages: ® enhanced echo phase; @ relatively
normal phase; ® cyst formation phase; and @ cyst disappear-
ance phase.

Ultrasonic Diagnosis

1. In the early stage of PVL, sonogram shows the enhanced
echo around the ventricle, manifested as bilaterally sym-
metrical and rough echo enhanced areas (Fig. 2.201).

2. Atthe late stage (2-3 weeks), cysts are formed around the
ventricles, accompanied by ventricular enlargement
caused by white matter atrophy.

Fig.2.200 CT and MRI manifestations of neonatal intracranial hemorrhage. (a). CT shows extensive hemorrhage in the right ventricle. (b). MRI
(T1WI) shows hyperintense hemorrhage near the anterior horn of the left ventricle

Fig. 2.201 Periventricular leukomalacia. (a). The coronal view shows bilateral periventricular echo enhancement (arrow). (b). The sagittal view
shows periventricular echo enhancement (arrow)
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Special Tips

1. The sensitivity of ultrasonography in the diagnosis of
PVL is low.

2. MRI is of poor specificity in the diagnosis of early
lesions of focal PVL, but it is more valuable in the diag-
nosis of late PVL. In MRI images, PVL represents
decreased white matter volume, enlarged ventricle,
irregular ventricle wall, gliosis, and delayed myelina-
tion (Fig. 2.202).

2.9.4.4 Neonatal Hydrocephalus

Basic Concepts

Neonatal hydrocephalus refers to the ventricular dilatation or
accumulation because of the excessive increase of cerebro-
spinal fluid and accumulation in the ventricular system,
caused by the obstruction of cerebrospinal fluid circulation,
excessive secretion of cerebrospinal fluid, or disorder of

cerebrospinal fluid absorption. The cerebrospinal fluid
circulation is affected by midbrain aqueduct stenosis, intra-
cranial hemorrhage, and infection.

Generally, ventriculomegaly is characterized by an
enlarged ventricle without head circumference enlargement.
In contrast, enlarged ventricular with head circumference
enlargement is hydrocephalus.

Ultrasonic Diagnosis

1. Sonogram shows ventricular enlargement or hydrocepha-
lus (Fig. 2.203).

2. According to the size of the lateral ventricle, hydrocepha-
lus is divided into mild, medium, and severe degrees. The
width of the lateral ventricle is 4-6 mm in mild cases,
7-10 mm in moderate cases, and more than 10 mm in
severe cases.

3. It may be accompanied by brain tissue compression and
atrophy.

Fig.2.202 MRI findings of PVL
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Fig. 2.203 Neonatal hydrocephalus. (a, b). The coronal view shows coronal view shows the dilation of bilateral anterior horn of ventricles
massive hydrocephalus in bilateral ventricles (severe). (¢). The sagittal ~ with remote blood clots in the right ventricle
view shows massive hydrocephalus in left ventricle (severe). (d, ). The
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Special Tips
It is easy to diagn’ose ventricular dilatation and hydrocephalus.

. Dynamic observation shows that most of the progressive

ventricle expansion cases are hydrocephalus.

In some brain atrophy cases, the ventricles are also
enlarged, but the sulcus, cistern, and hemispheric fissure
are widened significantly.
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Ultrasonic Diagnosis of Pathological

Obstetrics

Taizhu Yang and Hong Xu

3.1 Ultrasonic Diagnosis of Early
Abortion

3.1.1 Basic Concepts

1. Abortion is defined as the pregnancy is terminated before
28 weeks and the fetus weight is less than 1000 g. Early
abortion refers to the abortion occurred before 12 weeks of
pregnancy, and late abortion occurred at 12-28 weeks of
pregnancy. The spontaneous abortion accounts for about
15% of all pregnancies, and the majority is early abortion.

2. The causes of early abortion are as follows: abnormal chro-
mosome number and structure in genetic defects; excessive
exposure to harmful chemical and physical factors in environ-
mental factors; maternal factors include systemic diseases,
reproductive organ diseases, endocrine disorders, trauma, etc.;
hypofunction of the placenta endocrine, immune factors
between the embryo and mother, and mechanical reasons.

3. The pathological change of early abortion is that the
embryos die, followed by decidual hemorrhage. The villi
of the embryo separated from the decidua, causing uter-
ine contraction, and evacuated from the uterine cavity.
Due to the incomplete development of villi, the implanta-
tion is not firm, and the pregnancy tissue can be com-
pletely evacuated. At 8-12 weeks of gestation, the
placental villi develop luxuriantly and are firmly con-
nected with the decidua. When abortion occurred, the
pregnancy tissue is not easy to be evacuated completely.
After 12 weeks of pregnancy, abdominal pain is the earli-
est clinical symptoms of abortion, and then the fetus and
placenta are evacuated.
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Department of Obstetrics and Gynecology, Beijing Hospital, National
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T. Yang (>4) - H. Xu
Department of Ultrasonography, West China Second University
Hospital, Sichuan University, Chengdu, China

© Chemical Industry Press 2022

4. According to the different stages of the abortion, it is

clinically divided into threatened abortion, inevitable
abortion, incomplete abortion, complete abortion, missed
abortion, infectious abortion, and recurrent abortion. The
intrauterine gestational sac changes in different types of
early abortion: gestational sac deformation, pregnancy
failure, pregnancy sac downward movement.

. The clinical presentations of different types of abortion are

diverse. Most of the patients with threatened abortion have
amenorrhea history, morning sickness, vaginal bleeding,
and slight abdominal pain. The patients with inevitable
abortion or incomplete abortion have paroxysmal lower
abdominal pain or back pain after amenorrhea, with
amount of vaginal bleeding. In the late abortion cases, the
fetus or part of placental tissue has been evacuated, and
some fetal material remains in the uterine cavity, which
affects uterine contraction and causes massive bleeding
and even shock. The abdominal pain and bleeding stop
when the embryonic tissue is completely evacuated from
the uterus. Missed abortion is the result of failed evacua-
tion of the dead embryo, most of them used to undergo
threatened abortion. The embryo in missed abortion cases
no longer grows and develops, and the uterus will stop
growing. The hCG in urine or blood is positive or weakly
positive in majority abortion cases, which may be negative
for patients with prolonged dead embryo.

3.1.2 Ultrasonic Diagnosis

1. The echo of gestational sac and embryo in threatened

abortion is the same as that of the normal pregnancy. The
embryo survives and continues to grow (Fig. 3.1).

. In incomplete or inevitable abortion cases, the deformed

and collapsed gestational sac in the uterine cavity moves
to the cervical internal os. No embryo or indistinct
embryo without heartbeat is visible in the pregnancy sac.
In patients with incomplete abortion, residual pregnant
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Fig. 3.1 Threatened abortion. (a). On the 46th day of pregnancy, the
patient has a little vaginal bleeding, and the sonogram shows the gesta-
tional sac and embryo; (b). On the 42nd day of pregnancy, the patient
has abdominal pain accompanied with vaginal bleeding, and the sono-
gram shows the normal yolk sac and embryo with heartbeat; (¢). On the
50th day of pregnancy, the patient has more vaginal bleeding with

tissue or blood clots represent irregular strong echo in the
uterine cavity (Fig. 3.2).

3. The uterus of patients with missed abortion no longer
grows or even gradually retract, the placenta tissue is
organized with abnormal shape, and there is no embryo
or fetus in the uterine cavity. Some of the intrauterine
pregnancy sac is round and full, but no embryo or only
withered embryo without heartbeat is visible (Fig. 3.3).

4. After complete abortion, the uterus is in normal size or
slightly enlarged, without pregnant tissue in the uterine
cavity, and the echo of uterine cavity line is clear (Fig. 3.4).

abdominal pain, and the sonogram shows the normal yolk sac, embryo
with visible heartbeat, and hematocele in the uterine cavity; (d). On the
50th day of gestation, the patient has abdominal pain accompanied with
vaginal bleeding, and the sonogram shows the normal yolk sac and
embryo

3.1.3 Special Tips

1. Combined with the clinical history and symptoms, pay
attention to differentiate abortion from the ectopic preg-
nancy (Fig. 3.5).

2. Observe the size and echo changes of yolk sac in the
pregnancy sac. It is of great significance to identify
whether the yolk sac is healthy or not for further predic-
tion of prognosis of early pregnancy.

3. The accurate diagnosis of abortion type using ultrasound
is vital for clinical treatment (Fig. 3.6).
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Fig. 3.2 Inevitable abortion. (a). On the 58th day of gestation, the ges-
tational sac in the uterus is visible, without evident decidual reaction
and embryo; (b). On the 63th day of pregnancy, the intrauterine gesta-
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tional sac is deformed without evident decidual reaction, the embryo
shape is irregular without heartbeat

Fig. 3.3 Missed abortion. (a). The diameter of the gestational sac is
only 1.1 cm on the 70th day of pregnancy; (b). On the 57th day of gesta-
tion, the sonogram shows a gestational sac in the uterus, without an
embryo; (¢). On the 61th day of pregnancy, the sonogram shows a

deformed embryo in the gestational sac, without heartbeat and evident
decidual reaction; (d). On the 83th day of pregnancy, the formed pla-
cental is in an abnormal shape, with inhomogeneous echo. No fetus is
found in the uterus
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Fig. 3.4 Complete abortion. (a. b). After complete spontaneous abortion in early pregnancy, the uterus is slightly enlarged, without pregnant tis-
sue in the uterine cavity, and the echo of uterine cavity line is obvious

Fig. 3.5 Identification of incomplete abortion. (a. b). The cesarean  ble, with abundant blood flow. After clinical conservative treatment,
scar pregnancy is misdiagnosed as incomplete abortion. After several hCG decreased; (¢). The cesarean scar pregnancy is cured after
times of curettage, serum hCG was positive. Via ultrasound examina-  treatment

tion, the lesion in the lower segment of the anterior uterus wall is visi-
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Fig. 3.6 The diameter of the yolk sac is more than 1.0 cm and no
embryo is visible at 58 days of amenorrhea

The flow of the Mass
( longitudinally view )

Fig. 3.7 Isthmus pregnancy (I)

3.1.4 Typical Cases

Following are the cases and images of isthmus pregnancy,
cornual pregnancy, or interstitial pregnancy, misdiagnosed as
incomplete abortion for multiple times of curettage (Figs. 3.7
and 3.8).

The patient, 31 years old, has undergone contraceptive
operation twice after amenorrhea for 43 days.

Sonogram shows a weak echo mass in the lower part of
the anterior uterine wall, with a diameter of 3.0 cm, sur-
rounded by color blood flow. No space-occupying lesion in
the uterine cavity, while serum hCG is positive.

The same patient with Fig. 3.7, is diagnosed as isthmus
pregnancy. After treatment, the surrounding blood flow
decreases significantly and hCG is weakly positive.
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Fig. 3.8 Isthmus pregnancy (II)

3.2  Ultrasonic Diagnosis of Ectopic
Pregnancy
3.2.1 Basic Concepts

1. The ectopic pregnancy (EP), also known as exfetation, is
defined as the oosperm implanted outside the uterine cav-
ity. According to the location of the fertilized eggs, EP is
divided into tubal EP, ovarian EP, abdominal EP, broad
ligament EP, cervical EP, etc. Other unusual EP includes
cornual EP, uterine muscular EP, rudimentary horn EP,
isthmic EP, and so on.

2. According to the domestic reports, the incidence of EP is

increasing progressively, and the ratio of ectopic preg-
nancy to normal pregnancy increased from 1:167 to 1:
(56-93). Tubal EP is the most common, accounting for
more than 95% of EP.

3. The main factors of EP are: tubal inflammation, tubal sur-

gery history, tubal dysplasia, tubal dysfunction, assisted
reproductive technology, contraceptive failure (intrauter-
ine device), fertilized egg migration, uterine fibroids,
ovarian mass compression, and myomectomy.

4. The tubal cavity is narrow, and the tube wall is thin and

lacks submucosal tissue. When the embryo is implanted
in the fallopian tube or other rare parts, it fails to form
intact decidua to adapt to the development of the embryo.
With the development of pregnancy, pregnancy abortion,
pregnancy rupture, and secondary abdominal pregnancy
may occur.

5. Amenorrhea, abdominal pain, and vaginal bleeding

are major symptoms of typical EP. The clinical mani-
festation is related to the location, rupture, abortion,
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bleeding, and the duration of EP. 20% - 30% of the
patients have no obvious history of amenorrhea, rep-
resenting irregular menstruation, abdominal disten-
sion, and anal bearing-down pain. Pelvic mass is
detected in some patients, and the positive rate of
serum hCG is 80% - 100%. Clinical signs include ane-
mia, rapid and weak pulse; cervical staining, lifting
pain or rocking pain, pelvic mass, and uterine float-
ing. The blood punctured form posterior fornix is not
coagulated.

6. With the wide application of transvaginal ultrasound, the
diagnostic accuracy of ectopic pregnancy can reach 95%.
For other rare EP, such as cornual EP, uterine muscular
EP, rudimentary horn EP, isthmic EP, the diagnostic accu-
racy rate is higher than before.

3.2.2 Ultrasonic Diagnosis

1. Ultrasound scanning shows the enlarged or plump
uterus, without gestational sac and embryo in the uter-

ine cavity. The thickened endometrium may be accom-
panied by liquid dark area, irregular hyperechoic,
reticular echo, linear echo, and pseudogestational sac.
Abnormal uterine echo is related to decidual reaction
and bleeding (Fig. 3.9).

2. Depending on the ultrasonic manifestations, tubal EP
is divided into live EP (unruptured EP with gestational
sac), mass EP, ruptured EP (EP with uterine floating),
and old EP.

@ Live EP with a complete extrauterine gestational sac is
usually detected in early pregnancy. The embryo with heart-
beat is visible in some cases. There is no obvious hematoma
in the rectouterine pouch. @ Mass EP is due to the fallopian
tube abortion or rupture. The gestational sac and the blood
clot accumulating around the fallopian tube, forming adnexal
hematoma. The adnexal mass represents hyperechoic, com-
plex, or attenuated echo, and gestational sac-like structure
accompanied by surrounding nourishing vessels is visible in
some cases. Free fluid can be detected in the rectouterine
pouch, iliac fossa, and abdominopelvic cavity. The echo of

Fig.3.9 Ectopic pregnancy. (a—c). The sonogram shows the enlarged uterus, thickened endometrium, uterine cavity hematocele, and intrauterine
pseudogestational sac
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the mass is complex and mixed over time. ®Most of the old
EP mass is solid, which is easily misdiagnosed as ovarian
solid mass. @ Ruptured EP is an emergency case in clinical,
which is caused by the rupture of isthmic EP, and shows a
large amount of liquid areas surrounding the uterus in the
pelvic cavity (Figs. 3.10, 3.11, and 3.12).

3. Cervical EP, isthmic pregnancy, rudimentary horn EP,
ovarian EP, uterine muscular EP, and abdominal EP are
rare clinical pregnancy. Cervical EP is characterized by
the empty uterine cavity, abnormal enlarged cervix, with
the internal cervical os closed, irregular hyperechoic
space-occupying mass, and the gestational sac can be
seen occasionally in the cervical canal. The color Doppler
ultrasound shows abundant blood flow along the inner
cervical wall or the pregnancy tissue. Cesarean scar ecto-
pic pregnancy occurs in women with a history of cesarean
section. Ultrasound shows gestational sac-like structure
or irregular enhanced echo at the internal cervical os, next
to the anterior wall of the lower uterine segment and the
bladder wall. Color Doppler ultrasound shows a circular
blood flow around the mass (Figs. 3.13, 3.14, 3.15, 3.16,
3.17,3.18, and 3.19).

3.2.3 Special Tips

1. Itis vital to collect the history of amenorrhea, symptoms,
signs, and serum hCG test results, combined with the
characteristics of ultrasound images for the diagnosis of
ectopic pregnancy.

2. If the patient has more than two of the three symptoms of
amenorrhea, abdominal pain, and vaginal bleeding, and
the hCG test is positive, and there is no obvious preg-
nancy in and outside the uterine cavity, it is strongly
recommended to follow-up with ultrasonography
regularly.

3. During ultrasound scanning, change the patient’s position
and rotate the probe to the left and right adnexal area to
obtain satisfied images. Notice small ectopic pregnancy
lesions around the ovary and the presence of the free fluid
in the rectouterine pouch and iliac fossa.

4. Pay attention to differentiate ectopic pregnancy from
the corpus luteum rupture, follicle rupture, intrauterine
pregnancy abortion, appendicitis, uterine or cervical
fibroids, ovarian masses, cervical cancer, pelvic inflam-
matory disease, and other diseases (Figs. 3.20, 3.21,
3.22, and 3.23).

Fig. 3.10 Live ectopic pregnancy. (a). On the 44th day of gestation,
the uterine cavity is empty, and an extrauterine gestational sac with yolk
sac is visible; (b). On the 48th day of pregnancy, there is no gestational
sac in the uterus, and the gestational sac with embryo and heartbeat is
found on the right side of the uterus. The decidual reaction is distinct.
(c). On the 48th day of pregnancy, there is no gestational sac in the

uterus, and a gestational sac-like echo is found on the left side of the
uterus, and the color Doppler ultrasound shows surrounding tropho-
blastic blood flow. (d). After 50 days of amenorrhea, there is no gesta-
tional sac in the uterus, only fluid is visible in the uterine cavity. The
gestational sac with embryo and heartbeat is found on the right side of
the uterus
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Fig. 3.11 Mass ectopic pregnancy. (a). On the 34th day of gestation,
the patient has irregular vaginal bleeding for 6 days, with abdominal
pain and positive hCG. The ultrasound examination shows a parauter-
ine hypoechoic mass with a diameter of about 5.0 cm. A gestational
sac-like echo is visible in the mass, with yolk sac and surrounding
decidua-like enhanced echo. No embryo is detected. (b). On the 46th
day of pregnancy, the patient has vaginal bleeding for 4 days and
abdominal pain for 1 day, with positive hCG. Sonogram shows the

Fig.3.12 Ruptured ectopic pregnancy (EP with floating uterus). (a, b).
After 37 and 43 days of amenorrhea, the patient under sudden lacerate
pain at the lower abdomen. Ultrasound scan shows a lot of liquid areas

irregular hypoechoic mass, 3.0 cm in diameter, on the right side of the
uterus. In the mass, there is an atypical gestational sac-like echo and an
embryo inside. The pelvic hematocele is shown. (¢). On 57 days of ges-
tation, irregular vaginal bleeding for 8 days. A mass of 3.1 cm in diam-
eter is found in the left adnexal area, with a gestational sac-like echo
and a 2.0 cm long embryo inside. (d). The shape of the blood flow
spectrum in the EP mass likes a “tropical fish”

around the uterus, and floating dot echoes are visible in the dark area.
The patient is diagnosed as ruptured ectopic pregnancy, with massive
hematocele in the pelvic cavity
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Fig. 3.13 Cervical ectopic pregnancy. (a). At 46 days of amenorrhea,
ultrasound shows no pregnancy tissue in the uterine cavity, and the cer-
vix is “barrel-shaped” enlarged with a gestational sac-like echo (0.8 cm
in diameter), which is diagnosed as cervical ectopic pregnancy. (b).
After 49 days of amenorrhea, there is no pregnancy in the uterine cavity.
On the anterior wall of the lower uterine segment, heterogeneous hyper-
echoic mass with a diameter of about 5.0 cm is found, which protruding

toward the bladder. A gestational sac-like echo, with embryo and heart-
beat, is visible in the anterior wall of the lower uterine segment. And the
patient is diagnosed as isthmic pregnancy. (c). Cervical ectopic
pregnancy:on the 34th day of amenorrhea, no gestational sac is found in
the uterine cavity. The gestational sac echo is detected in the cervical
canal, and serum hCG is positive

The flow of the Mass ( longitudinally view )

Fig.3.14 Isthmic ectopic pregnancy. (a). After 43 days of amenorrhea, there is no gestational sac in the uterus, and the gestational sac is found in
the isthmus of uterus; (b). Color Doppler shows the circular blood flow around the ectopic pregnancy in the uterine isthmus
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Fig. 3.15 Ovarian ectopic pregnancy. (a). Unruptured gestational sac is found in the left ovary, with embryo and heartbeat; (b). The gestational
sac with a diameter of 1.0 cm is visible in the ovary, with decidual reaction
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The lesion posterior to the uterus is a abdominal EP
= = _

Fig.3.16 Abdominal ectopic pregnancy. (a). At 11 weeks of gestation, 13 weeks of pregnancy, there is no fetus in the uterine cavity, and the
the uterine cavity is empty, and the fetus with heartbeat is detected pos-  fetus with heartbeat and movement is detected posterior to the uterus in
terior to the uterus, which is diagnosed as abdominal EP; (b). At the pelvic cavity
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Fig. 3.17 Interstitial pregnancy. (a). After 47 days of menopause, the patient
had underwent contraceptive operation. After the operation, she had irregular
vaginal bleeding for half a month. After three times of uterine curettage, she
went to hospital for abdominal pain. Ultrasound examination shows a
3.0 cm x 4.3 cm x 4.1 cm hyperechoic mass in the right corner of the uterus,
with a 0.8 cm diameter bubble-like anechoic area. Serum hCG is positive. (b).
After 54 days of amenorrhea, there is no gestational sac in the uterine cavity.

The lesion at the left cornual region of the uterus

Fig. 3.18 Cornual pregnancy. (a). After 42 days of amenorrhea, contra-
ceptive operation failed. Ultrasound scan shows the pregnancy sac at the
left cornual region of the uterus. The echo of uterine serosa layer is con-

A gestational sac, protruded to the right, is visible in the right corner of the
uterus, with embryo and heartbeat. (¢, d). After 59 days of amenorrhea, preg-
nancy residue is suspected after contraceptive operation. After curettage twice,
space-occupying mass remains visible in the uterine cavity. Sonogram shows
the area of increased echogenicity with a diameter of 3.6 cm at the right corner
of the uterine cavity. The color Doppler ultrasound shows surrounding blood
flow. It is interstitial pregnancy, confirmed by operation

tinuous, and the shape of the uterus is normal; (b). Color Doppler ultra-
sound shows abundant blood flow around the cornual pregnancy, and
then the pregnancy tissue is cleared up under ultrasonic monitoring
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Fig.3.19 Old ectopic pregnancy. After 48 days
of amenorrhea, irregular vaginal bleeding for
20 + days. hCG is suspected to be positive.
Ultrasonography shows the normal uterus and a
hypoechoic mass beside the uterus, without
obvious velamen. A small amount of liquid is
visible in the rectouterine pouch

Fig.3.20 Differentiation between follicle rupture, corpus luteum rup-  vaginal bleeding for 10*days, the area of increased echogenicity with a
ture, and ectopic pregnancy. (a). A hyperechoic mass, 3.0 cm in diam-  diameter of 2.4 cm is visible in the left adnexal area, and hCG is
eter, is visible in the left ovary, with liquid area posterior to the uterus. ~ positive

Serum hCG is negative; (b). 48 days after amenorrhea and irregular

Fig. 3.21 Differentiation of cervical leiomyoma and cervical pregnancy. (a). The cervical leiomyoma is a round hypoechoic mass, with a clear
boundary; (b). After 44 days of amenorrhea, hCG is positive and the cervix is enlarged and inhomogeneous
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Fig. 3.22 Differential diagnosis of ovarian mass and ectopic preg-
nancy. (a). 38 years old patient with abdominal distension for more than
one month. Sonogram shows normal uterus and an irregular mass with
diameter of 3.0"cm in right adnexal area. Serum CA125 is increased

Fig. 3.23 Differential diagnosis of cervical cancer and cervical preg-
nancy. (a). The 43 years old patient had vaginal bleeding for half a year.
Ultrasound scan shows abnormal cervical morphology and a hypoechoic
mass with a diameter of 4.0 cm. The pathological diagnosis is cervical
cancer. (b). The 29 years old patient, who had a history of cesarean sec-

3.3  Ultrasonic Diagnosis of Gestational
Trophoblastic Disease
3.3.1 Basic Concepts

1. Gestational trophoblastic disease (GTD) is a spectrum of
diseases stemming from the placental villous trophoblas-
tic cells, including hydatidiform mole, invasive hydatidi-
form mole, choriocarcinoma, and rare placental-site
trophoblastic tumor.

and hCG is negative; (b). 33 years old patient with 42 days of amenor-
rhea, 3 days of abdominal pain, and 8 days of vaginal bleeding. Serum
hCG is positive. A heterogeneous mass of 4.0 cm in diameter is visible
in right adnexa area

tion, has irregular vaginal bleeding after 46 days of amenorrhea.
Ultrasound examination shows a heterogeneous hypoechoic mass,
3.0 cm in diameter, at the junction of the anterior cervical body and
neck. Serum HCG is positive

2. Hydatidiform mole is classified as complete hydatidiform
mole and partial hydatidiform mole. The high-risk factors
of hydatidiform mole include the region, nutritional sta-
tus, social economy, cell genetics, etc. There is an
increased risk of hydatidiform mole in women under the
age of 20 and over the age of 40 years. The recurrence
rate in women with a history of mole pregnancy is 4 to 5
times higher than that of the patients without relative his-
tory. The incidence of hydatidiform mole in women over
40 years old is 7.5 times higher than young women.
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3. The pathological features of hydatidiform mole are villous 3.3.2 Ultrasonic Diagnosis
interstitial edema, vascular absence, and trophoblastic pro-
liferation. Invasive hydatidiform mole, secondary to hyda-

tidiform mole, occurs within 6 months after hydatidiform

3.3.2.1 Hydatidiform Mole (HM)
1. Sonogram shows the enlarged uterine body without nor-

mole evacuation. Mole tissue can penetrate the myome-
trium, leading to tissue damage or complicated with extra-
uterine metastasis. Choriocarcinoma, secondary to normal
or abnormal pregnancy, is a malignant trophoblastic tumor.
The absence of formed villi or hydatidiform structure is the
pathological feature of choriocarcinoma. Both the invasive
hydatidiform mole and choriocarcinoma can have blood
metastasis, most frequently affecting the lung, followed by
the vagina, liver, and even the whole body. The tumor can
invade the myometrium or blood vessels of the uterus, and
even penetrate the uterine wall and expand into the broad
ligament or abdominal cavity, causing internal bleeding.

. Amenorrhea history and severe morning sickness are the
clinical features of the GTD. During pelvic examination,
the uterus is softened and significantly larger than the
gestational week, failing to feel the fetal body and fetal
heartbeat. After the last pregnancy, the patient suffers
from irregular vaginal bleeding and metastasis symp-
toms, such as expectoration, hemoptysis, headache, vom-
iting, convulsion, coma, etc. Serum hCG is abnormally
increased or continuously positive.

mal gestational sac and embryo in the uterine cavity and
the disappeared uterine cavity line. The uterine cavity is
filled with dense honeycomb liquid dark areas of differ-
ent sizes. The myometrium is thin, and the boundary
between myometrium wall and intrauterine vesicle is
identifiable.

. One third of hydatidiform mole complicates with intra-

uterine hemorrhage. Ultrasound scan shows liquid dark
areas, homogeneous weak echo, or hyperechoic clots in
the uterine cavity.

. More than half of hydatidiform mole patients had uni-

locular or multilocular theca lutein cysts with different
sizes in one or both adnexal areas. The ultrasonographic
features of the theca lutein cysts include thin and clear
capsule, thin septum, and clear fluid.

. The uterine enlargement of partial hydatidiform mole

patients is consistent with the gestational age. The fetus
in the amniotic cavity is visible, and multiple small cystic
spaces are seen in the normal placenta (Figs. 3.24, 3.25,
and 3.26).

Fig. 3.24 Hydatidiform mole (I). (a—c). complete hydatidiform mole, uterus is enlarged than the gestational age, with intrauterine “honeycomb”
echo; (d). 14 weeks of amenorrhea, sonogram shows a normal fetus and part of the placenta appears the “honeycomb” echo
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Fig. 3.25 Hydatidiform mole (II). (a). After 13 weeks of amenorrhea,
no normal fetus and placenta in the uterus. Heterogeneous hyperechoic
mass is found in the uterine cavity, which is suspected of missed abor-
tion by ultrasound, and it is pathologically diagnosed as hydatidiform

Fig. 3.26 Atypical hydatidiform mole. (a). Amenorrhea for 63 days
with vaginal bleeding. Intrauterine heterogeneous enhanced echo with
liquid dark area is visible. No embryo is detected, and hCG is signifi-
cantly increased. The patient is diagnosed as hydatidiform mole after
curettage; (b). The patient has irregular vaginal bleeding, without defi-

mole; (b). After 10 weeks of amenorrhea, hydatidiform mole compli-
cated with intrauterine hemorrhage, with inside blood clot and liquid
dark area; (c). The same patient as b, complicated with left adnexal
theca lutein cysts

nite history of amenorrhea, hCG is gradually increased, and diagnosed
as malignant trophoblastic tumor in clinical. Ultrasonography shows
cystic masses with inside septum near the uterine fundus, with a diam-
eter of 3.0*cm. After curettage, hydatidiform mole is confirmed
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3.3.2.2 Invasive Hydatidiform Mole
and Choriocarcinoma

1. Except for the pathological microscope represents, the
clinical symptoms, signs, hCG changes, and treatment
principles of invasive hydatidiform mole and choriocarci-
noma are basically the same. It is difficult to distinguish
between invasive hydatidiform mole and choriocarci-
noma on sonogram. When there are eroded lesion, bleed-
ing, and necrosis tissue in the uterine muscle wall,
ultrasound images represent the inhomogeneous echo of
uterine muscle wall, with focal or diffuse honeycomb
echo and unclear boundary, which looks like marshland.
No endometrial echo is visible. The eroded focus lesion

gradually expands and penetrates the serosa layer of
uterus, leading to an abnormal morphology and even pel-
vic hemorrhage.

2. Color Doppler flow imaging shows increased number of
blood vessels of the eroded focus lesion. The color blood
flow spectrum: ® abundant venous spectrum; @ low resis-
tance arterial spectrum, RI < 0.4; ® arteriovenous fistula
like blood flow spectrum.

3. In the chemotherapy of malignant trophoblastic tumor, ultra-
sound can continuously monitor the location and regression
of uterine lesions to avoid the adverse consequences of blind
chemotherapy, which is vital for the treatment guideline and
the prognosis judgement (Figs. 3.27 and 3.28).

Fig. 3.27 Invasive hydatidiform mole. (a). 4 months after the opera-
tion of hydatidiform mole, the uterus is enlarged with abnormal shape,
the endometrium is disappeared, and hCG is high. Multiple “honey-
comb” echo is shown in the uterine body and cervix. (b). The patient
has irregular vaginal bleeding for half a year, with significantly
increased hCG, and clinical diagnosis is choriocarcinoma. Ultrasound
shows the absent endometrium and the inhomogeneous uterine body

muscle wall with several irregular small liquid dark areas. (¢, d). In the
same patient, the clinical diagnosis of invasive hydatidiform mole,
color ultrasound shows extremely rich blood flow of the uterine wall. (e,
f). 3 months after the operation of hydatidiform mole, the uterus is
enlarged, and the endometrium is disappeared. Sonogram shows the
inhomogeneous space-occupying mass in the posterior uterine wall,
about 4.0 cm in diameter, with abundant blood flow
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Fig. 3.28 Malignant trophoblastic tumor. 7 months after the operation
of hydatidiform mole, a 32 years old patient is diagnosed as invasive
hydatidiform mole, with irregular vaginal bleeding and high hCG level.
(a). Ultrasound scan shows the enlarged uterus without endometrial
echo, and the muscle wall represents “honeycomb” echo; (b). The

3.3.3 Special Tips

1. Combining the clinical data and serum hCG value, pay
attention to differentiate atypical hydatidiform mole from
missed abortion, hysteromyoma, endometrial carcinoma,
and endometrial hyperplasia.
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The extremely rich blood flow of muscle wall

extremely rich blood flow of muscle wall shows like a “color ball”’; (c).
After four courses of chemotherapy, the uterus is slightly enlarged, a
hypoechoic mass with a diameter of 2.0 cm is seen in the muscle walls,
and inside blood flow is visible. (d). The blood flow spectrum shows
RI=0.37

2. The erosion lesions in the uterine muscle walls should be
differentiated from myoma degeneration and adenomyo-
sis. When the blood flow is visible in the erosion lesions,
it should be differentiated from uterine vascular
malformation, adenomyosis, placenta residue after abor-
tion, uterine muscle wall EP, cornual EP, and interstitial
EP (Figs. 3.29, 3.30, 3.31, and 3.32).
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Fig. 3.29 Uterine hemangioma. A homogeneous enhanced echo
mass with clear boundary is visible in the muscle wall. The patient
has no bleeding and hCG is negative

Fig.3.30 Myoma degeneration. The patient has a
history of myoma for 8 years. Ultrasound shows
that the diameter of the inhomogeneous myoma is
more than 8.0 cm, and there are several liquid dark
areas in the myoma. hCG is negative

Fig. 3.31 Interstitial pregnancy. After 51 days of amenorrhea, the sive hydatidiform mole is clinically suspected. (a, b). There is no space-
patient has irregular vaginal bleeding after contraceptive operation. —occupying mass in the uterine cavity. The hyperechoic mass with a
Multiple ultrasound scans show the space-occupying mass at the uterine ~ diameter of 2.5 cm is found at the right uterine fundus, and surrounding
fundus. hCG is positive, and no tissue is scraped out of the uterus, inva-  blood flow is visible. It is confirmed by surgery as interstitial pregnancy
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Fig. 3.32 Endometrial hyperplasia. The patient suffers menstrual dis-
order for nearly one year. (a). Ultrasound examination shows the
enlarged uterus and a hyperechoic mass with a diameter of 4.0 cm in the
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Ultrasonic Diagnosis of Fetal Heart

Qi Zhu, Jiao Chen, and Nan Guo

Congenital heart disease (CHD) is a common congenital
malformation in children, with an incidence of approxi-
mately 8 per 1000 live births. According to statistics, more
than 100,000 CHD occurs in China every year, which seri-
ously affects the physical and mental development of chil-
dren, leading to the decline of children’s quality of life.
Also, CHD is an important cause of the perinatal death of
birth defects. At present, some kinds of CHD can be treated
by operation or catheterization. Sad to say, there are still
some severe heart malformation cases that cannot be cured
by operation and some cases with unsatisfied therapeutic
effect. It is important to take the routine sonographic evalu-
ation and prenatal fetal malformation screening. Moreover,
during the perinatal health care period, systematic fetal
echocardiography is necessary for pregnant women with

cardiac  teratogenic  factors to identify cardiac
abnormalities.
4.1 Characteristics of Cardiovascular
Development and Blood Circulation
in Normal Fetus
4.1.1 Fetal Cardiovascular Development

At the end of the third week of embryonic development, fetal
cardiovascular system begins to develop, and the heart is
formed at the eighth week. Atriums, ventricles, atrial and
ventricular septum, mitral valve, tricuspid valve, aortic valve,
pulmonary valve, aorta, pulmonary artery, superior vena
cava (SVC), inferior vena cava (IVC), and pulmonary veins
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are present. If there is abnormal development in any part of
the heart during this period, various types of congenital heart
disease will occur.

4.1.2 Characteristics of Fetal Circulation

Fetal lungs have no respiratory function. The respiratory,
metabolism, and nutrition functions are completed by the
blood circulation between the fetal heart and the placenta.
The umbilical artery of the fetus sends the blood with low
oxygen and metabolites to the placenta for gas and material
exchange with the blood of the mother. After the blood gains
high oxygen saturation and nutrition, it travels through the
umbilical vein to the fetus. The umbilical vein is divided into
two branches in front of the portal of the liver of the fetus,
one enters through the portal vein, the hepatic sinus and the
hepatic vein into the inferior vena cava, accounting for about
40% of the blood; the other enters the inferior vena cava
directly through the ductus venous, accounting for about
60% of the blood.

The blood from the umbilical vein into the inferior vena
cava together with the blood from the fetal trunk, viscera,
and lower extremity, enter the right atrium (RA). Most of the
blood enters the left atrium (LA) via the foramen ovale, and
then to the left ventricle (LV) and the aorta, supplying the
fetal head, neck, and upper limbs. Part of the blood pass
through the tricuspid valve and the right ventricle (RV) to the
pulmonary artery, together with the blood from SVC returned
into the RA. The rest, except a few nourishing pulmonary
tissues, flows into the descending aorta through the ductus
arteriosus, nourishing the fetal trunk, viscera, and lower
limbs. Most of the blood from the descending aorta flow
back to the placenta through two umbilical arteries and then
the next circulation begins. Therefore, foramen ovale, ductus
arteriosus, ductus venous, as well as umbilical artery and
vein are necessary to maintain fetal blood circulation. The
diagram of fetal blood circulation is as follows:
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4.2 Echocardiographic Scanning of Fetal — The incidence of CHD in artificial insemination and

Heart

4.2.1 Indications for Fetal Echocardiography
* Mother aspect
Maternal infection during pregnancy (rubella, herpes,
varicella, influenza, cytomegalovirus, etc.).
Autoimmune diseases (systemic lupus erythematosus,
hyperthyroidism, rheumatism, Sjogren’s syndrome,
etc.). Metabolic and endocrine diseases (diabetes, phe-
nylketonuria, etc.).
The pregnant age is more than 35. History of CHD
children or abnormal pregnancy such as abortion,
intrauterine stillbirth.
Family history (CHD).
Teratogenic drugs, fetal alcohol syndrome (long-term
drinking), fetal tobacco syndrome (long-term
smoking).
Contact history of harmful environment and sub-
stances (harmful gases, radiation, chemicals, etc.).
* Fetal aspect

— Fetal chromosomal anomalies, fetal arrhythmia (espe-
cially bradycardia), polyhydramnios, oligohydram-
nios, single umbilical artery, intrauterine growth
retardation (IUGR), etc.
Fetal cardiovascular malformations often coexist
with extracardiac anomalies, such as hydrocephalus,
gastrointestinal atresia, omphalocele, diaphragmatic
hernia, visceral ectropion, limb or facial malforma-
tions, renal hypoplasia, systemic edema, and
ascites.

in vitro infants is three times higher than that in the
healthy population. About 50% of heart structural
abnormalities come from low-risk pregnant women.
According to the literature, there is no significant sta-
tistical difference between the incidence of fetal CHD
in the low-risk population and the high-risk popula-
tion. Therefore, fetal echocardiography should be used
as routine prenatal screening.

4.2.2 Fetal Echocardiography
e Fetal echocardiography techniques

Two-dimensional (2-D) ultrasound
M-mode echocardiography

— Color Doppler imaging and spectral Doppler
ultrasound

— Three-dimensional (3-D) and four-dimensional (4-D)
ultrasound

The 2-D ultrasound is still the primary method of fetal
echocardiography at present.
e Exam conditions of fetal echocardiography
— The frequency of the 2-D ultrasonic probe is 3—-5 MHz.
— Transabdominal ultrasonography is performed at
16 weeks of gestation. Fetal echocardiography is best
accomplished at about 24 weeks of gestation. It is easy
to obtain a satisfactory image as the structure of the
heart is clear during this period. Moreover, the amount
of amniotic fluid is moderate, the size of the fetal heart
is appropriate, and the sound shadow of the spine and
rib is inconspicuous.
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— In some special cases, transvaginal ultrasound can be
performed as early as about 12 weeks of pregnancy,
only for those with severe cardiac structural
abnormalities.

Content of fetal echocardiography

— Morphology, structure, and blood flow of fetal heart

— It contains heart axis, position, visceral and atrial situs,
AV connection, ventricular-arterial connection, ven-
tricular wall thickness, inner diameter of heart cavity
and great arteries, septal morphology, valve structure
and movement, great artery relationship, space-
occupying lesions, blood flow velocity, and abnormal
blood flow, etc.

— Fetal arrhythmia

— It contains sinus tachycardia, supraventricular tachy-
cardia, ventricular tachycardia, atrial flutter, atrial
fibrillation, sinus bradycardia, atrioventricular block,
atrial premature beat, ventricular premature beat,
tachyarrhythmia with atrioventricular block, etc.

— Fetal heart function

— EF, FS; E/A; Tei index; cardiovascular profile score.

Common views of fetal echocardiography

Standard views are four-chamber view; the long axis of

left ventricular outflow tract (LVOT); the long axis of

right ventricular outflow tract (RVOT); short-axis view of
the great artery; three-vessel view; three-vessel and tra-
chea view; long-axis view of the aortic arch and arterial

catheter arch; long-axis view of SVC and IVS, and a

transverse view of abdomen. Observe the heart structure

by demonstrating different exam views.

We can take other standard or nonstandard views when

observing the anatomic structure in the region of interest,

such as the long-axis view of the right ventricular inflow
canal and the short-axis view of the LV, etc.

Scanning techniques of fetal echocardiography

— Tilting: The long-axis of the LVOT and the RVOT can
be obtained by tilting the probe to the fetal cephalic
direction in the four-chamber view.

— Rotation: The long-axis of the LVOT and RVOT and
biventricular short axis and short-axis of the great
artery can be obtained by continuously rotating the
probe to the left side of the fetus in the four-chamber
view.

— Parallel movement: Three-vessels and three-vessels
and trachea views can be obtained by moving the
probe to the cephalic direction parallelly from the four-
chamber view.

— The specific manipulation should be flexible according
to the fetal position.

Position of fetal heart

We can determine the fetal orientation by 2-D ultrasound,

according to the position of the fetal head and spine.

Along the long axis of the fetal spine, the probe rotates

90° at the fetal chest and gets the transverse view of the

chest. The direction of the probe should be consistent

with the fetus. Pay attention to distinguish the situs
inversus.

Usually, the thoracic and abdominal aorta is located to the

left of the spine with pulsation. In contrast, the inferior

vena cava is to the right of the spine without pulsation.

The gastric bubble locates on the left side, which is one of

the indicators of the left and right side of the fetus.

The orientation of the four-chamber heart and the apex

are used to determine the position of the heart.

The position of the fetal heart in the thoracic cavity

— Situssolitus, the heart locates in the left chest with
apex pointing to the left, and the viscera situs is normal
(the stomach bubble locates on the left side of the
spine, and IVC is on the right side).

— Levocardia, the heart locates in the left chest with apex
pointing to the left, and the viscera is situs inversus
(the stomach bubble locates on the right side of the
spine and the IVC on the left side).

— Mesocardia, the heart locates in the middle of the chest
with apex pointing to the front, and the viscera is nor-
mal (the stomach bubble locates on the left side of the
spine and the IVC on the right side).

— Dextrocardia, the heart locates in the right chest with
apex pointing to the right, and the viscera is situs inver-
sus (the stomach bubble locates on the right side of the
spine and the IVC on the left side).

— Dextroversion, the heart locates in the right chest with
apex pointing to the right, and the viscera is normal
(the stomach bubble locates on the left side of the spine
and the IVC on the right side).

— The heart displaces to the right, the heart locates in the
right chest with apex pointing to the left, usually seen
in cases of the mediastinal tumor, left diaphragmatic
hernia, and massive pleural effusion.

— The heart outside the chest, the sternum is partially or
entirely absent. The heart is partially or entirely out-
side the chest.

4.2.3 Normal Fetal Echocardiography

2-D echocardiography

— Four-chamber view
The probe is placed parallelly to the spine along the
long axis of the spine. Rotate the probe about 90 °
when the heart appears in the chest. When a rela-
tively complete rib is displayed, the standard four-
chamber view is obtained (Fig. 4.1).
Normally, the RV is close to the sternum. There is a
moderator band near the apex of the heart. The LA
is close to the descending aorta and spine, and there
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Fig. 4.1 Four-chamber view of fetal heart. (a) Axial of fetal heart; (b) Four-chamber diagram of fetal heart; (¢) four-chamber heart in the supine

position; (d) four-chamber heart with the fetal position of left occipital anterior

is a connection between the pulmonary veins and
the LA. The valve of foramen ovale is open to the
LA. The vena cava is connected to the RA. The
position of tricuspid valve attachment to the ven-
tricular septum is lower than that of the anterior
bicuspid valve. The tricuspid valve is open to the
RV, and the mitral valve is open to the LV. The
above characters can be used to distinguish the left
and right atria/ventricle.

Usually, the size of the fetal left and right chambers
are balanced in the four-chamber view. Sometimes,
the RA and RV are slightly larger. The ratio of heart
area to the chest area in this section view can be
used to judge the size of the heart. The ratio ranges
from 0.25 to 0.33.

We should observe the following aspects: whether
there is any defect in the atrium and ventricular sep-
tum; the development and opening of valve of fora-
men ovale; whether there is an abnormality in mitral
valve, tricuspid valve, and accessory devices; the
size of each chamber; whether there is a lesion in
the heart chamber; the thickness of the ventricular
wall; the connection of pulmonary veins, etc.

Enhanced echogenic dots are found on the left and
right ventricular chordate tendineae or papillary
muscles in about 25% of pregnant women in the
second trimester, with uncertain causes. With the
progress of the pregnancy, the enhanced echogenic
dots may shrink or disappear gradually, which is a
variation or acoustic phenomenon with an unknown
cause. However, it has been reported that a few of
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them are related to fetal chromosomal
abnormalities.

— Long-axis view of LVOT

(The long-axis view of LVOT can be obtained by
inclining the probe slightly to the fetal head
(Fig. 4.2).

In most normal individuals, the blood vessel ascend-
ing from the middle of the heart is the aorta, and the
great vessel around the edge of the heart is the pul-
monary artery.

We should observe the following aspects: whether
there are pathological changes of the aortic orifice
(including subvalvular, valvular and supravalvular),
whether the inner diameter is normal; whether the
aortic and ventricular septum is continuous; whether
the aorta has straddle sign; the connection between
the aorta and the ventricle; the left heart develop-
ment condition and whether there are lesions in
cavity.

Is color Doppler blood flow imaging normal?

— Long-axis view of RVOT

After showing the long-axis view of the LVOT,
incline the probe to the fetal cephalic side slightly
to show the long-axis of the RVOT. Pay attention to
the origin and relationship of the two major arteries.
Normally, the two outflow channels are crossed
(Fig. 4.3).

We should observe following aspects: whether there
is a pathological change in the pulmonary orifice
(including subvalvular, valvular and supravalvular);
whether the pulmonary artery and interventricular
septum is continuous; the connection between pul-
monary artery and ventricle; the development of
right ventricle; and whether there is a lesion in the
chambers.

Fig. 4.2 Long-axis view of LVOT of fetal heart (a) Long-axis diagram of LVOT. (b) Long-axis view of fetal LVOT

Is color Doppler blood flow normal?

— Short-axis view of the great artery

The short-axis view of the great arteries can be
obtained by rotating the probe about 50° clock-
wisely from the four-chamber view (Fig. 4.4).
We should observe following aspects: whether the
position of the great artery is normal; whether the
RVOT and pulmonary valve have lesions; whether
the inner diameter of the pulmonary artery and
branches are normal; whether there is continuous
interruption of subvalvular interventricular septum
of pulmonary artery. The inner diameter of the pul-
monary artery is generally 15-20% larger than that
of the aorta.

Is color Doppler blood flow normal?

— Ductal and aortic arch long axis view

Parallel the probe to the thoracic spine of the fetus
and slightly tilt to the left on the middle anterior
abdomen and the back, the view of aortic arch may
be seen in the shape of a “crutch handle.” Moving
the probe slightly to the left and right, we can see
the view of the “hockey stick” shape of the ductal
arch (Fig. 4.5).

The inner diameter of the ascending aorta, the aor-
tic arch, and the descending aorta are observed in
the long-axial view of the aortic arch. We should
pay attention to the development of transverse arch,
whether there is coarctation, atresia or interruption.
We can also observe the three brachial arteries.

We should observe whether there is stenosis or pre-
mature closure in the long-axial view of the ductus
arteriosus arch. Premature closure of ductus
arteriosus affects fetal development, leading to right
heart failure. The inner diameter of the ductus arte-
riosus is similar to that of the descending aorta.
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Fig. 4.3 Long-axis view of fetal RVOT. (a) Long-axis diagram of fetal RVOT. (b) Long-axis of fetal RVOT

Left anterior

PA Ductus arteriosus

/
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Right posterior
Fig. 4.4 Short-axis view of fetal great arteries. (a) Diagram of short-axis view of fetal great arteries (b) short-axis view of fetal great arteries
nary artery, ductus arterosus, right SVC, and trachea,

providing the basis for screening and diagnosing the
structural abnormalities of above-mentioned.

Is color Doppler flow imaging normal?
— Long-axis view of vena cava
The long-axis view of the vena cava can be obtained

by moving the probe slightly to the right of the aor-
tic arch view, showing the connection of the SVC
and IVC with the RA (Fig. 4.6).

Is color Doppler flow imaging normal?

Observe the number of large blood vessels. Usually,
three blood vessels are shown in the view of three
blood vessels. From left to right of the fetus are pul-
monary artery, aorta, and right SVC, respectively

(Fig. 4.7). The trachea is shown between the aorta
and the right SVC in the view of three-vessel and
trachea (Fig. 4.8).

Observe the spatial arrangement. The three blood
vessels are arranged in a line. During the dynamic
scanning from three-vessel view to the three-vessel

— Three-vessel view, three-vessel and trachea view

— From the four-chamber view, move the probe to the
cephalic side of the fetus to obtain the three-vessel
view. And continuously move up slightly to obtain the
three-vessel and trachea view. These two sections
show anatomical information about the aorta, pulmo-
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Fig. 4.5 Long-axis view of fetal ductal and aortic arch. (a) 2-D imag-  arch in the supine position, with arrows showing three brachiocephalic
ing of the fetal aortic arch in the prone position, arrow shows the three  arteries; (¢) Color Doppler imaging of the ductal arch in the supine
brachiocephalic arteries; (b) Color Doppler imaging of the fetal aortic ~ position

and trachea view, we can determine the type of
blood vessels and find out the abnormality in the
spatial arrangement.

Observe the diameter of the great vessels. The
three-vessel view shows that the diameter of the
pulmonary artery is slightly wider than that of
the aorta. The inner diameter of the aorta is
slightly wider than that of the right SVC. The
inner diameter of blood vessels decreases from
left to right.

Observe the color Doppler imaging of vessels. In
most normal individuals, the directions of flow in
the pulmonary artery and aorta are the same in the
three-vessel view, without obvious accelerated flow.
We can get a comprehensive examination of the
morphology, structure, and blood flow of the fetal
heart through the above views. The four-chamber
view is the most essential among all the views, in
which many congenital heart diseases will have

Fig. 4.6 Long-axis view of fetal SVC and IVC
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Fig. 4.7 Three-vessel view. (a) Diagram of the three-vessel view. (b) 2-D sonography of three-vessel view. (¢) Color Doppler flow imaging of
three-vessel view

Fig.4.8 Three-vessel and trachea view and color Doppler flow imaging. (a) 2-D sonography of three-vessel trachea view. (b) Color Doppler flow
imaging of three-vessel trachea view
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abnormal manifestations and 70-80% of CHD can
be ruled out by observing this view alone.
e M-mode echocardiography

— Under the guidance of two-dimensional ultrasound,
m-mode image shows clear anatomical structures
when the sampling line is placed through the four-
chamber view, the long-axis view of the LV, the short-
axis view of the ventricle, and the short-axis view of
the great artery (Fig. 4.9).

— The M-mode motion curves of the atrial and ventricu-
lar walls, atrioventricular and semilunar valves can be
obtained at the same time when the sampling line is
placed through these parts.

— Distinguish the types of fetal arrhythmia according to
the relationship of the motion curve between the atrial
wall and the ventricular wall. Evaluate the systolic and
diastolic conditions of the myocardium by evaluating
the systolic and diastolic inner diameters of the ven-
tricular cavity, which can help to evaluate the cardiac
function. Ventricular Wall thickness, atrioventricular
size, the diameter of large vessels, the width of pericar-
dial fluid, and heart rate are measured.

— M-mode echocardiography has a unique advantage to
diagnose fetal arrhythmia. The motion curve relation-
ship between atrial wall and ventricular wall contrac-
tion activity in each cardiac cycle is clear, which is of
great help to analyze the type of arrhythmia.

e Color Doppler flow imaging (CDFI)

— CDFI can display the phase and direction of blood

flow in real time. And the location of accelerated blood

Fig. 4.9 Movement curves of atrial and ventricular walls. The upper
curve of motion in the m-mode imaging refers to the movement of the
atrial wall. The lower curve of motion refers to the movement of the
ventricular wall, and the middle one refers to the movement of ventricu-
lar septum. Atrial rate = ventricular rate. The curves of atrial and ven-
tricular walls are consistent
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flow, regurgitation, and abnormal shunting can be
distinguished.

The observation sites are atrial septum, interven-
tricular septum, mitral valve, tricuspid valve, aortic
valve, pulmonary valve, aortic arch, and ductal
arch.

In the fetal period, the foramen ovale is open. In the
four-chamber view, CDFI shows the shunting flow
through the foramen ovale at the atrial level, from right
to left, and the width of the blood flow is generally no
more than 8 mm.

Commonly, we cannot detect shunt through the ven-
tricular septum.

Commonly, there is no obvious enhanced blood flow
and reflux at each valve orifice.

According to the blood flow imaging at the arch of the
aorta and ductus arteriosus, we can discover whether
there are obvious abnormalities of the inner diameter
and the direction of blood flow.

Spectral Doppler ultrasound

Spectral Doppler ultrasound can be used to detect the
flow velocity through the valves, the atrial septum, and
ventricular septum, then calculating the cross-valve or
cross-septal pressure gradience.

Use spectral Doppler ultrasound to analyze fetal
arrhythmia.

The doppler flow spectrum of mitral and tricuspid
valves is a bimodal pattern. The first peak is E and the
second peak is A. The difference between fetal spec-
trum and postnatal spectrum is that in fetus the A peak
> E peak, A/E > 1 (Figure 4.10a, b).

The velocity and volume of blood flow at the tricuspid
valve are more than that of the mitral valve.

The Doppler flow spectrum of the aorta is unimodal,
similar to the pulmonary artery in shape
(Figure 4.10c, d).

4.2.4 Abnormal Fetal Echocardiography

1. Septal defect

Atrial septal defect

— Concepts
Atrial septal defect (ASD) is a common type of
CHD, accounting for 15-25% of postnatal
CHD. It may exist alone or associate with other
congenital cardiac anomalies.
ASD is divided into ostium primum, ostium
secundum, sinus venosus, and mixed type.
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Fig.4.10 Doppler flow spectrum of the fetal heart. (a) Blood flow spectrum of the mitral valve orifice; (b) Blood flow spectrum of the tricuspid
valve orifice; (¢) Blood flow spectrum of the aortic valve; (d) Blood flow spectrum of the pulmonary valve

— Ultrasonography natally, which is not helpful for prenatal sono-

Observed the atrial septum in four-chamber
view and short-axis view of the great artery.
ASD appears as an area of discontinuity in the
atrial septum. The echo discontinuity of the atrial
septum is more than 8 mm, with invisible valves
of foramen ovale. The area of the defect of atrial
septum is invisible even with increasing gain, and
the top of the defect shows like a match head sign.
Determine the type of ASD according to its
location. The ostium primum ASD is located in
the lower part of atrial septum. The ostium
secundum ASD locates in the middle part of the
atrial septum. The sinus venosus ASD locates at
the top and posterior of the atrial septum, near
the opening of the vena cava. The defect of
mixed type includes multiple sites involved
above (Fig. 4.11).

— Tips

We can observe the blood flow at atrial level
visually using color Doppler. The foramen
ovale allows blood to flow from RA to LA pre-

graphic diagnosis of ASD.

It may be extremely difficult to find out sinus
venosus ASD by fetal echocardiography, which
is almost impossible to diagnose.

The diagnosis of fetal ASD should be cautious.
Generally, the diagnosis of ASD of septum
secundum should be made after serious consid-
eration prenatally.

Pay attention to identify the ultrasonographic
images of the RA where the coronary sinus
enters, and do not misdiagnose it as the ostium
primum ASD.

The prognosis is good.

e Ventricular septal defect
— Concepts

Ventricular septal defect (VSD) is a common
CHD that can exist in isolation, accounting for
25% of postnatal CHD. VSDs are usually asso-
ciated with other complex cardiovascular mal-
formations, accounting for 50% of postnatal
CHD.
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Fig.4.11 Atrial septal defect. (a) Continuity is interrupted in the mid-
dle segment of the atrial septum of the fetus; (b) The continuity of the
lower segment of the atrial septum is interrupted; (¢) Complete absence
of atrial septum in fetal heart; (d) Atrial septal excursion of the fetal

heart (green arrows); (e) The foramen ovale of the fetus is a regular
ellipse in shape in 3-D imaging; (f) Fetal heart with an irregular shape
of foramen ovale in 3-D imaging. This baby has an atrial septal defect
after birth
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VSDs are divided into perimembranous VSD,
muscular VSD, subarterial VSD and mixed
type.
— Ultrasonic diagnosis

Observe the ventricular septum in the long-axis
view of the left ventricular outflow, the four-
chamber view, the short-axis view of the great
artery, and the short-axis view of the ventricle.
Distinguish the type of VSD according to the
position and size of the defect (Fig. 4.12).

Q. Zhu et al.

Observe the blood flow across the ventricular
septum under the color doppler ultrasound at
ventricular level, and it helps to determine the
type of the defect according to the position and
width of the blood flow.
— Tips

The detection rate of ventricular septal defect is
very low by prenatal imaging, accounting for
about only 10% of the CHD diagnosed in utero,
significantly lower than that after birth.

Fig.4.12 Ventricular septal defect. (a) 2-D four-chamber view demon-
strates the defect of the ventricular septal muscle; (b) Color Doppler
imaging of a right-to-left shunt in four-chamber view, at the part of
muscular part at ventricular level; (¢) Left-to-right shunt in four-
chamber view of the same child after birth, at the part of muscular part
at ventricular level; (d) 2-D ultrasound shows the defect of muscular

part of interventricular septum in the ventricular short-axis view of the
fetus; (e) Perimembranous defect of interventricular septum in the left
ventricular long-axis view; (f) Spectral imaging of blood shunt at the
ventricular level; (g) 3-D imaging of the normal intact ventricular sep-
tum of the fetal heart; (h) 3-D imaging of VSD of the fetal heart
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Fig.4.12 (continued)

It is difficult to show the ventricular septal
defect by 2-D ultrasound or color Doppler
ultrasound when the size of the ventricular sep-
tal defect is less than 3 mm. Furthermore, an
improper fetal position makes it harder.
Ventricular septal defect with higher location is
difficult to observe, which is often missed by
prenatal imaging.

The membranous and muscular VSDs may
close spontaneously, which should be observed
regularly.

Pay attention to other cardiac malformations.
Prognosis of isolated VSDs is good.

eral papillary muscle of the LV and RV,
respectively.

— Ultrasonic manifestations

Observe the atrial septum and interventricular
septum in four-chamber view.

A partial AVSD refers to a defect of the inferior
portion of atrial septum, complicated with
abnormal atrioventricular valves. The defect of
the lower portion of atrial septum and the supe-
rior portion of interventricular septum, and the
absence of intracardiac cross structure suggests
a complete AVSD (Fig. 4.13).

Determine the type of AVSD by the attachment

e Atrioventricular septal defect locations of valves and chordae tendineae.

— Concepts Systolic regurgitation may be visible at the
Atrioventricular septal defect (AVSD) is point of mitral and tricuspid valves by color
defined as hypoplasia or absence of the septal Doppler.
tissue near the atrioventricular valve, associ- — Tips

ated with some degrees of atrioventricular
valve dysplasia. AVSD is also known as an
endocardial cushion defect, atrioventricular
tube malformation, common atrioventricular
channel, and so on. It accounts for 4-5% of
postnatal CHD.

Fetal AVSDs are divided into partial AVSDs
and complete AVSDs.

Complete AVSD is classified into A, B, and C
types according to the attachment site of the

It is easy to detect antenatal AVSDs.

Pay attention to differentiate AVSD with mitral
valve atresia or tricuspid valve atresia, which is
complicated with ventricular hypoplasia. Color
Doppler ultrasonography shows no blood flow
at the site of atresia.

Pay attention to other concomitant heart
malformations.

The prognosis of the partial AVSD is better
than that of the complete AVSD.

valve or chordae tendineae. In type A, the valve 2. Left cardiac system malformation
or chordae tendineae attaches directly to the e Hypoplastic left heart syndrome
interventricular septal ridge or interventricular — Concepts

septum. In type B, the chordae tendineae
attached to the right ventricular septum or right
ventricular papillary muscle. In type C, the
chordae tendineae are attached to the anterolat-

Hypoplastic left heart syndrome (HLHS) refers
to the hypoplasia of the LV, caused by severe
valve lesions, foramen ovale lesions, aorta or
pulmonary vein lesions of the left heart.
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Fig. 4.13 Atrioventricular septal defect. (a) Image of the defect of  baby after birth shows the defect of inferior part of the atrial septum and
inferior part of the atrial septum and the superior part of the ventricular  the superior part of the interventricular septum. The cardiac crux struc-
septum. The cardiac crux structure is invisible. (b) Image of the same  ture is invisible

Actually, it is a severe lesion at the inlet and
outlet of the LV. HLHS constitutes 1.3% ~ 7.5%
of postnatal CHD.

The abnormalities include aortic or mitral valve
stenosis, atresia, stenosis or premature closure
of the foramen ovale, severe pulmonary vein
stenosis or atresia, hypoplasia of the ascending
aorta, etc.

— Ultrasonic manifestation

The mitral valve is thickened, and the mitral
annulus is stenosed in the four-chamber view
and the long axis of the LVOT. The movement
of the mitral valve is limited or missing. The
left ventricular cavity is small, and the right
heart is enlarged (resulting bilateral asymme-
try). The echo of the interventricular septum is
discontinuous (Fig. 4.14).

The aortic valve is thickened, restricted, or atre-
sia in the view of the long axis of the LVOT and
the long axis of the aortic arch. The ascending
aorta is smaller than average, and the arch may
be constricted, detached, or atresia.

Color Doppler ultrasound shows the absence of
flow through the atresia valves. When the mitral
valve is severely stenosis or atresia, the blood
flow travels from left to right at the atrial level
(normally from right to left). The blood flow
reversing from the ductus arteriosus is detected
in the ascending aorta when the aortic valve is
severely stenosis or atresia.

— Tips

High intrauterine detection rate.
The concurrent severe lesions of the inlet and
outlet of the LV, such as severe mitral stenosis

or atresia with severe aortic stenosis or atre-
sia, suggests left ventricular dysplasia
syndrome.

It is not appropriate to diagnose the HLHS if
the ventricular septal defect is large and the left
ventricular structures are not significantly small
enough. We should make a qualitative diagno-
sis, such as severe mitral stenosis or atresia,
severe aortic stenosis or atresia with left ven-
tricular dysplasia, and ventricular septal defect.
The prognosis of HLHS is extremely poor.

Aortic stenosis
— Concepts

Aortic stenosis includes subvalvular, valvular
and supravalvular types. Valvular stenosis is
the most common, accounting for 1.9% ~ 7.6%
of the postnatal CHD.

It may occur at single or multiple sites, also can
coexist with other cardiac malformations.

— Ultrasonic manifestation

Observe the subvalvular, valvular and supraval-
vular stenosis in the long axis of LVOT, with
the manifestation of reduced diameter of aorta
and the dilation after stenosis.

Color doppler ultrasound and spectral Doppler
ultrasound show accelerated blood flow at the
stenosis site (Fig. 4.15).

— Tips

The detection rate of severe stenosis prenatally
is relatively high. The diagnosis of mild to
moderate stenosis is difficult because it is dif-
ficult to observe the restricted opening of the
aortic valve by 2-D ultrasound. We cannot
make a diagnosis when there is no obvious
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Fig. 4.14 Hypoplastic left heart syndrome. (a) Fetal mitral atresia: imaging of the heart of the same fetus: no blood flow through the mitral
mitral valve did not open during diastole; small LA and LV; (b) The valve orifice was detected. (d) Aortic stenosis in the three-vessels view
structural abnormality is the same as Fig. 4.14a. (¢) Color Doppler flow

Fig. 4.15 Aortic stenosis. (a) Fetal heart: aortic stenosis with pulmonary stenosis and VSD; (b) Color flow imaging of the same fetus: enhanced
blood flow at the valves of aorta and pulmonary artery
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accelerated blood flow in the color Doppler
flow imaging of mild to moderate stenosis.
Valvular stenosis is a CHD that can progress
during pregnancy and should be followed up.
Pay attention to other abnormalities of the fetal
heart.

The prognosis of severe aortic stenosis with
hypoplasia of left heart is poor.

Coarctation of the aorta
— Concepts

Coarctation of aorta refers to the localized nar-
rowing of the aorta, owing to that the thicken-
ing and infolding aortic intima protrudes into
the aortic lumen. The aortic arch and descend-
ing aorta above the renal artery are the most
common lesion sites. It accounts for 2.2% of
congenital heart disease.

Coarctation of the aorta is usually detected at
the descending of the aortic arch, also known as
the isthmus of aortic arch.

Coarctation of the aorta is classified into three
types: preductal type (the most common one),
postductal type, and juxtaductal type.

— Ultrasonic manifestation

The shape of the aortic arch changes in the long
axis view, with decreased curvature and inner
diameter, indicating transverse arch hypopla-
sia. The distance between the brachiocephalic
artery branches increases (Fig. 4.16).

The four-chamber view shows the asymmetric
ventricular size, with a more visible RV and
relatively small LV.

The view of the RVOT and the view of the duc-
tal arch shows the enlarged inner diameter of
pulmonary artery and ductus arteriosus.

Color Doppler image shows increased velocity
or narrowed blood flow at the coarctation.

—Tips

Despite echocardiographic screening, prena-
tal diagnosis of mild or moderate aortic
coarctation remains difficult. It is relatively
easy to diagnose severe ones. It is difficult to
make a diagnosis when color Doppler flow
imaging shows no distinct increased color
flow.

The diagnosis of aortic coarctation is excluded
when the diameter of the aortic arch isthmus is
larger than that of the left subclavian artery.
Aortic coarctation is a congenital cardiovascu-
lar structural anomaly that may progress during
pregnancy and should be followed up.

The prognosis of preductal type is poor.
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Fig. 4.16 Coarctation of the aorta. The shape of the fetal aortic arch
changes abnormally, with decreased curvature, transverse arch hypo-
plasia. The distance betweenthe brachiocephalic artery branches
increases

e Interruption of the aortic arch (IAA)

— Concepts
Interruption of the aortic arch (IAA) is defined
as a complete interruption between the aortic
arch and the descending aorta, accounting for
1% of postnatal CHD. Blood in descending
aorta comes from the ductus arteriosus.
IAA is divided into three types: type A, type B,
and type C. Type A: It is interrupted distal to
the left subclavian artery. Type B: Interruption
locates between the left common carotid artery
and the left subclavian artery. Type C:
Interruption locates between the brachioce-
phalic artery and the left common carotid
artery.

— Ultrasonic manifestation
The long axis of the aortic arch shows no con-
nection between the aortic arch and the
descending aorta.
Determine the type according to the site of
interruption.
The four-chamber view shows the imbalance in
size of the left and right chambers, with larger
right chambers and relatively small left
chambers.
The view of the RVOT and the view of the duc-
tal arch show the enlarged inner diameter of
pulmonary artery and ductus arteriosus.



4 Ultrasonic Diagnosis of Fetal Heart

— Tips
Pay attention to the other malformations, as
IAA is usually associated with other cardiovas-
cular defects.
The prognosis of IAA is relatively poor.

e Mitral stenosis or mitral regurgitation

— Concepts
Mitral stenosis refers to abnormal development
of the valve, 