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This is yet another attempt by me in writing a book. More than three decades 
of experience in the field of ultrasound practice prompted me to venture for 
this book. I thought that it would be most appropriate to bring out a short 
book for the newcomer radiologists, residents in radiodiagnosis, obstetricians 
and gynaecologists engaged in practising sonography, who are keen to have 
knowledge or who intend to improve their diagnostic capabilities for better 
management of patients. This book, I hope, will be able to provide answers to 
so many frequently asked questions. Those who are engaged in basic ultra-
sound can use this concise book to improve their skill and as a ready refer-
ence in case of any doubt or when a difficult situation is faced at the time of 
conducting the ultrasound examination. This book cannot replace textbooks. 
Nonetheless, if only a few feel that they have benefitted by reading this book, 
the purpose of bringing out this book will be fulfilled.

Durg, India� Rajendra K. Diwakar

Preface
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Introduction and Physics 
of Ultrasound

R.K. Diwakar

Abstract

The detection and display of acoustic energy reflected from interfaces 
within the body form the basis of all ultrasound applications. Knowledge 
of ultrasound physics, range of frequency of transducer and propagation of 
sound waves in human tissue are essential to choose the proper ultrasound 
probe of suitable frequency to perform high-quality two-dimensional 
greyscale and flow parameters. The images that are free from artefacts 
avoid pitfalls and error in diagnosis, thus increasing the examination skills 
and diagnostic capabilities and maximum gain from the state-of-the-art 
ultrasound technology.

The sound energy used in diagnostic ultrasonography is free from any 
biological hazards. However, because of the thermal effect and the risk of 
cavitation, it is recommended that the proper frequency of ultrasound 
transducer should be used keeping the examination time as minimal as 
possible without affecting the quality of the examination. The American 
Society in Ultrasound Medicine recommendations are adhered to.

Medical ultrasound or diagnostic ultrasound or 
sonography is synonym. It is also called greyscale 
imaging, 2D imaging or B-mode imaging. The 
high-frequency sound waves, in the range of 
2–20 MHz, are used as a source of energy. They are 
sent inside the human body, and the returning sig-
nals are received to produce an image on the moni-
tor or screen of ultrasound equipment. Interpretation 
of the image is used in making a diagnosis.

Medical ultrasound uses the principle of prop-
agation and reflection of sound waves. We have 
noticed that in a hall or a well or in front of a 
mountain, if the sound is produced, we hear the 
same sound after sometime as it comes back to us 
after striking the object. This is called echo 
(Fig. 1.1). This principle is used in sonar to locate 
the submarine or a sunken ship in the bottom of 
the sea or to find out the depth of the sea.

The propagation velocity of sound wave in com-
mon body tissue [1] is shown in the graph (Fig. 1.2).

The high-frequency sound waves which are 
inaudible to human ears are sent inside the body, 

R.K. Diwakar  
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and returning sound waves received are sent to 
the computer for analysis to produce an image on 
the monitor of the ultrasound equipment. Sound 
below 2 MHz and above 20 MHz cannot be heard 
by the human ears. The ultrasound machine uses 
the sound waves in the range of 2–20 MHz. With 
higher frequency of sound waves, the penetration 
or depth is reduced. In other words higher-
frequency probe is required for thinner patient or 
paediatric patients and for sonography of small 
parts or superficial organs such as thyroid, breast, 
testes and parotid gland and for colour Doppler 
study of vascular system. The lower-frequency 
probe is needed for thick or obese patient (for 
focus at a depth of 10 cm or more).

In the beginning the ultrasound machine used 
to be big in size. The technical developments and 

advancement in the computers in the past made it 
possible today to have as small as portable or lap-
top ultrasound machine with good resolution and 
software for calculation of different parameters.

As sound passes through the tissue, it loses 
energy through the transfer of energy to the body 
tissue. The sound wave propagates by reflection, 
refraction or scattering in the body tissue having 
different physical properties (acoustic interfaces) 
(Fig. 1.3).

As the acoustic energy moves through a uni-
form medium, the energy is transferred to the 
transmitting medium as heat. Attenuation is the 
result of the combined effects of absorption, scat-
tering and reflections and is measured in decibel. 
Attenuation value for normal tissues is shown in 
the graph (Fig. 1.4).
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Fig. 1.1  Reflection of 
sound wave producing 
echo
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1.1	 �Ultrasound Equipment

The ultrasound equipment has a probe or trans-
ducer to produce high-frequency acoustic 
energy. After travelling inside the body, they are 
reflected from different interfaces of tissues 
within the body to generate high-resolution, 
two-dimensional greyscale images as well as 
flow parameters (in duplex system or colour 
Doppler equipment) which are displayed on the 
monitor of the equipment. Familiarity with these 
images and their interpretation enables one to 
make a diagnosis.

The propagation velocity of sound in human 
body is assumed to be 1540 m/s. The sound waves 
travel through different interfaces of the body tis-
sue. The sound waves are reflected, refracted and 
scattered, or there is impedance. The acoustic 
impedance is produced by high density of the 
structure like bone, calculus or calcification so 

that almost all of the incident energy is reflected. 
The area posterior to such structures is seen black/
echo-free; this is called posterior shadowing. The 
instrument has a transmitter and receiver of sound 
waves, i.e. the transducer. Ultrasound signals may 
be displayed in several ways [2] on the monitor in 
different modes as shown below.

	1.	 A-mode (amplitude mode) in the form of 
oscilloscope. It was used in the earliest 
A-mode devices. However, it is still used in 
A-mode ultrasound of the eye (Fig. 1.5).

	2.	 Real-time greyscale or B-mode display (bright-
ness mode) provides two-dimensional (2D) 
image in the ultrasound of abdomen, pelvis and 
obstetric-gynaecologic applications (Fig. 1.6).

	3.	 M-mode (motion mode) ultrasound displays 
echo amplitude and shows the position of 
moving reflectors. It is used for echocardiog-
raphy and vascular study (Fig. 1.7).

Scattering ReflectionPropagation

Fig. 1.3  Transmission 
of sound wave
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The image is stored on video. It can be printed 
on the film by laser or optical camera. The image 
can be recorded on thermal paper also. The qual-
ity of image depends on proper adjustment of 
brightness and contrast, lack of which results in 
unsatisfactory hard copy.

The ultrasound machines can broadly be clas-
sified into three types:

	1.	 Black and white ultrasound machine for 
greyscale imaging having a convex or linear 
transducer

	2.	 Colour ultrasound machine with convex, 
micro-convex or linear probe

	3.	 Ultrasound equipments with 3D and 4D facil-
ity (Fig. 1.8)

The colour USG machines have facility for 
black and white ultrasound and also the colour 
imaging and flow studies.

The USG machine may have a single trans-
ducer (Fig.  1.9) or multiple transducers 
(Fig. 1.10). Certain models of ultrasound equip-
ment may have multi-frequency probe, i.e. com-
bination of 3, 3.5 and 5 MHz probe. Transvaginal 
probe may be in the range of 6–12  MHz 
(Fig. 1.11).

Fig. 1.5  A-mode display for eye ultrasound

Right
Podterior

Left

Anterior

Fig. 1.6  B-mode/2D image in ultrasound

Fig. 1.7  M-mode 
recording for foetal heart 
calculation
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Fig. 1.8  Laptop colour USG with 3D image of foetal face

Fig. 1.9  Portable USG unit with single probe

Fig. 1.10  Ultrasound equipment with multiple probes

Transvaginal Probe

Intracavitary Probe

3-5 MHz Convex Probe

7-10 MHz Linear Probe
2.5 MHz Microconvex Probe

Fig. 1.11  Different 
shape and frequency of 
ultrasound probes with 
transvaginal probe
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1.2	 �Frequency of Ultrasound 
Transducer

The frequency of the ultrasound transducer for 
various USG examinations is shown in Table 1.1.

The depth focus differs at various frequencies 
of transducer:

	1.	 2–2.5 MHz = 12–15 cm
	2.	 3–3.5 MHz = 9–10 cm
	3.	 5–7 MHz = 5–7 cm
	4.	 7 MHz = 2–3 cm
	5.	 10 MHz = 1–2 cm
	6.	 12 MHz = 1 cm

The arrangement of piezoelectric material in 
the transducer is called array. It may be linear 
array, curved array, phased array or annular array.

Linear array produces a rectangular shape 
image, while curved array produces a sector image 
(truncated cone shape).

Phased array transducer is used for the heart 
and intercostal scanning for liver/spleen since it 
is smaller in size.

Annular array transducer produces a uniform 
and highly focused beam.

The piezoelectric property of a material is the 
unique ability to respond to the action of an elec-
tric field by changing shape and also having the 
property of generating electric potentials when 
compressed. The naturally occurring piezoelec-
tric material is quartz crystal. However, man-
made piezoelectric crystal is having a mixture of 
lead zirconate, titanate and epoxy. The crystal is 
designed to vibrate in thickness mode or radial 
mode to produce high-frequency sound waves.

The resolution of ultrasound is described as its 
ability to resolve two objects adjacent to each other. 
The axial resolution applies to distinguish two 
objects that are along the direction of the beam. 
The lateral resolution applies to distinguish two 
objects that are perpendicular to the beam axis.

The near-field or Fresnel zone is near to the 
transducer, while the far-field or Fraunhofer 
zone is away from the transducer. The lateral 
resolution decreases rapidly in the depth as the 
beam begins to diverge in the far field. Hence, 
divergence is decreased by increasing the fre-
quency. The major advantages of high frequency 
are that the beam is less divergent and generally 
produces less blurring giving better details.

1.2.1	 �Imaging Artefacts

Many imaging artefacts are induced by errors in 
scanning technique or improper use of the instru-
ment and are preventable. Artefacts may suggest 
the presence of structures that are not present 
resulting in misdiagnosis, or they may cause 
important findings to be obscured.

Reverberation artefacts arise when the ultra-
sound signals reflect repeatedly between highly 
reflective interfaces that are usually not near the 
transducer. Reverberations may give false impres-
sion of solid structures in areas where only fluid is 
present.

Refraction causes bending of the sound beam 
so that targets not along the axis of the trans-
ducer are insonated. This may result in errors of 
measurements.

Shadowing results when there is a marked 
reduction in the intensity of ultrasound deep to a 
strong reflector or attenuator, and there may be 
partial or complete loss of information (Figs. 1.12, 
1.13 and 1.14).

Another common cause of loss of image infor-
mation is improper adjustment of system gain 
and TGC settings. Poor scanning angles, inade-
quate penetration, improper selection of trans-
ducer frequency and poor resolution may result 
in loss of significant information.

Doppler ultrasound. Conventional B-mode 
imaging uses pulse-echo transmission, detection 

Table 1.1  Frequency of probe for different applications

Abdomen 3–3.5 MHz

Paediatrics 5 MHz

Breast 5–7 MHz

Eye, small parts (thyroid, parathyroid, 
testis)

7–10 MHz

Colour Doppler 5–10 MHz

Transvaginal sonography 6–12 MHz

Intracavitary probe 6–12 MHz

Paediatric echocardiography 1.8 MHz

Echocardiography adult 2–2.5 MHz

R.K. Diwakar
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and display techniques. Brief pulses of ultrasound 
energy emitted by transducer are reflected from 
acoustic interfaces within the body. Precise tim-
ing allows determination of the depth from which 
the echo originates [3]. When pulsed wave ultra-
sound is reflected from an interface, the backscat-
tered (reflected) signal contains amplitude, phase 
and frequency information [3]. When high-fre-
quency sound impinges on a stationary interface, 
the reflected ultrasound has essentially the same 
frequency or wavelength as the transmitted sound. 

If, however, the reflecting interface is moving 
with respect to the sound beam emitted from the 
transducer, there is a change in the frequency of 
the sound, scattered by the moving object. This 
change in frequency is the result of Doppler effect 
[3]. The angle between the axis of flow and the 
incident ultrasound beam is called the Doppler 
angle. At Doppler angle of 90°, there is no rela-
tive movement of the target towards or away 
from the transducer (this is used in duplex instru-
ments); no Doppler frequency shift is detected. 
Doppler measurements can be made at angles of 
less than 60°. (This is used in colour flow instru-
ments.) The most common form of Doppler 
ultrasound to be used for radiologic applications 
is colour flow Doppler imaging [4] as shown in 
Figs. 1.15 and 1.16.

Harmonic imaging uses the same array trans-
ducers as conventional imaging, and only soft-
ware changes are needed for this particular 
ultrasound system to suppress echoes from solid 
tissue as well as from red blood cells so that a 
microbubble of contrast agent in tissue vasculature 
can be identified.

Power mode Doppler (Figs. 1.17 and 1.18) is 
much less angle dependent without aliasing hav-
ing a homogenous background colour, and there 
is increased sensitivity for flow detection, while 

Fig. 1.12  Faecolith and 
gas in hepatic flexure 
mimicking a calculus, 
however, posterior 
shadowing is not 
remarkable

Fig. 1.13  Gas-distended hepatic flexure obscuring gall 
bladder

1  Introduction and Physics of Ultrasound
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Fig. 1.14  Colonic 
contents superimposed 
on posterior wall of gall 
bladder giving false 
impression of calculi in 
the gall bladder

Fig. 1.15  Colour flow in common carotid artery

Fig. 1.16  Colour flow image of umbilical cord

Fig. 1.17  Umbilical cord in power Doppler mode

Fig. 1.18  Power Doppler carotid artery

R.K. Diwakar
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colour flow Doppler imaging is angle dependent 
with aliasing and artefacts caused by noise and 
provides information related to flow direction 
and velocity.

In greyscale imaging, the lesion or abnormality 
depending on the echogenic property of the sur-
rounding normal tissue can be divided into three 
types:

	1.	 Hyper-echogenic (solid lesion, abscess, calci-
fication/calculus, bone).

	2.	 Hypo-echogenic/echo-free (fluid, cyst, haem-
orrhage after liquefaction).

	3.	 Iso-echogenic having echogenic texture equal 
to surrounding tissues (uterine fibroid).

	4.	 Complex echotexture: a lesion having com-
plex echotexture may reveal combination of 
hypo-echogenic and different grades of hyper-
echogenic texture and/or calcification or areas 
of haemorrhage.

1.3	 �Biological Hazards 
of Sonography

Ultrasound machines using sound waves as a 
source of energy in the range of 2–20 MHz are 
considered to be safe in various experiments by 
different workers. Diagnostic ultrasound has 
been in use since the 1950s. No adverse biologi-
cal effects have ever been reported [5]. Therefore, 
ultrasound is considered to be hazard-free, safe 
and comparatively less expensive investigation 
which provides quick information which is 
important in making a decision for the manage-
ment of patient. The ultrasound examination can 
be repeated safely whenever indicated. In ultra-
sound most of the sound energy is converted into 
heat resulting in tissue heating. The recommen-
dations to decrease heating body tissue in ultra-
sound exposure are as follows [5]:

	1.	 Use specific application as per body part.
	2.	 Keep power low.
	3.	 Focus at specific depth.
	4.	 Use of fewer ultrasound pulse per second (PRF).
	5.	 Decrease pulse length.
	6.	 Use of appropriate transducer.
	7.	 Increase receiver gain rather than power.

1.3.1	 �The Safety of Ultrasound [5, 6]

Diagnostic ultrasound uses the transducers 
which emit energies less than 20  m  W/cm2 
which is far below the arbitrary hazard level of 
ultrasound exposures to tissues more than 
100 m W/cm2. However, specialised ultrasono-
graphic investigations such as pulsed Doppler or 
transvaginal colour Doppler using energy out-
put reaching up to 100 m W/cm2 should be used 
for the shortest possible duration due to the con-
cern of the proximity of the transducer to the 
foetus.

In general, ultrasound exposure at intensities 
usually produced by diagnostic ultrasound instru-
ments has not been found to cause any harmful 
biological effects on the foetus or pregnant 
woman. It is the responsibility of the operator to 
complete the examination in shortest possible 
time. It is also required that the operator is ade-
quately trained and is fully aware of the equipment. 
The principle of ALARA (as low as reasonably 
achievable) should be used to obtain necessary 
diagnostic information [6].

1.4	 �Preparation of Patient 
for Ultrasound Examination

The biggest advantage of sonography is that no 
specific preparation is required for the examina-
tion of small parts such as the eye, breast, neona-
tal brain, echocardiography and colour Doppler 
study of vascular system of the limbs, neck, aorta, 
kidneys, placenta, umbilical cord, etc. Overnight 
fasting, avoiding the morning tea/coffee and 
ingesting of three to four glasses of water 1–2 h 
before the ultrasound examination to produce 
moderate distension of urinary bladder are all 
that is required for satisfactory abdominal ultra-
sound examination. The overnight fasting is 
needed for the gall bladder distension so that its 
proper evaluation can be done. Whenever, there 
is unsatisfactory distension of the gall bladder, 
the patient is instructed to have fat-free diet on 
the previous day, and a repeat examination next 
day is required. Sonographic evaluation is not 
possible in some patients, and then CT has to be 
recommended.

1  Introduction and Physics of Ultrasound
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For pelvic ultrasound, moderate distension of 
urinary bladder is essential to produce clear 
image because the bowel containing gas is dis-
placed out of the imaging area. It should be 
remembered that in the air, the sound waves are 
conducted in the forward direction, and the sound 
waves returning towards the probe are reduced so 
that the quality of image is adversely affected.

The patients for obstetric sonography can take 
morning breakfast and tea/coffee so that the 
blood sugar level in the mother as well as in the 
foetus is maintained. This is important after the 
first trimester pregnancy when the foetal move-
ments are evaluated for biophysical profile.

Precaution is taken to avoid over-distension of 
urinary bladder, because it may result in com-
pression of the uterus, and sometimes the gesta-
tional sac in early pregnancy may be compressed 
and is not visualised. The over-distension of uri-
nary bladder may also result in elongation of 
uterine cervix especially in cases being evaluated 
for incompetence of cervix.

1.4.1	 �Positions of Patient 
and Transducer 
for Ultrasound Examination

The patient lies supine on the examination table/
couch. Proper exposure of the body part to be 
examined is done by removing the clothes, and a 
thin layer of jelly is spread on the skin of the part 
to be examined. The patient is asked to take nor-
mal respiration.

For ultrasound examination of the abdomen, 
patient lies supine, and the examination is usually 
begun from upper abdomen. First the liver is 

scanned. Portal vein and common bile duct (CBD) 
are seen. Both lobes of liver and its segments are 
evaluated including the domes of diaphragm. Then 
the gall bladder and intrahepatic biliary radicles 
(IHBR) are viewed. The pancreas is visualised in 
both the coronal and longitudinal plane with patient 
in supine position. The patient is asked to turn to 
left side, and by keeping the probe in the right 
flank, the right kidney is seen. The patient is then 
asked to lie on its right side, and the left kidney and 
spleen are examined. Both the poles of the kidney 
should be visualised clearly and should be evalu-
ated for the presence of a mass. The presence of 
marked gases in the colon may result in obscura-
tion of renal area and non-visualisation of the kid-
neys. In such a situation, imaging of kidneys is 
done in prone position by placing the transducer 
below the 12th rib on the sides of vertebrae, i.e. 
renal area as per surface anatomy. Then the patient 
is asked to lie in supine position again, and the pel-
vic ultrasound is carried out.

Pelvic ultrasound should be done only after 
good distension of the urinary bladder which 
helps in keeping the bowel out of the imaging 
area, and a clear image of the organs can be 
obtained. The prostate in males and the uterus, 
ovaries and adnexa in females are visualised. 
The uterine fundus is visualised clearly if there 
is proper distension of urinary bladder. Urinary 
bladder itself is evaluated for wall thickness, its 
lumen and part of the pelvic ureters especially 
when they are dilated. In the next step, the small 
intestine, the large gut, the peritoneal cavity and 
the retroperitoneal spaces can be evaluated.

The position of transducer on the body surface 
for ultrasound examination of different body parts 
is shown in the following diagram (Fig.1.19):

1 2 3 4 5 6 7 8 9 0

Fig. 1.19  Different positions of transducer on patient for ultrasound examination. (1) Supine, (2) left lateral, (3) right 
lateral, (4) right oblique, (5) left oblique, (6) subcostal, (7) breast, (8) neck, (9 and 10) quadrants of both breasts

R.K. Diwakar
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The imaging of various organs in different 
positions is done in longitudinal as well as trans-
verse plane to have a good quality of image which 
is free from artefacts. The stomach and urinary 
bladder distended with fluid serve as a window 
for transmission of sound waves.

The patients for abdominal and pelvic ultra-
sound are instructed to take good quantity of 
water (200–300  mL), an hour or 2, before the 
examination and to hold urine, so that there is 
good distension of urinary bladder. In patients 
having in-dwelling catheter in the urinary blad-
der, either the catheter is clamped for 1–2 h prior 
to ultrasound or 200–300 mL of normal saline, is 
instilled into the urinary bladder through the 
catheter. The water ingestion resulting in disten-
sion of the stomach allows good propagation of 
sound waves and visualisation of the pancreas.

In black and white sonography, the solid organs 
like the liver, pancreas, spleen, prostate, uterus, ova-
ries and lymph nodes are seen having a fine granular 
appearance which is called the echogenic texture of 
the organ. Such organs are called echogenic. The 
echogenicity may be homogenous or heterogenous. 
The hollow organs containing fluid such as the 
stomach, gall bladder, urinary bladder, the blood 
vessels like abdominal aorta, the veins and common 
bile duct are seen as black. These structures are 
called hypo-echogenic or sonolucent or echo-free. 
The structure having the echogenic property equal 
to the surrounding tissue is called iso-echogenic. 
This is especially seen in small-size fibroid which 
may be missed in USG if the uterine contour or dis-
placement of endometrial echo-complex is not 
properly evaluated. In some cases, magnetic reso-
nance imaging (MRI) may be required to detect 
small-size iso-echogenic uterine leiomyoma.

1.4.2	 �3D and 4D Sonography

Three-dimensional ultrasound (3-DUS) imaging 
is a new technology that allows imaging from vol-
ume sonographic data rather than conventional 
planar data. Volume data are generally obtained 
by acquiring many slices of conventional ultra-
sound data, identifying the location of the slice in 
space and reconstructing it into a volume.

The 3-DUS has definite advantages over 
2-DUS especially in obstetrics to allow to under-
stand more clearly the foetal anomalies, foetal 
face, cleft lip/palate, micrognathia, midface hypo-
plasia and asymmetric facies. In CNS, the volume 
has been rotated so that the sagittal, coronal and 
axial views are displayed. The level of the neural 
tube defect can be more accurate than 2-DUS. The 
images of extremities are often remarkably life-
like as the foetus matures. Evaluation of foetuses 
with skeletal dysplasias can be enhanced using 
3-DUS as an adjunct to 2-DUS. Measurement of 
the liver and lung may assist in identifying IUGR 
and pulmonary hypoplasia, respectively.

The distinct advantage of 3-DUS is its ability 
to examine structures from planes not possible 
with 2-DUS because of transducer-positioning 
limitations and foetal positioning.

Limitations and problems of 3D and 4D ultra-
sound scanning:

	1.	 In obese patients or in pregnancy with oligohy-
dramnios, the quality of images may be poor in 
resolution and quality.

	2.	 Excessive foetal movements may also result 
in poor resolution.

	3.	 Non-visualisation of foetal face if it is opposed 
to uterine wall or the foetus in prone position.

	4.	 Three-dimensional image may be difficult to 
obtain in the last 1 month of pregnancy.

	5.	 4D scan can be used complimentary to 2D or 
B-mode ultrasound.
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Abdominal Ultrasound
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Abstract

A good orientation of ultrasound anatomy is a prerequisite for optimal 
examination. A good preparation of patient is helpful in optimising the 
gain. In a serious patient, in non-cooperative patients or in ICU, the exami-
nation becomes challenging because it has to be accomplished quickly. In 
paediatric patients mild sedation may be required. In infants mother may 
be asked to feed the baby. Examination in sagittal plane or coronal plane 
or through subcostal or intercostal area is done to avoid artefacts and to 
have good quality images. Visualisation of kidneys from the flank becomes 
difficult in the presence of gases in the bowel; then scanning from poste-
rior surface along 12th rib is done to clearly visualise both the poles of 
kidneys.

It is important to have good orientation of ultra-
sound anatomy to find out variation from normal 
and to identify the disease/lesion.

2.1	 �Liver [1, 2]

Liver is located behind the lower ribs on the right 
side in the right upper quadrant of the abdomen. 
Its imaging is done by placing the transducer in the 
intercostal spaces of the lower ribs or by placing 

the probe in the subcostal area. Liver is seen as 
organ with homogenous texture. Functionally, 
the liver is divided into three lobes: the right, the 
left and the caudate lobes. The right lobe of the 
liver is separated from the left by the main lobar 
fissure which passes through the gall bladder 
fossa to the inferior vena cava. The caudate lobe 
is situated on the posterior aspect of the liver 
between IVC and the fissure for ligamentum 
venosum. The left intersegmental fissure divides 
the left lobe into medial and lateral segment. The 
branches of the hepatic artery accompany the 
portal vein. The confluence of the splenic vein 
and the superior mesenteric vein, near the head of 
the pancreas, forms the portal vein which runs 
towards the liver. Main portal vein is seen as lin-
ear black tubular structure of 10–15  mm in 
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diameter entering into the liver through the porta 
hepatis, traverses anteriorly into the liver sub-
stance and divides into the right and left portal 
vein. Smaller branches of the portal vein are usu-
ally not seen (Fig.  2.1). Three hepatic veins, 
namely, the upper, the middle and the lower, join 
the inferior vena cava at the level of the right dia-
phragm (Fig. 2.2).

The common bile duct (CBD), which runs 
anterior to the portal vein (Fig. 2.3), is joined by 
the pancreatic duct at the second part of the duo-
denum to open into the second part of the duode-
num on hepaticopancreatic papilla.

Fig. 2.1  Main portal 
vein dividing into the 
right and left branch

Fig. 2.2  Normal 
anatomy of the liver 
with venous vascular 
structures

Fig. 2.3  Inferior vena cava (IVC) posterior to the portal vein

M.K. Dwivedi
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The distended gall bladder is a thin wall pear-
shaped structure with echo-free lumen. It is seen 
in the liver and located anterior to the common 
bile duct (Fig. 2.4).

The liver is divided into functional segments 
(Couinaud’s anatomy) [3, 4] longitudinally into 
four sections; each of this section is transverse by 
an imaginary plane through the right main and 
left main portal pedicles. Thus eight segments are 
available for hepatic lesion localisation for the 
convenience of the surgeon. This is illustrated in 
Figs. 2.5 and 2.6 and Table 2.1.

Fig. 2.4  Fundus, body and neck of GB

IVC

RHV

RPV
LPV

PV

LHV
MHV

VIII

VII

VI

V IV

IV

I
II

III

Fig. 2.5  Couinaud’s segments of the liver

Fig. 2.6  Three hepatic 
veins joining IVC at the 
level of right dome of 
the diaphragm

Table 2.1  Hepatic anatomy

Couinaud Traditional

Segment I Caudate lobe

Segment II Lateral segment of the left lobe 
(superior)

Segment III Lateral segment of the left lobe 
(inferior)

Segment IV Medial segment of the left lobe

Segment V Anterior segment of the right lobe 
(inferior)

Segment VI Posterior segment of the right lobe 
(inferior)

Segment VII Posterior segment of the right lobe 
(superior)

Segment VIII Anterior segment of the right lobe 
(superior)

From Rumack CM, Wilson SR, Charboneau JW. In Diagnostic 
Ultrasound, 2nd edition, chapter 4, Liver; p-90.1998. Mosby-
Year Book, Inc. Missouri.
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Hepatomegaly: An accurate assessment of 
liver enlargement is difficult. However, the 
enlargement of the liver measures the right lobe 
of the liver in the mid-clavicular line more than 
13  cm. The normal liver is homogenous in 
echotexture and hyperechoic or iso-echoic to the 
normal renal cortex.

In hepatitis in most cases, the liver appears 
normal. However, hepatomegaly and thickening 
of the gall bladder wall are associated findings in 
hepatitis.

The hepatic lesions may be solid or cystic.

Hepatic cysts are well-defined fluid-filled 
spaces having an epithelial lining. Hepatic cysts 
may be single (Fig.  2.7) or multiple (Fig.  2.8). 
Colour flow may be seen in hepatic cyst (Fig. 2.9). 
Abscesses, parasitic cysts and post-traumatic 
cysts are therefore not true cysts.

Sonography is extremely helpful in the detec-
tion of liver abscesses. Amoebic liver abscess is 
most common in the right lobe of the liver, round 
or oval in shape with fine internal echoes 
(Fig. 2.10). It has to be differentiated from pyo-
genic liver abscess (Fig.  2.11) and hydatic cyst 

Fig. 2.7  Simple hepatic 
cyst anterior to the gall 
bladder

Fig. 2.8  Multiple 
hepatic cysts

M.K. Dwivedi
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Fig. 2.9  Cyst in the 
liver showing colour 
flow in Doppler 
interrogation

Fig. 2.10  Amoebic liver abscess with thick wall

Fig. 2.11  Two liver 
abscesses (pyogenic) 
with ill-defined margins

2  Abdominal Ultrasound
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(Fig. 2.12). Early pyogenic abscess may appear 
solid. Drainage of liver abscess under ultrasound 
guidance is a common procedure now. Follow-up 
of liver abscess with sonography about its size is 
quite useful.

Hydatid cyst is most prevalent in sheep and 
cattle-raising countries notably in the Middle 
East, Australia and the Mediterranean. The cyst 
wall consists of an external membrane about 
1 mm thick (the ectocyst). The host forms a dense 
connective tissue capsule around the cyst (the 
pericyst). The inner germinal layer (the endocyst) 

gives rise to brood capsules that enlarge to form 
protoscolices [5].

Lewall [6] proposed four groups:

•	 Simple cysts containing no internal architec-
ture except sand (Fig. 2.12)

•	 Cysts with detached endocysts
•	 Cysts with daughter cysts (Fig. 2.13)
•	 Densely calcified masses

Fatty liver changes (hepatic steatosis) may be 
diffuse (Fig.  2.14) or focal (Fig.  2.15). It is an 

Fig. 2.13  Hepatic hydatid cyst with daughter cysts 
attached to the wall

Fig. 2.14  Generalised 
increase in echogenicity 
of liver parenchyma in 
moderate steatosis

Fig. 2.12  Hydatid cyst in the right lobe liver, no daughter 
cysts or internal echoes

M.K. Dwivedi
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acquired reversible disorder of metabolism [7]. 
Diffuse steatosis may be:

	1.	 Mild: minimal diffuse increase in echo-
genicity of liver parenchyma with normal 
visualisation of diaphragm and intrahepatic 
vessel borders

	2.	 Moderate diffuse increase in echogenicity 
with slightly impaired visualisation of dia-
phragm and intrahepatic vessels

	3.	 Severe with marked increase in echogenicity of 
the liver with features of portal hypertension 
such as ascites, splenomegaly and varices

Cavernous haemangioma is the homoge-
nously hyperechoic lesion located in close vicin-
ity of a hepatic vein (Fig. 2.16).

Focal nodular hyperplasia (FNH) is the sec-
ond most common liver mass after haemangi-
oma. It may have the echogenicity equal to the 
normal liver; therefore, displacement of neigh-
bouring vascular structures gives a clue about its 
presence.

2.1.1	 �Hepatic Haematoma

The predominant site of hepatic blunt trauma is the 
right lobe (Fig. 2.17) and the posterior segment in 
particular. Initially, the haematoma is echogenic, 
becoming hypoechoic within a week and indistinct 
margins after 2–3 weeks. Haemoperitoneum may 
be an associated finding.

Hepatic carcinoma (Fig. 2.18) and metastasis 
are usually multiple solid lesions of the liver hav-
ing variable sizes (Figs. 2.19 and 2.20) and hav-
ing propensity towards venous invasion, portal 
vein being involved in most of the cases.

Occasionally, a mass is seen in the porta 
hepatis resulting in CBD obstruction and dilata-
tion of intrahepatic biliary radicles (Figs.  2.21 
and 2.22).Fig. 2.15  Focal hepatic steatosis in the right lobe of the 

liver

Fig. 2.16  Haemangioma of the liver located near the 
hepatic vein Fig. 2.17  Hepatic haematoma of some duration, 

hypoechoic than the surrounding parenchyma

2  Abdominal Ultrasound
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Fig. 2.18  Hepatic 
carcinoma in the right 
lobe of the liver in 
subdiaphragmatic 
location with anterior 
displacement of the 
portal vein and ascites 
posterior to the gall 
bladder (GB)

Fig. 2.19  Multiple hepatic 
metastases

Fig. 2.20  A large 
primary hepatic tumour 
with multiple hepatic 
metastases

M.K. Dwivedi
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2.1.2	 �Portal Hypertension and Liver 
Cirrhosis [8, 9]

The diameter of normal portal vein is 12–15 mm. 
An increase of less than 20% in diameter of the 
portal vein with deep inspiration indicates por-
tal hypertension. The calibre of the portal vein 
initially may be increased >15  mm in portal 

hypertension, and with development of porto-
systemic shunts, the portal vein calibre may 
decrease (Fig. 2.23).

The normal mean portal venous flow velocity 
is 15–18 cm/s (Fig. 2.24).

In portal hypertension, this becomes mono-
phasic. With increasing severity of portal hyper-
tension, flow becomes biphasic and finally 

Fig. 2.21  Mass at the 
porta hepatis

Fig. 2.22  Dilated CBD and intrahepatic biliary radicles 
(IHBR)

Fig. 2.23  Narrowing of the portal vein in liver cirrhosis
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hepatofugal (away from the liver). Kawasaki 
et  al. [8] reported a prevalence of spontaneous 
hepatofugal flow of 6.1% in cirrhotic patients 
(Fig. 2.25).

Ascites is present surrounding the liver 
(Fig. 2.26), in the hepatorenal recess (Morrison’s 
pouch) (Fig.  2.27), in the peritoneal cavity in 
between the intestinal loops and in female 
patients posterior to the uterus.

In the presence of gross ascites, the cirrhotic 
liver is seen bright and echogenic with nodular 
surface (Fig. 2.28).

Cavernous malformation of the portal vein 
may be seen in terminal stages of liver cirrhosis 
(Fig. 2.29).

Dilated hepatic veins are visualised in the 
liver joining the inferior vena cava which may 
also be distended in patient of cardiac failure 
(Fig. 2.30).

Fig. 2.26  Ascites surrounding the liver

Fig. 2.27  Ascitic fluid in the hepatorenal recess 
(Morrison’s pouch)

Fig. 2.28  Bright echogenic cirrhotic liver with nodular 
surface and ascites around it

Fig. 2.24  Normal portal vein Doppler waveform

Fig. 2.25  Portal vein colour flow and Doppler waveform 
in liver cirrhosis
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2.1.3	 �Gall Bladder and Biliary 
System [10, 11]

Abstract  It is seen in the liver area anterior to 
CBD. It is a pear shaped and appears black as it 
contains bile which is echo-free (Fig. 2.31). The 
GB should be seen in all adult patients after a 
physiological distension following 8–10 h fast. 
The position and size of the gall bladder are 
very variable. In general, the transverse diame-
ter is not more than 5 cm. If it is no longer ovoid 
but rounded in shape, the gall bladder is likely 
to be obstructed/hydropic. The gall bladder wall 
is pencil line thick (less than 3 mm) and is well 

Fig. 2.29  Cavernous 
malformation of the 
portal vein in liver 
cirrhosis

Fig. 2.30  The dilated 
hepatic veins and 
inferior vena cava (IVC) 
in cardiac 
decompensation

Fig. 2.31  Fundus, body and neck of the gall bladder, 
inferior vena cava (IVC) and liver (Liv)
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demarcated. Sometimes, a fold is seen in the 
gall bladder between the body and neck which 
should not be mistaken for disease (Fig. 2.32). 

Anomalous location of the gall bladder, single 
or multiple septa in the gall bladder and duplica-
tion anomalies are detected occasionally.

The most common disease of the gall bladder 
is calculus (Fig. 2.33). The gall bladder may con-
tain echogenic bile or sludge in patients who 
undergo prolonged fasting as well as in patients 
with biliary obstruction at the level of the gall 
bladder, cystic duct or CBD. The biliary sludge 
should not be mistaken for gall bladder growth. 
The biliary sludge is usually present along poste-
rior wall within the gall bladder lumen (Fig. 2.34), 
and it may shift towards fundus of the gall blad-
der with change in patient’s position to left lateral 
decubitus/sitting posture. Similarly, a calculus 

Fig. 2.32  Junctional fold at the gall bladder neck

Fig. 2.33  Crescent-
shaped single GB 
calculus with posterior 
shadowing

Fig. 2.34  Biliary 
sludge along the 
posterior wall of the 
gall bladder
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may be impacted at GB neck or may demonstrate 
its mobility with change in patient’s position 
(Fig. 2.35).

Non-visualisation of the gall bladder may due 
to (1) post-meal contraction, (2) congenital 
absence, (3) being shrunken and loaded with 
multiple calculi and (4) cholecystectomy being 
done.

Cholelithiasis: The accuracy of gall bladder 
ultrasound is reported to be 95% in detection 
of gallstones. Highly reflective echo from the 
calculus with prominent posterior shadow is 
the primary role of cholecysto-sonography 
(Figs.  2.36, 2.37, 2.38 and 2.39). Posterior 
shadow may be absent in small size stones. 
The movement of gallstone within its lumen 

Fig. 2.35  Shifting of 
calculus from the neck 
to the body of the gall 
bladder with change in 
patient’s posture

Fig. 2.36  Large calculus in GB with posterior shadow 
and without significant thickening of the wall Fig. 2.37  Gall bladder calculus with thickening of the 

wall
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can be seen by repositioning of patient. 
However, the gallstone impacted in the neck 
will not show a change in its position. Rarely 
one may see sludge balls or tumefactive biliary 
sludge as mobile mass in the gall bladder 
(Figs. 2.40 and 2.41).

Mucocele of the gall bladder with or without 
stone resulting in markedly enlarged gall bladder 
(Figs. 2.42 and 2.43).

The gall bladder growth is always attached 
to the gall bladder wall, and diffuse thickening 
of the gall bladder wall (>3  mm) is seen in 
50–75% of the patients. Many times, moderate 
to big size calculus is detected as a coincidence 

Fig. 2.38  Multiple gall 
bladder calculi 
(cholelithiasis) with 
posterior shadow

Fig. 2.39  Multiple gall bladder calculi with posterior 
shadow

Fig. 2.40  Gall bladder lumen filled with biliary sludge, a 
calculus in fundus with thickening of the wall

Fig. 2.41  Biliary sludge mimicking a growth with thick-
ening of the GB wall
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in a patient having no complaints (Figs.  2.44, 
2.45 and 2.46). Such calculus is labelled as 
silent stone. It should always be remembered 
that hepatic dysfunction may also result in 
thickening of the gall bladder wall. Gallstones 
may be a coexistent finding in carcinoma of the 
gall bladder.

Acute cholecystitis: Signs of acute cholecysti-
tis include gall stones, focally tender gall bladder 
(sonographic Murphy’s sign), impacted gall-
stone, diffuse wall thickening and sludge and GB 
dilatation. Complications of acute cholecystitis 
include emphysematous and gangrenous chole-
cystitis with perforation.

Fig. 2.42  Markedly 
enlarged gall bladder in 
mucocele

Fig. 2.43  Mucocele of 
the gall bladder with a 
calculus
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Irregular thickening of the gall bladder wall in 
the absence of calculus suggests acalculous cho-
lecystitis (Fig.  2.47). Follow-up study in such 
cases is useful to demonstrate progressive thick-
ening of the GB wall.

Pseudo gall bladder wall thickening may be 
caused by oedema in the gall bladder fossa in 
acute pancreatitis or viral hepatitis (Fig. 2.48) or 
ascites (Fig. 2.49).

Chronic cholecystitis: Two thirds of patients 
with gallstones have chronic cholecystitis with 
complaints of recurrent biliary colic. Thickening 
of the gall bladder is often present. The gall 

Fig. 2.44  Gall bladder growth and a calculus in the neck

Fig. 2.45  Gall bladder 
growth with multiple 
calculi in the neck

Fig. 2.46  Growth in the gall bladder neck

Fig. 2.47  Thickening of the GB wall in acalculous 
cholecystitis
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bladder may be studded with a number of calculi 
so that its lumen is not visualised (mountain peak 
appearance) (Fig. 2.50).

The presence of shadowing posterior to the 
gall bladder fossa is helpful in diagnosis.

Non-visualisation of the gall bladder suggests 
obliterated lumen, physiologic contraction (post-
meal), contractions from acute severe hepatitis, 
sludge iso-echogenic to the liver obscuring mar-
gins of the gall bladder, absence of the gall blad-
der, unusual position of the gall bladder (hydrops) 
and technical error. Gall bladder fossa filled with 
poorly defined heterogenous echoes resulting in 

Fig. 2.48  Thickening of 
the gall bladder wall in 
hepatic parenchymal 
disease

Fig. 2.49  Pseudo-
thickening of the GB 
wall in ascites

Fig. 2.50  “Mountain peak appearance” of GB lumen 
filled with calculi
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non-visualisation of its lumen suggests gall blad-
der carcinoma.

Single (Figs. 2.51, 2.52 and 2.53) or multiple 
polyp or multiple papilloma may occasionally be 
detected in the gall bladder lumen.

Occasionally, USG may reveal a roundworm 
in the gall bladder.

2.1.4	 �Biliary System [10, 11]

Intrahepatic bile ducts are considered dilated if 
their diameter is more than 40% of the accompa-
nying portal veins (Figs. 2.54 and 2.55).

The common hepatic ducts join the cystic duct 
to form the CBD which leaves the port-hepatis. 
Normal cystic duct is 2 mm in diameter and is seen 
only in 50% of the patients. However, it is easily 
visualised when there is CBD obstruction. CBD of 
0.5 mm diameter suggests CBD dilatation.

CBD stones can be picked up (Figs. 2.56 and 
2.57). Calculus in CBD can be missed especially 
when it is not dilated.

Choledochal cyst has been subdivided into 
various types:

Type I: Cystic fusiform dilatation of the CBD with 
an anomalous junction of the pancreaticobili-
ary system (most common form) (Figs.  2.58 
and 2.59).

Fig. 2.51  Single polyp 
attached to the fundus 
and anterior wall of the 
gall bladder

Fig. 2.52  Multiple polyps in both walls of the gall 
bladder

Fig. 2.53  Multiple papilloma in the gall bladder
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Fig. 2.54  A growth in 
dilated CBD, IHBR are 
also dilated

Fig. 2.55  Markedly 
dilated CBD

Fig. 2.56  Dilated CBD with calculus in terminal CBD
Fig. 2.57  Biliary sludge along posterior wall of the gall 
bladder with calculus in dilated CBD
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Type II: A diverticulum protruding from the wall 
of the CBD

Type III: A choledochocele or herniation of the 
CBD into the duodenum

Gall bladder function can be evaluated 2  h 
after giving a fatty meal, and contraction of the 
gall bladder by 2 mm or greater suggests nor-
mal gall bladder function. However, negative 
results in a questionable situation must be eval-
uated by CT.

2.1.5	 �Pancreas

Abstract  Ultrasound is most widely used and 
least expensive means of visualising the pan-
creas. The purpose is to differentiate a normal 
from abnormal pancreas and pancreatitis from 
malignancy. Ultrasound-guided FNAC has sig-
nificantly improved the diagnostic accuracy.

Anatomical relationship of the pancreas has 
been depicted in Fig. 2.60.

It is seen best in epigastrium in the transverse 
plane when the stomach is distended with fluid. 

Fig. 2.58  CBD obstruction with choledochal cyst type I

Fig. 2.59  Choledochal 
cyst type I in a 
paediatric patient

Papilla

GB

Head

IIIrd Part

duodenum

CBD

Body

Pancreatic duct

Tail

Fig. 2.60  Anatomical relationship of the pancreas
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The superior mesenteric artery courses posterior 
to the neck of the pancreas separating the head 
from the body. The left lateral border of the ver-
tebral column is the arbitrary plane demarcating 
the body and tail of the pancreas. Occasionally, 
the head, body and tail of the pancreas may be 
seen in one frame (Figs.  2.61, 2.62 and 2.63). 
Pancreas in elderly people may be smaller but 
this has no clinical significance.

The echogenicity of the pancreas is divided 
into four grades:

Grade I: Equal to the liver
Grade II: Slightly greater than the liver
Grade III: Definitely greater than the liver
Grade IV: As echogenic as retroperitoneal fat

Normal pancreas has Grade I and/or Grade II 
echogenicity.

The AP diameter of the head more than the 
transverse diameter of vertebral body suggests 
enlargement. The pancreatic duct 2–3  mm in 
diameter is seen in upper portion of the pancreas. 

Fig. 2.61  Head, body and tail of the pancreas in coronal 
plane

Fig. 2.62  Tail of the 
pancreas visualised 
better in the image taken 
at a different plane for 
the head and body

Fig. 2.63  Umbrella-like pancreas anterior to the abdomi-
nal aorta and celiac axis in coronal plane
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The dilated pancreatic duct is more easily visual-
ised (Fig. 2.64). If the pancreatic duct is seen in 
its entire length, it should be considered abnor-
mal and the presence of a small mass should 
always be looked for.

Causes of pancreatic duct dilatation include 
(1) tumours of the head of the pancreas or ampulla 
of Vater, (2) calculus in the pancreatic duct 
(Fig.  2.65), (3) chronic pancreatitis (Fig.  2.66) 
and (4) post-operative strictures following 
Whipple’s operation or partial pancreatectomy.

The splenic vein runs on postero-inferior 
aspect of the pancreas to join the superior mesen-
teric vein posterior to the neck of the pancreas to 
form portal vein. The medial portion of the pan-
creatic head tapers to form the uncinate process. 
The echogenicity of the pancreas is equal to the 
liver. Fatty infiltration of the pancreas increases 
its echogenicity.

Acute pancreatitis: USG findings depend on 
the severity of disease [12].

	(a)	 Mild forms consist of interstitial oedema 
limited to the gland with no or slight peripan-
creatic inflammation (Grade I) (Fig. 2.67).

	(b)	 More severe cases show fat necrosis, paren-
chymal necrosis and haemorrhage (Grade II).

	(c)	 More severe peripancreatic inflammatory 
changes with pseudocyst suggest Grade III 
acute pancreatitis (Fig. 2.68).

Fig. 2.64  Dilated pancreatic duct seen through distended 
stomach

Fig. 2.65  Multiple calculi in dilated pancreatic duct

Fig. 2.66  Dilated pancreatic duct with pancreatic calcifi-
cations in chronic pancreatitis

Fig. 2.67  Enlargement of the pancreas with poor defini-
tion in acute pancreatitis
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Pseudocyst formation is an attempt to enclose 
the active inflammation. Pseudocyst may attain 
an enormous size and may become multilocular.

Chronic pancreatitis [13] usually results from 
repeated bouts of mild pancreatitis resulting from 
high alcohol intake or biliary tract disease. The 
USG findings include change in size and shape of 
the pancreas, focal masses, calcifications, pan-
creatic duct dilatation and pseudocyst formation. 
Pancreatic calculi often multiple in numbers are 
seen in the pancreatic duct.

In pancreatic malignancy [14], USG may 
reveal a poorly defined, homogenous or in-
homogenous mass in the pancreas or pancreatic 
fossa. Compression of the adjacent structure 
may be an associated finding. The size of the 
head of the pancreas disproportionate to the 
body and the tail must be investigated for a mass 
(Fig. 2.69).

CT/MRI is a better diagnostic tool for pancre-
atic malignancy as it can do the staging of cancer 
at the same time.

Fig. 2.68  Pseudocyst in 
the head of the pancreas

Fig. 2.69  Mass in the 
head of the pancreas 
with dilated common 
bile duct
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Fig. 2.70  Splenomegaly with dilated splenic vein

Fig. 2.71  Dilated and tortuous splenic vein and its 
branches in portal hypertension

Fig. 2.72  Cystic lesion in the upper pole of the spleen

Fig. 2.73  No colour flow in nonparasitic cystic lesion 
located near splenic hilum, dilated splenic vein and 
increased vascularity in splenic pulp

2.1.6	 �Spleen [15]

It is seen below the left dome of the diaphragm 
through the intercostal space of the left lower ribs. 
The shape of the spleen is variable. The echo-
genicity of the spleen is lesser than the liver. 
Spleen becomes more echogenic when it enlarges. 
Normal spleen size is 12  cm length x breadth 
7 cm × thickness 5 cm. The spleen is capable of 
growing to enormous size. During examination of 
the spleen, lesions in the neighbouring organs 
such as the kidney, adrenals, tail of the pancreas 
and stomach should be scanned carefully to avoid 
mistakes in the diagnosis.

The normal splenic vein 2–3 mm in diameter 
is seen in the splenic hilum (Fig. 2.70). The tor-

tuous splenic vein and its dilated tributaries in 
the splenic pulp are seen in portal hypertension 
(Fig. 2.71).

The most common applications of ultrasound 
of spleen include diagnosis of splenomegaly [15] 
and evaluation of splenic trauma in blunt abdom-
inal injury. The subcapsular and pericapsular 
haematomas of the spleen can be diagnosed with 
high accuracy. In splenic abscess filled with pus, 
CT may be more helpful.

Splenic infarction is seen as triangular (wedge 
shape) echo-poor area with its broad base away 
from the centre of the organ.

Nonparasitic cyst (Figs  2.72 and 2.73) may 
occasionally be found in the spleen.

M.K. Dwivedi



37

Fig. 2.74  Measurements for kidney size: 1 length, AP 
anteroposterior (xx)

Fig. 2.75  Normal kidney as visualised in 2D sonography

Fig. 2.76  Calculus in 
lower calyx with 
posterior shadow and no 
hydronephrosis

2.2	 �Ultrasound of the Kidney, 
Urinary Bladder and Prostate

Abstract  The KUB ultrasound is dependent on 
body habitus, operator experience and type of 
equipment. High-resolution real-time sector 
scanner should be used. The patient should fast 
6  h before the examination to limit bowel gas. 
The patient position may be supine, oblique, lat-
eral decubitus and occasionally prone position. A 
non-dilated ureter may be impossible to visualise 
because of overlying bowel gas.

2.2.1	 �Kidneys

The kidneys are seen as bean-shaped structure. 
The size of each kidney is about 11  cm long, 
2.5 cm thick and 5 cm wide (Fig. 2.74). The out-
line of the kidney is well demarcated. The renal 
parenchyma is composed of cortex and medul-
lary pyramids. The normal echogenicity of renal 
cortex is less than the adjacent liver and spleen. 
The abnormal renal function correlates well with 
increased echogenicity of the renal cortex. The 
calices and renal pelvis constitute the pelvi-
caliceal system (Fig. 2.75). The renal pelvis con-
tinues downwards as ureter. The renal sinus is 
usually about one third of the kidney.

The calculus is the most common disease of 
urinary system [16, 17]. The calculus may be 
seen in the calices (Figs. 2.76, 2.77 and 2.78) or 
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the renal pelvis or in the ureter or in the urinary 
bladder. The calculus in the kidney and UB is 
easy to identify. The calculus in proximal ureter 
or pelvic ureter may be picked up after gaining 
some experience in USG. The size of the calculus 
may vary from few millimetres to few centime-
tres. They may be single or multiple. The stones 
of less than 5 mm size may pass spontaneously.

The hydronephrosis secondary to calculus 
may be mild to severe in degree, or there may be 
an associated large hydronephrotic sac.

The hydronephrosis secondary to calculus 
may be mild (Figs.  2.79 and 2.80) to severe in 

degree, or there may be an associated large 
hydronephrotic sac (Figs. 2.81 and 2.82).

Sonographic grading of hydronephrosis [18]: 
The most common system used by Society of 
Fetal Ultrasound is as follows:

Grade 0: No dilatation, caliceal walls opposed to 
each other

Grade I: Dilatation of the renal pelvis without 
dilatation of calices, no parenchymal atrophy

Grade II: Mild dilatation of the renal pelvis and 
calices (pelvi-caliceal pattern is retained), no 
parenchymal atrophy

Fig. 2.77  Calculus in the middle calyx right kidney

Fig. 2.78  Calculus in 
the lower calyx left 
kidney with posterior 
shadow, no obstructive 
changes

Fig. 2.79  Mild hydronephrosis (caliectasis) right kidney
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Fig. 2.80  Mild 
hydronephrosis with a 
calculus in the upper 
calyx of the right kidney

Fig. 2.81  Calculus in 
the renal pelvis with 
Grade III 
hydronephrosis

Fig. 2.82  Severe 
hydronephrosis of the 
right kidney with PUJ 
obstruction and thinning 
of the renal cortex
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Grade III: Moderate dilatation of the renal pelvis 
and calices, blunting of fornices and flattening 
of papillae and mild cortical thinning

Grade IV: Gross dilatation of the renal pelvis and 
calices, renal atrophy seen as cortical thinning

Each ureter is about 30–34  cm long and 
2–4 mm in diameter. The normal ureter is dif-
ficult to visualise in its entire length due to 
superimposed bowel gas, while dilated ureter 
is easy to identify. However, normal proximal 
ureter and portion of the pelvic ureter can 
be identified (Figs. 2.83, 2.84 and 2.85). Both 
ureters may be dilated in chronic cystitis 
(Fig. 2.86).

The urinary bladder is located in the pelvis. Its 
wall is smooth and of uniform thickness (1–2 mm). 

Fig. 2.83  Calculus at right VU junction with dilated pel-
vic ureter

Fig. 2.84  Calculus in dilated ureter with posterior shadow Fig. 2.85  Calculus at the right vesico-ureteric junction

Fig. 2.86  Dilated 
bilateral pelvic ureter in 
chronic cystitis
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The wall thickness varies with the degree of dis-
tension of UB. The volume of the urinary blad-
der after voiding (PVR) can be determined by 
the formula: length  ×  width  × AP dimension  × 
0.52 = volume in mL.

Vesical calculus is fairly easy to pick up at 
USG (Fig. 2.87).

In chronic cystitis, irregular shape and thick-
ening of the UB wall (Figs. 2.88 and 2.89) with 
coarse trabeculations inside (Fig.  2.90) and 

increased PVR are the usual sonographic 
findings.

Echogenic urine in the urinary bladder is seen 
in pyuria (Fig. 2.91).

Growth in the urinary bladder often invades 
into the bladder wall and neighbouring pelvic 
planes at the time when the diagnosis is made 
(Figs. 2.92 and 2.93). CT is a better choice for the 
evaluation of growth in the urinary bladder.

Despite remarkable improvements in the 
diagnostic accuracy, some of the pitfalls of 

Fig. 2.87  Enlarged median lobe in BPH with associated vesical calculus

Fig. 2.88  Thickening of the UB wall in chronic cystitis

Fig. 2.89  Diffuse thickening of the UB wall in cystitis
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ultrasonographic tests for evaluation of the 
bladder as a possible source of haematuria still 
remain. Smaller lesions (smaller than 0.5  cm) 
and lesions located in the dome or bladder neck 

are more difficult to visualise sonographically. 
Tumour configuration is also an important fac-
tor: plaque-like lesions are almost certainly 
harder to detect than polypoid ones [19].

The cyst in the renal cortex is seen usually as 
a coincidental finding. The benign cyst has well-
defined thin wall, and it contains clear (echo-free) 
fluid (Fig. 2.94). The benign cysts are more often 
seen in patients beyond 60 years of age as a senile 
change and are usually asymptomatic (Fig. 2.95). 
The cysts of more than 5 cm size, having solid 
area or haemorrhage inside with the presence of 
pain in flank or ureteric colic-like symptoms, 
need attention and proper management.

Adult polycystic disease of the kidney 
(Fig. 2.96) shows the presence of multiple cysts 
of variable sizes in the cortex in both kidneys 
with non-distension of the renal pelvis [20].

Fig. 2.90  Coarse 
trabeculae in chronic 
cystitis

Fig. 2.91  Fine echogenicity in the bladder in pyuria

Fig. 2.92  Growth in UB at 9–12 o’clock position

Fig. 2.93  Growth in the base and left wall of UB at 4–6 
o’clock position
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Fig. 2.94  Benign cyst 
in the upper pole of the 
right kidney

Fig. 2.95  Extracortical 
cyst at the lower pole of 
the left kidney

Fig. 2.96  Adult 
polycystic disease of the 
kidney
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Polycystic disease
	1.	 Autosomal recessive polycystic kidney disease 

(ARPCK) depending on the age of onset in 
individual is divided into four types: perinatal, 
neonatal, infantile and juvenile. USG reveal 
massively enlarged and echogenic kidneys 
with lack of cortico-medullary differentiation. 
Occasionally, macroscopic cysts will be noted.

	2.	 Autosomal dominant polycystic kidney dis-
ease (ADPCK) results in a large number of 
bilateral cortical and medullary renal cysts 
which vary considerably in size and are often 
asymmetric. Sonography may reveal cysts with 
thick wall and internal echoes when compli-
cated by haemorrhage or infection. Dystrophic 
calcification in cyst wall or stones may be seen.

Multicystic dysplastic kidney disease (MCDK) 
is usually unilateral and involves the whole kid-
ney. Sonography reveals multiple noncommuni-

cating cysts, absence of normal renal parenchyma 
and normal renal sinus and focal echogenic areas 
of primitive mesenchymal or tiny cysts.

Perinephric haematoma (Fig.  2.97) shows 
obscuration of renal outline and large haematoma 
may result into renal tamponade.

Angiomyolipoma is a highly vascular benign 
tumour of the kidney (Fig. 2.98) in which biopsy or 
aspiration cytology should not be done and CT angi-
ography may be needed to establish the diagnosis.

The renal mass lesions are usually solid 
(Fig.  2.99). There may be calcification or 
cystic areas within the mass. Renal biopsy or 
ultrasound-guided aspiration cytology is needed 
to confirm malignancy. Colour flow study within 
the mass is helpful.

Ultrasound is the first diagnostic tool for eval-
uation of renal parenchymal disease [21]. Renal 
cortex is slightly more echogenic than the 
medulla (Fig. 2.100). This differentiation is lost 

Fig. 2.97  Perinephric haematoma

Fig. 2.98  Angiomyolipoma of the kidney

Fig. 2.99  Renal mass in the left kidney

Fig. 2.100  Renal cortex and pyramids in the normal 
kidney
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in renal parenchymal disease (Figs.  2.101 and 
2.102). All medical diseases of the kidney, 
nephritis, glomerulonephritis and those associ-
ated with systemic diseases are considered as 
renal parenchymal diseases.

The comparison of echogenicity of the 
renal cortex with liver parenchyma and with 
pelvi-caliceal system of the kidney is used to 
classify the renal parenchymal disease into 
four grades:

Grade I: Increased echogenicity of the renal cor-
tex equal to liver parenchyma

Grade II: Echogenicity of the renal cortex more 
than liver parenchyma

Grade III: Echogenicity of the renal cortex equal 
to pelvi-caliceal system

Grade IV: Echogenicity of the renal cortex more 
than the pelvi-caliceal system

The kidneys may become small in size (con-
tracted kidneys) in terminal stage.

Grade I and Grade II sonographic changes of 
bilateral renal parenchymal disease (Fig. 2.103) 
may revert to normal after proper management, 
while Grade III and Grade IV changes are irre-
versible (prognostic significance).

Nephrotic syndrome in paediatric patients 
reveals that the kidneys are enlarged in size with 
markedly increased anteroposterior dimension 

Fig. 2.101  Loss of 
cortico-medullary 
differentiation in renal 
parenchymal disease 
(Grade III)

Fig. 2.102  Acute 
pyelonephritis with 
swollen renal pyramids 
and increased 
echogenicity of renal 
cortex equal to 
echogenicity of the liver
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and swollen renal pyramids. Echogenicity of 
renal cortex is increased with coexistent ascites.

In renal hypertension, colour Doppler study of 
intrarenal vasculature and detection of abnormal 
Doppler signals at or just distal to stenosis is 
more rewarding as the evaluation of main arteries 
as a screening technique has not proved to be suc-
cessful. Therefore, intra-arterial digital subtrac-
tion angiography or MR angiography is being 
used to improve detection rate of renal hyperten-
sion. Colour flow mapping of renal artery is 
shown in Figs. 2.104, 2.105 and 2.106.

Fig. 2.103  Echogenicity 
of the renal cortex more 
than liver parenchyma 
and less than pelvi-
caliceal system (Grade 
III renal parenchymal 
disease)

Fig. 2.104  Right renal artery origin from the abdominal 
aorta in colour Doppler

Fig. 2.105  Origin of the right renal artery from the aorta 
in power Doppler mode

Fig. 2.106  Main renal artery in colour flow mapping
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Fig. 2.107  Doppler waveform in normal renal artery

�Doppler in Renal Artery Stenosis (RAS)
Significant controversy persists about the role of 
Doppler ultrasound in the diagnosis of RAS 
[grey]. The lack of the normal early systolic peak 
in segmental renal artery is the best predictor of 
renal artery stenosis with luminal narrowing of 
greater than 60% (Stavros).

The use of Doppler in diagnosis of RAS 
[22]  is because of its ability to identify a focal 
area of increased peak systolic velocity (PSV) 
(Fig. 2.107) at the anatomic site of stenosis and 
to demonstrate a decrease in the rate of systolic 
acceleration distal to a stenosis. Studies have 

suggested that a PSV >100  cm/s or RAR >3.5 
(ratio of peak systolic renal artery velocity to 
peak systolic aortic velocity) has sensitivities of 
79–91% and specificities of 73–92% for haemo-
dynamically significant RAS (>50–60%) diam-
eter reduction [22].

�Obstructive Uropathy
Platt et  al. [23] found an elevated mean RI of 
0.77 in acutely obstructed kidney when no pyel-
ectasis is observed. However, RI of >0.7 is found 
in hydronephrosis.

In unilateral pyelocaliectasis, the resistance 
index ratio (RIR) of 1.1 or more (RI of obstructed 
kidney divided by RI of non-obstructed kidney) 
suggests obstruction [24].

�Hepatorenal Syndrome
It is defined as unexplained kidney failure in a 
patient with liver disease who does not have clin-
ical, laboratory or anatomic evidence of other 
known cause of kidney failure. The hallmark 
change is intrarenal vasoconstriction [25, 26] 
reflected as an elevated RI.

�Ectopic Kidney
The kidney may be located in ectopic position 
from the pelvis to its ascent into the renal fossa 
(Figs. 2.108 and 2.109).

Fig. 2.108  Absence of 
the right kidney in 
sub-hepatic area, with 
ectopic location in the 
right iliac fossa
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Fig. 2.109  Ectopic 
location of the left kidney 
in the pelvis, uterus (ut) 
and urinary bladder (UB)

Fig. 2.110   
Prostatomegaly (BPH) 
with enlarged median 
lobe jutting into the 
bladder base

Suprarenal glands are located at the upper 
pole of the kidney and normal adrenal glands 
are difficult to visualise in ultrasound. The 
tumours of adrenal glands can be missed by 
ultrasonography unless they attain a bigger size. 
CT/MRI is extremely useful in such situations.

2.2.2	 �Prostate [27–29]

The transabdominal approach through the uri-
nary bladder is quite accurate for assessing the 
size and the enlargement of the prostate (hyper-

trophy). However, for detection of prostatic 
tumour, the usefulness of transabdominal sonog-
raphy is limited where transrectal technique and 
colour USG are more useful.

The sonographic anatomy of the prostate is 
described as the peripheral zone and the inner 
gland which encompasses the transitional and 
central zones and the periurethral glandular area. 
However, the concept of median lobe and its 
enlargement in benign prostatic hypertrophy 
(BPH) still holds good (Figs. 2.110 and 2.111). 
The outline of the prostate is well defined. 
Normal prostate has iso-echoic texture.

M.K. Dwivedi



49

The normal prostate weighs less than 20 
grammes in younger patient. At age 50, its 
weight less than 40 g is considered normal. The 
weight of the prostate is determined by the for-
mula: Length (L)  ×  Width (W)  ×  Height 
(H) × 0.52 = Weight in grammes/volume in mL.

Prostatic enlargement can be divided into mild, 
moderate and severe depending on the weight of 
the prostate:

Mild = below 40 g
Moderate = 40–60 g
Severe = above 60 g

Transurethral resection (TUR) of the prostate 
is considered to be more rewarding in cases 
where the prostatic weight is less than 60  g. 
Prostatic hyperplasia may be observed again after 
a gap of few months or years post-TUR.

Post-void residual volume of 5–10 mL is nor-
mal. PVR of 20 mL or more is considered to be 
significant (Fig. 2.112).

Twenty percent of the men above 40 years and 
43% of the men above 60 years may have benign 
prostatic hypertrophy (BPH). There is no clear 
relation between prostatic volume and symptoms. 
The international prostate symptom score has 
been developed to decide treatment options.

Prostate-specific antigen (PSA) levels are 
used for screening of prostate cancer. All men 
above the age of 50 should have routine yearly 
PSA and digital rectal examination and prostate 
ultrasound.

The normal PSA levels are [30]:

Ages 40–49 = 0–2.5.
Ages 50–59 = 0–3.5.
Ages 60–69 = 0–4.5.
Ages 70–79 = 0–6.5.

PSA determination of 0–4  ng/mL is normal 
and above 10  ng/mL is abnormal. Transrectal 
ultrasound (TRUS) acts as a diagnostic technique 
for staging of prostate cancer.

Sonography in chronic prostatitis may reveal 
focal masses of different degrees of echogenicity, 
capsular thickening or irregularity, periurethral 
glandular thickening and distended seminal 
vesicles.

Fig. 2.111  Enlarged 
median lobe in BPH 
with associated vesical 
calculus

Fig. 2.112  Measurements of UB after voiding (PVR 
post-void residue)
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Prostatic abscess reveals anechoic mass with or 
without internal echoes which is difficult to dif-
ferentiate from carcinoma (Fig. 2.113).

�Retroperitoneum [31]
Retroperitoneum contains a variable amount of 
fibrous and fatty tissue. The fascia divides it into 
a number of spaces (Fig. 2.114). The most com-
mon pathology is the presence of a mass.

USG signs include displacement of normal 
structures, direct invasion of neighbouring organs, 
asymmetry of normal structures and loss of retro-
peritoneal details. With USG, it can be determined 
whether it is solid/cystic/vascular, fixed/free, 
presence of air/calcium and its size. Only enlarged 
lymph nodes can be detected with USG.

CT usually is the imaging procedure of choice 
for evaluating retroperitoneum.

Abdominal aorta: It is located slightly left to 
midline in the upper abdomen to lower abdomen 
where it divides into the right common iliac 
artery and the left common iliac artery. Its pulsa-
tions can be seen. Celiac axis and renal arteries 
can be visualised in upper portion of the abdomi-
nal aorta. The normal diameter is 2.3  cm in 
males and 1.9 cm in females. The indications for 
aortic USG are visualisation of the entire abdom-
inal aorta (Fig. 2.115) and its branches, detection 
of atheromatous stenosis, aneurysm (Fig. 2.116) 
and dissection and evaluation of adjacent organs. 
Spectral Doppler analysis provides valuable 
information in regard to velocity and flow 
pattern.

Fig. 2.116  Aortic aneurysm with thrombus partially 
blocking the aortic lumen

Fig. 2.113  Heterogenous texture of the prostate with 
thickening of capsule in prostatic abscess

Fig. 2.114  Retroperitoneal spaces (From Wikipedia, free 
encyclopaedia)

Fig. 2.115  Colour flow in the proximal abdominal aorta 
in long section
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Inferior vena cava (IVC) is viewed in the 
upper abdomen where its intrahepatic portion is 
seen. The remainder of the vessel is inconsis-
tently seen due to bowel gas. With deep inspira-
tion IVC dilates and with deep expiration its 
diameter decreases. Cardiac failure and fluid 
overload increase the diameter of IVC and 
hepatic veins. IVC may reveal a tumour throm-
bus (Fig. 2.117) in a patient of malignancy.

2.2.3	 �USG of Appendix [32]

The right iliac fossa can be evaluated for appen-
dix. The normal appendix is difficult to visualise. 
The position of the appendix is variable which 
poses difficulty in its imaging. However, acute 
appendicitis with graded compression can be 
diagnosed keeping in view the thickness of wall 
3  mm and greater (Fig.  2.118), diameter of 
appendix 6 mm and more, presence of appendi-
colith (Fig.  2.119) or fluid around appendix. 
False-positive diagnosis could be higher than 
expected; therefore it is better to have CT for 
more reliable and confident diagnosis.

Colour flow imaging reveals increased vascu-
larity in appendicular wall (Figs. 2.120 and 2.121).

Figure 2.122 reveals appendicular abscess.
In acute appendicitis, echogenic fluid contain-

ing dilated small intestinal loops due to ileus may 
be visualised in the right lower of the abdomen 
(Fig. 2.123).

Fig. 2.117  Tumour thrombus in 
IVC in subdiaphragmatic area

Fig. 2.118  Thickening of appendicular wall in coronal 
plane in acute appendicitis

Fig. 2.119  Dilated appendix with faecal mass in acute 
appendicitis
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Fig. 2.121  Hypervascularity in appendicular wall in 
cross-section image in appendicitis

Fig. 2.122  Enlarged 
appendix with abscess

Fig. 2.123  Dilated 
intestinal loops with 
fluid in peritoneal cavity 
in acute appendicitis

Fig. 2.120  Hypervascularity and thickening of the wall 
in acute appendicitis
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Fig. 2.124  Lipoma in 
the anterior abdominal 
wall

Fig. 2.125  Enlarged 
(Virchow’s) lymph node 
in right subclavicular 
area

Anterior abdominal wall [33]: Imaging of 
anterior abdominal wall with 6–8  MHz linear 
probe may reveal lipoma (Fig.  2.124), neurofi-
broma, haematoma or abscess.

Occasionally USG is recommended to detect 
lymphadenopathy (Figs. 2.125, 2.126 and 2.127). 
However, the main object is to differentiate 
abscess/solid mass lesion from cystic lesion in 
case of doubt.

2.2.4	 �Detection of Pleural 
Effusion [34]

The thorax can be examined by direct intercos-
tal/subcostal approach. Most pleural fluid is 
anechoic separating the parietal and visceral 
pleura (Figs. 2.128 and 2.129). The quantity of 
pleural fluid can be estimated by measuring the 
maximum perpendicular distance between the 
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lung surface and chest wall with patient in 
supine position. A 20 mm width has a mean vol-
ume of 380 mL + 130 mL. A 40 mm width cor-
responds to about 1000  mL  +  330  mL.  It is 
possible to differentiate between pleural thick-
ening and pleural fluid. Encysted pleural collec-
tion can be differentiated from pulmonary 
consolidation or mass. Ultrasound-guided pleu-
ral aspiration and fine needle aspiration cytol-
ogy (FNAC) are now an established practice in 
most of the centres.

Occasionally pleural effusion with multiple 
septa may be found (Fig. 2.130).

Fig. 2.126  Enlarged 
tubercular lymph node 
in the neck

Fig. 2.127  Multiple enlarged lymph nodes in the right 
inguinal region

Fig. 2.128  Small pleural effusion in costo-diaphragmatic 
recess

Fig. 2.129  Pleural effusion above the right diaphragm 
and ascites anterior to the liver
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Fig. 2.130  Pleural effusion with multiple septa

USG through subcostal approach may reveal 
pericardiac effusion (Fig. 2.131).
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Abstract

Sonography has become indispensable in the evaluation of gynaecological 
disease. The trans-abdominal and transvaginal sonography are well-established 
techniques and complementary to each other, for assessing the female pelvic 
organs. Good distension of the urinary bladder displaces the bowel out of the 
pelvis so that the entire uterus including the fundus, ovaries and adnexa are 
clearly visualised, while the empty urinary bladder is required for transvaginal 
sonography. Images in the sagittal and coronal planes are obtained. 
Transvaginal sonography provides greater detail of the internal characteristics 
of a pelvic mass because of the higher frequency of the transducer.

3.1	 �Gynaecologic Sonography

The USG of the pelvis in female includes visuali-
sation of the uterus, ovaries and adnexa (Fig. 3.1). 
The uterus is seen in long section (Fig. 3.2), and 
rotating the probe by 90°, the coronal section is 
obtained (Fig. 3.3). The endometrial complex is 
seen in the midline in the upper portion of the 
uterus in the long section. It measures 1–2 mm in 
thickness. The uterine cervix, the vagina and the 
pouch of Douglas (posterior to uterus) can be 

seen. The upper portion of the vagina is usually 
visible in USG. The ovaries are located on either 
sides of the uterus, and their position varies with 
the degree of urinary bladder distension. Posterior 
to the uterus, the rectum is located which usually 
contains gas and faecal matter. On the either sides 
of the uterus, the adnexa (pelvic muscles and 
connective tissue) are visualised. The normal fal-
lopian tubes and broad ligament are not visual-
ised. However, in the presence of pelvic ascites, 
the broad ligament is visualised (Fig. 3.4) [1].

US characteristics of benign and malignant 
ovarian masses is shown in Table 3.1

The dilated tubes (hydrosalpinx) forming part 
of complex adnexal mass are seen.

In retroverted uterus, the cervix and uterine 
fundus are seen at the same level (Fig. 3.5).

Transvaginal sonography (TVS) (Fig.  3.6) can 
be done in the absence of urinary bladder distension 
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Fundus

Fallopian Tube

Rt. Ovary

Ovarian Ligament

External os Vagina

Internal os

Myometrium Fimbria

Uterine CavityFig. 3.1  Anatomy of 
the uterus, ovaries and 
fallopian tubes

Fig. 3.2  Longitudinal scan of the uterus showing 
fundus and cervix, normal thin endometrial echo 
complex seen in the midline in the upper portion 
of the uterus

Fig. 3.3  USG in 
coronal plane showing 
the uterus and left ovary
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or in obese patients with better evaluation of the ret-
roverted uterus, better distinction between the 
adnexal mass and bowel loops and greater detail of 
the internal characteristics of a pelvic mass [2]. It 

can be used, if necessary, after the initial trans-
abdominal pelvic sonography. Andolf and 
Jorgensen [3] found no significant difference in the 
diagnostic outcome between the techniques.

Fig. 3.4  Broad ligament 
on sides of the uterus 
visualised only in the 
presence of ascites

Table 3.1  Ovarian masses, benign vs. malignant [23]

US characteristics Benign disease Malignant disease

Size Small <5 cm Large >10 cm

External contour Thin wall, well-defined borders Thick wall, ill-defined/irregular borders

Internal features Purely cystic, thin septations Solid/complex. Thick/irregular 
septations, echogenic nodule

Doppler High-resistance or no flow, avascular nodules Low-resistance flow, vascular nodule

Associated findings Ascites, peritoneal implants

Fig. 3.5  Posteriorly directed fundus of the retroverted uterus

Fig. 3.6  Three-layer appearance of the endometrium in 
TVS

3  Gynaecologic Ultrasound
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The normal nulliparous uterus measures 8 cm 
(L) × 5 cm (width) × 4 cm (AP diameter). After 
menopause the uterus atrophies and it measures 
3.5–6.5  cm (L) × 1.2–1.8  cm (AP). Multiparity 
increases the normal size by more than 1 cm in 
each dimension [4].

The sonographic appearance of the endome-
trium varies during menstrual cycle [5]. The nor-
mal endometrium is 2–3  mm in thickness and 
located in the midline in the upper portion of the 
uterus (Fig.  3.7). The hypoechoic thickening in 
proliferative phase may reach 4–8 mm, while the 
hyperechoic thickening in secretory phase mea-
sures 7–14 mm [5].

The causes of endometrial thickening are [5]:

	1.	 Early intrauterine pregnancy
	2.	 Incomplete abortion
	3.	 Ectopic pregnancy
	4.	 Retained products

	5.	 Trophoblastic disease
	6.	 Adhesions
	7.	 Hyperplasia
	8.	 Polyps
	9.	 Carcinoma

Endometrial thickening of 4  mm and more 
than 8  mm in the bleeding and asymptomatic 
postmenopausal woman (Fig. 3.8), respectively, 
requires endometrial sampling [6].

The infantile or prepubertal uterus measures 
2–3.3 cm in length and 0.5–1.0 cm in AP diame-
ter [1] (Fig. 3.9).

Leiomyoma (fibroid) of uterus occurs 
20–30% over the age of 30 years [7]. Leiomyomas 
may be single (Fig. 3.10) or multiple (Fig. 3.11). 
The size may vary from small to very large. They 
may be hypoechogenic in texture. Intramural 
fibroids are most common (Fig. 3.12); submuco-
sal fibroids produce symptoms most frequently, 

Fig. 3.7  Normal location and thickness of endometrial echo

Fig. 3.8  Mild thickening of the endometrium
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Fig. 3.9  Small dimensions of the 
uterus and ovaries (infantile 
uterus) in a girl of 16 years, no 
menarche

Fig. 3.10  Anterior displacement 
of endometrial echo by an 
intramural fibroid

Fig. 3.11  Multiple intramural 
fibroids with inhomogenous 
echotexture
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Fig. 3.12  Intramural 
fibroid with fine foci of 
calcifications

and subserous (Fig. 3.13) fibroids may present as 
an adnexal mass. Calcifications and cystic 
degeneration (areas of necrosis) are associated 
findings. Fibroid may produce displacement of 
endometrial echo (Fig. 3.10). Many patients may 
remain asymptomatic. A rapid increase in size, 
especially in a postmenopausal patient, should 
raise the possibility of sarcomatous change [8].

Some of the small fibroids may produce a 
bulge in the uterine wall (Fig. 3.14), while others 
having echogenicity equal to the surrounding 
myometrium (isoechogenic) can be diagnosed 
with MRI [9].

Approximately 8% of leiomyoma may arise in 
the cervix (Fig. 3.15). The pedunculated fibroid 
may prolapse into the vagina. The cervical stump 
after hysterectomy may simulate a mass. The 
normal cervix and cervical polyps are demon-
strated best by TVS.

Adenomyosis may be diffuse or nodular in 
form. It is characterised by the presence of endo-
metrial glands within the myometrium showing 
as small cystic lesions [10].

Endometritis may reveal thick and irregu-
lar endometrium with or without fluid in its cavity.

Endometrial adhesions (synechiae) appear as 
bridging bands of tissue in the endometrial cavity and 
are demonstrated best by sonohysterography where 
fluid is instilled into the endometrial cavity [11].

Endometriosis is the presence of functioning 
endometrial tissue outside the uterus. It may be dif-
fuse or localised. The women are affected usually 
during the reproductive years. The localised form 
consists of a unilocular or multilocular cystic mass 
(chocolate cyst) containing diffuse homogenous low-
level internal echoes better appreciated on TVS [12].

Endometrial polyp seen as a focal, round echo-
genic mass in the cavity [13] is easily visualised in 
TVS (Fig. 3.16). The polyp is identified more eas-
ily when the fluid within the endometrial cavity is 
present (Fig.  3.17) or when the fluid is instilled 
into the endometrial cavity in sonohysteroscopy.

Fig. 3.13  Subserosal fibroid at the fundus of the uterus
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Fig. 3.14  A bulge in the anterior 
wall of the lower segment of the 
uterus by a fibroid

Fig. 3.15  Increased AP dimension of the lower segment 
of the uterus with a fibroid near the cervix

Fig. 3.16  Polyp in the endometrial cavity in TVS

Fig. 3.17  Endometrial polyp in 
the fluid-distended endometrial 
cavity
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Saline infusion sonography (SIS) causes disten-
sion of the endometrial cavity resulting in better 
visualisation of the endometrial polyp (Fig. 3.18).

Collection of fluid in the pouch of Douglas or 
cul-de-sac is a common finding in pelvic inflam-
matory disease (Fig. 3.19) [14].

Haematocolpos shows distended vagina with 
echogenic material in young patient with imper-
forate hymen (Fig. 3.20). The haematometra is a 
blood-filled endometrial cavity (Fig. 3.21) [15].

Nabothian cysts are seen in the cervix 
(Fig. 3.22), may be multiple (Fig. 3.23) and may 
contain internal echoes caused by haemorrhage 
or infection. Multiple cysts may be the cause of 
benign enlargement of the cervix [16].

Fig. 3.18  Two endometrial polyps in the endometrial 
cavity distended with infusion of normal saline through 
Foley’s catheter (SIS)

Fig. 3.20  Blood collection in vagina (haematocolpos), 
uterus (ut) displaced anteriorly

Fig. 3.21  Collection of blood in the uterus (haematometra)

Fig. 3.19  Fluid in the cul-de-sac in PID

Fig. 3.22  Nabothian cyst in the cervix uterus
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Patients of carcinoma cervix are rarely 
referred for sonography. Only big size growth 
can be detected by ultrasound.

Pelvic USG is commonly used for the pres-
ence and location of Cu-T (Fig. 3.24) and also to 
find out myometrial penetration [17]. When no 
device is seen in the uterus, abdominal radio-
graph may reveal a peritoneal position anywhere 
from the pelvis to diaphragm.

Ovaries: The normal ovaries are visualised lat-
erally or posterolaterally to the uterus. They may 
be seen high in the pelvis or in the cul-de-sac 

(pouch of Douglas). The normal ovaries have rel-
atively homogeneous texture. The follicles are 
seen in the peripheral area, i.e. in the cortex of the 
ovary. Normally, follicles appear 10 days after the 
beginning of the menstrual cycle increasing grad-
ually in size reaching up to 2–2.5 cm at the time of 
ovulation. The other follicles become atrophic.

The ovarian volume in ml is calculated by 
the  formula for an ellipse: the ovarian size 
length  ×  width  ×  height in cm  ×  0.52 
(Fig. 3.25). The upper limit of ovarian volume 
at menarche is 8 mL, in adult is 22 mL and in 

Fig. 3.24  Intrauterine contraceptive device (Cu-T) in situ 
in the uterus

Fig. 3.23  Multiple nabothian cysts of variable sizes

Fig. 3.25  Measurement 
of the volume of cyst in 
the right ovary
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postmenopausal women is 8 mL. Cohen et al. 
[18] assessed 866 normal ovaries by transab-
dominal sonography and reported a mean 
ovarian volume of 9.8 =/−5.8 cc with an upper 
limit of 21.9 cc.

Cysts of different sizes can be seen in the ova-
ries (Figs. 3.26, 3.27, 3.28 and 3.29). Surgery is 

required for cysts of 5 cm or greater in size and 
if containing internal septa and/or nodule [6] 
(Fig. 3.30).

Polycystic ovarian disease (PCOD) [19] results 
due to chronic anovulation and is a common cause 
of infertility. Ultrasound findings are the bilaterally 
enlarged ovaries with multiple cysts of 5–8  mm 

Fig. 3.28  Cyst in the left ovary with two loculi

Fig. 3.26  Unilocular cyst in the right ovary

Fig. 3.27  Larger size 
ovarian cyst with septa 
(bilocular)
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size located peripherally in the ovaries (Figs. 3.31 
and 3.32).

Follicular formation refers to the continuous 
process occurring throughout reproductive life. 
Each month only one follicle, the preovulatory or 
dominant follicle, achieves complete maturation, 

releasing ultimately the oocyte, i.e. ovulation [7]. 
Typically five follicles, maybe up to 11 follicles, 
become visible in sonography (Fig.  3.33). The 
dominant follicle reaches the pre-ovulation diam-
eter of 20–23 mm (Fig. 3.34). The dominant fol-
licle grows by 2–3 mm per day. The non-dominant 
follicles rarely exceed 11 mm in diameter [20]. 
The oocyte as such cannot be visualised within 

Fig. 3.29  Multiloculated 
ovarian cyst

Fig. 3.30  Cystic tubo-ovarian mass with multiple septa 
and loculi

Fig. 3.31  Multiple cysts in the ovary in PCOD
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the Graafian follicle; however, a 1  mm internal 
protrusion, i.e. cumulus oophorus (Fig.  3.35), 
indicates maturity of the follicle, and its visuali-
sation predicts ovulation within 36 h [21].

Pelvic inflammatory disease (PID) [22] at USG 
is seen as thickening of endometrium or fluid in cul-
de-sac (Figs. 3.36 and 3.37), enlarged ovaries with 
multiple cysts, fluid-filled fallopian tubes (hydrosal-
pinx or pyosalpinx), tubo-ovarian complex (fusion 
of the inflamed dilated tube and ovary) (Fig. 3.38) 
or tubo-ovarian abscess (Fig. 3.39). In chronic PID 
extensive fibrosis and adhesions lead to formation 
of ill-defined mass with obscuration of margins of 
the pelvic organs (Figs. 3.40 and 3.41) [23].

Fig. 3.32  Unilocular 
cyst in the right ovary, 
small multiple cysts in 
the left ovary in PCOD

Fig. 3.33  Two follicles in the ovary seen in TVS

Fig. 3.34  Dominant follicle of 2.5 cm in the right ovary

Fig. 3.35  Cumulus oophorous seen prior to follicle rupture
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Fig. 3.36  Thickening of the endometrium in a premen-
strual young girl with fluid in the cul-de-sac

Fig. 3.37  Fluid in the pouch of Douglas in PID

Fig. 3.38  Hydrosalpinx with debris and cyst in the ovary

Fig. 3.39  Tubo-ovarian 
abscess with complex 
echotexture

Fig. 3.40  Right tubo-ovarian mass, unilocular cyst left 
ovary
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Recommendations for postmenopausal 
women: endometrial thickness (double layer) 
[24] (Fig. 3.42):

	1.	 <4  mm: Bleeding  =  no biopsy (probably 
atrophic)
No bleeding = normal

	2.	 5–8 mm: Bleeding = biopsy
No bleeding = probably normal, no biopsy

	3.	 >8 mm: Sequential hormone—rescan early or 
late in cycle = if still >8 mm = biopsy
All other hormone regimen = biopsy

Cystic teratoma or dermoid cysts constitute 
about 15–25% of ovarian neoplasm (Figs. 3.43 
and 3.44) and are virtually always benign. The 
USG appearance may vary from completely 
cystic to solid mass with dermoid plug (mural 
nodule) [25], tip of the iceberg sign [26], der-
moid mesh [27] (multiple linear hyper-echo-
genic interfaces floating within the cystic mass) 
or a fat-fluid or hair-fluid level.

The location of the centre of the gestational 
sac relative to the midpoint axis of the uterus can 
be used as an easy method to differentiate 

Fig. 3.41  Mass in 
the left adnexa 
posterolateral to the 
uterus

Fig. 3.42  Thickened 
endometrium
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between normal intrauterine pregnancy (IUP) 
and caesarean scar pregnancy (CSP) between 5 
and 10 weeks of gestation [28] (Fig. 3.45).

Retained products of conception are seen as a 
heterogenous mass, but it may be caused by 
blood clots or infected or necrotic material with-
out the presence of placental tissue being found 

(Fig. 3.46) [29]. Occasionally, definitive placen-
tal tissue may be identified (Fig. 3.47).

Ovarian cancer: It usually presents as an 
adnexal mass. Well-defined anechoic lesions 
are more likely to be benign, whereas lesions 
with irregular walls, thick and irregular septa-
tions, mural nodules and solid echogenic ele-

Fig. 3.43  Dermoid cyst 
(a) in the right ovary and 
(b) in the left ovary in 
two different patients

Fig. 3.44  Dermoid cyst 
right ovary containing 
hyper-echogenic solid 
area with posterior 
shadow
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ments favour malignancy [30] (Figs. 3.48, 3.49 
and 3.50).

Absence of flow within a lesion usually indi-
cates a benign lesion; Weiner et  al. [31] have 
shown absent flow within malignant lesions. It is 
suggested that Doppler studies should be done 
between the third and tenth day of menstrual 
cycle to avoid confusion with normal luteal flow.

Mucinous cystadenomas constitute 20–25% 
of all benign ovarian neoplasms, and mucinous 
cystadenocarcinomas make up 5–10% of all pri-
mary malignant ovarian neoplasms [7].

The normal fallopian tube is difficult to iden-
tify by trans-abdominal or transvaginal sonogra-
phy. The lumen is not seen unless it is fluid 
filled [32].

Fig. 3.45  Caesarean 
scar pregnancy 
mimicking a fibroid with 
a bulge in the anterior 
wall of the lower portion 
of the uterus

Fig. 3.46  Retained products of conception after incom-
plete evacuation

Fig. 3.47  Hypervascularity in the uterus post D and E
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Fig. 3.48  Mucinous 
cystadenoma of ovary

Fig. 3.49  Dermoid cyst 
right ovary containing 
hyper-echogenic solid 
area with posterior 
shadow
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Obstetric Ultrasound

R.K. Diwakar

Abstract

The obstetric ultrasound has provided answer to many basic questions 
such as the presence of pregnancy in the uterus or in extrauterine location, 
number of foetuses, whether the embryo/foetus is alive, estimate of gesta-
tional age/pregnancy dating and nuchal translucency measurement in the 
first trimester scan. The foetal death should be confirmed by more than one 
examination based on the absence of cardiac motion for at least 2–3 min.

The second and third trimester obstetric ultrasound includes evaluation 
and follow-up of information available from the first trimester scan, con-
firmation of foetal life, assignment of gestational age, estimation of foetal 
body weight and amniotic fluid, placental position and maturity, diagnosis 
of growth restriction in compromised foetuses and detection of foetal 
development anomalies. In twin gestation, it is important to determine the 
number of placenta and the gestational sacs (the chorionicity and the 
amnionicity). One or more USG examinations in pregnancy are done 
safely with weekly monitoring in growth-restricted foetus. Doppler study 
and four-chamber view of heart/foetal echocardiography are other dimen-
sions of obstetric ultrasound.

Obstetric ultrasound has provided answer to 
many questions about pregnancy. The technolog-
ical advances in ultrasound imaging made it 
possible to conduct detailed anatomic survey of 
foetus for detection of chromosomal anomalies 

and congenital defects. Ultrasound-guided in 
utero foetal surgery at specialised centres has 
become a reality. To make the ultrasound exami-
nation safe, recommendations from time to time 
have been issued [1].

The real-time obstetric ultrasound includes con-
firmation of presence, size, location and numbers 
of gestational sac; presence or absence of cardiac 
activity; measurement of CRL if embryo (foetal 
pole) is present in the sac; position of foetus; evalu-
ation of uterus, adnexa and ovaries; leiomyoma, 
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adnexal mass or presence of fluid in cul-de-sac; 
measurement of foetal biometry such as BPD, HC, 
AC, FL, humerus/radius length for estimation of 
gestational age and interocular distance; nuchal 
translucency measurement; placental location, 
appearance, maturity grades and its relationship 
with internal os; assessment of amniotic fluid and 
its volume; etc. The study of foetal anatomy 
includes cerebral ventricles, posterior cranial fossa, 
spine, stomach, kidneys, urinary bladder, intact-
ness of anterior abdominal wall, umbilical cord, 
four-chamber view (4 CH view) of heart, etc.

A 3–5  MHz abdominal transducer or 
5–7.5 MHz transvaginal probe for TVS is used. It 
should be understood that not all malformations 
can be detected using USG.

4.1	 �Ultrasound Evaluation 
of First Trimester Pregnancy

Since there is no visible landmark to announce 
conception, the radiologist and obstetrician con-
tinue to use menstrual age or gestational age for 
pregnancy dating.

The first sign of pregnancy using sonography is 
the demonstration of the gestational sac [2]. Three 
dimensions of the GS are measured to calculate 
the mean sac diameter (MSD) (i.e. the mean of 
long, transverse and anteroposterior diameter). 
The mean sac diameter (MSD), 2–3 mm, can be 
observed first (Figs. 4.1 and 4.2). Yolk can be seen 
when MSD ranges from 6 to 12 mm. A thick ring 
of trophoblastic reaction is seen around the gesta-
tional sac of 7.5 weeks (Fig. 4.3).

One week after the missed period, a gesta-
tional sac of 5 mm corresponding to 5 weeks of 
gestation can be detected by TVS to indicate the 
presence of pregnancy. However, transabdominal 
sonography can detect a gestational sac of 
6 weeks. Simple formula to calculate gestational 
age (GA) in days is MSD in mm + 30 [2]. The 
normal sac grows by 1 mm/day (Table 4.1).

From Hellman LM, Kobayashi M, Fillisti L, 
et  al.: Growth and development of the human 
foetus prior to the twentieth weeks of gestation. 
Am J Obstet Gynaecol. 103:789. 1969 [3]

Fig. 4.1  Gestational sac of 6 weeks, no embryo or yolk 
sac

Fig. 4.2  Six week’s gestational sac without embryo or 
yolk sac

Fig. 4.3  Trophoblastic reaction is seen as an echogenic 
ring around gestational sac (GS) in 7.5 week’s pregnancy
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The embryo in the sac, i.e. foetal pole, can be 
visualised in 6 weeks, and as small as 2 mm can be 
detected with transvaginal transducer. The mea-
surement of foetal pole, i.e. CRL, provides clue to 
the age of foetus. GA in days can also be estimated 
by adding 42 to the embryonic length in millime-
tres for pregnancies between 43 and 67 days [4]. 
The crown rump length (CRL) (Fig. 4.4) measures 
30 mm by the end of tenth week (Table 4.2).

Table 4.1  Gestational sac measurement

GS (cm) GA (weeks) GS (cm) GA (weeks)

1.0 5.0 4.5 10

1.5 5.8 4.7 10.3

2.0 6.5 5.0 10.7

2.5 7.2 5.2 11.0

3.0 7.9 5.5 11.5

3.5 8.6 5.9 12.0

4.0 9.3 6.0 12.2

Fig. 4.4  CRL 
measurement in the first 
trimester

Table 4.2  Crown rump length in cm

CRL MA CRL MA CRL MA CRL MA CRL MA

0.2 5.7 2.2 8.9 4.2 11.1 6.2 12.6 8.2 14.2

0.4 6.1 2.4 9.1 4.4 11.2 6.4 12.8 8.4 14.3

0.6 6.4 2.6 9.4 4.6 11.4 6.6 12.9 8.6 14.5

0.8 6.7 2.8 9.6 4.8 11.6 6.8 13.1 8.8 14.7

1.0 7.2 3.0 9.9 5.0 11.7 7.0 13.2 9.0 14.9

1.2 7.4 3.2 10.1 5.2 11.9 7.2 13.4 9.2 15.1

1.4 7.7 3.4 10.3 5.4 12.0 7.4 13.5 9.4 15.3

1.6 8.0 3.6 10.5 5.6 12.2 7.6 13.7 9.6 15.4

1.8 8.3 3.8 10.7 5.8 12.3 7.8 13.8 9.8 15.6

2.0 8.6 4.0 10.9 6.0 12.5 8.0 14.0 10.0 15.9

From Hadlock FP, Shah YP, Kanon DJ, Lindsey JV: Foetal crown-rump length: Re-evaluation of relation to menstrual 
age (5–18 weeks) with high-resolution real-time US. Radiology. 182:501–505, 1992 [5].
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Yolk sac (YS) is seen at 5.5 weeks in trans-
vaginal sonography [6]. In abdominal sonogra-
phy, the earliest detection of yolk sac is at seventh 
week of gestation [7]. The normal yolk sac is 
5–6 mm in diameter at about 10 weeks’ GA [8] 
(Figs. 4.5, 4.6 and 4.7). It disappears by the end 
of the first trimester [8]. However, patients with a 
large yolk sac are at increased risk for spontane-
ous abortion.

The primordial heartbeats can be seen from 
sixth week onwards [9]. The earliest detection of 

heart rate by abdominal USG is by 7.5 to 8th 
week. It is 137–144 beats per minute after ninth 
week GA [10].

Colour flow imaging depicts the presence of 
flow in the foetal heart (Fig. 4.8).

MSD of 10  mm or more with distorted sac 
shape, less than 2 mm thin weakly echogenic tro-
phoblastic reaction and absence of double decid-
ual sac [11] suggest failed pregnancy. It is 
suggested by Bradley et al. [12] that the origin of 
only one of the double rings is from decidua, 

Fig. 4.5  Gestational sac 
with a foetus of 9 weeks 
and yolk sac

Fig. 4.6  Yolk sac and 
foetus in normal early 
pregnancy
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while the origin of the inner of the double ring is 
from proliferating chorionic villi.

Anembryonic gestation (absence of embryo) 
or blighted ovum is an abnormal pregnancy with 
a gestational sac but no visible embryo beyond 
8  weeks’ GA.  In the presence of a nonliving 
embryo in early pregnancy, the term foetal demise 
should be used instead of missed abortion [13]. 
In case of any doubt, quantitative level of HCG is 
complimentary to ultrasound.

Sonography in the first trimester of pregnancy 
is carried out to confirm the presence of gesta-
tional sac in intrauterine or extrauterine location, 
to estimate gestational age, to confirm number of 
gestational sac, to confirm viability of embryo or 
foetus, to find out the cause of vaginal bleeding 
and to detect associated pelvis masses and uter-
ine abnormalities. It is also used as an adjunct to 
chorionic villi sampling, amniocentesis, embryo 
transfer and IUD localisation and removal.

Transvaginal scan should be done whenever 
possible, if transabdominal USG fails to provide 
definite information about the gestational sac, 
embryo or foetus.

USG criteria of abnormal sac include MSD of 
>25 mm or greater without cardiac activity in the 
embryo, MSD of >20 mm or greater without yolk 
sac and failure to detect a double decidual sac 
when the MSD is 10 mm or greater [11].

4.1.1	 �Complications in the First 
Trimester of Pregnancy

Vaginal spotting or frank bleeding is a common 
experience during the first few weeks of pregnancy Fig. 4.7  Early pregnancy associated with a cyst in the left 

ovary

Fig. 4.8  Colour flow in 
foetal heart in 8 weeks 
in the right tubal ectopic 
pregnancy

4  Obstetric Ultrasound



82

in approximately 25% of patients [14]. Often the 
bleeding is self-limited and temporary.

Nyberg et al. [15] suggested the following as 
the sonographic findings of threatened abortion 
and abnormal intrauterine pregnancy:

	1.	 Threatened abortion: a gestational sac of 
5–6.5 weeks with or without embryo (Fig. 4.9)

	2.	 Complete abortion: empty uterus or empty one 
gestational sac in twin pregnancy (Fig. 4.10)

	3.	 Incomplete abortion: typical thickened endo-
metrium or fluid within endometrial cavity

	4.	 Embryonic demise: discrete embryo without 
cardiac activity (Fig. 4.11)

	5.	 Blighted ovum: discrepancy between gesta-
tional sac and embryonic development with 
little or no embryonic remnant

Retained products after the first trimester 
abortion can be diagnosed when a gestational sac 

Fig. 4.9  Invagination of 
gestational sac in 
endocervical canal in 
threatened abortion

Fig. 4.10  Abortion of a 
member of twin 
pregnancy GS
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or collection or an endometrium greater than 
5 mm thickness is seen.

The posterior nuchal translucency of 3 mm or 
more in AP dimension at 10 weeks’ GA is con-
sidered abnormal [16] (Fig. 4.12).

Weeks 6 through 10 constitute the embryonic 
phase, during which time all major internal and 
external structures begin to form [17]. The final 
2 weeks of the first trimester, i.e. 11th and 12th, 
begin the foetal period during which there is 

continued rapid growth and ongoing organ 
development [17].

Definitive placenta is seen after 10–12 
weeks’ GA.

Pregnancy may be associated with fibroid 
(Figs. 4.13, 4.14 and 4.15).

Ectopic Pregnancy: GS as small as 2 mm can 
be visualised with transvaginal USG. The double 
decidual sac (DDS) [12] sign is a highly reliable 
indicator of an intrauterine pregnancy.

Fig. 4.11  Nonliving 
foetus (no heart 
pulsations) lying in the 
bottom of irregular-
shaped gestational sac in 
missed abortion

Fig. 4.12  Nuchal 
translucency of 3 mm
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The DDS sign is a highly reliable indicator of 
an intrauterine pregnancy and is caused by the 
inner rim of chorionic villi surrounded by a thin 
crescent of fluid in the endometrial cavity which 
in turn is surrounded by the outer echogenic rim 
of the decidua basalis [12].

The presence of intrauterine pregnancy mark-
edly decreases the risk of ectopic pregnancy; all 
patients should have evaluation of adnexa to 
identify other gestations (Fig. 4.16).

The pseudo-gestational sac in ectopic preg-
nancy is seen due to fluid collection in the 

endometrial cavity mimicking a GS. It is visual-
ised in 20% of ectopic pregnancy [18].

It should always be remembered that about 
26% of patients with ectopic pregnancy may have 
normal USG finding. In such situation transvagi-
nal sonography (TVS) and monitoring of HCG 
levels should be done. Colour Doppler study in 
ectopic pregnancy due to absence of blood flow 
does not offer any additional advantage.

Molar changes (gestational trophoblastic 
disease) can be detected between 9 and 
12 weeks of amenorrhea.

Fig. 4.13  Viable foetus 
with fibroid in anterior 
wall of uterus

Fig. 4.14  A large fibroid near uterine fundus and GS in 
the lower segment of the uterus

Fig. 4.15  Early pregnancy with viable embryo and a 
fibroid in lower segment of the uterus
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The uterine cavity is typically filled with 
multiple echolucent areas of varying size and 
shape and uterine size is greater than expected 
for GA (Figs.  4.17 and 4.18). Complete hyda-
tidiform mole (CHM) with coexisting foetus is 
diagnosed at 15–20  weeks’ GA.  Partial hyda-
tidiform mole (PHM) refers to combination of a 
foetus with enlarged placenta (thickness >4 cm 

at 18–22 weeks) containing multicystic (avascu-
lar echo-free) spaces [19].

Choriocarcinoma is a highly malignant 
tumour arising from trophoblastic epithelium. 
It may occur a few weeks to few months or few 
years after the last pregnancy. The sonographic 
features include hypoechoic areas (blood lacu-
nae) surrounded by numerous hyperechogenic 

Fig. 4.16  Ectopic 
gestational sac in the left 
tube with blood 
collection in cul-de-sac

Fig. 4.17  Areas of 
hyperechogenicity 
mixed with 
hypoechogenic areas in 
a molar pregnancy 
(Swiss cheese 
appearance)
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areas (trophoblastic nodules) and numerous 
intramyometrial vascular shunts (Figs.  4.19 
and 4.20).

Approximately 50% of choriocarcinoma fol-
lows a molar pregnancy. Thirty percent occur 
after a miscarriage and 20% occur after an appar-
ently normal pregnancy [20].

Cervical incompetence [21] affects 1% of 
pregnancy patients in the second trimester. The 
USG signs include short cervix (<20  mm 
length) [22].

Cervical length measured by transabdominal 
sonography is directly proportional to bladder 
fullness. TVS is the preferred method for cervical 
measurements.

Cervical length is the distance between the 
internal os and external os as measured with elec-
tronic callipers (Fig. 4.21). An inverse relation-
ship between cervical length measurement and 
relative risk of preterm birth has been demon-
strated. Three potential risk measurements are 
identified: 30, 25 and 20 mm.

Fig. 4.18  Multiple 
cystic (avascular 
echo-free) spaces in 
hydatidiform mole

Fig. 4.19  Multiple 
nodules of increased 
echogenicity and 
hypoechoic cystic areas 
with multicystic T.O. 
mass right
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Funnelling of internal os and wide internal os 
diameter [23] of more than 50%, before 25 weeks, 
has a high incidence of preterm delivery. The cer-
clage operation is performed at 12–15  weeks’ 
gestation.

Criteria to define funnelling of cervix [23] are 
as follows:

	1.	 Funnel width (dilatation of internal os) = C
	2.	 Residual or functional cervical length (cervi-

cal length distal to funnel) = B
	3.	 Funnel length (length of an imaginary line 

that connects the apex of the funnel to 
the  cranial-most edge of the base of the 
funnel) = A

Percentage of funnelling  =  A/A  +  B is most 
predictive of preterm birth. 50% funnelling may 
have 75% of preterm birth.

	 Cervical index : /A B+1 	

USG findings in the first trimester of preg-
nancy are summarised in Table 4.3.

4.2	 �Ultrasound in Second 
and Third Trimester 
of Pregnancy

Since the foetus has grown sufficient in size, many 
structures can be identified and measured. The foe-
tal position is first ascertained by localising the foe-
tal head in lower uterine segment in cephalic 
position, while in breech position, the foetal head is 
located in the upper abdomen (near uterine fun-
dus). In breech, the presenting part as foot or but-
tock should be mentioned. In transverse lie, the 
foetal head is located in the abdomen on the right/
left side and the foetal rump in opposite side of 
maternal abdomen, and foetal spine is seen at right 
angle to maternal spine and the shoulder as the pre-
senting part. Radiograph of abdomen should be 
advised in late second and third trimester in case of 
any doubt especially in transverse lie. Since the 
foetus has grown sufficient in size, many structures 
can be identified and measurement can be recorded.

Fig. 4.20  Multiple intra-tumoural vessels on colour 
Doppler imaging in choriocarcinoma

Fig. 4.21  Cervical measurement

Table 4.3  USG findings in the first trimester of 
pregnancy

Sonographic finding Gestational age in weeks

Mean sac diameter of 
5 mm

5 weeks (increases at 
1.13 mm/day)

Double decidual sac sign, 
MSD 10 mm

6 weeks (at least 2 mm 
thickness)

Yolk sac MSD 8 mm 5.5 weeks (transvaginal 
US)

Yolk sac MSD 20 mm 7 weeks (transabdominal 
US)

Cardiac activity, MSD 
25 mm

8 weeks (transabdominal)

CRL 8–12 weeks (increases at 
1 mm/day)

Anembryonic pregnancy/
blighted ovum

MSD >16 mm, no 
embryo, no yolk sac, no 
cardiac activity
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Ultrasound in the second and third trimester of 
pregnancy includes evaluation of foetus and its 
surrounding, biophysical profile, follow-up of 
suspected foetal anomalies, association of uterine 
fibroid or adnexal mass and Doppler parameters, 
etc. It is also used as an adjunct to amniocentesis, 
percutaneous umbilical blood sampling or cer-
clage placement.

Readers may refer to ACR/AIUM guidelines 
for obstetric ultrasound examination [1].

Foetal Biometry:
It is an important part of obstetric sonography. 

It may vary or be operator dependent because the 
measurement will depend on the section/plane in 
which the image has been obtained and the place-
ment of cursors.

The multiple foetal growth parameters [24, 25] 
are used for foetal biometry:

Biparietal Diameter (BPD): It is measured 
through a plane traversing the third ventricle and 
thalami (Fig.  4.22). Cursors are placed on the 
middle of the skull wall and not on the skin sur-
face. Skull oval in shape with well-demarcated 
skull wall as sharp bright echo should be selected 
for measurement.

Cephalic index = BPD/OFD (occipitofrontal 
diameter) × 100. Dolichocephalic skull is seen 

in breech presentation, oligohydramnios and 
meningomyelocele. The measurement of BPD 
will tend to underestimate the GA.

The menstrual age can be determined using a 
standard reference table for BPD [24], HC [27], 
AC [28], femur length [26], transverse cerebellar 
diameter and interocular distance. The modern 
instruments immediately compute an age as the 
measurement is obtained.

Head Circumference (HC): It is measured on 
the image taken for BPD by placing the ellipse 
over the skull outline.

The ratio of HC to AC remains above 1 before 
35–36 weeks of gestation, and in foetuses with 
normal growth, it becomes 1 or less than one, 
after 35–36 weeks of gestation. This is used to 
predict intrauterine growth restriction (IUGR) of 
the foetus.

Abdominal Circumference: It is measured at a 
plane where the junction of the right and left por-
tal vein is seen (Figs. 4.23 and 4.24). The shape 
of abdomen should be as round as possible. AC 
has been reported having the largest variability.

Femur Length: This measurement is taken at 
a plane where both ends of the femur are clearly 
visualised. It is considered to be the most accu-
rate parameter in predicting GA. A foetus with 
shortening of femur greater than 2 SD below 
the mean for GA suggests a skeletal dysplasia. 
Absence or hypoplasia of radius is seen in many 
syndromes and conditions including tracheo-
oesophageal fistula, anorectal atresia, trisomy 
18, etc.

It should be remembered that if age is known 
by conception data, the menstrual age is estab-
lished. Foetal biometry has a variability of 8%. 
CRL is the most accurate parameter taken in the 
first trimester of pregnancy. Multiple parameters 
should be used to determine GA. In later part of 
the third trimester, sole reliability on measurement-
based GA assessment is invalid as it is more reli-
able for foetal weight and growth rather than an 
index of GA.

Estimation of Foetal Weight: BPD, AC and FL 
are used for estimation of foetal weight [29].

Fig. 4.22  BPD and HC measurement in the second tri-
mester of pregnancy
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4.2.1	 �Ultrasound in Twin/
Multifoetal Gestations

Twin gestation results from fertilisation of two 
separate ova (dizygotic) or a single ovum which 
subsequently divides (monozygotic) (Fig. 4.25). 

Approximately two-thirds of twin pregnancies 
are dizygotic and one-third monozygotic. The 
number of placenta depends on when the zygote 
divides: division of zygote prior to day 4 (before 
blastocyst formation) results in dichorionic diam-
niotic gestation; between 4 and 8 days after fer-
tilisation, it results in a monochorionic diamniotic 
gestation; and cleavage after 8 days of fertilisa-
tion results in a monochorionic-monoamniotic 
gestation [30].

Conjoined twins are seen in monochorionic-
monoamniotic twin pregnancy. Preterm birth and 
low birth weight are contributing factors for 
increased morbidity and mortality in multifoetal 
gestation. The inter-foetal dividing membrane is 
identified and its thickness (1  mm) should be 
evaluated (Fig.  4.26). There is thinning of the 
membranes as pregnancy progresses [31].

The membrane rules out monoamnionicity. 
The number of placenta should be determined. 
Two separate placentae confirm dichorionicity. 
Two heads and two abdomens are visualised 
(Fig. 4.27). By definition, all monoamniotic twin 
gestations are also monochorionic.

In the first trimester, demise of co-twin has 
negligible effect on the remaining gestation 

Fig. 4.23  AC and 
femur length 
measurements

Fig. 4.24  Measurement of AC
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Cleavage

Days 1-3

Cleavage

Days 4-8

Cleavage

Days 8-13

Conjoined Twins

Monochorionic/Diamniotic

Dichorionic/Diamniotic
Morula

Blastocyst

Implanted
Blastocyst

Monochorionic/Monoamniotic

Cleavage

Formed
Embryonic Disc

Days 13-15

Fig. 4.25  Various types 
of chorionicity and 
amnionicity in 
monozygotic (one egg/
identical) twins (from: 
Wikipedia, free 
encyclopaedia)

Fig. 4.26  Two sacs 
separated by inter-foetal 
dividing membrane and 
two placentas
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which should be allowed to proceed. Evans et al. 
[32] found that the overall pregnancy loss rate 
was 12% and early premature deliveries were 
only 4.5%.

Reduction of multiple pregnancies (triplet and 
above) is considered safe nowadays and is done 
to improve the outcome. Selective foetal reduc-
tion may be done in the late second trimester if 
lethal anomaly is present especially in associa-
tion with polyhydramnios.

�Conjoined Twins
The word pagus (the Greek term for fastened) is 
used to describe fused anomalies. The fusion 
may be anterior, posterior or side to side (lateral) 
or at the head or buttock.

The word pagus (the Greek term for fas-
tened) is used to describe fused anomalies (con-
joined twin). The fusion may be anterior, 
posterior or side to side (lateral) or at the head 
or buttock. For example, craniopagus refers to 
head-to-head fusion; thoragopagus, chest-to-
chest fusion; and omphalopagus, abdomen-to-
abdomen fusion [33].

TRAP (twin reversed arterial perfusion) 
sequence is suspected when a severely mal-
formed foetus is seen in a monochorionic twin 

gestation. This is also called acardiac twin. 
Abnormal placental vascular communications 
between the twins lead to perfusion of the mal-
formed acardiac twin. Diffuse oedema and cys-
tic hygroma are usually present in the acardiac 
twin [34].

TTTS (twin-to-twin transfusion syndrome) 
is a complication unique to monochorionic 
gestation. There are arteriovenous communica-
tions deep in the placenta so that one twin is 
growth restricted, hypovolemic and anaemic 
and the other (the recipient twin) is larger, 
hypervolemic and plethoric, and both are at 
serious risk for increased mortality and 
morbidity [35].

TOPS (Twin Oligohydramnios Polyhydramnios 
Sequence) in which one twin is stuck with oligo-
hydramnios [36].

4.2.2	 �Ultrasound of Placenta 
and Umbilical Cord

�Placenta
Definitive placenta is well seen only after 
10–12 weeks. By 14–15 weeks, placenta is well 
established and a prominent hypoechoic area 

Fig. 4.27  Two heads 
and two abdomens in 
dichorionic-diamniotic 
twin pregnancy
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“retro-placental complex” is seen (Fig. 4.28). It is 
composed of the decidua, myometrium and uter-
ine vessels [37].

The thickness of the placenta is equal to GA in 
weeks +10  mm. The term placenta is usually 
4 cm in thickness. A thin placenta (placentomala-
cia) is often a marker for small-for-gestational-
age (SGA) foetus or IUGR [37].

Placentomegaly (thickening of placenta) may 
be with heterogenous or homogenous echo-
texture. Heterogenous placentomegaly is seen in 
molar pregnancy, triploidy, placental haemor-
rhage and mesenchymal dysplasia. Homogenous 
placentomegaly is seen in diabetes mellitus, 
anaemia, hydrops, infection and aneuploidy [37]. 
In circumvallate placenta, the membranes insert 
from the placental edge towards the centre: it 
may be partial or complete [x]. Succenturiate pla-
centa or accessory lobe of placenta has high inci-
dence of placental infarction and velamentous 
insertion of umbilical cord [37].

Placental calcifications (USG sign of aging of 
placenta) and its co-relation with foetal lung 
maturity could not be established. It was in vogue 
but currently has little clinical value.

Cystic/hypoechoic lesions (venous lakes) in 
the placenta are rarely significant (Fig. 4.29).

Placenta praevia refers to a placenta that is in 
front of or previous to the foetus relative to the 
birth canal (Fig. 4.30). Complete placenta prae-
via covers the internal os totally. The term 
marginal or partial placenta praevia is used to 
describe the edge of placental tissue within 2 cm 
of the internal os (Fig. 4.31). If the placental edge 
is more than 2 cm away from the internal os, it is 
described as low-lying placenta (Fig.  4.32). 
Ninety-five percent of low-lying placenta seen in 

Fig. 4.28  Normal 
retro-placental complex 
(asterisk)

Fig. 4.29  Multiple hypoechoic lakes in the placenta with 
normal outcome of pregnancy
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Low-lying Placenta Marginal Placenta Praevia Incomplete Praevia Complete Praevia

Fig. 4.30  Different types of placenta praevia

Fig. 4.31  Placenta 
interposed between the 
foetal head and urinary 
bladder (incomplete 
placenta praevia)

Fig. 4.32  Commonly 
seen low-lying placenta 
in early pregnancy
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the second trimester is converted into non-praevia 
by the third trimester [38].

Placental abruption may be seen as retro-
placental haemorrhage more than 3 cm thickness 
and more rounded in shape than the normal 
“retro-placental complex”. The retro-placental 
haematoma are hyperechoic (initial 0–48  h) 

(Fig.  4.33) and become hypoechogenic after 
1 week (Fig. 4.34). Retro-placental haemorrhage 
resulting in 30–40% detachment may end in 
IUGR or foetal demise [38].

Placenta accreta refers to abnormal adher-
ence of placenta to the uterus with subsequent 
failure separate after delivery of the foetus. 

Fig. 4.33  Retro-
placental haematoma in 
early pregnancy

Fig. 4.34  Resolving 
retro-placental 
haematoma
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It  may/may not invade the myometrium. 
Colour Doppler or power Doppler should be 
performed.

Evaluation of Placental Maturity [39]
Grade 0: Homogenous appearance of placental 

tissue with smooth chorionic plate (Fig. 4.35) 
prior to 29–30 weeks’ gestational age.

Grade 1: Echogenic areas randomly dispersed 
in the placenta with subtle indentations of 
chorionic plate (Fig.  4.36) between 30 and 
33 weeks’ gestational age.

Grade 2: Echogenic densities near the uterine 
wall and comma-like densities near placental 
margin (Fig.  4.37) at 33–35  weeks’ gesta-
tional age.

Grade 3: Echo-free or fall-out areas, indenta-
tions of chorionic plate and irregular densities 
with acoustic shadowing (Fig.  4.38) beyond 
35 weeks’ gestational age.

Umbilical cord can be visualised as early as 
8  weeks onwards (Fig.  4.39). The diameter is 
usually less than 2 cm. It has two arteries and one 
vein (Fig.  4.40). The length remains the same 
throughout the pregnancy.

Fig. 4.35  Homogenous appearance of Grade 0 placenta

Fig. 4.36  Grade I 
posterior placenta

4  Obstetric Ultrasound



96

Normal umbilical cord is coiled (Figs.  4.41 
and 4.42).

Umbilical cord index (normal values 0.13–
0.21) is calculated 1/distance in centimetres 
between a pair of coils, i.e. intercoil distance of 
the cord [40]. Uncoiled or hypocoiled umbilical 
arteries (Figs. 4.43 and 4.44) are associated with 
increased foetal morbidity including small-for-
gestational-age foetuses [41].

The insertion of cord is usually central in the 
placenta (Fig. 4.45). However, it may be in eccen-
tric location (Battledore placenta) and have no 
clinical significance.

Cord around neck: A single loop near the 
foetal neck is not associated with foetal morbid-
ity or mortality (Fig.  4.46). However, two or 
more tight loops around the foetal neck in sagit-
tal or axial images are associated with foetal 
mortality.

Umbilical cord presentation may occasionally 
be encountered (Fig. 4.47).

Uterine rupture is a recognised complication 
of vaginal birth after caesarean section.

(VBAC). The scar thickness cut-off used was 
3.5  cm by Rosenberg [42]. Bujold [43] found 
increased chances of uterine rupture (21.8 times 

Fig. 4.38  Placental maturation Grade III

Fig. 4.39  Visualisation of umbilical cord in 10–12 weeks 
of pregnancy Fig. 4.40  Normal triple vessel umbilical cord

Fig. 4.37  Grade II placental maturity
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Fig. 4.41  Normal 
coiling of umbilical cord

Fig. 4.42  Normal coiling of umbilical cord after 
28 weeks’ gestation

Fig. 4.43  Absence of coiling in cord is common before 
26–28 weeks’ gestation
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the risk) in patients having a scar thickness less 
than 2.3 mm and a single-layer repair.

A 5 MHz linear probe is used for measure-
ment of normal scar thickness (Figs. 4.48 and 
4.49). A bulge in LSCS scar (Fig. 4.50) or lay-
ering effect in the scar needs caution [44].

Gretchen Humphries, Director of 
International Caesarean Awareness Network, 

advised that caution should remain the byword 
in the use of ultrasound to predict the risk of 
uterine rupture to avoid misuse of LSCS scar 
thickness to manage risk in women with a prior 
caesarean.

Fig. 4.45  Central 
insertion of cord onto 
placenta

Fig. 4.44  Hypocoiled cord in 36  weeks of pregnancy 
with IUGR Fig. 4.46  Cord around foetal neck
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4.3	 �Amniotic Fluid

The amniotic fluid volume (AFV) depends on the 
balance between its production and removal [45].

The presence of normal AFV in the second and 
third trimester implies that at least one function-
ing kidney must be present. The removal of amni-
otic fluid throughout pregnancy is largely a result 
of foetal swallowing. At term the foetus may 
swallow as much as 50% of the total AFV. Foetal 
urine production is 7–17 mL/day at 18 weeks’ GA 
[46] and 600–1200  mL/day at term [47]. The 
AFV increases until about 30 weeks of gestation 
and then appears to decline.

Amniotic fluid index (AFI) [48] is determined 
by dividing the uterus into four equal quadrants. 
The vertical depth of the largest amniotic fluid 
pocket in millimetres is measured in each quadrant 
to find out the average of the four measurements.

Another method is to take vertical measure-
ment of the largest amniotic fluid pocket (mean 
vertical pocket/MVP) as is used in foetal biophys-
ical profile score. MVP of less than 1–2 cm and 
two diameter pockets of less than 15 cm2 and AFI 
of less than 5 cm suggest oligohydramnios [49].

Assessment of amniotic fluid is summarised 
in Table 4.4.

Oligohydramnios is defined as obvious lack of 
amniotic fluid, i.e. less than 300–500 mL. Foetal 
body surface is in close proximity to the placenta 

Fig. 4.48  Normal thickness of scar in post-caesarean 
pregnancy at 35–36 weeks’ gestation

Fig. 4.47  Cord presentation in the third trimester of 
pregnancy

Fig. 4.49  Normal thickness of LSCS scar

Fig. 4.50  Thinning of lowermost portion with a bulge in 
upper portion of LSCS scar in 36 weeks’ pregnancy
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or uterine wall with hardly any amniotic fluid in 
between them, resulting sometimes into defor-
mity of foetal parts (Figs. 4.51 and 4.52).

Polyhydramnios is defined as amniotic fluid 
more than 1500–2000 mL [45]. In this situation, 
excessive foetal movements may make interroga-
tion of an organ or structure difficult. Also, pla-

cental thickness may be reduced. AFI of greater 
than 24 cm and the deepest pocket greater than 
8 cm suggest polyhydramnios (Fig. 4.53) [50].

Amnioreduction (therapeutic amniocentesis) is 
done to reduce abdominal pain, PROM and pre-
term delivery to improve perinatal outcome [51].

Post-term pregnancy is defined as the one lasting 
for more than 294 days (42 weeks). The oligohy-
dramnios is the result of the aging of maternal-
placental-foetal unit, dehydration of foetus, 
diminished oxygen supply to the foetus (hypoxia) 
and deterioration of foetal cardiac function due to 
decreased FHR variation.

The presence of echogenic foci of 5–7  mm 
size slightly curved in shape moving with foetal 
movements is due to vernix (Fig.  4.54). It is a 
normal occurrence in near-term pregnancy [52].

Meconium peritonitis: In utero bowel perfora-
tion results in a sterile chemical peritonitis. The 
USG findings include bowel dilatation, ascites, 
meconium pseudocyst and polyhydramnios [53]. 
The ascites frequently has echogenic debris [54]. 
Calcification in the peritoneal cavity is detected 
8 days after meconium has escaped into the peri-
toneal cavity [55].

Table 4.4  Assessment of amniotic fluid

Index Normal (cm) Low (oligohydramnios) (cm) High (polyhydramnios) (cm)

AFI (28–36 weeks) 15 <5–6 >20–24

AFI (36–40 weeks) 8–18 5–8 >18

MVP 5–8 1–2 >8

Fig. 4.51  Foetal spine in close proximity to placental 
margin in oligohydramnios

Fig. 4.52  Spalding’s sign in foetal death and the presence 
of oligohydramnios

Fig. 4.53  Maximum vertical pocket (MVP) in 
polyhydramnios
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Hydrops fetalis [56] is described as an abnor-
mal interstitial accumulation of fluid in body cavi-
ties (pleural, pericardial and peritoneal), ascites, 
subcutaneous oedema and placental oedema 
(placental thickness  >  5  cm). Immune hydrops 
fetalis results from Rh incompatibility.

The term non-immune hydrops fetalis 
(NIHF) is used if there is no evidence of blood 

group incompatibility (Fig. 4.55). To diagnose 
NIHF, fluid accumulation in at least two foetal 
sites or a single serous effusion and anasarca 
should be detected. The causes of NIHF are 
numerous.

The sonography in the second trimester of 
pregnancy is summarised in Table 4.5.

Fig. 4.54  Echogenic 
foci in amniotic fluid in 
near-term pregnancy

Fig. 4.55  Ascites in 
foetal abdomen with 
floating bowel loops in 
Rh sensitisation
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4.4	 �The Foetal Biophysical 
Profile

The non-stress test (NST) and the contraction 
stress test (CST) have limited value in detecting 
unhealthy (asphyxiated) foetus.

The foetal biophysical profile is used to evalu-
ate foetal well-being to distinguish between the 
healthy (non-asphyxiated) and unhealthy (asphyx-
iated) foetus (Table 4.6).

The normal BPS of 8–10 is associated with 
perinatal mortality of 1 per thousand, and abnor-
mal score of 0–4 may have perinatal mortality of 
200 per thousand.

In abnormal foetal growth, sonography should 
be repeated every 2 weeks.

From: Intrauterine Growth Retardation. Robert 
C. Vandenbosche and Jeffrey T. Kirchner, Am Fam 
Physician. 1998 Oct 15;58(6):1384–1390. [1] 
“Archived copy” (PDF). Archived from the original 
(PDF) on 2013–05-13. Retrieved 2012–08-02 [58]

Table 4.5  Sonography in the second trimester of pregnancy

Growth parameter Sonographic criteria

BPD 1. Plane that passes through the thalami and third ventricle
2. Bilaterally symmetrical and smooth calvaria with cursor at the middle of calvarial wall

HC Same as for BPD but should include cavum septum pellucid anteriorly and tentorial hiatus 
posteriorly
The entire perimeter of calvaria need not to be demonstrated

Femur length Measure only the ossified portion of the diaphysis and metaphysis in the same plane, exclude 
cartilaginous ends

AC At the plane where the right and left portal veins are continuous with one another or at a plane 
where the AP and transverse diameter of abdomen are equal

Placenta Definite placenta seen after 10–12 weeks
Placental thickness in mm equal to GA in weeks +10 mm
Term placenta 4 cm in thickness
Thin placenta is a marker for growth restriction
Placenta haematoma causing 30–40% placenta away from myometrium has clinical 
significance.
Low-lying placenta: placental edge within 2 cm of internal os but not covering it

Umbilical cord Can be seen after 8 weeks’ GA
Diameter is less than 2 cm, 3-vessel cord, single loop of cord around neck is an incidental 
finding
Eccentric insertion of cord into placenta has no clinical significance

Amniotic fluid Umbilical cord filled with amniotic fluid pocket should not be used for assessment of AFV
MVP 3–5 cm normal
AFI 5–8 cm normal

Oligohydramnios MVP of less than 1–2 cm, 2 diameter pocket of less than 15 cm2, AFI less than 5 cm

Polyhydramnios MVP >8 cm
AFI > 24 cm

Inter-twin 
membrane

Seen by tenth week
Thickness 1–2 mm
“Twin peak” sign in dichorionic gestation
Twins usually have birth weight < 2500 g

IUGR Foetal weight below tenth percentile
AC less than tenth percentile
HC, AC ratio > 2 standard deviation
Birth weight < 2.5 kg
No increase in AC or HC performed at 2 weeks’ interval

Doppler criteria 
for IUGR

Uterine arcuate artery RI >0.58
S/D ratio > 95th percentile
PI >2 SD above mean
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4.4.1	 �Intrauterine Growth 
Restriction

IUGR and macrosomia are associated with 
increased risk for perinatal morbidity and mortal-
ity; therefore its prenatal diagnosis can aid in deci-
sion-making for the timing and route of delivery to 
reduce perinatal risk.

IUGR (small for gestation age/SGA) is defined 
as foetal weight below tenth percentile for GA [59]. 
The other parameters used are abnormal biophysi-
cal profile or abnormal Doppler waveform of the 
umbilical artery.

IUGR can be of two types:

	1.	 Symmetric IUGR where all body parts are 
decreased in size, i.e. all growth parameters are 
smaller.

	2.	 Asymmetric IUGR (sparing the foetal head) 
where the foetal abdomen is small resulting in 
HC/AC ratio to persist above 1 beyond 35–36 
weeks’ GA. This is more commonly seen in 
cases of placental insufficiency.

The GA assessment at initial USG becomes 
important to diagnose IUGR at a later date and to 
find out interval growth. Diagnosis of IUGR may 
be erroneous if it is done on the basis of USG done 
for the first time in the late second trimester or third 

Table 4.6  Foetal biophysical profile scoring

Variable Score 2 Score 0

Foetal breathing movements Presence of at least 30 s of sustained 
foetal breathing movements in 30 min

Less than 30 s of foetal breathing 
movements in 30 min

Foetal movements Three or more gross body movements 
in 30 min

Two or less gross body movements in 
30 min

Foetal tone At least one episode of motion of a 
limb from a position of flexion to 
extension and rapid return to flexion

Foetus in a position of semi- or full-limb 
extension with no return to flexion/
absence of foetal movements

Foetal reactivity Presence of two or more FHR 
accelerations of at least 15 beats/min 
and lasting at least 15 s and associated 
with foetal movements in 40 min

No acceleration or less than two 
accelerations of the foetal heart rate in 
40 min

Qualitative amniotic fluid 
volume

A pocket of amniotic fluid that 
measures at least 1 cm in two 
perpendicular planes

Largest pocket of amniotic fluid <1 cm in 
two perpendicular planes

Table V: From: Manning FA, Platt LD, Sipos L: Antepartum Foetal evaluation. Development of a foetal biophysical 
profile score. Am J Obstet Gynaecol 136:787,1980 [57]

Table 4.8  Growth of interocular distance (mm) in 
percentile

Age (weeks) 5th 50th 95th

16 6 10 15

18 7 11 16

20 8 12 17

22 9 13 18

24 10 14 19

26 11 15 20

28 12 16 21

30 13 17 22

32 14 18 23

34 15 19 24

36 16 20 25

38 17 21 26

40 18 22 26

From: Romero R, Pilu G, Jeanty P et al. Prenatal Diagnosis 
of Congenital Anomalis. Norwalk,CT, Appleton and 
Lange,1988 p 83 [82]

Table 4.7  Recommended management based on the bio-
physical profile

BPP Recommended management

<2 • Labour induction

4 • Labour induction if gestational age >32 weeks
• Repeating test same day if <32 weeks, then

delivery if BPP <6

6 • Labour induction GA >36 weeks if favourable
cervix and normal AFI

• Repeating test in 24 h if <36 weeks and cervix
unfavourable; then delivery if BPP <6, and 
follow-up if >6

8 • Labour induction if presence of
oligohydramnios
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Fig. 4.56  Normal uterine Doppler waveform with good 
diastolic flow in 28.5 weeks’ pregnancy

Fig. 4.57  Normal uterine artery waveform with PI of 
0.58 and RI of 0.42 in 34 weeks’ pregnancy

trimester pregnancy. GA should be assigned at the 
time of first sonogram during pregnancy [60].

The presence of oligohydramnios and 
advanced placental grade may be helpful for the 
diagnosis of IUGR. In general, Doppler criteria 
are not as good as non-Doppler US criteria for 
IUGR [59, 60].

No single sonographic criteria permit confi-
dent diagnosis of IUGR. The criteria used include 
weight below the tenth percentile for gestational 
age, elevated HC/AC ratio, elevated FL/AC ratio, 
presence of oligohydramnios without rupture of 
membranes, presence of advanced placental grade 
and others.

Normal uterine waveform in 29  weeks’ GA 
(Fig. 4.56) and at 34 weeks’ GA (Fig. 4.57) with 
good diastolic flow and normal RI and PI are 
helpful excluding possible IUGR.

Doppler criteria for diagnosis of IUGR [61] 
include >0.58 RI in uterine artery; S/D ratio > 3, 
absent or reverse diastolic flow in umbilical 
artery; and umbilical vein flow < tenth percentile.

IUGR can be diagnosed most accurately using 
a combination of three parameters: estimated 
weight percentile, amniotic fluid volume and 
maternal blood pressure status (normotensive ver-
sus hypertensive) [62].

Growth-restricted foetuses have a four- to 
eightfold increased risk for perinatal mortality 
compared with appropriate-sized foetus [63].

The role of colour Doppler imaging of the uter-
ine arteries at 20  weeks’ gestation in stratifying 
antenatal care has been described by Kurdi et al. 
[64] as follows:

–– Uterine arteries RI > 0.55 + bilateral notches = 
preeclampsia, SGA, any complication

–– UA RI > 0.65 + unilateral notch = preeclamp-
sia, SGA, any complication

–– UA RI >0.7  +  no notches  =  preeclampsia, 
SGA, any complication

Macrosomia: The term is applied to foetus 
having body weight more than 4000 g or weight 
above the 90th percentile for gestational age. 
Antenatal sonographic diagnosis can prompt cae-
sarean section preventing complications such as 
shoulder dystocia, soft tissue trauma and fracture 
of humerus or skull, brachial plexus and facial 
palsies, meconium aspiration, prolonged labour 
and asphyxia injuries. Perinatal mortality is ele-
vated in these foetuses [65].

4.5	 �Ultrasound Evaluation 
of Normal Foetal Anatomy

Ultrasound evaluation of foetal anatomy has 
undergone a transformation in the past few 
decades. To examine every patient for all anoma-
lies would be highly impractical; a targeted 
examination by large is possible for anomaly 
detection. A scan at 14–16 weeks followed by a 
scan at 22–24  weeks’ gestation is considered 
ideal. It is recommended that if a single ultra-
sound or a targeted (level 2) examination is per-
formed, it should be done at a gestational age of 
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19–20 weeks. High-resolution real-time scanners 
with their flexible approach to imaging are man-
datory for modern foetal sonography [66].

The evaluation of foetal anatomy by real-time 
sonographic system enables the sonographer to 
perform a quick survey of the foetus in different 
planes. The foetal position, maternal body habitus 
and the amount of amniotic fluid may limit the abil-
ity to see foetal anatomy; still a large number of 
foetal structures are visible in sonography [67, 68].

Nowadays targeted foetal anatomy scan is in 
practice, but ultrasound study of foetal anatomy 
is the integral part of the routine second trimester 
obstetric sonography. A sonologist with gradu-
ally improved understanding of foetal anatomy 
and availability of multi-frequency transducer 
has led to improved foetal imaging by transab-
dominal transducer in foetuses beyond 14 weeks. 
Three-dimensional imaging (3D) depends on 
“volume imaging”. The data from the volume of 
tissue is gathered in the processing computer, and 
from this, 3D images are generated. 3D images of 
the foetal face can pick up various abnormalities 
of foetal face, lip and palate [69] (Figs.  4.58, 
4.59, 4.60 and 4.61).

A systematic approach to evaluate foetal anat-
omy should be used from the foetal skull, brain 
including cerebral ventricles, midline structures 
(Figs. 4.58 and 4.60), posterior fossa and cisterna 
magna (Fig. 4.59), Circle of Willis (Fig. 4.61), 
foetal spine from neck to sacrum, foetal thorax, 

foetal abdomen, lower limbs, upper limbs and 
anterior abdominal wall. Since it will not be pos-
sible to describe detection of all the abnormali-

Fig. 4.58  Normal midline echo of falx with frontal horns 
on sides

Fig. 4.59  Depth measurement of normal cisterna magna 
(0.46 cm) and transverse diameter of cerebellum (1.67 cm)

Fig. 4.60  Lateral ventricle filled with choroid plexus in 
early pregnancy

Fig. 4.61  Circle of Willis in colour flow mapping
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ties and foetal syndromes here, only a few of 
them which should be picked up by basic ultraso-
nography work will be included.

The CNS is probably the first organ system 
investigated in utero by diagnostic ultrasound 
because CNS anomalies are frequent and often 
have a severe prognosis. Coronal and sagittal 
views in targeted examination become necessary 
for proper evaluation of the midline structures and 
to assess the symmetry of the two hemispheres.

The transverse diameter of the ventricular 
atrium at the level of the glomus of the choroid 
plexus measuring more than 10  mm suggests 
ventricular enlargement (ventriculomegaly) [70]. 
Mild unilateral ventriculomegaly is suggested to 

be a benign finding. Infants with isolated mild 
ventriculomegaly are at increased risk for devel-
opmental delay. Hydrocephalus is defined on the 
basis of an atrial width of more than 15 mm in the 
second and third trimester (Fig. 4.62). Markedly 
dilated venricles (Hydrocephalus) poses no prob-
lem in diagnosis (Figs. 4.63 and 4.64) [38].

Anencephaly is seen as an absence of the cra-
nial vault. Necrotic remnants of the brain stem 
are covered by a vascular membrane (Fig. 4.65) 
[71]. Commonly associated abnormalities are 
spina bifida, cleft lip/palate, clubfoot and ompha-
locele. Polyhydramnios is frequently present. 
Frog’s eye view or “Mickey Mouse sign” is 
the appearance described in anencephaly 
(Fig. 4.66) [71].

Microcephaly should not be considered as a 
single clinical entity but rather as a symptom of 
many etiologic disturbances [72].

Many difficulties arise in the identification of 
microcephaly [73]. Only the head measurement is 
incorrect. A comparison of HC/AC ratio and FL/
BPD ratio has false-positive and false-negative 
diagnoses, and the small head size does not neces-
sarily mean mental retardation. Large subarachnoid 
spaces and a rudimentary shape of the lateral ven-
tricles in foetuses beyond 20 weeks are suggested to 
diagnose undersized cerebral hemispheres.

The nasal bone is absent at 11  weeks. 
Therefore, scan should be repeated in 1  week. 
The nasal bone is seen as distinct three lines in a 

Fig. 4.62  Measurement 
of width of atria of left 
ventricle

Fig. 4.63  Mild bilateral ventriculomegaly in the second 
trimester of pregnancy
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midsagittal view of the face (Fig. 4.67). The 90 
degree angle between the hard palate and outer 
surface of frontal bone is considered to be normal 
(Fig. 4.68). The skin fold thickness over nasal 

bone (Fig. 4.69) 2.4 mm at 16 weeks and 4.6 mm 
at 24 weeks gestation is normal. Presence of lens 
within eye globe rules out aphakia (Fig. 4.70).

Fig. 4.64  Marked 
hydrocephalus in 
near-term pregnancy 
with thin rim of cortex

Fig. 4.65  Anencephaly in pregnancy of 18  weeks’ 
gestation

Fig. 4.66  Frog’s eye sign in anencephaly in the second 
trimester of pregnancy

Fig. 4.67  Normal nasal bone

Fig. 4.68  Nasal bone in near term pregnancy
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Stomach, liver, gall bladder and urinary blad-
der are visualized in foetal abdomen (Fig. 4.71). 
Usually one kidney is visualized in sonography 
(Fig. 4.75). Foetal stomach varies in size; there-
fore, a prominent stomach should not be mis-
taken for obstruction (Fig. 4.73) [74]. If there is 
persistent nonvisualisation of stomach after 
19 weeks’ gestation, oesophageal atresia should 
be the first diagnosis for consideration.

Gastric outlet obstruction is associated with 
enlarged stomach (Figs. 4.72 and 4.73) and poly-
hydramnios which may be seen as early as 
22 weeks’ gestation [75]. However, in duodenal 

atresia or stenosis, the double bubble sign gives 
the clue for diagnosis [76].

In the late second and early third trimester, 
the bowel loops can be seen (Fig. 4.74). They 
are more easily visualised when they are 
dilated.

Echogenic bowel is associated with a high 
incidence of poor perinatal outcome and an 
increased risk of IUGR, prematurity and foetal 
demise [77]. One should keep in view that high-
frequency transducer of ultrasound equipment 
may accentuate the echogenicity of the foetal 
bowel (Fig. 4.76). Echogenic bowel is divided 
into two grades: grade I, echogenicity of small 
bowel is more than liver (Fig. 4.77) and grade II 
when it has the echogenicity equal to bone [78].

Fig. 4.69  Skin fold thickness over forehead and nasal 
bone

Fig. 4.70  Presence of lens in eye globe

Fig. 4.71  Foetal urinary bladder (UB), liver (Liv), stom-
ach and heart

Fig. 4.72  Gastric dimension of 1.8 cm suggests enlarge-
ment of stomach
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In term pregnancy, mildly dilated intestinal 
loops containing echogenic fluid may be seen 
(Figs. 4.78 and 4.84). In the presence of foetal 
ascitesfloating bowel loops are clearly visualized 
(Fig. 4.79). In Rh-sensitization foetal ascites 
around liver is seen (Fig. 4.80). In meconium 
ileus, USG reveals echogenic second trimester 
small bowel, dilated fluid-filled loops of bowel 
and echogenic dilated bowel [79]. Foetal ascites 
and pericardial effusion are relatively easy to 
identify.

Foetal abdominal cystic mass (Fig. 4.81) may be 
difficult to differentiate from distended foetal urinary 
bladder (Fig.  4.82) in bladder outlet obstruction. 

Fig. 4.73  Pyloric canal 
in hypertrophic pyloric 
stenosis

Fig. 4.74  Normal 
intestine is seen as a few 
ring shadows

Fig. 4.75  Usually only one kidney can be seen in the foe-
tal abdomen
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Fig. 4.76  Echogenic 
bowel in 35 weeks’ 
pregnancy

Fig. 4.77  Echogenic 
bowel grade I is seen 
between liver and UB

Fig. 4.78  Dilated 
intestinal loops 
containing echogenic 
fluid in near-term 
pregnancy
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Fig. 4.79  Floating 
intestinal loops on top of 
foetal ascitic fluid

Fig. 4.80  Foetal ascites in a case of Rh sensitisation

Fig. 4.81  A large cystic 
mass in foetal abdomen

Fig. 4.82  Distended foetal UB in 33 weeks’ pregnancy
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However, normal bladder on subsequent examina-
tion may reveal emptying.

Imaging of newborn abdomen (Fig. 4.83) with 
distended stomach containing echogenic milk in 
infantile pyloric senosis. Foetal spine is well seen 
from 15 to 16 weeks onwards. Two parallel lines 
(rail-track appearance) represent normal spine 
(Fig. 4.85). The spinal cord inside these two par-
allel lines can be seen as bright linear echo.

Familiarity with this appearance is very help-
ful to identify spina bifida and myelomeningo-
cele. Spina bifida occulta is difficult to predict by 
USG. The lumbar, thoracolumbar and lumbosa-
cral areas are most common sites. Meningocele is 

seen as thin-walled cyst in the soft tissue at the 
level of the defect.

Foetal hand malformations may be isolated or 
may be associated with a large number of abnor-
malities. The normal foetal hand is most often in a 
resting position with loosely curled fingers which 
the foetus periodically opens (Fig.  4.86) [80]. 

Fig. 4.83  Imaging of abdomen in newborn showing 
enlarged stomach containing echogenic milk in hypertro-
phic pyloric stenosis (same case shown in Fig. 4.72)

Fig. 4.84  Echogenic fluid in the bowel, newborn was 
normal

Fig. 4.85  Foetal spine and ribs

Fig. 4.86  Foetal hand with phalanges

Fig. 4.87  Foetal foot
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Occasionally foetal foot and digits may be seen 
during routine ultrasound examination (Fig. 4.87).

The perpendicular relationship of the lower 
leg bones and sole of the foot is helpful in prena-
tal diagnosis of clubfoot (Fig. 4.88) [81].

Interocular distance can be measured 
(Fig. 4.89), and if it falls below the fifth percentile 
for the expected GA, it is defined as hypotelorism. 
In hypertelorism, this distance is greater than 95th 
percentile (Table 4.8) [82].

Foetal anterior abdominal wall is considered to 
be present if any organ except the small bowel is 
seen outside the abdomen. The small bowel phys-
iologic umbilical hernia is seen before 12 weeks’ 
GA; after 12 weeks’ GA, the small bowel returns 
into the abdomen.

Gastroschisis is a paraumbilical defect includ-
ing all layers of the abdominal wall involving 
mostly the small bowel, but stomach or other 
organs may be involved.

Omphalocele (exomphalos) is a defect in the 
anterior abdominal wall with extrusion of abdom-
inal contents into the base of the umbilical cord. 

The liver may or may not be a part of the hernia-
tion (Fig. 4.90).

4.5.1	 �Foetal Limbs

Limb shortening in the second trimester should 
raise the suspicion of foetal abnormality. Mild 
humeral shortening (length  <  90% of the pre-
dicted humeral length) is even more specific than 
femoral shortening in predicting trisomy 21. 
Detection of bone lengths measuring less than 2 
SD (standard deviation) below the mean for ges-
tational age indicates foetus at risk for skeletal 
dysplasia. The foetus is at risk for lethal skeletal 
dysplasia if limb shortening is greater than 4 SD 
below the mean [83].

Skeletal dysplasia is classified in terms of which 
portions of the limbs are shortened:

• Micromelia means shortening of all portions 
of a limb.

• Rhizomelia denotes shortening of the proxi-
mal limb namely humerus and femur.

• Mesomelia indicates shortening of the middle 
portion of the limb, i.e. forearm/lower leg 
bone.

• Acromelia is the shortening of the hand and 
foot bones.

Foetal foot length (FL) is approximately equal to 
the femur length throughout gestation. Foot length 
(FL) ratio is <0.9; skeletal dysplasia is possible.

Fig. 4.88  Extended foetal leg and foot

Fig. 4.89  Measurement of interocular distance

Fig. 4.90  Normal chorion should not to be confused with 
amniotic band
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Fig. 4.91  Herniation of the liver through anterior abdom-
inal wall defect (exomphalos)

Fig. 4.92  Usually one 
kidney is seen in foetal 
anatomical survey

Foetal liver and gallbladder can be visualised 
easily from 14 weeks onwards.

Foetal kidneys can be visualised persistently 
after 20 weeks. The expected normal size (length) 
of kidney is as follows: 2.6 cm at 20 weeks, 4 cm 
at 33 weeks and 4.5 cm at 41 weeks.

Mild pyelectasis or dilatation of renal pelvis is 
considered as evidence of hydronephrosis if AP 
diameter of pelvis is greater than 10 mm at or above 
30 weeks, or the ratio of the AP diameter of pelvis 
to kidney is more than 0.5. A number of pathologies 
may result in the multicystic dysplastic kidney: 
adult and infantile polycystic disease. Enlarged kid-

neys with increased echogenicity, cysts and oligo-
hydramnios are the usual findings seen in USG.

Renal ectopia is a relatively common congeni-
tal anomaly. Common forms are pelvic and 
horseshoe kidneys. More often than not, only one 
kidney is visualised in ultrasonography. The 
visualisation of foetal urinary bladder rules out 
bilateral renal agenesis.

Amniotic band syndrome (ABS) [84] describes 
a wide range of abnormalities including minor 
constriction rings to complex and bizarre multiple 
congenital anomalies such as annular grooves, 
congenital amputation, cephaloceles, syndactyly, 
clubfoot, spinal scoliosis, ambiguous genitalia, 
etc. A more descriptive term of ADAM complex 
(amniotic deformities, adhesions and mutilation) 
is preferred to use in place of ABS. Chromosomal 
abnormalities have not been shown with ABS.

Four-chamber view (4 CH) of the heart is 
obtained (two-dimensional images), and the heart 
rate is calculated in M-mode by measuring the 
distance between the two peaks. The four-
chamber view is easily obtained in most foetuses 
between 16 and 20  weeks (Fig.  4.97). Foetal 
echocardiography including the study of great 
vessels and outflow tracts (Figs. 4.98 and 4.99) in 
a low-risk population as well as in patients with 
a family history or maternal disease may be able 
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Fig. 4.93  Bilateral foetal hydronephrosis

Fig. 4.94  Visualisation of both renal arteries in power 
Doppler

to detect approximately two-thirds of foetuses 
with congenital heart disease [85]. Real-time 
echocardiography allows evaluation of foetal 
ventricular cavity and wall thickness or valve and 
wall motion as well as cardiac arrhythmias.

Pulsed Doppler ultrasonography demonstrates 
the direction and characteristics of blood flow 
within foetal heart and the great vessels. High pulse 
repetition frequency or continuous-wave ultraso-
nography allows to measure high velocities.

Foramen ovale (Fig. 4.100) and its flap open-
ing into left atrium can be seen (Fig. 4.101).

The structural abnormalities of the heart are 
not being described here. The foetal heart rate 
(FHR) is slow (bradycardia) with <100 beats per 
minutes (beats per minute/bpm) or fast (tachycar-
dia) with >200 bpm. The foetal heart rate after 
9  weeks’ GA is 140–160  bpm. The heart rate 
gradually decreases with advancing GA and 
remains at 140 beyond 36 weeks’ GA.  In post-

Fig. 4.95  Visualisation of both renal arteries rules out 
renal agenesis

Fig. 4.96  Unilateral hydrocele in a foetus near term

Fig. 4.97  Four-chamber view of foetal heart
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Fig. 4.98  Left ventricular outflow tract and aorta

Fig. 4.99  Pulmonary artery (PA) located posterior to the 
aorta

Fig. 4.100  Four-CH view of foetal heart with patent 
foramen ovale between RA and LA

Fig. 4.101  Flap of foramen ovale opening into the left 
atrium

dated pregnancies it may remain at 110–120 bpm. 
Foetal cardiac arrhythmia can be detected.
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Colour Doppler Sonography 
in Obstetrics

M.K. Dwivedi

Abstract

The minimum frequency of transducer should be 7.5 MHz in early preg-
nancy (up to 8 weeks) and 5 MHz in 9–13 weeks of pregnancy. A duplex 
Doppler or a triplex Doppler capability is essential for displaying Doppler 
waveforms and for calculating the resistance index (RI) and pulsatility 
index (PI) and also the A/B ratio (peak systolic/end diastolic ratio). 
Doppler ultrasound is a non-invasive method of evaluating blood flow in 
the feto-placental and utero-placental circulation in normal and compli-
cated pregnancy.

Uterine Artery: Diastolic notch of the uterine 
artery (Fig.  5.1) disappears from 24  weeks 
(Fig.  5.2) and RI drops from 0.84 to 0.56 
(Figs. 5.3 and 5.4) [1]. If the notch does not dis-
appear by 24 weeks, most women will develop a 
hypertensive complication of pregnancy.

Impaired uterine artery flow velocity is identi-
fied by (a) a persistent abnormal index, (b) a per-
sistent notch and (c) significant differences 
between the indices in two vessels.

The commonly used PI with cut-off value of 
1.5 is proved to be the best.

5.1	 �Umbilical Artery [2]

End diastolic flow is present in all pregnancies by 
20 weeks. A mature umbilical artery flow veloc-
ity waveform is achieved by 28–30  weeks 
(Fig. 5.5). Indices mid cord or placental insertion 
are clinically more reliable. Normal RI ranges 
from 0.5 to 0.7 and S/D ratio ≤ 3.

Absent end diastolic velocity is clearly 
abnormal.

Decreased diastolic flow (RI > 0.7) indicates 
early placental insufficiency (Fig.  5.6). When 
there is reversal of flow, it may be a clinical emer-
gency because most of the foetuses die within 
2 weeks.

The ratio of intraplacental/UA PI and RI of 
more than one is associated with increased inci-
dence of IUGR, preeclampsia, foetal distress and 
neonatal intensive care unit admissions.
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Fig. 5.1  Flow velocity waveform of a 
uterine artery in a non-pregnant 
woman showing diastolic notch and RI 
of 0.8

Fig. 5.2  Diastolic notch in 26 weeks of 
pregnancy

Fig. 5.3  FVW of uterine artery in 
normal 34 pregnancy weeks with 
disappearance of diastolic notch  
and RI of 0.4
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Fig. 5.4  Right uterine artery VF with 
normal RI, PI and diastolic flow

Fig. 5.5  Normal FVW of UA displays 
forward flow with PI of 1.1

Fig. 5.6  Normal FVW in spiral branch 
of placenta with normal RI of 0.4

5  Colour Doppler Sonography in Obstetrics



124

5.2	 �Foetal Descending Thoracic 
Aorta

Normal flow wave pattern (Fig.  5.7) shows 
RI = 0.82 + 0.1 and PI = 1.83 + 0.3.

There is increase in RI and PI of growth 
retarded foetuses. High PI is suggestive of foetal 
academia.

Absent end diastolic flow is suggestive of 
perinatal complications such as respiratory dis-
tress syndrome, necrotising enterocolitis and 
renal failure.

5.3	 �Foetal Middle Cerebral 
Artery [3]

Normal RI of MCA is less than 0.7 and PI is >1.3 
(Fig.  5.8). Foetus with mild hypoxia shows 
reduced umbilical artery flow velocity. The pre-
terminal flow pattern shows absent diastolic flow 
in the umbilical artery, aorta, vena cava and 
umbilical vein pulsations. The PI of MCA is sig-
nificantly lower and the mean systolic velocity is 
higher in small-for-gestational-age foetuses than 
the normal foetuses.

Fig. 5.7  TA FVW with PI of 2.3 
indicates normal blood flow

Fig. 5.8  The FVW of MCA displays a 
continuous forward flow and a high PI 
of 1.72
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Whether growth retarded foetus is normal, it is 
determined by the state of umbilical and uterine 
circulation, and foetal hypoxaemia is determined 
by MCA Doppler. In growth restriction, a rise in 
PI of UA precedes changes in the MCA and TA.

5.4	 �Foetal Venous Circulation [4]

Doppler evaluation of the ductus venosus 
(Fig.  5.9), hepatic veins and umbilical veins 
(Fig.  5.9) gives an idea of foetal hypoxic and 

acidotic state. Absent diastolic velocities and 
reversal of blood flow in ductus venosus are an 
absolute indication of delivery.

The umbilical venous flow when measured 
at an extra-abdominal level displays regular 
pulsations up to 15  weeks of gestation. 
Thereafter, venous pulsations gradually disap-
pear (Fig.  5.10). Occurrence of venous pulsa-
tions in UV later in pregnancy is a sign that 
indicates congestive heart failure in compro-
mised foetuses.

Fig. 5.9  FVW of DV displaying 
continuous forward flow with two 
surges of velocity peaks and no reverse 
flow

Fig. 5.10  Normal UV FVW with its 
steady flow and no venous pulsations
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Chromosomal Abnormalities

M.K. Dwivedi

Abstract

Chromosomal abnormality increases with advancing maternal age. 
However, Turner syndrome is not related to age. Birth defects such as 
clubfoot, cleft lip and neural tube defects (NTDs) may result due to genetic 
and environmental factors. Many of the foetal structural anomalies can be 
detected with prenatal ultrasound. Triple marker screening with AFP, uE3 
and HCG is now routinely carried out for screening and detection of chro-
mosomal abnormalities.

The incidence of birth defect varies from 3 to 4%. 
It will not be possible to include the description 
of all of them; therefore only some of the chro-
mosomal abnormalities are described. However, 
a systematic careful evaluation of foetal anatomy 
and growth parameters by ultrasound will prove 
to be the key factors.

The total number of chromosomes, spoken of 
as diploid number, is 46  in males (23 pairs). 
Twenty-two pairs of these are homologous and 
known as autosomes. The remaining pairs are 
known as sex chromosomes. The term “gene” is 
used to describe the factor at a particular point or 
locus on the chromosomes which represent indi-
vidual hereditary characteristics. The capacity of 

the genes for identical replication is due to the 
unique structure of the DNA molecule.

Aneuploidy is the failure of separation of a 
pair of chromosomes. The fertilisation of such 
gamete with one from the fertilising gamete 
results in trisomy.

The risk for many chromosomal abnormalities 
increases with advancing maternal age [1].

Down syndrome, the most common chromo-
somal abnormality, was found in 80% of foetuses 
born to women younger than 35 years [2].

Nuchal translucency (Fig. 6.1) is measured in 
the late first trimester and early second trimester 
(11.3–13.6 weeks) [3–5]. The nuchal fold thick-
ness is measured (3 mm early and 6 mm later) in 
18–20  weeks’ gestation in second trimester of 
pregnancy [6] (Fig. 6.2).

Nicolaides and co-workers, who have been 
instrument in demonstrating the association 
between the thickened nuchal translucency and 
chromosomal anomalies [3], indicated that a cut-off 
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of >/−3 mm could be used as a screening method to 
detect foetuses with abnormal karyotype with a 
relatively low false-positive rate. The measurement 
can be done using the trans-abdominal or transvagi-
nal approach between 10 and 13 weeks.

Whitlow and Economides suggested that the 
optimal age to examine the nuchal translucency 
as well as the foetal anatomy in the first trimester 
is 13  weeks [4]. Pandya et  al. [7] assessed the 
repeatability of the nuchal translucency measure-
ment between 10 and 14  weeks’ gestation. 
Braithwaite and Economides showed that the 
measurement of the nuchal translucency can be 
done using the trans-abdominal or transvaginal 
approach between 10 and 13 weeks [8].

The common sonographic findings in Down 
syndrome include major anomaly, nuchal fold 

>6 mm [9], short humerus/femur [10], pyelecta-
sis (separation of the wall of calices >4 mm) [9] 
and hyper-echogenic bowel [11].

Triple marker screening, i.e. AFP, uE3 (uncon-
jugated estriol) and human chorionic gonadotro-
phin (HCG) has higher sensitivity than MSAFP 
screening alone to detect Down syndrome [12].

Alpha fetoprotein in amniotic fluid (AFAFP) 
and maternal serum (MSAFP) at higher levels 
are in foetuses with anencephaly and spina bifida 
(when the lesions are open) [13].

Trisomy 13 includes cardiac defects, cystic 
hygroma, IUGR, facial clefts, microcephaly, neu-
ral tube defects, omphalocele, polycystic kid-
neys, polydactyl and ventriculomegaly [14].

Trisomy 18 includes agenesis of corpus callosum, 
single umbilical artery, cardiac defects, etc. [15].

Fig. 6.1  Nuchal translucency

Fig. 6.2  Nuchal fold thickness in third 
trimester
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Cystic hygroma is seen as cystic area contain-
ing fluid on posterior aspect of foetal neck 
(Fig. 6.3).

Turner syndrome shows the entire foetal body 
swollen resembling a space suit. Cardiac and renal 
anomalies are common. Spontaneous abortion is 
the most common outcome in such cases [16].

Foetal cytomegalovirus (CMV) infection is 
characterised by NIHF, ascites, ventriculomegaly 
and other findings associated with transplacental 
transmission of CMV to the foetus [17]. The asso-
ciated findings could be microcephaly, spleno-
megaly, right heart overload, IUGR, brain atrophy, 
oligohydramnios, etc.

Foetal rubella syndrome is characterised by 
cardiac malformations (septal defects), eye 
defects (cataract, microphthalmia), microceph-
aly, hepato-splenomegaly and IUGR.  Deafness 
and mental retardation are expected after birth.

Foetal toxoplasmosis syndrome. The findings 
include chorio-retinitis, microcephaly, hydro-
cephalus, ascites, hepato-splenomegaly, etc.

Prune belly syndrome. It is more common in 
males and consists of a deficiency in abdominal 
wall muscles which may be absent or hypoplas-
tic. Ultrasound reveals large abdominal masses, 
bladder obstruction, cryptorchidism and oligohy-
dramnios (Fig. 6.4).

Fig. 6.3  Cystic swelling on both sides 
of foetal neck in cystic hygroma

Fig. 6.4  Acardiac twin, normal on left/
donor on right
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Syndrome is a pattern of multiple anomalies 
which does not represent a single sequence [18].

6.1	 �Surgical Therapy for Foetal 
Anomalies

Accurate ultrasonography and fast MRI can iden-
tify a number of disorders at an early stage of 
development to be amenable to prenatal interven-
tion in an institution equipped with appropriate 
resources. Foetal therapy or foetal treatment is 
part of foetal medicine which is performed on a 
“sick” foetus with the aim of achieving foetal 
well-being. It includes medical (i.e. non-invasive) 
and surgical procedures [19].

Congenital malformations that may benefit 
from foetal surgery include urinary tract obstruc-
tion, congenital diaphragmatic hernia, sacrococcy-
geal teratoma, meningomyelocele, placental 
vascular anomalies, congenital cystic adenoma-
toid malformation, congenital high airway obstruc-
tion syndrome, foetal hydrothorax and amniotic 
band syndrome (from Table 27.1; p. 764) [19].

Foetal intervention involves in utero surgi-
cal treatment of a foetus that includes open 
foetal surgery, the most invasive and the less 
invasive video-endoscopic foetal surgery 
(FETEENDO) and foetal image-guided sur-
gery (FIGS). The surgical techniques for hys-
terotomy and foetal surgery have been 
developed and refined [20].

Surgical intervention may involve either a 
direct operation of the foetus or it may be per-
formed as exutero intrapartum treatment (EXIT) 
procedure [21].

The video-endoscopic foetal surgery 
(FETEENDO) techniques are now common for 
foetal intervention. The congenital malformations 
that may benefit from foetal surgery include urinary 
tract obstruction, congenital diaphragmatic hernia, 
sacrococcygeal teratoma, myelomeningocele, pla-
cental vascular anomalies (twin-twin transfusion, 
TRAP sequence), congenital cystic adenomatoid 
malformation, congenital higher airway obstruc-
tion syndrome, foetal hydrothorax and amniotic 
band syndrome [22].

Three approaches to foetal surgery have been 
developed: percutaneous ultrasound-guided, 
fetoscopic and open foetal surgery.

Skarsgard et al. [22] have successfully devel-
oped fetoscopic techniques for treatment of 
severe congenital diaphragmatic hernia, TTTS, 
umbilical cord ligation and division, myelome-
ningocele, urinary tract decompression, chronic 
foetal vascular access and foetal tracheostomy 
for high airway obstruction syndrome.

All ultrasound examinations should include a 
detailed report on anatomic features for patients 
at higher risk for foetal anomalies. A referral for 
a high-detail scan to a tertiary centre having 
increased accuracy in detection may allow for 
optimising perinatal care.
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Ultrasound of Small Parts 
and Superficial Organs

R.K. Diwakar

Abstract

Sonography plays an important role in diagnostic evaluation of small parts 
and superficial organs. FNAC is an important adjunct to sonography in 
making the diagnosis. High-frequency transducers (7.5–15 MHz) provide 
penetration up to 5 cm and high-definition images with a resolution of 0.7–
1.0 mm. Linear array transducers are preferred to sector transducer because 
of the wider near field of view and the capability to combine high-frequency 
greyscale and colour Doppler images. High-frequency transducers (7.5–
10  MHz) provide both deep penetration up to 5  cm and high-definition 
images with a resolution of 0.7·10·1.0 mm. Linear array transducer is pref-
erably used than the sector transducer because of the wider near field of 
view and capability of combining colour Doppler images.

7.1	 �US Imaging of Breast [1]

Sonography has become an important diagnostic 
tool in the management of breast diseases. Two 
types of instruments, automated and hand-held, 
are used for sonography of breast [2]. The lesion 
in the breast is described as in the anterior/middle/
posterior third of the breast, in the axillary tail or 
retro-areolar in location. In USG, the breast glan-
dular parenchyma appears homogenously echo-
genic having hypoechoic zones caused by fatty 

tissue (Fig. 7.1). Breast sonography is an impor-
tant supplement to mammography. The American 
College of Radiology’s BI-RADS categorization 
of mammographic abnormalities [3] is:

	1.	 Negative
	2.	 Benign finding
	3.	 Probably benign (short-term follow-up 

suggested)
	4.	 Suspicious abnormality (consider biopsy)
	5.	 Highly suggestive of malignancy

Breast sonography has become indispensable 
in the diagnosis and management of benign and 
malignant process [4]. The mammographic study 
and interventional procedures should be supple-
mented with ultrasound.
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Indications for Breast Sonography [5]
	1.	 To characterize mammographic or palpable 

masses as solid or cystic
	2.	 To evaluate palpable masses in young (under 

the age of 30  years), pregnant and lactating 
patients

	3.	 To evaluate nonpalpable abnormalities for 
which the mammographic diagnosis is 
uncertain

	4.	 To evaluate a mass causing asymmetric den-
sity in mammography

	5.	 To confirm or better visualize a lesion seen in 
mammography

	6.	 To guide interventional procedures

Fibroadenoma is the most common benign 
mass in a woman of 30–35 years of age, and it 
may be multiple in 10–30% of cases. They are 
hypoechoic than fibro-glandular parenchyma and 
isoechoic with fat lobules in the breast (Figs. 7.2 
and 7.3).

Cysts in the breast are fairly common between 
35 and 50 years of age. Sono-mammography pro-
vides confident diagnosis of cyst (Fig. 7.4).

Breast abscess may have sonographic features 
of complex mass with irregular margins or well-
circumscribed oval lesions with low-level inter-
nal echoes and posterior acoustic enhancement 
(Figs. 7.5 and 7.6).

a bFig. 7.1  Normal 
echotexture of breast. 
(a) Right breast. (b) Left 
breast

Fig. 7.2  Fibroadenoma of 
breast
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Fig. 7.3  Fibroadenoma in both breasts

Fig. 7.4  Cystic breast lesion

Carcinoma of the breast is one of the leading 
causes of cancer in women. The sonographic fea-
tures include marginal irregularity, irregular 
shape, hypoechogenicity relative to fibro-
glandular tissue, long axis of the mass perpen-
dicular to the skin, an echogenic ring of variable 
thickness and posterior acoustic shadowing 
(Figs. 7.7, 7.8 and 7.9).

Colour flow mapping may reveal hyper- and 
neo-vascularity (Fig. 7.10).

Galactocele: Prominent and dilated mammary 
ducts seen as tubular hypoechoic structures 
which widen as they approach the nipple 
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Fig. 7.6  Complex 
echotexture in breast 
abscess

Fig. 7.7  Irregular 
margins in breast 
carcinoma

Fig. 7.5  Multiple 
hyperechogenic and 
hypoechoic areas in 
breast abscess with 
ill-defined margins
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(Fig.  7.11). It is also referred to as a lactocele. 
Majority of them have ultrasound appearance of 
cystic/multicystic lesion but may be solid also. 
They occur typically in young lactating women 
and are benign lesion (BI-RADS II).

7.2	 �Thyroid Gland

Size and shape of thyroid gland vary widely in 
normal patients. In adults the mean length of the 
lobe is about 40–60 mm and the mean thickness 
(AP diameter) is 13–18 mm. The mean thickness 
of the isthmus is 4–6  mm (Fig.  7.12). The AP 

Fig. 7.8  Breast carcinoma with lobulated margins

Fig. 7.9  Heterogenous texture of lump in axillary tail of 
left breast

Fig. 7.10  Carcinoma of left breast with colour flow and 
heterogenous texture of mass

Fig. 7.11  Dilated lactiferous ducts 1  year after last 
delivery

Fig. 7.12  Both lobes and isthmus of thyroid in coronal plane
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diameter of a lobe more than 2  cm suggests its 
enlargement [6]. Normal thyroid parenchyma has 
a homogenous medium- to high-level echogenicity 
(Fig. 7.13).

The most common application of USG thyroid 
is to differentiate between solid and cystic lesion 
(Figs. 7.14, 7.15, 7.16 and 7.17) and benign nod-
ule from the malignant lesion. Occasionally 
haemorrhage in the cyst may be visualized 
(Fig. 7.18).

Colour Doppler application is quite useful in 
such situations. Also, USG guided aspiration 
cytology from a precise location is possible.

Fig. 7.13  Measurements of left lobe of thyroid

Fig. 7.14  Small cyst upper pole the right lobe of thyroid Fig. 7.15  Cystic lesion in the right lobe of thyroid

Fig. 7.16  Cystic lesion 
with solid nodule in the 
right lobe of thyroid
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Diffuse enlargement of both lobes of thyroid 
with inhomogenous echogenicity of parenchyma 
is seen in sonography (Fig. 7.19). The isthmus of 
thyroid may be 1 cm or more in thickness.

A study [7] suggests that hypervascularity 
occurs when hypothyroidism develops (Fig. 7.20).

For differentiation of benign and malignant 
thyroid nodule, certain features which may be 
helpful are:

	1.	 Purely cystic component is likely to be benign.
	2.	 Cystic as well as hyperechogenic nodules may 

be benign/malignant.

	3.	 Peripheral sonolucent halo in benign lesion.
	4.	 Well-defined margins in benign, while irregu-

lar margins in malignant.
	5.	 Peripheral or egg-shell calcification in benign 

lesion, while fine and punctuate calcifications 
in malignant.

	6.	 Peripheral vascularity in benign and internal 
vascularity with/without peripheral compo-
nent in malignant lesion.

Any nodule of >1.5 cm with sonographic fea-
tures of irregular margin, microcalcifications, 
thick halo and internal flow pattern should 
undergo US-guided FNAC.

The normal parathyroid glands are difficult to 
image. However, the echogenicity of the majority 
of parathyroid adenomas is less than that of 
thyroid tissue. Thyroid adenomas are about 0.8–
1.5 cm in size.

The thyroid and parathyroid glands are exam-
ined with patient in supine posture with neck 
extended by keeping a pillow beneath the shoul-
ders and upper portion of back.

The superior parathyroid glands are located 
posterior to mid-portion of the thyroid, while the 
inferior parathyroid gland has variable position 
but is usually located near the caudal end of the 
lower pole of the thyroid. The parathyroid ade-
noma are 0.8–1.5 cm in size and may be as large 

Fig. 7.17  Solid nodule in the left lobe of thyroid

Fig. 7.18  Haemorrhagic 
cyst in the left lobe of 
thyroid
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a b

Fig. 7.19  (a, b) Coarse heterogenous texture of enlarged lobes of thyroid in chronic thyroiditis

Fig. 7.20   
Hypervascularity  
in thyroiditis

as 5 cm. FNA and PTH assay are valuable adjunct 
to ultrasound examination [6].

7.3	 �USG of the Salivary Gland

7.3.1	 �Parotid and Submandibular 
Gland

Parotid gland has superficial lobe anterior to tra-
gus of the ear and the deep lobe underneath the 
angle of mandible (Fig. 7.21).

Submandibular gland is located below second 
molar tooth (Fig. 7.22).

High-frequency 7–14 linear probe is used. 
Colour Doppler is used to differentiate a vessel 
from dilated duct.

The commonest examination is done to 
detect mass (localization for intra-glandular or 
extra-glandular lesion), abscess and complica-
tions after mumps, which is more often seen 
in children. Abnormality seen in previous 
X-rays, CT or sialogram may be evaluated by 
sonography.

US-guided FNAC is usually done for cyto-
logic diagnosis.
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7.4	 �Ultrasound of Scrotum

The adult testis measures 3–5 cm length × 2–4 cm 
width × 3 cm AP dimension. It has a homogenous 
granular echotexture (Fig. 7.23). The epididymis 
is 6–7 cm in length lying posterolateral to the tes-
tis. The mediastinum testis seen as a linear echo-
genic band extending craniocaudally within the 
testis (Fig. 7.24) provides support for the entering 
and existing testicular vessels and ducts [7].

Hydrocele. Serous fluid, blood, pus or urine 
may accumulate in the space between the parietal 
and visceral layer of the tunica vaginalis lining 
the scrotum (Figs. 7.25 and 7.26).

Fig. 7.21  Normal 
parotid gland

Fig. 7.22  Normal 
submandibular gland

Fig. 7.23  Normal echogenicity of the right testes
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Colour flow Doppler ultrasound usually dem-
onstrates increased blood flow in the epididymis 
and/or testis (Fig. 7.26).

7.4.1	 �Haematoma Testis

Ultrasonography plays a profound role in early 
diagnosis of rupture, torsion and dislocation of 
testis as surgical intervention within 72  h after 
the injury increases the salvage rate and prevents 
ischaemic atrophy of the testis. US findings 
include haematocele, testicular rupture (break in 
tunica albuginea) and testicular haematoma 
(Fig.  7.27). Haematoma may mimic tumour; 
hence follow-up is recommended.

Fig. 7.24  Mediastinum testes seen as linear echogenic 
band

a

b

Fig. 7.25  (a) Hydrocele right (b) Hydrocele left

Fig. 7.26  Hypervascularity in testes in epidydimo- 
orchitis

Fig. 7.27  Haematocele with septations in scrotal 
haematoma
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Scrotal mass. USG plays a major role in the 
evaluation of scrotal masses because of its accu-
racy. Virtually all testicular masses should be 
considered malignant until proven otherwise 
(Fig. 7.28).

Cysts in epididymis or testis are discovered 
incidentally on ultrasound in 8–10% of the pop-
ulation (Fig. 7.29). The differentiation between a 
benign cyst and a cystic neoplasm is of utmost 
clinical importance [8].

Varicocele is a collection of abnormally 
dilated, tortuous and elongated veins of the 
pampiniform plexus located posterior to testis 
accompanying the epididymis and vas deferens 
within the spermatic cord. Dilated veins measure 
more than 2  mm in diameter. The venous flow 
can be augmented by Valsalva’s manoeuvre 
(Fig. 7.30) or patient in the upright position [9]. 
Colour Doppler sonography with low flow 
Doppler settings should be used. High resolution 
realtime sonography facilitate visualisation of 
varicocele [10].

Torsion of testis: The presence of normal or 
increased blood flow within testis in colour 
Doppler study excludes the diagnosis of acute 
torsion. Five hundred and forty degree of torsion 
is necessary to completely occlude testicular 
blood flow.

Epididymitis: Colour flow Doppler ultrasound 
demonstrates increased blood flow in the epidid-
ymis and/or testis as compared with the asymp-
tomatic side.

Cryptorchidism: The undescended testis may 
be located anywhere along the pathway of its 
descent from the retro-peritoneum to the scro-
tum. The incidence varies 30% in premature 

Fig. 7.28  Poorly defined growth (seminoma) in testes 
with small hydrocele

Fig. 7.29  Cyst in epididymis

Fig. 7.30  Dilated veins within spermatic cord (varico-
cele) after Valsalva’s manoeuvre
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infants and 100% in neonates weighing less than 
1 kg at birth.

7.4.2	 �Sonography of Inguinal 
Region

Inguinal sonography is useful in detecting the 
presence of intestine and/or omentum in a hernia 
sac (Fig.  7.31). Direct hernia is seen medial to 
inferior epigastric artery, whereas indirect hernia 
is seen lateral to the inferior epigastric artery.

A cystic lesion may be seen (Fig. 7.32) or an 
encysted effusion of spermatic cord (Fig. 7.33) or 
an encysted effusion with multiple septations 
(Fig. 7.34).

Fig. 7.31  Omental fat and fluid in inguinal hernia sac

Fig. 7.32  Cystic lesion in right inguinal canal Fig. 7.35  Lymphangiectasis scrotal sac post-operative

Fig. 7.33  Encysted hydrocele right spermatic cord

Fig. 7.34  Encysted hydrocele of spermatic cord with 
multiple septae
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Complications of inguinal herniorrhaphy 
include haematoma, hydrocele, epididymo-
orchitis and disturbance of lymphatic drainage 
(Fig. 7.35).
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Neonatal Cranial Ultrasound

R.K. Diwakar

Abstract

The imaging of brain in neonates is done with 5–7.5 MHz probe placed on 
the anterior fontanel. Images are obtained in sagittal as well as coronal 
plane. Normal lateral ventricles are seen as a slitlike hypo-echogenic 
curved area anterior to the thalamus in sagittal plane. Haemorrhage in the 
germinal matrix of choroid plexuses or sub-ependymal location is seen as 
an area of increased echogenicity in premature infants. Ventriculomegaly 
(hydrocephalus), cerebral parenchymal solid/cystic lesion or calcifications 
can be identified.

8.1	 �Ultrasound of Neonatal 
Brain

Neuroimaging or transfontanellar neonatal brain 
scanning is an important test in the diagnosis of 
haemorrhage and other acquired and congenital 
brain pathologies of the newborn. It does not 
involve ionizing radiation and can be done with-
out the problems of sedation. USG findings at 
different days of ultrasound examination of neo-
natal brain are shown in Table 8.1.

The cranial ultrasound examination is per-
formed with a linear array transducer. Six to eight 
coronal plane images are taken through the 
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Table 8.1  Cranial USG findings in premature newborn

Day of USG 
scanning USG findings

1 Normal

3–5 Haemorrhage

7 Periventricular leukomalacia

30 Cystic changes
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anterior fontanel beginning in the frontal lobes 
anterior to the frontal horns and progressing pos-
teriorly to the occipital lobes past the trigones of 
the lateral ventricles (Figs. 8.1 and 8.2) [1, 2].

Next, the transducer is turned 90° on the ante-
rior fontanel, and five more images are acquired 
in the sagittal and parasagittal planes (Figs. 8.3 
and 8.4).

The echogenic structures in the midline that 
form the choroid plexus and cerebellar vermis 
have an appearance that, with one’s imagination, 
looks like a woman in a Victorian-era dress, the 
“lady in the dress” sign (Fig. 8.5) [1].

Mastoid or posterior fontanels are also used 
for improved visualization of posterior fossa.

Sub-ependymal/germinal matrix haemor-
rhage is seen in caudo-thalamic notch (CTN) 
(Fig. 8.6).

Up to 40  weeks of gestational age, the Levene 
index should be used for ventricular measurement [3].

After 40  weeks, the ventricular index 
(Fig.  8.7) should be used, i.e. the ratio of the 
distance between the lateral sides of the ventri-
cles and the biparietal diameter in axial plane 
(7/2.6 = 2.7).

Fig. 8.2  Choroid plexus in lateral ventricles in coronal 
image

Fig. 8.3  Lateral ventricle (LV), choroid plexus (CP) and 
thalamus (T) in parasagittal image

Fig. 8.4  Parasagittal image showing lateral venricle and 
thalamus with choroid plexus

Fig. 8.1  Normal frontal horn, third ventricle, hippocam-
pus and posterior fossa in axial scan
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Ventricular diameters/hemispheric diame-
ters ≤ 1/3 (Figs. 8.8, 8.9, 8.10, 8.11, 8.12, 8.13).

Cranial USG findings in HIE or periventricular 
leukomalacia in premature newborn born at less 
than 33 weeks of gestation and less than 1500 g 
birth weight.

Grades of PVL
Grade 1—Increased periventricular echogenecity 

persisting more than 7 days
Grade 2—Development of small periventricular 

cysts resulting in “Swiss-cheese”-like appear-
ance of the parenchyma

Grade 3—Extensive cysts in periventricular, 
occipital and fronto-parietal region

Grade 4—Cysts in deep white matter and subcor-
tical region

A value of 0.6–0.9 is used to estimate a nor-
mal RI in premature and full-term infants. Lower 
values may indicate acute hypoxia or ischaemia 
while higher values may suggest cerebral 
swelling [4].

Intracranial haemorrhage (ICH) is the leading 
cause of serious mortality and morbidity in the 
premature neonate of less than 32 weeks of ges-
tational age. It has been divided into four grades:

Fig. 8.5  Lady-in-the-dress appearance in coronal plane

Fig. 8.6  Normal caudo-thalamic notch (I), caudate 
nucleus (c), thalamus (T), lateral ventricle (LV)

Fig. 8.7  Measurements for ventricular index in coronal 
image

Fig. 8.8  Mildly dilated right lateral ventricle in a new-
born of 32 weeks of GA

8  Neonatal Cranial Ultrasound
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Fig. 8.10  Choroid plexus/haemorrhage in frontal horn in 
a premature (32 weeks of GA) newborn

Fig. 8.11  Cystic area (venous infarction) postero-lateral 
to left frontal horn in a premature newborn

Fig. 8.9  Choroid 
plexuses visualized in 
atria of lateral ventricles 
in the presence of 
hydrocephalus

Fig. 8.12  Colour flow in anterior cerebral artery

Fig. 8.13  Normal waveform MCA in a newborn of 
31 weeks of gestational age
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Grade I—Sub-ependymal germinal matrix 
haemorrhage

Grade II—Germinal matrix haemorrhage and 
intraventricular haemorrhage without ventricu-
lar dilatation

Grade III—Germinal matrix haemorrhage and 
intraventricular haemorrhage with ventricular 
dilatation

Grade IV—Intraparenchymal haemorrhage and 
intraventricular haemorrhage (IVH)

The germinal matrix is highly susceptible to 
hypoxic damage. It is located infero-lateral to the 
frontal horns at a level just posterior to the fora-
men of Monro. The haemorrhage may occur uni-
laterally or bilaterally.

The IVH is seen as bright echoes within the 
ventricle and may be difficult to identify in the 
absence of ventricular dilatation.

The haemorrhage, as it resolves, may lead to 
cyst formation.

Hypoxic–Ischaemic Encephalopathy (HIE)
In preterm infant, germinal matrix–intraventricu-

lar haemorrhage is the most common manifes-
tation of hypoxic brain injury. Significant 
ischaemic component may result in infarction. 
Periventricular leukomalacia and haemor-
rhage are the primary manifestations of HIE in 
premature infant.

Anomalies of the posterior brain such as Dandy 
Walker and Dandy Walker variants may be seen.

Chiari Malformation
Type I—It consists of inferior displacement of 

tonsil and cerebellum without displacement of 
fourth ventricle or medulla.

Type II—It includes a small posterior fossa, elon-
gation of pons and fourth ventricle and down-
ward displacement of medulla, fourth ventricle 
and cerebellum into the cervical spinal canal. 
Spina bifida and meningomyelocele are the 
associated findings.

Limitations of Cranial USG
	1.	 Limited overview in posterior fossa and con-

vexity of the brain
	2.	 Absence of US signs in ischaemia in full 

terms in the first 24 h
	3.	 Difficulty in detecting migration disorders, 

cortical dysplasia
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See better with sound, use colour to 
improve images, explore the third and 
fourth dimension, practise better medicine 
with better images and scan the patient 
yourself in a difficult case.
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Ultrasound-Guided Biopsy, 
Aspiration and Fine Needle 
Aspiration Cytology

M.K. Dwivedi

Abstract

Ultrasound-guided percutaneous biopsy, drainage of abdominal abscess 
and aspiration of cyst and fluid have become routine diagnostic procedures 
nowadays. It is an accurate, safe and widely accepted cost-effective tech-
nique for management of superficial as well as deeply located solid or 
cystic masses.

9.1	 �US-Guided Biopsy 
and Aspiration and Drainage 
of Abscess and Cyst

Ultrasonography is preferred for guided proce-
dures because of the availability of portable 
machine. It is relatively inexpensive and uses no 
ionising radiation. Real-time ultrasound provides 
guidance in multiple planes, i.e. longitudinal, 
transverse or oblique.

The real-time visualisation of needle into tar-
get area through tissue planes avoiding important 
intervening vascular structures is the greatest 
advantage. Colour Doppler may be used to avoid 
puncture of major blood vessels such as inferior 
vena cava and portal vein [1].

Downey et al. have shown an accuracy as high 
as 91% for US-guided biopsy of small (<2.5 cm) 
abdominal masses [2].

A variety of needle with broad-spectrum cali-
bres, lengths and tip designs are commercially 
available for use in percutaneous biopsy [3].

Modalities such as sonography and CT allow 
for precise needle placement for superficial and 
deep abdominal fluid collection or abscesses 
[4].

Although rare, haemorrhage is the most com-
mon complication of solid organ biopsy. Nolsoe 
et  al. [5] found a major complication rate of 
0.187%.

Informed consent should be obtained, and 
the patient should be under observation for 
1–2  hours after the procedure. Biopsy in deep 
structures requires special attention to coagula-
tion indices.

Uncorrected coagulopathy, a major contrain-
dication for needle biopsy, is to be assessed from 
the patient’s medical history [6].
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�Appendix A

Points to Remember
	 1.	 A-mode: Peaks and distances, used in oph-

thalmic scanner.
	 2.	 B-mode: Two-dimensional images in which 

the echo amplitude is depicted as dots of dif-
ferent brightness.

	 3.	 Real time: Shows movement as it occurs.
	 4.	 M-mode: Shows movement as a function of 

time; used in cardiac scanning.
	 5.	 Doppler: Demonstrates and measures blood 

flow.
	 6.	 Colour Doppler: Shows different flow veloc-

ities in different colours.
	 7.	 Know the equipment and the use of its con-

trol and read instructions in the manual.
	 8.	 Keep in view the gain setting, the use of the 

thick layer of ultrasound jelly, the proper 
preparation of the patient such as empty 
stomach, good distension of urinary bladder 
or empty urinary bladder for transvaginal 
sonography.

	 9.	 Make yourself familiar with the artefacts and 
the manoeuvre to avoid them to obtain clear 
image.

	10.	 Use the probe of proper frequency according 
to patient body habitus or the ultrasound 
examination.

	11.	 Fluid-filled structures such as distended uri-
nary bladder, portal vein and IVC should be 
seen black with proper TGC setting.

	12.	 Develop good knowledge and orientation of 
normal ultrasound anatomy of abdominal 
and pelvic organs and important landmarks 
by scanning normal individuals.

	13.	 In case GB, kidney etc. are not visualised 
properly due to colonic gases/faecal matter, 
change the patient position or do the scan-
ning in sitting/standing posture.

	14.	 Avoid giving opinion in GB pathology if the 
patient has not done overnight fasting. If the 
problem still persists, the patient may be 
asked to have fat-free diet for 24–48 h and the 
repeat examination of GB should be done.

	15.	 If renal sonography is done on the posterior 
aspect of the body, do not comment on the 
echogenicity of the renal cortex.

	16.	 To make a correct diagnosis, scanning should 
be done in multiple planes to allow enough 
information.

	17.	 Diagnosis of hepatomegaly may not be accu-
rate; be careful in commenting on it if the AP 
measurement of the right lobe of the liver in the 
mid-clavicular line is 14 cm or less than that.

	18.	 Liver cirrhosis is not excluded even if the US 
scan of the liver appears normal.

	19.	 Differentiation of liver abscess, haematoma, 
metastasis or lymphoma may not be easy on 
US examination.

	20.	 Aspiration of hydatid cyst may be dangerous.  
Avoid it.

	21.	 GB stones may be asymptomatic (silent 
stones); rule out other existing diseases.

	22.	 Ultrasound is not reliable in recognising 
stones in the bile ducts especially when they 
are not dilated.

	23.	 Ultrasound is very useful in differentiating 
between obstructive and nonobstructive 
jaundice.
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	24.	 Imaging of the pancreas may be difficult in a 
seriously ill patient. In blunt abdominal 
trauma, tear in the liver/spleen may not be 
reliably identified, affecting the reliability of 
the examination; hence, go for CT/MRI.

	25.	 Ultrasound cannot distinguish between asci-
tes, blood, bile or pus; hence aspiration 
should be advised.

	26.	 Feeding 2–3 h before abdominal USG should 
be avoided to have a good distension of GB 
in neonates and infants.

	27.	 Experience is needed to diagnose hypertro-
phic pyloric stenosis and intussusceptions.

	28.	 Renal pyramid may appear prominent in 
small children and thin adults.

	29.	 Make sure that both the poles of the kidneys 
have been clearly visualised.

	30.	 Ureteric calculi may not be seen if there is no 
dilatation of ureters; always advice X-ray 
KUB in a suspected case of nephrolithiasis.

	31.	 Function of the kidney cannot be evaluated 
by US.

	32.	 Failure to see adrenals does not exclude 
abnormality; use CT/MRI.

	33.	 Search the entire abdomen to look for ecto-
pic kidney when the kidney is not visualised 
on any sides in its normal location.

	34.	 Inadequate distension of UB may restrict 
proper evaluation of the pelvic organs; ask 
the patient to take 2–3 glasses of water and 
then do the US.

	35.	 Endovaginal sonography may be misleading 
if the operator is not well trained.

	36.	 A small carcinoma of the cervix cannot be 
recognised by ultrasound.

	37.	 Ovarian cystic lesion with nodules is likely 
to be malignant.

	38.	 Obstetric ultrasound need not be performed 
on every antenatal visit.

	39.	 Pelvic US can pick up 6 weeks pregnancy 
and TVS of 5 weeks pregnancy at the 
earliest.

	40.	 Foetal heart activity is demonstrated at/after 
8 weeks pregnancy.

	41.	 Inform the patient about variations in gesta-
tional age estimate and EDD.

	42.	 Make sure that the table used for the assess-
ment of gestational age is appropriate for 

your patient and not derived from some quite 
different population.

	43.	 When in doubt, serial measurements should 
be made with at least 2 or 3 weeks interval.

	44.	 In symmetric growth retardation, all mea-
surements are reduced, while in asymmetri-
cal IUGR, abdominal circumference is less 
than normal.

	45.	 In suspected IUGR, interval growth should 
be assessed after 2 or 3 weeks.

	46.	 CRL measurement in early pregnancy, if 
available, should be used to define gesta-
tional age and for EDD.

	47.	 Anomaly scan should be done at 18–20 
weeks of gestation.

	48.	 Shortening of femur length should be kept in 
view if both ends of the bone are not included 
in the image.

	49.	 Caution should be exercised when making a 
difficult diagnosis of microcephaly.

	50.	 Oligohydramnios is a poor prognostic feature 
when there is foetal renal anomaly because it 
is associated with pulmonary insufficiency.

	51.	 Overdistension of the bladder can sometimes 
produce a false impression of placenta prae-
via; hence, repeat the examination after par-
tial emptying of the bladder.

	52.	 In early pregnancy, placenta covering the 
internal os does not necessarily mean placenta 
praevia as the placenta moves upwards with 
the enlargement of the uterus subsequently.

	53.	 Usually two ultrasound scans are required 
for good antenatal care.

	54.	 In twin pregnancy, two sacs separated by a 
membrane rule out possible conjoined twins.

	55.	 Two placentae may be difficult to demonstrate 
especially in late stages of twin pregnancy.

	56.	 Ultrasound is not a reliable way to exclude a 
parathyroid tumour.

	57.	 A large thyroid with internal calcifications 
may or may not be malignant.

	58.	 US-guided needle punctures should be car-
ried out in strictly sterile conditions.

	59.	 In US-guided aspiration, make sure to see 
the tip of the needle and not the entire length 
of the needle.

	60.	 Avoid making overdiagnosis in over- 
enthusiasm.
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Measurements and Formulae for Calculations
	 1.	 Menstrual age = From first day of LMP
	 2.	 GA By GS MSD = MSD in mm + 30
	 3.	 Trophoblastic reaction ≥ 2 mm
	 4.	 GA By CRL = CRL in cm + 6.2
	 5.	 Yolk sac = 3–7 mm diameter
	 6.	 Amniotic fluid (MVP) = 3–5 cm
	 7.	 Amniotic fluid index = 5–8 cm
	 8.	 Cephalic index = BPD/OFD × 100
	 9.	 Atrial width ≤ 10 mm + 2 SD
	10.	 Nuchal translucency = 3 mm
	11.	 Interocular distance = 7–8 mm (18–20 weeks 

GA)
	12.	 Depth of cisterna magna ≥ 10 mm
	13.	 Hepatomegaly ≥ 13 cm in AP RT lobe in MCL
	14.	 PV diameter = 12–15 mm
	15.	 CBD AP diameter = 2–3 mm
	16.	 Spleen = 11 × 7 × 4 cm
	17.	 Splenic vein diameter = 2–3 mm
	18.	 Aortic diameter = 19–22 mm

	19.	 Pancreas
head ≤ 3.5 cm (AP diameter)
body ≤ 3 cm
tail = 2.5 cm

	20.	 Kidney = 10–12 cm (L) × 4–6 cm (w)
	21.	 Volume of UB, ovaries = L × W × AP × 0.52
	22.	 Bladder wall thickness  =  3  mm (distended 

UB), 5 mm (empty)
	23.	 Prostatic volume (weight) = L × W × AP × 

0.52 (mL/g)
	24.	 Uterus (adult) = 8 cm (L) × 5 cm (W) × 4 cm 

(AP)
	25.	 Ovary volume

=5.5–10 cm3 (premenopausal)
=2.5–3.5 cm3 (postmenopausal)

	26.	 Endometrial thickness
≤15 mm (premenopausal)
≤8 mm (postmenopausal)

	27.	 IUD to fundus distance = 2 cm
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