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foreword

by Dr. Donald L. King

The past decade has seen the ascent of ultrasonography (o a
preeminent position as a diagnostic imaging modality for obstetrics
and gynecology. It can be stated withouot gualification that modern
obstetncs and gynecology cannot be practiced without the use of
diagnostic ultrasound, and in particular, the use of ultrasonogra-
phy. Ultrasonography guickly and safely provides detailed, high-
resodution images of the pelvic organs and gravid uierus, The
guality and quantity of diagnostic information obtained by ultra-
sonography far exceeds-anything previously available and has had
a revolufionary impact on the management of patients. High-
resplulion static images permit the intrautenine diagnosis of fetal
growth retardation and fetal abnormalities, In addition to tradi-
tional images, newer dynamic imaging technigues allow observa-
tion of fetal motion, cardiac pulsation, and respiratory efforts. The
use of ultrasonography for guidance has greatly augmented the
safety and utility of amniocentesis.

Ome of the great virtues of diagnostic ultrasound has been its
apparent safety. At present encrgy levels, diagnostic ultrasomnd
appears to be without any injurious effect. Although all the availa-
ble evidence suggests that it is-a very safe modality and that the
benefit to risk ratio is very high, the actual safety margin for its use
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a5 vel remams unknown, AsS 3 COnsequence,
practitioners are urged 1o limit its use only to
those situations in which genuine clinical indica-
tions exist and real benefit to the patient is likely
to result,

The future will bring with it gréatér understand-
ing not only of the biologic effects of ultrasound
but many new technigues for its application in
diagnosis and therapy, One of these, the use of
pulse-Doppler ultrasound, will almost certainly
be valuable 1o assess and eventually measure
blood flow in the uterine artenes, placenta, and
within the fetus itself. The vast potential of diag-
nostic ultrasound as yet has hardly been ex-
plodted. The great growth of the past decade will
eveniually be overshadowed by even greater
progress in the future.

Donald L. King, M.D.

Associate Professor of Radiology
Columbia University

Mew York, Mew York
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forewod

by Dr, Jan J. Smulewicz

In his recent book, Dr. Hassani did & very thorough exploration
and an excellent explanation of the wide variety of ¢ xaminations in
the ficld of obstetrics and gynecology with the ultrasonography
method. | found the book very easy to read, the interpretation very
clear, and the large volume of material excellently chosen, 1 am
sure that the book will be of greal interest to practitioners, espe-
cially obstetricians and gynecologists. This method being noninva-
sive and eliminating the danger of woniong radiation, should find 55
way into every hospital or center where good medical care is
provided.

Jan 1. Smulewice, M.D.
Professor of Radiology

Mount Sinar School of Medicine
Director of Radiology

Beth Tsrael Medical Center
New York, New York
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Ultrasound imaging has reached 4 stage of sophisticaton whereby
diagnostic information can be gained without discomfort to the
patient and with complete absence of morbidity and mortality, The
procedure 15 quick, safe. noninvasive, and, in many instances,
supercedes and obviates more hme-consaming procedures requir-
ing catheterization, injection of & contrast matenial, and radio-
graphic imaging, In obstetric problems; the dangér of ionizing
radiation 1o the fetus is eliminated. In debilitated and very ill

patients this simple and painiess method beécomes the procedure of
choice.

Unigue features of ultrasound equipment alfow for pinpoint locali-
Zation of leswons and direct visual guidance of perculancous punc-
ture techiniques for aspiration and biopsy, The accuracy of ulira-
sound-guided cystic punctures and the shsence of side effects
make this modabity far superior o perculaneous invasive bech-
nigues performed with other imaging systems. Renal cyst puncture
“and amniocentesis are bt two of the procedures i which ulira-
somic guidance is the method of choice. Since this modality is
noninvasive, it may be performed serially and at any given time.



This sequentml observation of pathophysiology
in the fetus and the mother provides important
data on the progression of acute and chronic
diseases and their response to treatment. The
unusual accuracy of ultrasound in differentiating
cystic from solid masses and ity ahility to local-
ize the lesion in a three-dimensional representa-
tion have rendered other diagnostic procedures
unnecessary for the practicing obstetrician and
gynecologist. The standard radiologic evaluation
for abdominal masses has generally included the
plain x-ray film of the abdomen, intravenous
urography, barium énema, gasirointestingl se-
ries, cholecystography, and radioisotopic proce-
dures. Invasive and time-consuming studies
such as lymphangiography and arteriography
have also been used, sometimes without adding
further diagnostic information. Sonography is
safe and relatively inexpensive and should be
included in the workup of a mass lesion, Since
ultrasound may give a specific diagnosis, its ap-
plication should follow the plain x-ray film, This
‘simple and rapid study may eliminate the need
for a prolonged hospital stay and the discomfort
of further examinations. Diagnostic ultrasound
has greatly reduced the patient time spent in the
x-ray department, giving the obstetrician and
gynecologist faster and more reliable disgnostic
mformation, and generally speeding up the pa-
ticnt turnover at the hospital. With the economic
emphasis on the cost reduction of medical ser-
vices and hospitalization expense, the ultra-
sound department serves a vital function in facil-
itating diagnostic services.

The purpose of this book 15 1o introduce the
physician to the essential principles of ultra-
sound physics and the practical aspects of scan-
ning procedures, Important concepls are clearly
and thoroughly presented, Mathematical formu-
las and advanced physics principles beyvond the
scope of the chinician hive been omitted. The
text is limited to the pelvis and medically related
areas in order to concentrate on each area in
sufficient depth so as to be valuable to the spe-
cialist who must be familiar with the dingnostic
capabilities of atraumatic scanners in his field.
The methods of examination and diagnostic find-
ings are detailed 10 be useful to the obstetrician.
gynecologist, radiologist, and general surgeon.

FREFALCE
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The comprehensive scope serves as a general
reference for both the family practitioner and the
student in training.

In the sections on physical and practical spplica-
tions, precise directions for examination are
given and scannimg pitfalls with the production
of artifacts have been underscored. The eviolu-
tion of scanning systems has been traced so that
the potential features and limitations of each
imaging unit are recognized, Representations of
each type of scanning device are illustrated and
their inherent advantages discussed.

Examination of éach area has been armranged so
that the reader may review the pertinent regional
anatomy before studying the ultrasonic presenta-
tion of normal structures, The pathology of each
organ is presented a5 a disease spectrum and the
evolution of the disorder is discussed. Correla-
tion between sonographic findings and the histo-
pathologic changes is emphasized. The combina-
tion of real-time and gray-scale scanning offers
the reader a comprehensive understanding of
ultrnsonic pathology.

Where controversy exists, the opinions of var-
ious authorities are cited and compared with our
experence. The diagnostic versatility of the var-
ious imaging systems are evaluated for each or-
gan complex and the investigative method of
choice is suggested for each disorder.

Consaderable attention has been given to clinical
and pathologic aspects. The practice of ulira-
SONIC scanning requires a thorough knowledge of
the diagnostic problems of obstetrics and gyne-
cology and their related specialties, The fext is
designed as a bridge between sonographic imag-
ing and general obstetric and gynecologic
principles,



ocknowledgments

| wish to express my deep appreciation to Drs. Hugh Barber, Fred
Benjamine, George Blinick, Philip Bresnick. Alfred Brockunier,
Bernard Diamiond, Hilliard Dubrow, Fritz Fuchs, Martin Kurman,
James Melson, Seymour Sussman, Martin Stone, Michael Tafreshi,
and Maurice Abitbol for their support of our academic efforts

in the application of ulirasonography to the field of obstetrics and
gvnecology.

We are also very grateful to Akram Hassani, Mat Lewis, John H,
Cirant, Marwe Snatler, Judy Sharpe, Lee Weingarten, B.D.M 5.,
and Sonia Suga for their technical assistance,

The investigative efforts of our many colleagues in the field of
ultrasonography have greatly facilitated the evolution of this text-
book. The support of the publishers and the collaboration of the
Editorial Staff are warmly acknowledged.

i



contents

Introduction  xvii

1  principles of ullrasonograpty 1

CHA ltM..TER_:IF]’JL'S- OF ULTRASOUND |
EGLIIPMEMT AMTY FRACTICAL ASPECTS OF USE 1%
EEFERENCES - 18

2 gynecologic ulrascund 40

GENERAL INTRODUCTION 40

ANATEOMY 4]

SONOLAPARDTOMY 47

ULTHASONIC CHARACTERIFATION OF GYRECOLOGIC TUMOR
masses 52

ULTHRASINC IIJIFFF-F_!_EHTIM BIAGNOSES OF OVARIAN MasSEs 67
CONGENITAL ANOMALIES GF

INFLAMMATORY PELWIC LESIONS 69

REFERENCES T

3 ulrasonography in cbstefrics. 71

GENERAL INTRODUCTION 71
PATIENT HISTORY 72

Xy



xvi

Pal PATION OF THE ABDOMEN BREFODRE E’IAHI!‘E.-\.'I’.IE:H T3
CHANGDS 1% UTERINE #2E DURING PREGNANCY T3
RONOANATOMY T4

mnurﬂ.nmuur 4

SONOFLUOROSCOPY OF THE PREGNANT UTERUS 75
SOMOPHYSIGLOY OF PREGHANCY B0
FRESENTATION AND Posimion 103

DIFFERENTIAL DMAGHOSIE 106

MULTIPLE PREGHNANCY 108

SPURIOLS PREGRANCY O PSEUDOCYESIS: [08

FHE PLACEMTA 108

FETAL EVALUATION 119

ANOMALIES OF PREGHNANCY 121

ARNORMAL FETUSES 126

AS.'E:EH'. LATED ABNORMALITIES IN PHEGHNANCY llﬁ
REFERENCES 130

ultrasonography of gynecologically and obstetrically
related medical and surglcal disorders 33

ULTRASGNOGRAFHY OF THE URINARY TRACT IN GYNECOLOGIC
msoRDERS 133

ULTRASONOGRAFHY OF THE LIVER IN GYKECOLOGIC

pisoRbERs 137

UL TRASONOGRAPHY OF ASCITES IN GYNECOLOGIC DISORDERS: 139
LULTRASONDGRAPHY OF THE RETROFERITOMNEAL AREA IN
GYNECOLOGIC IMSORDERS |43

UL TRASOMOGRAPHY OF RENAL DISORDERS [N ORSTETRICS 147
ULTRASONOGRAPHY OF CARDIAC (MSORDERS IN ORSTETRICS 152
ULTRASONGGRAPHY OF GASTROFNTERIC DISORDERS IN
ORSTETRICS - 16l

ULTRASONOORAPHY OF HEFATIC DNSORDERS 1N ORSTETRICS - |62
ULTRASON G ORAPHY OF GALLBLADDERL AND RILLIARY TRACT
DISORDERS IN OBSTETRECE |64

UL TRASONDGRAPHY OF FANCREATIC DISORDERS IN

OBSTETRICS 167

UL TRASONOGRAPHY OF SPLENIC DISORDERS IN COSTETRICS - 168
UL TRASONOGRAPRY OF THYRDID MIORDERS IN ORSTETRICS 171
REFERENCES 174

index 177



iNfroduction

Ihigpedacs wre mebiied mod becaree o Tack of Ksosoledife ow the part of
the exeanriner. el rafther becarie of ek of examindtion.

Sir William (hkler

The field of diagnostic ulirasound has expanded in applica-
tien so rapedly over the past few years that it has become
patrt of the routing diagnostic workup. The history of ulira-
sonography is vastly different from the evolution of X rays.
After the discovery of the X ray in [BRS, it was rapidiy
acgepted by the medical community and many radiologic
societies soon appeared. The imaging potential of X rays was
s0 exciling that many patients and their physicians received
massive expasure (o this form of highly penetrating electro-
magnetic energy. The dreadful sequelae of radistion-induced
mjuries and malignancies subsequently appeared.

The development of ultrssonagraphy is quite different, In
spite of the absence of demonstrable side effects and the

Xl



case and agcuracy of the study, s use did not
become fashionable until very recently. The
nature of the sound beam is that of mechanical
energy and its possible long-term hiologic effects
still remain unclear. However, it is known that
the ionizing effects of X mys make even small
doses potentially harmful. Sonar mechanical
vibrations are such that energy below the level
that breaks tissue bonds will not produce any
tissue damage. Our expenience to date with low
intensity ultrasound suggests that no hazardous
effects will occur in the short or long term in
patients.

The field-of ultrasonography has assumed such
importance prmanly as.a result of the harmless
nature of the modality. Also, the tircless efforts
of a large number of investigators from vanied
medicil fields and allied services have developed
sonography inlo one of the best diagnostic tools,
The pioneers in ultrasound, using only A-mode
to combat the skepticism of their colleagues,
misst have been exceptionally dedicated and pa-
tent. Scanning the abdomen and mentally nte-
graling thousands of A-mode spikes 1o give an
answer i the chnician in need of & firm diagnosis
must have produced great frustration. This prob-
lem was alleviated by the introduction of B-
maode scanning units. Soon this technique was
followed by the time-motion= or M-mode.

My personal experience with ultrasonography
began with the ate Dv, Lagosvon Migsky and his
experiments conducted in 4 water tank. This
type of study was mainly intended 1o produce
higher quality prctures n order to improve diag-
nostic sccuracy. The intreduction of Doppler
ultrasound proved 1o be an instant success with
clinicians in the evaluation of the fetal heart, The
idea of scanning the pelvis with o full bladder
opened the ulirasonic door to the visualization of
the deep pelvic organs and dramatically im-
proved diagnostic accuracy in this region.

The true revolution in ultrasonography began
with the development of the scan converter with
its sophisticated logarithmic compression
amplificrs. This presentation of a scan in various
shades of gray related 10 echo amplitude opened

INTRODLCTION
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new horizons in the study of tissue signatures,
Soon we were imaging the medium-sized arteries
and veins in the upper abdomen and, comparing
these with our anteroposterior (AP) and cross-
table lateral angiograms, we were able to
sonographically map the argans in relation to the
vascular anatomy.

The fundamentals of ultrasound, like those of
any other branch of medicine, require the user 1o
be familiar with the effects and limitations of the
method. By this technique we are able oy locite
different organs and tisspes and measure the
interfaces between them, and 1o cut in cross
secthions through different structures. In contrast
i other examinations which vield indirect mfor-
mation, ultrasound enables us o outline the le-
sion directly and to investigate its relationship
with neighboring strectures, There is no need for
the sdministration of dny radiologe: contrast,
possibly harmful to the function of the impaired
organ. Ultrasound, both asa screening and diag-
nostic modality, is 2 noninvasive and atraumiatic
procedure and is complimentary to angiography
in many cases. The unique feature of ultrasound
15 the ahility to recognize and differentiate deep
body organs and lesions having similar density
on conventional X-ray studies.

The information gained through ultrasound, as in
other imaging procedures, is optimized when
coupled with the patient’s clinical picture. At
present, parenchymal lesions of the lung cannot
be evaluated by olirasound since the air-
containing lung will not transmil sound waves.

The history of ultrasonography is a long one and
the procedure has sufféred from many setbacks
in its attempt for acceptance by the medical
profession. Its inherently harmless nature has
wecounted for a significant portion of its
populwrity in medern medical practice, Whether
the sophisticated electronic technology that
spawned high resolution ultrasound will caise
the growing field of uirasound o supersede
other diggnostic modalities, or create
nonultrasonic imaging systems that will phase
out ultrasonography, remains to be determined.



The pioneers of ultrasonography had mich diffi-
culty imapplying sonar to diagnosis since they
were using firsl geperation scanners based on
ultrasonic techrology used in indusiry and mili-
tary pursuits. In later vears newer ultrasonic
units designed to meet specific clinical purposes
have been constructed. Cooperation of physi-
cists, engineers, and physicians dedicated to ul-
trasonic imaging has ted 1o development of diag:
nostic systems of considerable practical value.
Since the early days of the application of sonar
principles in medicine, there have been continual
new innovations in this field. The progress of
acoustic waves in diagnostic imaging has been
aided by the development of special ultrasonic
transducers, sophisticated amplifiers, and sensi-
tive electronic displays, The imtroduction of re-
cently perfected scan converter systems adds a
new dimension to the field of ultrasonography.

The word sonar is an acronym of sound naviga-
tion and mnging. Historically, ultrasound was
developed dunng World War [. Langevin (1)
used the principle of sonar to detect and locate
submarines. Sounding of the ocean floor to pro-
vide depth measurements was employed in 1918
1o ai in shipping and navigation (1), Further
improvement in technology created more exten-
sive psage of sonar in industry and military situa-
tions, Military sonar used by the navy could
measure the depth of a reflecting surface and
also track an obpect in motion: In 1930 wltra-
sound weas wsed inondustry o detect Aaws iniron
castings. Prior to World War 1, Duzsik (2) used
ultrasound in the field of medicine, His attempt
o visualize the ventricular system of the brain
was unsuccessiul.. However, in 1937, he de-
signed an ulirasonie device for application to the
brain (3). The first ultrasonic instrument, calicd
the supersomic reflectoscope, was introduced m
1940 (4). This practical instrument, based on the
putlse-echo technigue, measured distince on the
principle of transmission of very short pulses of
sonic encrgy. During World War 11 the applica-
tion of radar principles in military imaging fur-
ther helped to develop the sonar technique. The
conjoint wse of both imaging systems speeded
progress in cach field and led to the availability

of the first medical sonar units in the late 19405
and carly 19505,

Continuing new developments in ullrasound
were spurmed on by dedicated researchers, The
apphication of new electronic circuitry and rapid
reporting dati retrievil systems changed the use
of ultrasound from that of a research tool to an
essentinl dingnostic modality. The fields of
echoencephatography and then of M-Mode
echocardiography were developed. Next,
unidimensional and two-dimensional ulinsonc
seannimg were combined,

As various medical teams cooperated in the de-
velopment of ultrasonic scanners, smaller and
more practical ultrasonographic units became
available, Pioneer work in the wse of ultrasonog-
raphy in obsietrics and gynecology was done by
Thompson (5 and Gottesfeld (6). W, L. Wright
designed a hand-operated ultrasonic unit. Subse-
quently many compact commercial ulirasono-
graphic units became available, J, J, Wild made
greal contnbutions to the field of ultrasonogra-
phy. In particular, he devoted his work 1o the
differentiation of benignand malignant tumors
{7

When the prototype of the contact ultrasonic
scanner became more popular, since the
transducer could now be placed on the patient’s
skin with direct contact. many further advances
in equipment design became possible. Water
bath scanning of the eve (8) was another
technical development, and was soon followed
by the application of time-motion displays (9).
By using two-dimensional real-time scanning
systems respiratory. and vascular motion can be
detecied and pathological conditions evaluated,
in wddition to detection and evalestion of their
three-dimensional images.

At present. use of ulirasonography is spreading
into many branches of medicine. 1t has become
an integral part of many subspecialtics, such as
obstetncs and gynecology and urology, since it
15 'ong of the most accurate diagnostic toals in

many disorders involving soft tissue pathology,

INTROHCTION
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Modern electronics has given the medical
sonographer high-resolution equipment which s
relitively simple to use, The application of ultra-
sopography has been so rapid that it is now the
preferred diagnostic test in many clinical prob-
fems. In certain disorders, such as placents
previ, it is virmally the only diagnostic ol that
i5 avaulable,



principles of
ultrasonography

CHARACTERISTICS OF ULTRASDUND

NATURE OF ULTRASONIC WAVES

Sound is a mechanical vibration of particles in a medium
around an equilibrium position. S0nic waves require a me-
dium of a- molecular natore m-arder o propagate. The highest |'
frequency audiblé to the human ear 18 20,000 cvcles per |
second or 20 kiloHeriz iKHz). Sound waves above this

frequency are described as ultrasound, Unlike electromag-
netic waves, sonnd cannot travel across & vacuum {100,

The wavelength of audible sound in air varies from 2 few
inches to 4 few feet. Ultrasonic waves are usually produced
by a continuous series of contractions and relaxations of
substances that have piezoelectric properties. The waves
peneraled are carned as condensitions and rarefactions in the
transmitting medium. The frequency range used in diagnostic
medicine is approximately 1 million cycles per second. witha
wavelength of gbout 1.5 millimeters (mm) in water.




FIEZOELECTRIC PRINCIPLE

The piczoclectric effect is fundamental to the
development of ultrasound. *Piezo™ is derived
from the Greek word piesiz, ie, 10 press.
Fieroelectne sctually means ' pressure
electric.” Quartz has piczoelectric qualities,
since its size and shape change under the
influence of an ¢lectric field. When:an elecinic
current is passed through quartz, the crystal
expands and contracts according to the polarity
ol the current. Sound waves are generated asa
result of these compressions and rarcfactions.
Om the other hand, mechanical energy, in the
form of sound waves applied to the crystal,
produces an electric current, This is known as
the piezoelectric principle (Fig. 1_1a and b).
Several other substances are known Lo have
picroclectric propertics, such as barium titanate,
Iithiwrm sulfate; and lead zirconate (11, The
titanates are the more commonly used crystal
{10} for sonography,

SOUND WAVES

Some waves travel through a medium as

alternate condensations and rarefactions. The
following practical definitions are commonly
ised {Fig: 1.1¢),

1. Cyele. One cycle is the entire
condensation and rarefaction phase.
Wavelength. The length of one cycle is
a wavelength, or, a complete
condensation and rarefaclion aone is a
wavelength,

3. Freguency. The number of cycles per
unil time. The frequency of sound
waves 15 described in terms of hertz
(eyveles per second),

Velocity. Velocity 15 the speed of sound
in the medium through which sound is
propagated.

P

da

- FIGLIRE 1.1

Peeroelectnie effect. (a) Mechanical
stress deformong crystal and
producing carrent, (b Expansion of
erystal us current 4 applied and
goniraction of crystal as cumepi
polarily is reversed. (<) Wave paltern
produced by iNermate compresshons

amd rarefactsoes, A, spatial pubse
ik lemgeh; B, fisll evele; C, wavelengih,
* [ amplitude.
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The relationship between velocity, wavelength,
and frequency is-as follows:

V=hxF
Velocity = Wavelength = Frequency

EFFECT OF MEDIUM

In any given mediom the velocy of sound
remaing constant, but 165 fréquency vares
mversely with wavelength. The higher the
frequency. the smaller the wavelength, High-
frequency sound waves dre more directional
than low-frequency sound, However, the
attenuation of high-frequency waves is greater
than that of low-frequency waves, since the
absorption of sound is greater at high frequency
(100, In medical work, freguencies above | MHz
are emploved. AL a frequency of 2 MHz, the
wavelength of sound 1n water s approximately
0.75 mm.

Velocity depends on the density and elasticity of
the medium. The elusticity of the medium is
significant, since the velocity of sound changes

in media of different inherent elastic properties,

In a homogeneous medium, ultrasound travels in
a straight line at a velocity dependent on the
properties of the medium but mdependent of
wavelength,

INTENSITY

The: intensity of the ultrasound beam 15 a
measure of the strength of 118 energy and i3
defined as power per unit area, The intensitics
used in commercially available medical umis
usually are between 1 and 40 milliwatts per
square centimeter (mW/icm®) Tissoe diamage
may occur at 4 Wiem® (11,18); thus, corrently
used imtensity levels are roughly 100 1o 100G
times fower in gnergy than the potentially
damaging level. The safety margin 15 much
greater, snce the acouwstc-pulse s active less
than | percent of the scanning time,

The decibel (db) as the practical unit for the
measurement of sound intensity. The ratio of
signal amplitudes must be expressed
loganthmically due w the wide range of echa

energies, The formula for the mtio of echo
amplitude in terms of decibels is as follows:

db = 20 log AJ/As

where A, 15 the echo amplitude and Ay the inci-
dent sound amplitude.

BEAM WIDTH AND ECHO PATTERNM

The beam widthis related to the diameter of the
crystal. Ulirasomc waves transmitted from the
transducer have a diverging beam width, In this
path, any echo received is registered as if it were
in the central beam-axis (12), A target on the
edge of the beam is recorded in the same wiy as
a target in the middle.

The appéarance of the displaved point 15
important. The echo is registered as a dot or line.
The dots e in the center of the beam and the
lines are perpendicular to the beam ase of the
transducer. The length of each line is
proportional to the width of the beam. The
apparent beam width is wider if the target is
Incated obliguely to the mcident beim, The
effective beam width changes with the
sensitivity of the ultrasound machine. By
increasing the sensitivity of the maching, low-
amplitude cchoes from the edge of the beam are
registered. However, the target is displayed as
limes instead of dots and resclution is decreased,
Also, the geometry of the target is extremely
important (Fig, 1.2a.b, and ¢}, If the transmitted
beam is stationary and at right angles o the
target, the shape of the returned echo is specified
by the electric charactenstics of the transducer
(12). If the transmitied beam is not statipnary or
strikes the target obliquely. the shape of the
returmed echo is elongated due to @ greater
effective beam width with respect 1o the tarpet.
Thus, the echoes appear us small lines instead of
dits (Fig. 1.3a.b, and ¢,

ATTENUATION

When & sonic beam is passed through a medium,
a decrease in the imensity of the sound, ie.
irfrenudfiod, may be expressed as a half-value
fayer. The half-vafue layer s the distance the

CHAFTER 1 FRINCIFLES OF ULTRASOSOGRAPHY
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FIGURE 1.2 tissue and the square of the frequency of sound,

Reflection processes, (b Sirong echo generaicd by
perpendicular interface (A), Weaker echois due 1o siund
reflected iy from receiving ransdocor (BC). Diffiase low-
level echoes (rom iregular refleciing mierface (9, ib) Mo
cchoes produced as sound beam passes throagh
romegengous medim of oyt srsciure. Note high through
transmission represented-as mubiple echoes-distal fo the
posterior wall. (¢} Echo prosluction by salid,

s meiium. Mo poor through trensmisston
wilh o echoes distal o the postenor wall, T, transducer.

transmitted sound must travel before s il
intensity 15 reduced by one-half, For example,
bone has a smaller half-value layer than does soft
tissue (100, However, energy loss is also cansed
by beam divergence. scattering, and absorption
of sound by tissue, The amount of sound
absorbed is proportional to the depth of the

CHAFTER 15 PRINCIPLES OF ULTRASONDGRAPHY
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Attenuation of the sonic beam has many
practical applications. For example, cystic and
solid masses can be differentinted since cystic
masses have a much greater half-valus laver than
do sofid structures. In general, sofl tissue
altenuation is 1 dbMHz'cm. Anenuation of
bony structures is about 20 times greater than
that of soft ussue, For this reason, a low-
frequency transducer must be uscd when

scanning through bony structures such as the ribs.

ACOUSTIC IMPEDANCE

The transmissivity of the wltrasonic beam
depends upon sound velocity { V) and the density
{1 of the medivm, The overall transmissionis



defined as scoustic impedance (Z£).
Consequently, acoustic impedance is directly
related 1o the product of the speed of sound in a
given medium and the tssue densaty (11). Thus,

L =Ry

where ¥ 15 the impedance, D the density, and V
the sound vebocity. If the interface between two
medin is & region of acoustic impedance mis:
match, a reflection will take place proportional
to the impedance differential, Each tissue has a
characteristic acoustic impedance.

RESOLUTION

Resolution is the minimum distance between two
point Lirgels required to register cach point as a
distinct entity, The greater the resolving power,

the closer the two objects may be and still be
individuaily recognized. The resolution of any
wave form is directly related 1o the frequency of
oscillation. Higher frequency sound usually has
better resalution but its intensity falls off rapidly
a8 it passes through agiven medium (11). Lower
frequency sound wsually has excellent transmis-
sion but poor resolution charactenstics. The fre-
quency range between 2 and 3.5 MHz has the
best balance between resolution and transmis-
sion for abdominal scanning. However, equip-
ment available at present does not allow identifi-

FILGURE 1.3

Echo shape and beam path, s} Mormow beom; Poent tirger
displayed ax sharpdot, (b Wide beam. Paind targel displayved
s short Bine. perpendiculr to beam, (b Mamow heam.
Cabipee Bncar tarpet dsplayed o short e, T, transdpcer,
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cation of very deep-seated abdominal structures
below a certain size. Recognition of a smaller
lesion depends on the overall resolution of the

equipment,

In uftrasound we are concerned with axial and
lateral resolution. Axial or depth resolution is the
ability to distinguish bwo points along the beam
axis (Fig. Lda.b, and ¢}, The minimuom resolva-
ble distance is measured as the axial resalution
and depends on wavelength, since objects sepa-
rated by less than one wavelength cannot be
resolved. Although the wavelengths of current
transducers vary from 0.1 to 1.5 mm, the resolu-
tion of the oscilloscope, or scan converter tube,
may not be sufficient to separate very closely
spaced echoes, The display svstem must be sen-
sitive enough to match the transducer frequency.
Lateral or geimuthal resolution is the ability to

distinguish two points located perpendicular 1o
the beam axis (Fig. 1.5a,b, and ¢). The minimum
resolvable side-by-side distance between two
objects is measured as the lateral resolution.
This distance is inversely proportional to the
width of the beam and depends on the diameter
of the crystal, the wavelength, and the degree of
béam divergence with distance,

REFETITION RATE

The rate at which bursts of ultrasonic energy are
emitted is called the repetition rate. Most
commercially available instruments émit 200 o
2000 repetitions per seoond. This high repetition
rate requires extremely sensitive receivers
capable of detecting a signial thut has less than 1
percent of the incident ultrasonic beam encrgy
reflected back to the ransducer.

7
\ m

FIGURE 1.4

Axiul resabation, {a) Tvo painl targets
displayed a5 one echa: (b Two pmnt
targeds partiafly rescdved. (o) Twe point
targets resolved as pwo distinel
strictures, T, transducer,
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* FIGURE 1.5
M Lateral! resolution. (ib Three poing
- targeis displayed as one point. (k)
_' T T pudind [argets shown os ome
. paint with better azimpthal resolotion
M due o narmower beam wilih. ic)
Crprimal Fesoluiin distinguishing two

closely spaced targets, T, transducer

FIGURE 1.6

Reverberation phepomenon. The face of the ransducer acis
o5 refiectimg surface to the returning sound beam. The echo
bounced back appears on the esoBoscope as a senies of
progressively weilker echoes, Mole the reverberntion amifse
in abdominal scanming

L]}
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REVERBERATION

The face of the transducer may act asa reflecting
surface to reluming sound waves,
Consequently, the sound beam may bounce
back from the surface of the transducer, follow
its original course, and, in return, hit the
transducer a second time 1o be digplayed on the
oscilloscope at a distance twice as far from the
transducer as the original echo, This pattern may
b repeated with progressively weaker echoes.
This phenomenon is called reverberation and
may produce confusing and troublesonye
artifacts (Fig. [.6)

DISTANCE MEASUREMENT OF
REFLECTING INTERFACE

By knowing the velocity of sound in the medium
being examined and the tme it takes for the
somic pulse to-strike an interfuce and retum asa
reconverted echo, it i possible to measure the
distance between the reflecting interface and the
transducer. After the sonograph is calibrited for

CHAFTEE It PRINCIPLES OF ULTRASONOGREAFHY
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the velocity of sound in the medium examined,
time 18 converted to distance automatically,

DIRECTIVITY, REFLECTIVITY, AND
TEANSMISSIVITY

Ultrasonography i$ based on the pulse-echo rela-
tionship. Short electnic pulses produced by a
generator are converted by @ transducer into
bursts of acoustic energy . The sound beam-emit-
ted procecds in a typical divergent path and
produces different echoes. depending upon the
interacting media.

High-frequency ultrasound has many similarities
1o hight energy. Inits course of travel, ulirasound
will be reflected and refmeted when it strikes an
interface between two acoustically different me-
dia. If physiologic and geomztric conditions are
sutable, diffraction also occurs.

Reflection of ultrasound depends on the acoustic
impedance mismatch of two media. The greater
the difference in impedance, the greater the
reflection. That portion of the sound wave not
reflected is transmitted through the medium. If
the incident beam is not perpendicular to the
interface, sound will be reflected and refracted,
depending on the angle of incidence (11). The
incident beam should be normal 1o the intérface
studied to achieve maximum reflection back to
the transducer. Snell’s law of optical refraction
apphies 1o the refraction effect of the mcident
beam and Huygen's principle of optical
diffraction applics to diffraction of the sonic
beam.

The prncipal advantage of high-frequency sound
is that it can be aimed toward specific organs.
Study by ultrasound s optimal when the beam
strikes al an angle perpendicular to the reflecting
interface. If the béam is not quite perpendicular
to the object of interest, a portion of reflected
sound will not return 1o the crystal. Therefore,
correlation between directvity and reflectiviry is
necessary for a good examination.

Certain struciures have high reflecting qualities
for ultrasound woves, Fhit and concave surfaces

CHAFTER I: PRINCIPLES OF ULTRASONOGRAPHY
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are specular reflectors (12), and the reconverted
waves retum as a narrow beam. Proper angular
refationships between transmitted wiaves and the
reflected beam are required 1o receive echoes of
maximum intensity from this nammow beam. For
example, heart valves and postenior cyst walls
act as specular reflectors, Structures that scatter
the reconverted sound waves in a diffuse pattern
are Cilled diffuse reflectors. The parenchyma of
the liver is o tvpical diffuse reflector; the echoes
produced do not depend on angulation and dre
ususdly of low amplitude (131, Adeguate exami-
nation of diffuse reflectors requires a variety of
transducer positions and angles.

Fluid-filled structures in the body cavity transmit
spund well and are detectable by the-fact that
reflection occurs at the boundanes of the cavity,
which are areas of differential impedance. The
interface between a fluid-filled cavity and
bordering tissue vields a large impedance change
and strong echoes are returned, Acoustic
mismatch is much greater between tissue and
bone. For eéxample, ut the interface between soft
tissue and bone, more than 50 percent of the
transmitted sound waves will be reflected. At an
air—soft tissue interface, 100 percent reflection
DoCUrs.

Different organs in the body have different
acoustic impedances. Therefore, the
tramsmussvity of sound will change as if wravels
through various tissues, Every time the
transmilied beam of ultrasound sirikes an
interface, an ultrasonic wave (echo) is reflected
back and displayed on an oscilloscope. The
preater the acoustic impedance mismatch at the
interface between two media, the greater the
reflection, Consequently. in heterogeneous
media, many echoes-are produced; in
homogencous medin there are few or no echogs,
Therefore, heterageneous structures are said o
be echogenic, whereas homogendéous reguons are
echo-free or anechoic. A fluid-filled cavity is
homopeneons and thus echo-free, Fluid-filled
cwsts and solid masses are differenbated by the
absence or presence of echo-producing
mnterfaces within the lesions, This prnciple is
used to diagnose perncardial effusions, ascifes,
and nowrmal blood pools, such as the zorta.



The acoustic impedance of bone and high-
atomic number elements is very great, while that
of air is low, Therefore, the incident beam at a
soft tissue—air interface is totally reflected, Since
thére is no penetration, lung scanning with
ultrasound is impossible at present. At soft
tissue-bone mterfaces, sienificant quantities of
ultrasound are absorbed. Thus, the rbs may
produce same difficulty when the liver or spleen
is scanned, The bony structures of children.
however, cause fewer problems because these
structures are smuller and contain less caleium.

DISPLAY MODES

The reflected echoes may. be displayed by A-
mode, B-mode, or M-mode presentations.

A-SODE (AMPLITUDE MODE)

The A-mode ultrasound system displays the
electrically converted echo patlemn as a verticil
deflection (Fig. 1.7a). The amphtude of each
deflection is proportional 1o the reflected energy
received by the transducer. The deflections
pceur at different points on a calibrated tracing,
comesponding to the distance of the reflecting
surface from the face of the transducer, The

FIGLURE 1,7

Display modes, (o) Am'm_ld-q. Echorproducmg ndefaces
prodoce verticil deflections propostional b echo amplitude.
b} Bomasde; Vertical deflections converted inlo dods of
brightness may be uwsed lor scanning. Brighisess of dods is
propaitienal echo amplinude, o M-mode, Motion of
abjects recorded by moving the B-mode iracing along the
ms nxis, T, transducer,

.Mln

inl

T . .

(1]

ikl

CHAPTER 1 PRINCIFLES OF ULTRASONOGRAPHY
9



number, shape, location, and amplitude of the
echo spikes furnish detailed information of the
structure examined. The horizontal distance
between registered echoes is proportional 1o the
depth of the tissue which produced reflécton.

B-MODE (BRIGHTNESS MODE)

With B-mode, echoes are displayed on the
oacilloscope as a series of dots and lines, the
brightness of which varies with the intensity of
the reflected waves, since the echoes are
projected as a linear senes of bright dots (Fig,
.70 The second dimension of the oscilloscope
can be used for acoustic section or
sonalaparotomy of an organ by moving the
transducer in the desired planes. This techngue
1% called B-mode. Consequently, a single
sonolaparotomy produces a two-dimensional
representation, In B-mode, a great deal of
information is fost during the study of a specific
are 45 a result of attempting better visualization
of the topographic snatomy. On the other hand,
this technique permits cross-sectional study of
the body and also allows sonolaparotomy to be
performed in any direction and plane (Fig. 1.8),

M=MODE (MOTION SMODE)

Ini M-mosdi, the motion of & pulsatils structure s
recorded by moving the B-mode tracing across
the oscilloscope at preselected speeds. Actually,
the display of the amplitude of the echoes 15
changed to dots. The dots of moving organs on
B-mode are swepl across the oscilloscope inoa
verical direction and registered, This motson
can aso be demonstrated in the honzoniil
direction by time exposure photography while
the transducer is held stationary (Fig. 1.7¢).

Modification of the amplitude of echoes to dots
i% called mtensity modulation, When the ech
has been changed to-a dot and the amphitude
converted to intensity, the time factor may be
introduced into the oscilloscope tracing. In most
echogrants the oscilloscope sweeps from botiom
1o topor from left w right on the display tube.
When the M-mode sweeping has a vertical and
horrantal motwon, one dimension can b used
for time and the other for distance. The tracing
can be displaved on a regular television monitor

CHAFTER §: PRINCIFLES OF ULTRASONOGRAPHY
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as a black-and-white or a gray scale by using a
50an CONVETter.

The M-mode presentation may be recorded on
Polarod film or on a cathode-ray tube. A stnp
chart recorder affords better detl,

MECHANISM OF CROSS-SECTIONAL
IMAGE PRODUCTION

As the transducer moves over stalionary
structures & cross-sectional image will be built
up-from the organ of interest, The scanmng is
performed through a specially designed arm
which holds the altrasanic transducer. The arm
maotion is followed by a computer which spatially
orients the transducer position and echo pattem
on the monitor screen, As the tansducer moves
the retumned echo signals will appear on the
oscilloscope (Fig, 1.%). The final image is the
representation of the outline of the scanned area.

With low sensitivity only the outline of the
organs is visualized, At high sensitivity the
tnternal texture is registered. With modern gray
scale, different shades of gray are seen clearly
without changing the sensitivity setting during
the study.

GRAY-S5CALE IMAGIMNG

Conventional B-mode systems use threshold
detection to register echoes on a phosphor
storage oscilloscope screen., These echoes dre
regorded as dots of light and & large number of
these dots are used to form an image on the
screen. Echoes above a certain amplitude are
displayed as dots with constant intensity, while
echoes of a lesser amplitude below the detection
threshold are not displaved. Most of the eardier
abdominad scans® were performed with astorage
oscilloscope for écho registration. A final
photographic record was taken in the form of a
Polaroid picture of the storage screen. The
resultant imape showed dois of constant
intensity although many echoes came from
interfaces with varying echogenicity. The final

*Hassans, Uhrsanography of the Abdomen. New York,
Springer-Vedag, 1976,
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FEGURE 1.8

Sl orfeniotwn of thescan, As the tansducer raverses
iz boadyy combour, ihe echowes reburning from the region being
scinned ane shgned on 1he dscilloscope ingaact depth with
Tespeecl B the sound beim, The senes of eehoes retormed are
onented i fwo-dimensional armagenent over a 100 séan
Lo

sonogram with the storge or histable unit
consisted of a black-and-white photograph
without information regarding echo amplitude.
There 15 good representation of the size, shape,
and position of the lesion and aléo whether it is
cystic or solid. However, the internal echo
pattern may only be evaluated in a qualitative
manner since it involves manipulation of the
sensitivity settings.

Gray scale displays a dynamic fange of echo
amplitudes simultaneously as varying shades of
gray. High-intensity echoes appear dark gray
and low-intensity echees light gray. Anechoic
argas are colodess with current registralion
methods. Usually, the sensitivity setling nedsd
ool be adjusted fo evaluate tissue echo
characteristics. For ¢xample, echoes from the
renal collecting system appear dark gray while
those from the surrounding parenchymaare light
By,

Early gray-scale technigues used photographic
film to record scans. Film was exposed 1o 2 scan
patiern composed of amplitude-modulated
echoes presented 1o a short-peraisience oscillo-
scope, Usually four shades of gray were ob-
tained with this method. Disadvantages included
a complicated area scanning technique to pre-
vent overwriting echoes, and 2 longer scanning
time inherent with this maneuver, In addition,
the camera F-stop setting, oscilloscope intensity,
and film speed influenced the gray-scale effect
{14}, After the scan was completed. the film had
to be developed before the picture could be in-
terpreted, Current commercil systems in which
i scan converter is used offer eight to ten shades
of gray displiayed on a television tube (Fig. 1.9).
The sean converter tube detects all echo intens-
ties and is connected Lo a closed circuil televi-
sign Sysiem providing an instant visual display of
the area scanned. The technigue is the same as
for conventional B-scanning methods, Scanning
time i redvced due 1o better resolution and
simultancous display of weak and strong echoes,
eliminating the need to vary sensitivity settings
during sectiomng, The image developed on the
monitor iube mav then be recorded with Pola-
roid, 35 mm film, or multiformat imaging using a
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FIGLURE 1.9
Demarstration of mufliple shades of gray
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microprocessor. Moderate differentiation of sig-
nal processing enhances confrast at bssue intér-
faces (14). Most scan converter systems offer
information processing technigques for postscan
image oplimization (Fig. 1109,

REAL-TIME SCANNING

The real-time scanner has greatly moreased the
scope of information available from ulirasonic
examination. This modality has been applied to
numercus areas of the body (15-17). The two
mian advaniages of real-ume scanning dre the
rapudity with which the examinabion can be
completed and the ability to observe moton.
Real-time scanners usually employ either a
rotating iransduocer of a hinear array of
fransducers;

There are several commercially available real-
time scanners: One of the earliest real time scan-
ners (Fig. 1.11) uses two 2.5-MHz transducers
that emit ultrasonic beams toward a parabolic
acoustic mirror (Fig. 1.12a). The reflector sends
o parallel set of spund waves through a water-
containing bag applicd to the body surfiace. A gel
is used as a coupling agent. The scanning field is
coverad 15 times per second and the sectional
view studied is about 14 cm in length and 20 cm
in depth., Thas field is built up to approximately
120 limes withun 70 milliseconds {msec). The
width of the section is a few millimeters. The
unil produces mstantancous sechional images
and displays them simultaneously on an osgillo-
scope and television monitor, This immediite
and continuous presentation makes it possiblé to
vistally record movemant of a desired structure.
Without shifiing the applicator head, parallel
sectional scans can be taken up to 3.5 em lat-
erally by remote control of the motion of the
transducer mounted within the applicator head.

The linear array scanner, in which the applicator
has a linear array of 64 transducers, firing four at
a time, to produce approximately 60 lines of
information { Fig, 1.12b), has been available com-
mercially for a few years, Presently, many ypes
of real-time units have been developed.

Most machines are equipped with depth com-
pensation controls which amplify the near, far,



FIGURE |14

Comiact deagnoshic ulirasours]  seaneer
Ciomrtesy of Pecker Comporalsin
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FIGLIEE 1.11
Realume scanner.
Courtesy of Ssensens Company.

or overall field. Another device adjusts the
shades of gray on the momitor,

Linear transducer amrayvs may be electronically
phased by pulsing each of the multiple
transducer crystals as o separate unit. The wave
front formed follows the pattern of transdscer
excitation, The wave pattern miy be made o
produce & sector scan with & varable scan angle

CHAPFTER 11 PRINCIPLES OF ULTRASONOGRAFHY
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of up 10 %, The wave front may also be focused
1o different depths, Resolution with current
systems vanes (Fig. [.12e).

We use the commercially available Bronson-
Turner umit incombination with the gray-scale
unit in the-study of the breast, The scanning part
of the Bronson-Turner consists of a handpiece
and a small chamber which contains the
transducer and. acis as a water bag, The
transducer has a 10 MHz frequency and is
enclosed ina hovsing that isheld against the ares
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FIGURE 1.12

Beal-fime scanning systems, (a) Bofating irnsducer rellects
soursl waves from parsbolic surface 1o genemie perallel
beam. (b Lipear imnsducer mrak. Muliipke iransdicors
being pmilsed in-sequence to prichuce paralled beam, (€
Phiased Enear array. Vasiable wavefront genermted by
coondinabed pilbsivg of each iransdiscer glément. T,
transducer

of interest. The transducer of the Bronson-
Turner unit is about 0258 inch in digmeter and 1.5
inches Tong, This unit bas a rapid scanning rate
of 11 sweeps persecond. It produces a dynamic
desplay of successive cross sections that appear
on & television monitor. The transducer moves in
a sector and the image appears lincarly, The
sganning part is coupled through a Rexible cable
to the cathode-ray tube,

The cathode-ray tube resembles a [2-inch
television set, The section of the tissue being
studied appears on the monitor-and is '
represented in dark and fight areas which
directly correspond to the amount of reflected
sopnd beam. There are two controls: One selects -
the depth of field and covers the ranges of 0 to 3
em, 1510 4.5 em, and 3 to 6 ¢m. The second
varies the sensitivity setting of the unit {gain
setting) and can be manipulited from 40 1o 80 db
{standariced with reference o an echo réturmed
froem-a plam ghass platel; s calibrited in 10-db
sleps,

POPPLER. EFFECT

The frequency change of mechamcal waves due
to the relative motion of either sound source or
observeris called the Dopplereffect, It is named
after Christian Doppler who first deseribed this
phenomenon, The measurement of sound
frequency is obtiined by computing the pressure
peaks that cross an observer ina unit of me or
in Fsecond. If the sound source maves toward
the observer during measurement 4 greater
number of peaks will be counted and the
ealculated frequency will be greiter than the
“truee’” frequency. On the other hand, if the
soUmd spurce moves away from the observer the
calenluted frequency will be lower than the
“trug” frequency. This phenomenon also ocours
if the abserver moves toward or away from the
source, The Doppler effect can be used i the
detection of the moving organ by using two
eryatals, one crystal genemting a continuous
ultrasonic: beam emitted toward the organ of
interest and second receiving the reflected echo,
The stationary organ does not change the
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frequency of the reflected sound, while the
moving organ does change the frequency of the
reflected ultrasonic beam.

DOPPLER TECHNIQUE

The operation of Doppler instruments is based
on tranamirting and receiving an ultrasonic beam
thatt hits moving structares or fluids, such as
blood in the cardiovascular system, The simplest
Doppler has a transducer with two crystal ele-
mients, One crysial tRnsmits a contimuous sonic
beam and the second receives the reflected
waves. The transmitting crystal is exeited
through a low-power oscillator which operates in
the range of 3 10 8 MHz, The sound intensities
are usualy under 50 mWiem?®.

The transmitted and received signals occur at the
surface of the transducer and the returned
information appears in electronic form at the
receiving amplifier, The end result is calied
amplitude=<rpodulated or AM waves. These AM
wavies are sinelar o radiowaves in that the
ampfitude of the modulation is proportional to
the amplitude of the returned signal. A radio
frequency amplifier with a special detector may
be used to clarify the returning Doppler signal.

With modern Doppler instruments we are able to
listen to the Doppler signal range for almost all
physiologic flow pattems. As we gain more
expenence, b great deal of information can be
obtaned regarding the Blood flow, For example,
areas of stenosis in g blood vessel produce a
high-velocity -type jet flow which yields a high-
frequency Doppler sipnal. These signals are
cleady dilferentiated from those either distal to
or proximal to the stenotic signal, As previously
described, structures in motion can casily be
detecied. Forexample, fetal hean moton can be
identified as early as 8 1o 10 weeks after
conceplion.

The most modern Dappler equipment
incorporates features of continuous-wave
Doppler combined with pulse-echo type
ultrasound, and has the capahility o determine
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the location or depth of an interface as well as
the velocity of the flow.

EQUIPMENT AND PRACTICAL ASPECTS
OF USE

The essential part of a sonographic unit consists
of the following elements,

I. Transducer. The transducer acts as a
sender and receiver ol sonic waves, It
functons as a recepver 999 percent of
the time.

1=

Transmitter, The ransmiller regulales
the sonic waves throwzh the transducer.
A timer in the transmitter controls the
frquency and duration of ultrasonic
pulses ematted by the transducer.

3, Receiver. Retuming echoes reconverted
through the transducer 1o electne
impulses are picked up by the recever
and signal amplifier,

4. Signal amplifier. The signal amplifier,
Iocated between the receiver and
cathode-ray tube, increases the voltage
ol the signal.

5. Cathode-ray tube. The cathode-ray tube
receives the amplified impulses of the
returming echo. The processed impulses
are displayed on the cathode-ray tube ar
oscilloscope,

The transducer iz the only element discussed in
this section.

TREAMSDUCER

COMPONENTS

The transducer has a lead zirconate crystal with
piczoelectric properties, which can expand and
contract in response to eledine pulses (Fig. 1.1},
The pieroelectric crystal has a small cylindrical
shape and is generally 1 to 2 cm wide and | mm
thick. The efectrodes providing the electric po-
tential are connected to both sides of the crystal.
The vibrating crystal canses compressions and



rarefactions in all directions. To provide a unidi-
rectional ultrasonic beam, a backing material is
vsed to-absork the waves in unwanted direc-
tions. The backing material acts as an acoustic a3
well as o mechanical damper for the erystal.

The frequency of oscillation controds the
resolution capability of the system. After
transmission, the acoustic encrgy of reflected
sound is reconverted into electric impulses for
data analysis, since the same crysinl generates
clectnic currents when exposed o returning
high-frequency waves. The transducers usually
used in clinical work have differéent frequency
ranges, from | to 15 MHz. Approxmately 5559
percent of the tinwe the transducer acts as a
FeCeiver.

To vary the frequency of the sound, the trans-
ducer must be changed. For example, a fre-
quency of 2.25 MHz is used in ahdominal stud-
ies. For echocardiography, & transducer
frequency of 3.5 MHz is utilized { 18). The char-
acteristics of the system depend on the fre-
quency of the transducer and the chaice of fre-
quency depends on the region 1o be studied (18).
Transducers of low fréquency have longer wave-
lengths, resulting in greater beam peneiration
and better depth of study. However, increasing
the wavelength decreases the resolution of the
system. High frequency offers high resolution.
In ophrhalmalogy, the transducer frequency var-
ies from 7.5 w0 20 MHz, As aresult, the higher
frequency provides optimal definition of small
objects but the depth of penetration is limited.

MOUNTING

The dise of plezoclectne crystal in the
transducer has a suitable mounting arrangement
for optimal resolution (19-21). To produce
continuous waves & thin laver of a matching
wave is used toimprove the sensitivity (I8). In
the back of the transducer is a loading or backing
material, which absorbs sound energy directed
or transmitted backward. Consequently. the
guality and shape of forward energy, especially
of short pulses, are improved.

MEAR FIELD AND FAR FIELD

Divergence of the beam from the transducer 15 of
extreme importance. In a circular transducer,
the beam emitied from the face 15 cvlindrical,
During the course of propagation, the sound
waves run parallel for a certain distance and then
gradually begin 1o diverge. That portion of the
beam close to and parallel with the transducer is
called the near ficld and that extending from the
divergent point is called the far field (Fig.
1.13a.b, and c). At the-end of the near field, the
intensity of sound is maximal in the axis of the
beam. Thus, maximum information is obtained
when the object is located i the near field be-
cause the sound beam is parallel 1o the trans-
ducer and more perpendicilar to the target. Con-
sequently, the intensity of the reconverted echo
i% preater,

OPFTIMAL CRYSTAL SIAE

To increase the resolution of the ulirasonic beam
(120, it width should be as small-as possable, To
enlarge the near ficld and obtain better informa-
tion, the size of the crystal is increased or wave-
length decreased. Reducing the diameter of the
erystal narrows the width of the beam but de-
creases the length of the near field and increases
the divergent angle of the far feld (12],

T obtain the oplimom sixé of the transducer
crystal, the beam width should be constructed in
such a way that the near field is half the desired
operating range of the ransducer. To obtlain
higher resolution, frequency should be in-
creased. In pracuce, the highest frequency &on-
sislent with masimum penetration for the re-
gquired study s unilized (Fig. 1.14a.b, and ¢).

FOCLS

‘Fesolution can alse be improved by using
focused or collimated transducer o reduce beam
width within the Focal zone. By applving a
focusing lens with a concave surface, the focus
of the ulirasomic beam will be namowed (o a
predetermined distance from the face of the
transdiecer (Fig. 1.13). The focused transducer
has helped to improve resolution of deep
abdominal structures,
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FIGURE 1.13 the cycle repeated, There are different tvpes of

Tramsducer beam patierns, (a) Nonfocused transducer.
Parallel wavefroant forms the near field. Divergent beam n far
field. (b} Focissed transducer. Masmowest bearm width at fiocal
zong, () Collimated fransducer, Elongated near feld ond less
far fichl beam divergence. T, tmnsdaper.

FUNCTICN

As previously described, piezoelectnic crvstals
emit ubtrasound pulses as short as: | second in
duration, After the sonic burst has been emitted,
the transducer then acls as a receiver, picking up
the reflected somic waves, Afler this peniod of
time, another burst of ultrasound is emitted and

CHAFTER 1: PRINCIFLES OF ULTRASONOGRAPHY
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transducers,

PULSE CHARACTERISTICS AND THE
DAMPING SYSTEM

The optimal spatial pulse length is between | and
I 5cycles. Theexcited orvstal has a tendency to
oscillate for 3 long time, producing a prolonged
spatial pulse length too long to provide adequate
axial resolution. The damping system controls
crystil oscillation by mechanical and electronic
means (Fig. L.15a.b, andc). Damping may be
adjusted manually or built into the elecironic
circuity. Overdamping produces a short spatial



pulse length and the pulse may lack sufficient
energy to be useful. Thus, a properly spaced
pulse depends on a well-adjusted damping
system,

SIGNAL PROCESSING

Beconverted ultrmsonic echoes produce an elec-
tric impulse when they reach the transducer
crystal. This impulse is transmitted as an ampl-
fied radio frequency (RF) (18,21} signal into the
system, The RF mode appears as a senes of
signals above and below the baseline of the oscil-
loscope (Fig. 1.16a and b), Amplification in-
creases the size of the signal without changing

the information and is manually adjustable igain
control). Further madification depends on spe-
cific clinical use. Generally, after amplification,
the waveform is rectified 1o remove all negative
components o that only the upper half of the
signal is presented. Further modification can be
accomplizshed so that only the outline or bound-
ary of the upper half of the electric signal is
presented as an envelope detection ( Fig. 1.16¢).

FIGLRE 1.14

Beam widih and crysiad sise, {a) Wade crysial with lang near
fietd. it Medium crystal with shorter near feld. (o Narrow
grystal withi short near Beld amd great beam divenpence in the
far fichd. T, tmnsduer,

/,—/N,
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FIGURE 1.15

Dmmiping effect. (b Undérdamping
resuling in mudnple cscillations of
impnsducer crysia, b)) Proper dampeng
producing optimal spatial pulse kengih.
fi) Orverdampang with msufficient pulse
cyeles, T, imnsducer,

FIGURE 116

Siganl processing. () RF signal
prodiced by meomang echo on
transducer crysial, () Amplification RF

sigmal, () Rectification of RF signal nnd

envebope detection, T. iransducer.
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FEGURE 1,07
Signal processng. (n) Envelope

detection of Tectified RF signal, ik
Leading edge display or differentiation of
signal, {c] Bectification andamplification
of signad for oecillescope duplay. T

]| Cramsdacer,

VS

[

This, presentation is called video display. Enve-
lope detection or video display with its multiple
peaks can be converied into a smooth, single,
large peak called the video signal (Fig. 1.17a).
This signal may be further amplified or modified
by accentuating the leading edge of the signal
( Fig. 1.17h} by taking the first derivative of the
video signal that produces & thin echo, The small
negative phase (Fig. 1.17band ¢} following the
initial signal further accentuates the leading edge
of the echo by rectification, giving finer echoes
-and enhancing the resolution of the system. An-
other step in processing the video is to add a
reject level so that only large-amplitude echoes
above 2 certain threshold will be detected (Fig.
1.18a.b, and c). Rejection is very important to
eliminate unnecessary echoes (Fig, 1.18b) and
electric noise or “grass” (Fig, 1.18b.and c).
However, certuin low-level echoes are required
for optimal information, The sonographier should

adjust the rejection level, as needed, for proper
ultrasome examination.

MAIN SYSTEM CONTROL

POWER SWITCH
An on-off switch is connected o a standard 110

volt outler. The ling is grounded to prevent an
eleciric hazard.

REJECT

The reject control varies the amplitude threshold
required to record an echo. It discriminates
against low-level echoes and is used to remove
grass’-hike interference at higher gain settings,

LEEN b

The gain contrel amplifies the electronic signal of
the received echo. Some units employ an
altenuation system 10 achieve this effect, Two

CHAFTER 1: PRINCIPLES OF ULTRASDNOGRAFHY
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baseline echo threshold displayng
only amplified sigaal. T, transdiscer.
1]
—. T ﬂ.Ul"L
el

types of gain are available: near gain-and total
gain. Mear gam increases the amplitude of
echoes in the near feld. Total or coarse gain
produces a uniform increase in size of all
displayed signals, and sets the overall gain of the
receiver, which s independent of mange.

TGC

Time gain compensation (TGE) or depth
compensation control is an adjustable amplitude
corréction 1o increase or decrease the ccho
intensity in any given region of the field. It was
originally designed to compensate for the loss of
sound energy with increasing distance due to
tissue attennation, Mewer systems make it
possibie 1o selectively enhance or depress any
part of the feld.

DA NPT

The damping control regulates the oscillation of
the transducer, By reducing or damping
transducer ringing from the excitation pulse, it

CHAFTER 11 PRINCIPLES OF ULTRASONOGRAPHY
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adjusts the cyeles. of sound avadable from each
pulse. A shorter pulse increases resolution;
however, a beam oo highly damiped lacks
sufficient penetrating ability and sensiivity,
Increasing the damping deécréases the amplitude
of all recorded echoes and is similarc o
decreasing the total gain,

DELAY

Delay adjusts the starting point of the
oscilloscope display, and the crystal artifact as
well as other near ficld echoes can be moved out
of the visual display ., Selected sepments of tssue
may be displaved in the far field. Delay actually
helps to determme where the TGC curve

slarts.

DEFTH

The-amount of tissue or field represented on the
oscilloscope or television face can be varied
from 5 1o 40 ¢m in most commercially available
Syslems.



INTERSITY

Brightness of the trace [or all disply modes may
be adjusted manialy,

FOCUS

The beam can be focused for optimal display,
Focusing should be performed after intensity 15
adjusted.

ASTIGMATISM
Astigmatism may be incorporated mto the foous

system so thal the focusing process can be
refined further.

GRATICULE

A reference scale for measurements, the grat-
cule’s illumination can be adjusted. Parallel
transverse and longitudinal lines form & pattemn
of sguares,

SCALE
The field may be varded in increments of 0.5 to 3

cm per square; which s valuable For examining
smaller organs,

MAGNIFICATION

The echoes displaved can be niagnified by eiher
rescanning on a smaller scale per umit square or
by electronically “*zooming™ the image
presented on the television monior.

CONTHAST ENMANCEMENT

MNewer gray-scale units offer scan converier
Lubes that make il possible 1o emphiazize vanous
shades of gray 10 maximize the information
display.

ERASE
An erase switch clears the oscilloscope or
felevizion (ube so thst o new sean can be started.

CENTER

The scanning beam must be centered over the
oscilloscope field, either manually or
automatically.

DIGITAL READ-CHIT

A computer tvpes patient mformation and scan
edentification which can be introduced direcily
oo the television display, and may then be
photogriphed. Electrone calipers measure di-
mensions instantanecusly on the monitor.

RECORDIMG

A permianent record can be obtained on photo-
graphic film of the 35-mm, 70-mm; or Polaroid
type, X-ray film can also be used, Videotape
systems and multi-imagers may be adapted for
permanent displays.

ARTIFACTS IN ULTRASONOGRAPHY

hafficulies in scanmng due o bone, gas, and
radiographic contrast will be discussed in this
section. Echoes from internal structures vary
according to acoustic impedance. organ size and
shape, Ussue attenuation from overlying
structures, and organ depth. Artifacts may result
when the ultrasound beam is-not perpendicular
to the skin surface, and from organ contour and
image distortion due to beam width, Echoes in
thi near field, close to the tramsducer, may be
lost in the *dead zone' of the beam due to
continued oscillition of the crysial during the
receiving phase, Mewly designed low—pulse-
voltage units with effective damping systems
compensate for this problem.

Reverberation artifacts are recognized by their
periodicity and decreasing echo amphivde on the
A-mode and B-mode, These occur when sound
encounters a highly reflecting interface, such as
bane or air. The loud-echo artifict, distal 10 a
strongly reflecting surface and appearing as ian
echo-free region immediately following the
strong echo, is due to erystal reverberation. It is
noted on the A-mode as echoes elevated from
the baseling (22), This amifact is frequently noted
when the. gallbladder and edematous renal
trunsplants are scanned. Lowernng the
sensilivity permils the echoes to return o the
baseling and the echo-free antifact disappears.

Distortion caused by misalignment of

CHAPTER 1: PRINCIPLES OF ULTRASONOGRAPHY
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potentiometers in the scanning arm and changes
in the preset determination of acoustic velocity
may be detected by frequent calibration with an
acoustic phantom,

BIOPHYSICAL EFFECTS OF
ULTRASOUND

The unexpected and tragic experiences resulling
from the early applications of diagnostic
radiology and the great physical and psychologic
trauma produced by uncontrolled use of X rays
have alerted the ultrasonographer to extrema
caution in the use of ultrasonic mvestigation in
human beings. Ultrasonographers have carefully
attempiéd to maximize their effors to obtain
diagnostic interpretations with minimal
ulirazonic energy mpul inle the adult and feral
Organ sysiems.

During clinical dpplications, the possible genetic
and somatic changes have beenconstantly moni-
fored throughout the shori- and long-term pe-
riods. Many carefully controlled experimental
studies have been performed to determine the
vanous parameters of safe ultrasonic exposure,
Even il this stage of the development of ultra:
sound, we have had limited expenence with the
long-range effects, Whether the ultrasonogra-
pher's fingers will fall off in 20 years from exces-
sive handling of ultrusonic equipment or whether
he will show no detectable physical damage or
definite chromosomal changes is totally unpre-
dictable at present. However, according to the
latest expenmental reports and worldwide corne-
lation of data on ultrasonee. side effects, there 15
no substantiaiion of any harmful effects due 1o
use of ultrasound at the enerey levels encoun-
tered in current diagnostc scanming units, The
collected data of many investigators have re-
veealed that there 15 an extremely large margim of
safety at acoustic energy levels used in dingnos-
tic ultrasound. Numerous publications based on
clinical and laboratory findings have docu-
mented that 1o date there is no evidence that this
level of ulirasonic energy has any deleténous
effects, whether genetie or phy=sical (23-27).

Widely differing energy and power outputs are
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used in therapeutic ultrasound as compared with
diagnostic insotation. In diagnosie work, the
power of ultrasound 15 on the order of mW/em®.
The encrgy levels used in physiotherapy are
thousands of imes greater and are sufficient to
prodduce measurable beat in biologic tissues (28).
Still greater power is used in such surgical
applications as ablation of nerve endings and
destruction of normal and sbnormal areas of the
brain for neurosurgical therapy (29),

Tissue damage may occar at ultrasonic power
levels many thousands of times greater than cur-
rently used diagnostic beam intensities, Simple
agitation may cause cellular membranes (o rup-
ture-al high frequency. Elevation of Lissue tém-
perature and cavitation occur during prolonged
exposure 1o high-energy sonic waves. Chemical
changes include & change in pH cansed by the
rebease of radicals and increased tissue oxidation
rates. Also noded are increased membrine
permeability and greater enzymatie activily.
Since ultrasound 15 nonionizing, cumulative ef-
fects are not to be expected (30).

Ultrasonic waves with very high encrgy levels
are used in cleaning mechanical devices,
podishing metals, and drlling,

As mentioned, the damaging effect of ultrasound
depends upon the energy range and physical
chardctenistics of the sonic beam. The ultrasonic
energy i51he product of the measured radiation
amnd the somic beam velocity, which is translated
into watis, The imensity of the beam is the
power per unit of specific cross-sectional ares
or, actually, walts per square centimeter (W/
em’). The intensity of power of an ultrasonic
beam usually is calculated from the electric input
to the comresponding transducer, This
measurement is an estimated value because the
sound intensity suffers from complex variations
of the pulse shape and spatial distribution of the
beam engrgy.

There are many repons regarding the hiologic
effects of ulirazound m clincal apphcation (31-=
33}, The work of Hellman et al (34) has revealed
no evidence of fetal or matemal damage. Inour
experience over the past five years with a large
number of patients who have undergone



variety of ultrasonic examinations involving
siich areas as eve. thyroid, heart, brain,
abdominal organs, and pregnant uterus, we have
not found any deleterions effects thus far.
Howewver, we are still following our data.

Macintosh and Davey (35), in 1970, reported an
inereased number of chromozomal aberralions
after exposing human leukocyte cultures to low-
level diggnostic ultrasound; but in their second
study (36) they reported thm chromosomal
aberrations did not occur below the level of 8.2
mW/cm® intensity.

Al present we conclude, on the basis of all
existing evidence, that there are most likely no
significant somatic changes produced by the
energy level of the diagnostic range of
ultrasound. The possibility of delayed genetic
effects remams guestionable.

GENETIC EFFECTS OF ULTRASOUND

The increased use of ulirasound in fetal and
maternal disorders and its recent application to
the male testis requires investigation into the
potential genetic hazards of clinical
ultrasonography. An excellent in vivo study (30)
of mouse gonads insonated at levels up to 20
times the intensity of currently wsed ultrasound
energy revealed no evidence that dominant
lethal mutations or sterlity are indicced in-male
mice, Follow-up for 8 weeks demonstrated no
dropin testis welght or sperm count-and no
nduction of tmnslocations or chromosome
fragments in specmialocytes (300, Alithough the
risk of genetic derangement from ultrasound
uppears [o be shight, its carcinogenic effect may
ol have been fully evalunted in humans at this
early stage in the widespread applicaton of
uhirssonogeaphy (0 the general population.

PRACTICAL ASPECTS OF
SONOLAPAROTOMY

In sonolaparotomy proper direction of the beam
toward a specific organ i essential. Familiarity

with ultrasonic sectional anatomy and a knowl-
edge of anatomic pathology and surface topogra-
phy are extremely important. Comprehension of
organ relationships and their normal ultrasonic
pulterns is pecessary to evaluate the extent of
disease and the imvolvement of adjacent stroc-
tures by pathologic processes, Two-dimensional
ultrasonic imaging uses pulses which have a fre-
quency of 210 3.5 MHz. At this frequency the
beam has physical characteristics which allow
the sound to be concentrated into a narmow beam
and easily manipulated in a directed column of
waves capable of penetrating the bady to i depth
of approximately of 20 to 30 cm of sofl tissue.

PATIENT PREPARATION

In most instances there is no need for patient
preparation. In obstetric and gynecologic
examinations the bladder should be distended to
delineitte pelvic organs and 1o increase the
penetration of the ultrasonic beam., To study the
pancreas, it is preferable that the patient be NPO
inothing per mouth, or fasting stale) since it may
be necessary onsert o nasogastres lube 1o
suction out gastric air or instill gasless water to
distend the stomach and outline the duodenal
ComiaLr.

Scunning causes no discomfort for the patient
and in many situations is similar to Auorescopy,
in that the patient must be positioned propery
and the image on the scréeen monifored
constantly. After the arex to be scanned is
exposed, mineral ol is usually apphed to the skin
surface o prevent an-air gap, which would
markedly reflect sound between the transducer
artd the area imvolved., Complete contac
between the surface of the applicator of the real-
time scanner and the skin surface is obtained by
using an uftrasonic gel.

DUTIES OF THE TECHNOLOGIST
The ultrasonographer should clearly understand

the varions methods of examination and proper
control settings of the scanmng machine psed.

CHAPTER 1: PRINCIPLES OF ULTRASONOGRAPHY
25



Patience and search are basic to good
ultrasonography. The method of study changes
the guality of echo display. Each type of
commercizally available instrument has its
characteristic image production, Forthis reason,
each unit functions with its own criteria, and the
art of ultrasonography is o exiract maximom
information from a specific unit.

However, certain technigues and enteria are
essential for basic studies, These include the
ultrasenographer’s familiarity with the following
technical considerations.
I. Arrangement of a proper TGO curve
on the oscilloscope for the study of a
specific organ
. Selection of the proper transducer
1. Familiarity with a system of
wdentification
, Changing the gain setting as needed
5, Selection of the rate of sectoring

fi. Knowledge of the types of scanning
feg, linear, compound, arc, or sector)

7. Study of the patiem in multiple
positions

K. Maintenance of a minimum of eight
shades of gray in gray-scale units

9. Familiarity with the wse of real-time
SCUANMINE

M. Knowledie of the uitrasonie
limitations of sonography

11, Detection of through transmission
pattern in combined A-mode and B-
merde for better evaluation of
pathology

=]

FHYSICIAN PARTICIPATION

Lltrasonography is similar to creating a painting.
The task of the operator is to display the echoes
from a lesion and demonstcane its shape, loca-
tion, and texture. Ultrasonography is far more
delicate than fluoroscopy in that pathology de-
tection and physician performance are more de-
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manding. The examiner must make a final inter-
pretation before the procedure is terminated, A
specifically trained nurse-technician can perform
the study; however, the physician-in-charge
should be in constant attendance for consulia-
tion and interpretation of specific findings shown
on the Polaroid. For example, during a routine
study of the liver for metastases from an on-
known source, a hypemephroma of the upper
pole of the right kidney may be incidentafly
discovered.

POSITIONING THE TRANSDUCER

The transducer acts as a iransmitter and recever
amd the time between somc emission and
returned coho'is-a measure of the depth of ihe
reflecting surface. Maximum reflection is
achieved when the organ of interest lies
perpendicularly to the sonic beam. Any degree
of tlt of the ransducer or reflector dimimishes
the intensity of the echo, and the signal may
even be lost. Incentain cases, difficulty in
positioning the transducer and factors such as
obesity can attenuiute the returned ulirasound.

One aspect of the an of ultrasonography is 1o be
aware of target displacement from the trans-
ducer and make corrections, Selection of a
proper scanning speed is important if évery echo
prodduced is to be recorded (37, IF the scanning
speed is too fast, many reflected echoes will be
missed by the receiving transducer. If the speed
i too slow, anifactual echoes may be produced
because the reflected sound will have a higher
sienal concentration in specific areas at a given
perod of ume, The rate of transducer molion
should be constant regardless of the scanning
speed. When a normal technique is not applica-
bie, ather variations must be devised. Changes
may b made i the (ransducer, patignt position,
scanning plane, or scanning mode. For example,
i 1-MHz transducer may salvage a study in
which a 2.25-MHz transducer cannol pengirate
excess subcyutangous fat; in renal scanning hy-
perextension of the patient may permit better
delineation of the kidney: multiple scanning
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FIGLIRE .19

Types of scanning, Ui Lineor scan, Sound beam
perpendicular o ihe skin surage. (b Sector scan,
Trnsducer rotabed about o fived axis, ek Compoand wan
Combenation of lipgar and sector scan. T, frnsducer,

planes dre generally necessary 1o visualize the
entire placenta; und minimal ascites may not be
detected on routing supine B-scanning but appli-
cation of the A-mode transducer to the depen-
dent anterior abdominal wall will demonstraic as
limtle-as 100 ml of free Muid. M-mode and real-
time scanners may be used o verily the pulsa-
tion of & viascular structure.

TYPES OF SCANNING

There are several types of scanning, as follows,

. Manual B-scanning
. Linear scan (Fig. 1.1%9a)
b. Sector scan (Fig. 1.19h)
¢. Compound scan (Fig. 1.1%)
d. Arc scan

2. Automated B-scanning
1. Realtime scanning

THREE-DIMENSIONAL
CONCEPTUALIZATION

In ultrasonography the examination of the organ
is performed in various specific planes. These
e lude the teansverse and longiiodinal planes,
but may also include obligue and decubitus or
erect scanning positions, The anea of pathology
must be confirmed in at least two planes, The
shape, location, and configuration of the kesion
should be evalunted by right-angle scanning to
produce & three-dimensmonal representation of
the region of pathologic interest. In arder o
produce complete mental integration of the scan
datis, the examiner should continually
concentrale on the images appearing upon the
oscilloseope and link them together in-his mund
as they are produced and erased. In this way, the
ultrasonographer has a mental image of the aréa

scanned which iz Tormed from two nghi-angle

scan planes to produce a total three-dimensional

summation of the two-dimensional pictures,

Thus, two Polaroids at perpendicular scan
planes can document the lesion which is
extrapolated o a three-dimensional
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FIGLURE |, 20a)

Supane lengituding] scan, Fincly stippled echo patiemns of
bpih ain anbenios nrd a posteroe segmen of the placenia is
demaonsimed. The pntenor and posterior extensions of 1he
placentn may simuate twin gesation, To avoid this problem
midiEple sectionsl studies are needed

FIGURE 1,20B)
Supine ranswerse scan, Gy scale, The right and left keaves
af the placentn Tuse to form the l2ieml-1ype placenta

FEGLIRE 1.21

Supane longitsdinal scan. Gray' scale, A midline scan shows
the placenta cowening praciicadly the entire vienne cavily. A
smiall portion of the uterod near The internal os 13 free ol
placenital echens.

CHAPTER 1@ PRINCIPLES OF ULTRASONCGRAPHY
I8

conceptualization by the sonographer’s
understanding of the scan data.

For example, if a nght lagral placenta is scanned
in the longitudinal midline plane, the anterior
and posterior extensions of the placenta may
simulate twin placentas (Fig. 1.20a). This situs-
tion is resolved by right-angle scanning or simply
following the images produced as the scan pro-
ceeds towadrd the nght side and the leaves of the
placenta fuse 1o frm the neral-type placenta
iFig. 1.20b). Similarly, s fundal placenta extend-
ing anteriorly, posteriorly (Fig, 1.21), and to the
right and left walls of the uterus may appesar asa
placenta which completely rings the uterus ona
transverse scan (Fig. 1.22), This problem is cor-
rected when the mental image of complete trans-
verse scans shows the placental echoes to fuse
toward the fundus and fade toward the cervix
i{Fig. 1.23a and b). A longitudinal midline scan
would serve the same purpose to demonstrate
the nature of the basically fundal-type placenta.

A similar problem éxists when the echogenic
wall of the pestatwnal sac 15 sectioned
tangentially. producing & dense area of echoes
within the uterine cavity, Confusion is generally
gquickly resolved when more information s
oblained by multiple sequential Scans an
combination with right-angle sectioning for
further clarification.

It is important in ultrasonic scanning that aredis
of abnormal echoes must be reprodugible in
miultipke scan planes. This double check
prevents the dingnosis of pathologic conditions
when confusing echo patterns are produced as
either normal variants or aridacts due o molon
(Fig. 1.24).

LULTRASONIC IDENTIFICATION:
PRINCIPLE OF SECTIONAL SCANNING

Evaluation of ultrasenic studies requires a
complete three-dimensional representation of
organs and areas of pathologic significance, As
the application of ulirasound in medicine
ingredses, more information can be obtained. A



FIGURE 1-22

FIGURE 1-23a

secie and aecurate idennfication system makes
easier 1o interpret an echogram. For this
eason special scanning planes are needed 1o
erform the study and to obtain a correésponding
ORic pEillém oo compare with routing
ndiographs. The svstem of wentification in
ome wltrasound departments uses the umbilicus
s @ reference point. In supne positions
ectional scanning (transverse and longitudinal)

MGURE §.22

O (FAnsverse scan m cawe shown in Fig 1,21 Gy
cile. Sedn in his plene shoows the phicenia 1o completely
e the sesislized mlermne cavily,

TGURE 1.2 45
ipiee mensverse scan, A senal complete tmpsrerse scan
how's the placental echoes bs fuse loward the fandus,

AGURE 1.23h
supice Jongituding scan. & serial consplisee fongitodinal scan
hionws the placentnl gehoes o fuse loward the fundus;
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FIGLRE 1.24

Supine lomgifudingl s, A longicudinal midine Sean
demimisrites the masisim artafncts in Lhe © hafionie phlt. (e[l
hend, and possenor wall of the bladder
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planes are obiained by considering the umbilicus
ak the zero point. Sections above and to the right
of the umbilicus are designated as plus cuts and
sections below and 1o the lefl are called minus
sectons. We kave been using a different
wlentification system for upper abdominal and
pelvic ultrasomography to avoid disadvantages of
the above system, which are as follows,

I. It is necessary in many instances
fespecially in studies of the upper
abdomen) 1o compare ultrasonic
photographs with corresponding
radiographs, When the umbilicus 1=
used as a topographic reference point;
information which can be used to
compare radiographic studies with
ulirasonic sectoral scanming is not
obtained, unless a lead marker is
attuched 1o the umbilicus before the
patient is exposed to X mys, The
position of the umbilicus varies in many
pathologic conditions and even among
normal young and old individuals,
Indeed. it may be surgically absent.
Since it is not a fixed reference point,
the exact echogram cannot be
reproduced on repeat examination in
meany pathologic conditions (eg, ascites.,
abdominad mass) alter a lapse of Lime,

T4

. Absence of use of prone, decubitus,
angled, and oblique scanning planes.

REFERENCE POINTS
Experience has shown that many obstacles
present in previous studies would be avoided if a
fixed structure in the body was used ns o
reference pont (38). We use the xiphod process
of the sternum, symphyvsis pubas, and crest of the
thium a8 réference poinis,

ANTERIOR PROJECTICHN

ATC series

In the amterior projection, if a line 15 drawn
between the two iliac crests, it will pass approxi-
mately through the plane of the umbilicus. This
line or plane represents the zero point and is

~alled the ATC (anterior transcrestal) plane. All
scctions above this plane are known as ATC-



plus-{eg, ATC+ 1, +2, +3). and all sections be-
low this plane are called ATC-mines (eg.
ATC—-1, =2, —3), Each number corresponds tn
the distance in centimeters from the ATC plane.
In scanming the pancreas. the hilum of the right
kidney is localized and oblique sections are
mide between the hilum of the right Kidney and
the spleen. These slices are called KP (kidney-
pancreas) sections,

LXP seriex

The line or plane between the siphod process
and symphysis pubis in normal mdividuals afso
erosses The umbilicas and is cudted the LXP line
or plane. The LXP plane transecting the
midportion of the body is designated as LXP0
and all the sections wward the patient’s nght
side are known as LXP-plus (¢g, LXP+1, +2,
+3), while sections toward the patient’s left side
are called LXP-minus {eg, LXP~I. =2, =31,

POSTERIOR PROJEC 110N

PTC seriex

In the posterior projection the transcrestal line or
plane represents the zero pomCand s called the
FTC {posterior transcrestal) plane. The
transcrestal plane is PTC-0 and- all sections
ahove this plane are known as PTC-plus {eg.
PTC+], 42, 43).

PLY zeries

The spine % also used as a reference point for
postenor views and sections, and is called the
PLS (posterior longitudinal spine) line or plane.
PLS-0 indicates a midline scan. Sections toward
thi right side of the spine are called PLS-plus
sections {eg, PLS+1, +2; +3}, and those toward
the left are called PLS-minus seclions {eg,
FLE=1, =3.=3

DECURITUS PROJEC TICN

Transverse: decubiiis

In the kateral projection, with the patient lying on
his sice, the crest of the ilium is the zero point
and all planes above it are plus cuts, If the
putient’s right side is up he is said 1o be lying in
the right lateral decubites (RDC) position. and if
his left sidle 15 up he is in the left lateral decubitus
(LD position (aght decubitus ¢rest or lefi
decubitus crest), The term decubitus in

ultrasound reférs o the side of the examination
closest to the some beam. Sections above the
thiac crest are called RDC- LDC-plus,

Longiindingl decuhives

In longitudinal sections the axillary line becomes
the reference point, Therefore, all sections
anterior 1o the right (RDA) or left (LIDA)
decubitus axillary line are plus sections, and all
sections posteror 10 the axilkiry lines are minus
SECHONs.

ERECT PROJECTION

If the patient is sitting. instead of the term
decubitus (D) we use the term erect (E). and
abbréviations such as REC or LEC and REA or
LEA are used,

These views are specifically psed to study the
chest wall, s for pleural effusion, and 1o
evaluate the éffect of gravity on abdominal
structures; plonc ongans, or positional changes
of organ relationships in normal and abnormal
conditiins in the supine, semierect, and erect
positions,

ANGULATION

Il the transducer is pointing wowsird the Read or
the right side, the degree of angulation refative o
the perpendicular body section is designated as
plus, I the transducer 5 pointing towand the feet
or the left side it is designated as minus. For
example, ATC +2+15%1s the section 2 cm above
the transerestal lime inantenor projection with.a
15" angukation toward the head.

SUBCOSTAL AMIY INTERCOSTAL SECTIONS
Subcostal sectional study starts a1 the xiphoid
process-and runs parallel to the nbs from the
xiphoid, Intercostal section is similar 1o
subcostal section, On the right side it is called
right subgostal (RSC) section; and on the left
side it 15 cailled left subcostal (LS50 section. The
rib itselfis the zero point. Thus, RSC0 is
meaningless becavse the b produces a somc
shadow. The sections below the pertinent rib are
numbered accordingly. For example, BSC-11 s
asection below the 1ith rb on the rght side, and
LSC-11 s the section below the thribon the
left side.
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FIGUKE 1.25

Supine ongitadinal scan. Gray scale. Scomsbows ncoho-
dhepree Niear struciare in the doep subcutimeus tissues which
casts o konke shadow, Cakified scar dug to 20-year-old

TCEREan,
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TRANSDUCER CONTACT

Varipus scanning planes are utilized durnng a
routine study, If the plane of interest does not lie
perpendiculardy to the body surface, acoustic
contact may be impaired. As a result a large
number of echoes are lost during scanning if
sectional plines are pérpendicular tothe table
rther than to the patient. To prevent loss of
contact at curved areas of the body, the
examiner must ditect the transducer
perpendiculardy to the body contour to achieve
maximum beam intensity.

In scanning over scar tissue sonic shadow (Fig.
.25 may prevent the obtaining of adeguate in-
formation, and the best maneaver would be 1o
scan obliquely at the edge of the scar tissue, This
may occur afier scarring of C-section (Cesarein
section).

SENSITIVITY SETTING QR
ATTENUATION STUDIES

As in routine EKG tracings, the
ultrasonographer should establizh a standard
baseling sensitnily setting for each organ 1o
aviord confusion in interpretation. After each
study or section, the attenuntion may be changed
to differentiate vanous components of an organ,
or evstie from solid masses,

The frequency of ultrasound determines the
average altenuation bedam panern {12}, Usinga
higher frequency and a shorter sonic pulse a
narrower beam may be obtained, which
ingcreases resolution, By lowering the frequency,
however, deep structures can be visualized
better. At higher frequency, deep structures
reflect weak echoes (12). These produce serious
problems in diagnosis, and can be comected by

‘adjusting the time gain compensation {TGC)

control. The TGC corrects for higher average
absoarption {349). This Gdjustment must be made
when an organ rétums echoes at a certain
frequency but does not retum them at another
frequency. In this case the pattern of the beam



from the transducer has changed or the receiver

15 not properly compensating for average
attenuation loss,

GAIN SETTING OR TGO CHANGE DURING
STUDY

Opimoens vary regarding changing TGO settings
during scanning. One group is in favor of
changing the TGC during the study il it is
necessary {40y, because the attenuation of sonic
waves wires m different organs, Conseguently,
il s difficult o cutline the entire organ in one
plane with a fixed attenuation. On the other
hand, changing the attenuation control during
the examingtion may produce anifacts. These
problems are avoided with gray-scale systems.

COMPARATIVE STUDIES AND SHIFTING
METHOD

When difficulties exist in distinguishing a purely

eystic lesion from a complex mass or solid mass:

with few intemal echoes, comparative studies
with the contact scanner or use of the shilting
method with the red-time scanner may help o
eliminitte the uncertamty. A known fued-filled
body cavity such as the distended bladder may
b faken as o cvshic reference standard dunng
cscanming. The gray-scale unit or real-time
scanner s adjusted for the known cystic
atriscture =i that i1 is displayved on the
oscilloscope as an echo-free area with distinct
borders. Comparison hetween the bladder and
the suspected mass lesion is then made while
scanning i obtain both in the same slicé, This is
mist easily: performed with the contact scanner
when using a real-time scanner. The companson
method may not be easily done of the suspected
cvstic pathology is at a great distance from the
bladder, since many real-time transducer heads
or applicators ure of limited length,

The shifting methad is a form of sonofluoroscopy
where the applicator of the unit is first placed

over the pelvic region with the bladder as »
aseline, and then moved over the area of
pathologic interest for further evalwition. In this
Fashion, confirmation of a eyt lesion is readily
made and the nature: of the mass can be
determined. In addition to its use in pelvic
disorders, this method may be used in many
other areas of the body. The differential
diagnosis of a thyroid cyst from a solid tumor is
made with Certamty when the cvsie lesion is
compared o the cystc covity of the globe, of the
eyve as the trnsdoucer s shifted over the elosed
evehd. Similarly. the pallbladder 5 used 250
cyvslic reference point in upper abdomimal
scanning if it 1s distended.

FACTORS ALTERING NORMAL
ACOUSTIC IMAGE

There are certain limitations 1o, and problems
inherent in, each study, Some can easily be
avoided; others, which are-extremely difficult 1o
prevent., include the following.

|. Respiratory motion,

- Marked dehydration, which can be
avoided by proper hydration.

1o

tad

o Gas in the bowel, Gas interferés with
sound transmission and the deep
abdominal snd retroperitoneal regions
cannit be propedy eviluwted:
Therefore, the study should be repeated
after the patient his been given a
lxative and a cleansing enema. When
excessive gas is present in the stomach,
the semierect position allows the gis o
rise to the fundus where it will not
interfere with the scan of abdominal
orgians. As previously described, bone
effectively blocks the ultrusonic beam
and no information is gained distal o3
bony strcture,

4. Presende of radiographic contrist

matensal in the gastrointestinal tract.

Water-soluble contrast in the
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gastrointestinal tract does not alter
gross anatomy nor the trnsmission of
ultrasonic waves through the abdomen,
With barium in the gastrointestinal
tract, however, even with & high-gaki
setting. only the anterior aspect of the
bowel is detectable for imaging (41),
Barium blocks the passage of
ultrasound to organs located behind
barium-filled bowel loops. This problem
can be detected by a plain film of the
abdomen and a history of contrast

e XAMIateD,

5, Deep mediastingl area and lung
pathology cannot be-ovaluated by
ultrasonography because the air-
contamning lung transmits ultrasound
poorly,

fi, The pelvic bone prevents evaluation of
sructures deep in the pelvic cavity,
Evaluation of this area can be improved
by using an intemal transducer.

7. Resolution of sysfems, Al present,
commercially available
ultrasonographic units have limited
resolution, and deep intrabdominal
structures, smaller than | cm in
digmeter, cannol be evaluated by
conventionil presentation or gray scale.

ORIENTATION

TOPRGRAPHIC MARKING OF SUSACIOUS AREA

In any ultrasound department. a water-soluble
dve or grease pencil should be available <o that
an organ or area of interest can be marked upon
the skin. Multiple markings of suspected pathol-
ogy will allow this area to be scanned in the
plane delineated on the skin. If the area is con-
stant in this plane and also demonstrated in a
perpendicular plane, then il is a true area of
disense as opposed tocantifact (371,

ORIENTATION OF 5CAN

The ultrasonographer can find the true
orentation of an organ or area of pathology by
making appropriate markings on the skin and
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scanning in this plane, Three-dimensional
visualization is obtained when the area
perpendicular 1o the markimgs 15 scanned,

MARKING THE BODY WITH THE TRANSDUCER
By convention, the svmphysis pubis is marked
with an angle and the umbilicus or ranscrestal
plane is designated by a perpendicular line.

MARKING THE FOLARDID PICTURE

For complete information {as in Xeray
technigues) each Polaroid should have at least
two figures on the front. The first figure
represents distance from reference points feither
transversely or longitudinally) in centimeters.
The second figure is used 1o show the gain
selling, sensitivity setting. or allenuabon. A
third number may be used to designate the angle
of till. The name, date, age, and sex of the
patient will appear on the back of the Polaroid,
or these data may be digitized onto the scan by a
computer. Aftereach Polaroid is labeled. it is
good practice to sting each in sequence on-a
strip of masking tape.

VISUAL ORIENMTATION OF POLAROID PRINTS

Anterior abdominal ransverse scans are viewed
from below, Longitudinal scans are viewed from
the left side of the patient in the supine, and from
the right side of the patient in the prong posileon,

SIMULTANEOQUS DISPLAY OF A-MODE
WITH B-SCAN

Dunng the course of Bescannimg, -any anecho
or echo-free aren can be venfied by A-mode. For
example. the aorta is detected and identified by o
marrow , echo-free area between two high spikes
that exhibit & characteristic *tp-and-fra”™ motion
on the A-scope,

Because of the nature of the electronic threshold
of the B-scan, an echo of low intensity will not
be registered: hence, a mass with few internal
echoes may be considered cysiic in the B-mode.
On the other hand, the small internal echoes



FILFLIRLE §.Lm

Bupine longitudine sean, Gray scale, Badder modersely
distended, Liemig i well seen posteriog 1o the Blnibder; an
oviaran oyel s demenstrated oo phialul 10 the Bldder, This i4
an exinmple of sn echo-free lesion, Thene dre mo inbermal
echoes; dhe distnl baiambary s well identified.

FIGURE 1.27

Sapine lngislinnl scan. Noie dumbbei-shaped uterus with
candid bowing of the biadder wall, Sharply ostlined distad
wall of ike fiandad postion of the fhroif sienes imdicates
enederite degroc of cystic degeneration, Nete low-gmplinide
imlerial echoes, This is am exampls of an ecie-poer region

displayed on the A-scope greatly add to
diggnospc accuraey. Also, echo artifacis of gas
and bone as well as the ' lowd echo' anifict
from a relatively sonolucent area can be
observed on the A-scope and comrecied,

TISSUE ECHO PATTERM

We use the following definitions for the
evaluation and differentiation of cchoes from
different biologic tissues,

ECHOGEMNIC

The term echogenic is used 10 denote the
presence of mfermal echoes within organs with
complex interfaces of various anatomic,
heterogeneons struciures,

ECHO-FREF

FEcho-free areas have no intemal echoes at
maximum gain settings of the ultrsonic unit.
The borders of the echo-free zone miy be sharp
or rregular. The distal boundary of the echo-free
rogion must always be identified. Cysts are
examples of echo-free structures. (Fig. 1.26).

ECHO- POOR

The term echo-poor signifies the presence of
scattered, homogeneous, or nonhomogeneaus
love-amplitude intemnal echoes within a mnoge of
intercst. The borders may be well defined or
indistingt, This echo pattern 15 often se¢n in
leiomyvomata {Fig. 1.27)

ECHO-RICH
The term echo-rich implics the presence of high-
amplitude echoes occurning at medium
sensitivity settings, The outlines of the echo-rich
area may be ntact or interrupted. Echo-rich
areas are found in many solid tumors (Fig. 1.28).

ECHO-DENSE
Echo-dense zones are filled with high-amplitude
echoes at low senditivity. This is most commonly
noted in areas distal to cystic lesions (Fig. 1.29).
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Echo rich

FIGLIKE 1.28

Bupine longinebinad dean. Coay scale. This Ferod uberus is
roaimied waik 3 bva- amd high-level mizrnal echi pattern,
Ciompase the aren of poor echoes with the anca of nich
echoes: Echosrich wrens ame found in many solid tupsoes,

FIGURE 1.7%

Suping ransvense scan, Gray scale. The echo-free aviren
ovsl iswell cin;um_u.:nbcd and the postenior wall &5 sharp aith
high throigh ransmission. Adacent 1o i an imegulns
fibrid] uberus, where the sofic beam is ndemmted. Aregs of
hagh through transmussion ae echa deme,
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SONIC SHADOW SIGN

Lltrusonic waves are mechanical entities, and
will propagate at a rate depending upon the
elusticity and density of the medium (38). The
acoustic impedance and the velocity of
propagalion are 1w main fBctors in determining
the nature or density of the medium. Water, soft
tissue, and blood have similar velocities of
propagution for sonic waves and similar acoustic
impedances (38, Grossly, these media are
homogengous and practicilly no refracton of the
beam will occur ducing passage through these
media:

The velocity of ultrasonic wives in bone and
their acoustic impedance therein 1s high. Thus, a
large amount of refraction of the beam in a new
direction will occur, There is a high absorption
of somc waves in bone, Similar conditions are
also motreeable n heavily caleifed organs or
organs contaming calculus, As a result of high
absorption of the ultrasonic beam in bone,
heavily cal¢ified organs, or calculus, there are no
some waves bevond these structures, The
acoustic impedance of air is low and as:a result
there is no propagation of ulirazonc waves man
air-fluad interface. This dominant merface
causes complete reflection, or bounces back all
ultrasonic waves, Thus, air, bone, heavily
caleified organs, and calculus: are barriers (o
ultrasound,

The absorption of esseous structures, calculus,
and heavily calcified organs, or the complete
reflection of sonic waves-at an air-Auid interface,
causes o sonolucent arca which s called a sonic
shadow, The sonic shadow should not be mis-
taken for sonolucent structures, It is usually a
tubular area beyond the calculus or air-filled
loops of the intesting, for example, and extends
downward, if the transducer i5 perpendicular 10
the wrea. However, by changing the position of
the transducer, the écho itsell can be produged
beyond the caloulus or air-fludd loops of the in-
testing, This should not be mistaken for sonolu-
cent structures or pathologic conditions. The
through transmission should always be carefully
investigated to avoid a false impression of sonic



FIGLUEE 1. 3Kak

Rupine mansyerse wcan, Orav seade, Below the echoss of the
sl bladder wiall-memisingerfacs is mtolal sonic shadow
Airor cabcium will produce o tola] scointic shadow, Das
gangrene of the wenss i demonsirated,

FIGUEE [-%Kh)

Prone bomgaudinal sean. Groy scale: Sean over the spae s
the: naklline shows the vermcbead spinos processes nhd pars
of the dural covering of ihe spinaed canol. This & a PLS-b
section,

shadow, especially during angulation of the
transducer,

In summiry, the sonie shadow will occur when
the ultrasonic beam hits bone, Gileulos, heavily
caleified organs, or an air-fud interface ( Fig.
1.30a and b}, thus cavsing a sonolucent area
behind these structures. I should not be
mistaken for g pathologic condition, For better
evaluation of this false impression, the
transducer shonld be moved perpendicutarly to
the area of interest to investigate the through
transmission,

DETECTION OF THROUGH
TRANSMIESSION PATTERN

Through transmission is the sound energy that
passes through a structurg-and 5 then recorded
by the receiving transducer. It is inversely
proporional o the atténuatng properises of the
medivm and s registered on the oscilloscope as
the number of echoes and their amplitudes at the
distal interface of the régon insonated,

We designate through transmission lor the pur-
poses of abdominad scanning to mean the echo
density of the reflections distal (o the organ or
region under ultrasonic investigation. Character-
stically, cysts have postenor multiple echoes of
high amplitude. We term this high through trans-
mission. Large, solid twmors such as fbroids
tend to absorb significant sound energy, and
have few pasterior echoes which are generally of
Iw amplitude. This phenomenon is called low
through transmisswon. In between thess ex-
tremies, other levels of echo density will be ap-
proprately defined as moderate through trans-
misston. The echo density noted 15 related 1o the
effect of the TGC and reverberation characters-
tics of the medium, Since the sound is not atten-
uated by & cyvsl, the TG is overcompenssling
when echoes are produced at the distal interface.
These high-amplhitiude echoes are associated with
significant reverberation effécts. The combana-
tion produces the flood of echoes which we refer
1o as through transmission.

CHAPTER 1t PRINCIFLES OF ULTRASONOGRAPHY
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To evaluite transmission charmctenstcs of a
‘structure, the posterior border of that structure
must be identified. The distal border is visualized
at low-sensitivity settings when the medium s
highly transonic, as-in fluid structures and
parenchymatous glands, such as the liver and
spleen. When the medium is poorly tmnsonic,
the sound beam is attenuated significantly and
sensitivity must be increased to amplify distal
echoes. This is particularly true for solid,
acoushically homogeneous twmors siuch as
lexomyomata and lymphomas, Indeed,
MEAXIMUM gain seilings may be necessary o
Faintly image the distal wall. Theze masses may
not contain sufficient internal interfaces to
produce echoes and may appear a5 sonplucent
lesions. In these cases, the echo-free region is
differentiated from s ¢vst by o poorly delineated
posterior watl, indicating poor through
Iransmission.

Through transmission does not occur when
sganning over bone, banum. or air. Air
interfaces reflect, bony interfaces absorh, and
heavy metals tend o scatter sound. The net
effect i a lack of penetmation of the ultrsonic
beam. During the scan, a sonic shadow is noted
when the transducer i5 passed over boneg,
barium. or air, If the incident sonic energy is
sufficient, reflection artifacts may be noted over
air and bone. The artifacts appear as a series of
echoes spaced at equal intervals, gradually
diminishing in amplitude, These electronic
artifacts must not be confused with echoes from
deep interfaces,

Sonic shadowing is best appreciated duning
linear scanning with B-mode and by
simultaneously noting the abrupt fermination of
A-scope echoes in a single high-amplitude echa.
During compound scanning the postenor border
of an ultrasonically shadowed region may be
filled in with echoes, spuriously creating a distal
interface. The examiner musl exercise grea
caution when scanning over bone or bowel so os
not o “create’’ an echo-free lesion,

Tumars with imemal degengration permit-hetter
through transmission than do architecturally
infact masses of the same histologic type. The
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presence of fAuid-filled necrotic spaces within a
umor increases beam transmission and the
tumir appears on the oscilloscope as a lesion
with multuple postenor echoes. At low
sensitvily; anferor and postenor borders of &
degeneraling tumor may be outlined and the high
pastenor echo density may simulate a simple
cyst, This erroris avoided by sensitivity studies
in which a charactenstic echogenic mass is
reveuled as gain is increased. Indeed, certuin
tuimors have a biologic tendency (o degenerate
feg, kewomyomas, hposarcomas, renal cell
carcinomas), and by demonstrating increased
through transmission in & previously poorly
transmitting tumor internal degeneration can be
documented, which may aid in histosonographic
LissLe by ping.

A highly transonic structure may exhibil a low
postenor echo density when the distal interfice
lies adhacent to bone or air, Known as a neverse
sonic shadow, this occurs when a lesion’s distal
wall lies next to a gas-containing viscus (eg, &
renal cvst whose posterior wall hes over the air-
filled colon) or bony surface (eg, an ovarian
cyst lying over the spine). The presence

of a sharply outlined distal wall will alert the
ultrasonographer to the possibility of such
acoustic damping, and the area should be
rescanned in multiple projections to demonstrate
the intrinsic, high through transmission of the
transonic sIructire,
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gynecologic
Uitrasound

GENERAL INTRODUCTION

Evaluation of gynecologic disease by pelvic scanning has
proven to be highly rewarding with the new high-resolution
gray-scale units and real-time scanners, However, adeguate
scanning of pelvic organs in the nonpregnant female can only
be accomplished with adequate distension of the biadder,
becanse the sound-reflecting bowel loops of the colon and
small intestine produce a barrier o proper examination of the
pelvic argans. The bowel loops must be displaced out of the
pelvic area by the distended urinary bladder. Failure to pro-
duce this sonic window results in incomplete demonstration
of pathology and the creation of artifacts.

The pelvic structures are physiologically related organs in
close physical proximity. Because of this anatomic arrange-
ment, there may be difficulty in distinguishing ovarian from
utering massas; since these organs generally approximate one
another. Also, completely different pathologic entitics may
have similar ultrasonic appearances.
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<
Ovarian cyst

FIGLURE 2. 1ing

Supine transvesse soan, Grav scale, Anecho-free oystic mons
with irmegular posterior borders s-distal 1o the biadder, This
madline naass umulisles 4 degeneruting fibroid, Howeser, in
ihis patient the utenes was ey removed, This iliasnites
the imporiance of considenng history in dimsonographic
doagnoss:. Iimegnlar outline in this ovanman Syl die b
peficystic fibnoss,

FIGURE LIk

Supine trnnsverse scom, Cray scade, An echo-lies cysii muss
with Eregular postenar bopders is distal 1o the bladder. This
rriidline eyl sindeiine developed Tollowing hysterosibpingo
|'|-nfd'h'|m;|mn:,'. Dingnasis was localized hemmama

Analysis of altered morphology must be
modified by the intérnal echo pattern of the
besion, through transmission charactenstics,
and clinical and palpatory findings. A tharough
appreciation of the gross pathology of the
ovaries and uterus 15 necessary 1o fully assess
the restruciured anatomy- and variable echo
pattern of pelvic diseases.

Using this mulifsceted approach, a nonspecific
pelvic miss mav be refiably given a histologie
diagnosis, Although it may be impossible with
present equipment o differentiate o solid ovar-
ian fumeor plastered to the uterus from a myoma-
wows fibroid nodule. or a focal area of marked
cystic miemnal degeneration of a fibroid uterus
from an-adpcent ovarin cvsl, many specific
diagnoses are pow available o the chimcian, De-
generative changes and inflammatory condifions
may be evaluated and the relationship of the
migss 10 the fegional organs and its effect on the
surrounding strutures may be studied.

[t must be emphasized that accurite history is
essenbial for proper ultrasomc dugnosis. 1F a
complete history is not available, or if the person
performing the examination is not present during
firal analy sis of the scans, gross errors may be
made {Fig. 2.1a and b). Also, the exammer must
be familigr with the limititions of ultrasound
described n Chapter 1.

ANATOMY
VAGINA

The vamma 15 musculomembranous structure
ansing from the vulva and extending to the
uterus, dnd is locuted between the bladder and
recium.

Anteriorly, the vagina is in contxct with the
bladder wall and urethri, this portion being
called the vesicovaginal septum. Approximately
one-fourth of the vagina is separated from the
rectum, which is called the cul-de:sac of Douglas
or rectoutering pouch, The anterior and poste-
rior wills of the vigina lie in close apposition

CHWAFTER & GYNECOLOGIC DLTRASOEND
41



FIGLRE 2.2

Sieping bpngiiudinad sian, ealumnd seanner, In the nosgrayvd
siade, The wenus 15 locaied Belween the blndder oo rechum
The uterus has a flathened penrshaped configios o,

Bladdar
artifact

FIGURE 2. 2rbki

Suping longitindine scan, Cimy scale. Bldder artifact i
comemon and appenrs s o mullilayvered linsss echo pitlern
imerspersed with amorphisis dogs, This disappears with
redvced gain seiimgs.

FIGURE 2.2ich

Supine loagitndinad scan, Gray scale. The cephatic porion of
the Blaslder mamy prodice eehopnie artifects when scanmsl
while incompletely filled, Fenber distenaon generally clears
thess ariifucls,
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with potential space which lies transversely,
and, as a result, in cross-secton, the canil has

an H-shape. The vaging % capable of marked
distension, such as occurs with an accumulation
of blood biehind an imperforate hymen. This pa-
thalagy may easily be detected ultrsoncally,
The upper end of the vagina is o blind space into
which is projected the lower portion of the uter-
ine cervix. The blind space or vaginal viult is
subdivided mnte antenor, posténor, and lateral
formices, The postenor formix s longer than the
antenior-one: The vamna joims the ulerus alan
acute angle; as aresult its anerior wall is shorter
than its posterior wadl.

UTERLS

The wrerus 15 a muscular organ partially covered
by peritongum. In the nongravid state, the utens
i5 located between the bladder and rectum. It has
a flattened, pear-shaped configuration (Fig. 2.2a)
and consists of two pirts, eg. an upper triangular
part or corpus, and a lower cylindrical part or
cervix. The posterior surface of the corpus is
slightly convex, while the antedor surface of the
corpus is flat. The fallopian tubes originate from
the cormua at the junction of the superior and
lateral margins. The upper segment of the
merus, having a convex configuration. is called
the fundus. From the lateral margins on either
sade are attachied the broad ligaments. In the
adult the uterus measunes grossly 6 = 4 % 3 ¢m,
in greatest dimension longitudmally, trans-
versely, and anteroposteriorly, respectively, It is
slightly larger in multiparous women, The rela-
tion between the lengths of the corpus and cérvix
varies. In nullipars, the two are of about equal
length. In multiparas, the cervix represents ap-
proximitely one-third of the total length of the
orgn. The bulk of the uterus consists of muscle,
and the anteroposterior walls lie almost in con-
tact, The cavity between them then appears as o
narrowe slit. The cervix has an internal and an
extérnal os. The ligaments of the uterus are the
broad lignments, which are two winglike struc-
tures extending from the lateral margins of the
uterus to the pelvic wall, This divides-the pelvic



cavity into anterior and postenior compartments.
A fallopian tube is attached to the inner two-
thirds of the superor margn from the mesosal-
pinx. The other ligaments are the round and
uterosacral ligaments,

The usual position of the uterus is slightly
anteflexed. In examining the patient in the
upright position ultrasonically, the uterus is
almost horizontal and somewhal flexed
anteriorly, the fundus resting upon the bludder.
The cervix is directed backward toward the
sacrum. The utering artery. which i a main
branch of the hypogastric artery, can be easily
detected by the real-time scannet.

The fallopian tubes extend from the utenne
cornia toward the ovares. They measure ap-
proximately & o fom in length, Each tube has
an interstitial portion, isthmus, ampulla, and in-
fundibulum. The infundibulum or fimbriated ex-
tremity is the funnel-shaped opening of the distal
end of the tube, which opens inta the abdominal
cavity, Diverticuln may sometimes extend from
the lumen of the tube for a varable distance inlo
its muscular wall and reach almost 1o ils serosa.
These may play a role in the development of
ECLOPIc Pregnancy.

OV ARIES

The avaries are almond-shaped and, in the adult,
they measure 2.5 10 5 cm in thickness, After
menopause they diminish markedly in sze, The
ovanes are situated m the upper part of the
pelvic cavity, located in the slight depression on
the laferal will of the pelvis between the diver-
gent external iliac and hypogastric vessels
known as the ovarran fosse of Waldever, The
ovary is-attached 10 the broad ligament by the
mesovanum. The ovarman ligament extends from
the lateral and posterior portion of the uterus to
beneath the insertion of the fallopian tube at the
uterus. The major part of the ovary 15 located in
the ahdominal cavity and is free of a peritoncal
covering except near the hilum, where there is a
narrow band towand the peritoneum covering the
mesosalping.

SONOANATOMY

Detection of gynecologic pathology necessitittes
a thorough knowledge of the normal pelvic
ultemsone anatomy a3 well as-the age- and
hormone-dependent physiologic normil
vanants, The size of the uterus and ovanes
varies with the patient’s age. menstrual cycle,
and hormonal therapy,

The normal distended bladder is echo free.
sharply outlined, and smoothly contoured, with
high through transmission characteristics. It is
stuated immediately below the antenor abdomi-
nal musculature, Lingar artifacis are commonly
noled along the ventral portion of the bladder
paralleling the muscle planes of the abdominal
wall (Fig, 2.2b), When the bladder is incom-
pletely flled, the cephalic border will be sliced
tangential to the ultrasonic beam and may simu-
late & solid echogenic lesion (Fig. 2.2¢). Further
filling of the bladder will produce an echo-free
center in this area as the bladder distends cephal-
watly. The vagims-and uterus form the dorsal
boundaries of the bladder (Fig. 2.3). Superiorly
and cranally, reflections of the small bowel are
noted. The acoustic confipunition of the bladder
varies according to the degree of distention of
the hladder as well as the size and position of the
normal and pathologee pelvic strustures, The ov-
erdistended bladder may produce difficulties m
the proper examination of the pelvic organs, For
example, an ovarian cysl may not be ultrason-
cally separable from the bladder i Fig. 2.4). For
this reason, we study the pelvis with the bladder
initially greatly distended 1o search as much of
the lower abdomen as possible. The bladder is
thien partly emplicd to a moderate size 1o visual-
ize the pelvic organs without the mass effect of
the full bladder or to separate the bladder from
surrounding ovstie strugtores | Fig, 250

The bladder is finally emptied 1o distinguished
this echo-Tree structure from any other adjacent
echo-free pone such a5 an ovarian cyst oF
bladder diverticulum,

The vaging presents as a set of parallel lines
dorzal to the lower bladder wall, This douable line
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FIGLRE 2-3

FIGLRE 2-4

Ot oo % &

represents the ventral and dorsal walls of the
vaging, which diverge as the region of the cervix
is encountered. A bulge in the dorsal vaginal wall
is the posterior fornix (Fig. 2.6), Sufficient fluid
may accumulale in this potentisl space to simu-
late an echo-free cyst, Aspiration of the secre-
tions in this area will remove the cystic space.

The uterus appears on B-scan systems as an
echo-free, pear-shaped organ at low sensitivity.
Orav-scale imaging shows the tissue of the
normal uterus as a low-amplitude, diffuse
reflector contamed within the dark gray echoes
of the outer margms, The fundus of the uterus

FIGURE 2.3
Supioe longimudanalsean. Gray acale. The normal uberss miy
produce o dight impression agains the Badder wail. Note the
iypical echa pattem of the vaging prajecting fom the regeon
o he fomix,

FIGEIRE 2.4

Supine longaudmal sean. Gy scale. The presence of an
opvenintended biidder may produce difficully in the imaging
of adistinct interfage bepween the blmbder and o cephalically
loscaviedl ovvERan CsE

FIGURE 2.5

Supine lomgitudinad scan, Geay scale. Same pabent as in Fig
24 The bladder is pow panislly emplasd, Mote the echogenic
amed Separabing the ovanan cvel fnom The bisdder. 'We
matinely empay the blmlder in all pathents with pelvig cysibe
b,

FIGLRE 16

Supine ngdudinal stan, Gray senke, The normead utenis may
produce & slight impresdion agamat the Hadder wall. The
pastenion fomix appears a8 &n ocho-froe ares when fisd
filled). Rote the typical echo pattern of the vagina projecting
from ihe segmon of the fidniy,
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FIGURE 2-7 (a)

FEGURE 17 ihi

FIOURE 27 (¢}

will normaily produce only aslight impression
on the dorsal Bladder wall (Fig. 2.6). The uters
usually forms a vanahle angle with the vagina
since il assumes an anteverted position in most
women. The endometnad cavity is frequently
seen a% acentral, linear echo, runming along the
cramiocaidal axis of the ukerus (Fg. 2. Ta), and it
1% heavier in postparium patients (Fig. 2:7h).
This linear type of echo should not be confused
with the echo of an intrauierine contraceptive
deviee (IUCD) (Fig. 2.8). These echoes
disappear at low sensitivities and thus are
distinguished from an [UCD echo which may
appear identical in shape (Fig. 2.%h, and <),
Since the uterus has moderate through
Fansmussion characlenisios, structures. such as

FIGLURE 2 T}

Supine lngiudinad scan, Gray scale, The endesnetral aivily
is frequently seen s a cenbral linear echo running wlong the
cramocesda oxis of the ulens, Nofe ovanan ovsg

FEGURE 2.
Supand Jomgitudinad scan, Coay seade. The eche pastern of the
enbinncined cavily 1 cheavier during meminest s,

FIGLRE 2.7(c)

Supine longitudinsl sons, Geray soale, Seatiered low-
wmphtude echoes may be nidted within the dems
oorrsponding to the codometrmal canal. These Treguently
disappear of kew gain seitimgs. which distingoishes this ensity
from am [UCD of samilar ulsraseesygruphic nppeanmee. The
echo pattern of the emfomeinzl caviey s heavier in

posl partum pelients

FIGURE 2%

Supine longitudingd scn. Coray scale, The eche patiern af an
T B sl ly sbe plisddier s hospod o does nod dasaippear by
chanpins the senaifivily serhing
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FIGURE 2% ib)
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FIGURE 2 %aj
Sapme longitidinad sean, Banode. This & sesn theough fosr
segieents of the Lippes losp

FIGURE 2. Whi

Supane longitudingd scan, Cray senle. The linear sieplidder-
type echoos of Lippes lopoaneseen m the ilenrd cavily, A
mimber of echo-reflecling portens of an TUCD related o ibe
beanmy oy dureng the stdy

FIGLURE 2tk

Supine longaslinal scan, Gray scake, A hido of echo-poor
sisstie surrobinds-the ceptmly locared IUCEY Thromgh
tramsenission is ingnessed, Localized bulgng of the uters. at
this site s due 1o aose endomelnilEs secondery 1o the FUCT,
Ingidentally nided & the echo-poor gotline of the rectem.,

the rectum &nd the sacral curvature are generally
observed, The size, shape, and position of the
uterus depend on the age of the patient,
hormonal stutus, and the number of previous
pregnancies. The fundus of the uterus is smaller
in premenarchil and postmenopausal paliénts
thun in patentsin the child-bearing vears. The
iterus generally enlarges with increasing parity.,
We have noted that the through trnsmission of
the werns of eary pregnancy increased
compared with the nonpreégnant ulenis. Thisis
presumably due oo vascolar enlargement which
15 noted climcally at this tume, The utenne
artenies may be imaged if a high-frequency
transducer is used with the real-time scanning
system, These vessels may be sgen as pared
pulsatile structures lateral 1o the body of the
ulers.

The normal oviry varies in size, shape, and
position, It may vary from 2.3 to 5 em in léngth
i1}, The normal ovary may be demonstrated as a
relatively sonolucent area il its size approaches
the upper imats of normal, When visible, the
ovirees appear as bikiteral ovoid masses
dorsoliteral 10 the utems.

The parapelvic musculature s freguently
displaved in routine pelvie scanmng. The
liopsoas 15 shown s a broad echo-free band
neted alongside the pelvic sidewalls (Fig.
2.0k b, and o), In brinsverse sCans i appears ad
an elliptical, hilateral, anechoic area, This may
simulate u renal outline: however, there are no
echoes corresponding 1o the renal pelvic



FIGLIRE 2-10 ()

FIGURE 2-10 thh

FIGLIRE 210 (e}

FIGLRE 2 0w
supine fransserse soan. Hamode. The cchosfree, winghke
ihopsoms ts symmcirically located a the pelvie sadewalls,

FIGLIRE 2, 1ikky

Supine transverse scan. Gy scabe . The Mopsoas hves the
veniral sicewally of the petvis with o wmphke paticrm
FIGLURE 2. 0Kg)

asupine kimgitudinal scan, Caay seale, A tmangle of cobosfirce
faiid & poined during scanding over the pelac sidewialls

e oy chee asiic Migid is 1he Pandfike confipursisn of the
I|I|.1[!".|'\.n

collecting system. The muscle will fill in with
echoes ot high sensitivity . distinguizshing this
strocture from a cvstic: kesion, In longitudmal
scans o parallel set of mterfaces demarcates this
msele a5 i passes anterorly upon chtennge the
pelvis, This is generally seen between 5 and 8 cm
Lateral to the midline longitudinal scan plane.
Further caudally in the pelvis the iliscus lines the
listeral pelvic walls as a saucer-shaped. echo-free
band beyond which no sound passes due 1o the
attenuation of the pelvis. Luterally and
anteriorly, the external ilisc arlery and vein are
aften noted ds echo-Tree, tubulir or rounded
struciures. depending upon the scan plane. They
dare easily distingiished as o the artery or vein
by the distmetive pilsations shown with the real-
time scanner.

Boanning of the anterior abdominad wall is very
rewardmg inevaluating diseases of the
subcutaneous tissues and ventcal musculaiure.
Arensof ibrosis dee o scaming will diston the
tltrisonie beam while the présence of calcified
Gear ki progduces o sonic shadow (Fig. 2,110
Anabdominal wadl Fematoma may be noted s
an echo-free area withim the wmusele echoes, and
is miost often due W vielent coughing o Trasma
iFrz. 212, Abscess formatwon m the abdominal
wall may be noted in diabetic patients of patients
with regevral entermis (Fg. 2130

SONOLAPARODTONMY

The: full bldder as descnbed is essential o
pelvic ultrasonography. Gynecologic
examination of a patient without & distended
hladder does not vield information for diignosis,
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Caleified scar
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FIGURE 2011

Supire boagitodined seon, Gray scale. 3con shiswsanechio
dense finesr structune in the deep subcutinedis st which
cisls a some shadow, Calciied scar die 1o Jksoar-old
mEisiion

FIGUEE .12

Supine trassverse scan. Bmode, Abdommal wall bemraoma
may b nobed &5 a0 echo-free area withinihe muscle, Nite o
few seatiesed echas within the echoslree sone.
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On the other hand, a distended Madder has
several advantages,

I. The distended Badder isa good
tramsmittng mediom, and a5 a result the
examination of deep-seiated pelvic
lesions is casier,

2. The distended bladder displaces the
bowel loops upward, which otherwise
would prevent proper ulirasonic
X maat o,

3, The distended bladder can be used as a
reference standard for "cvstic’ " and
pther wreds, which are compared with
the bladder for vssue signature. For
example, echogenic masses at standard
sensitivity bl in with echoes as the
sensitivity is increased. while cystic
siruciures appear W be similar w the
bladder on the oscilloscope screen.
Other criteria described in Chapter |
should also be considered,

The examination starts with the paticnt in the
supine position. Basically, the bony pelvis
prevents visualization of pelvic stmucture from
Behind in the supine posinon; oecasionally, a
pillow 15 needed under the haps o elevate the
pelvis 0 that the iarea of pathology remamns
perpendicular o the sonic beam, On other
ogeasons, IL may be necessary fooclevate the
Fable wp so that an abdomina] mass descends
and s refationship with the pelvic ongans can be
evaluated,

Other positions, such @s the obligue, are of great
value, especially for detection and evaluation of
peritoned Auid and adhesions; confirmation o7
exclusion of adhesions could alter the entire
PrOEnosis.

Examipation vsually starts in the medsagitial
plane. We use LXP (logitudinal, siophoid, pubne
symphysisl ds a midline reference, Sectionng in
every cenbimeter vields excellent results, The
study should continue lomgitudinally until the
ilopeoas isglearly seen, since this siruclure is &
good landmark for the borderof the true pelvis.

The transverse section follows the sagittal
examination. We use the transcrestal line asa



FIGLURE 2,13

Bupine ransverse s Oray seale, The patient is obese and
dasberic. Benaath the thick suhcinangous (it Byer i nm gghioe
lree pone wilh 3 few interoal echoss, The masgins are skightly

irregular. Abdominal wall whatess,

FIGLRE 214

Sugine longiobingl scan. Uiray scale . At moderale gan the
TEACTY stiinads ount in sharp conirast b the sormally echo-poor
IS

reference point (ATC-0), Usually ivis a matter of
chotwe as to whether the scan 5 performed inan
ascending maneuver from the pubic bone or in a
descendineg mancuver from the transcrestal line
ithe line passing through bath iling crests usually
traversing the umbilicus in a-normal individual),
Additional examinaion may nclude obliguee and
angled scanning.

LOCALIZATION OF TUCDs

Most of the commonly wsed mtraulenne
contraceptive devices (1UCD) are strongly
echogenic and have a charactenstic
configuration, They are readily identified in both
cross-sectional and longitudingl scans at low
sensitivity by their specific shapes, The linear
echoes of the endometrial cavity may simulate
an IWCE (Fig. 2.14) but disappeir ot low
sensitivity. In our experience, the small Dulkin
shield may be more difficult to image at present
due 1o its size and shape: however, this device
may be better imaged with the higher resoluton
of pray-scale umis. The ILHCD s optmally
located when it lies-centrally within the uberine
cavity near the fundus, It has proven valuable @@
study the position of the IUCD immediately after
insertion rather thin at a later date, since an
abnormally plkaced device may be replaced at
Drce,

When the stnng of the 1UC D cannot be identi-
fied by vaginal examination, utenine perforation
of the device must be ruled out, Our experience
shows that ultrasonography is sufficiently sernsi-
tive for intragterine detection of TLCDs (Fig:
2.15a), It has been siated that in the case of a
Lippe’s logp, if the plan film reveals the loop 1o
be closed the 1UCD 5 located mside the uterus,
and if the loop is open the 1UCD is inan extrag-
tenne location. Ulirasonographically, iof the
strong echoes of the IUCD are not demonstrated
within the wierus; then the TUCD s located our-
side the uterus. The extrautenine [UCD s diflfi-
cult o image since it 5 masked by the surmound-
ing bowel echoes, The appearance of the
radiographic image of the IUCD on plain X-ray
fitm with evidence that no intrautenne echoes
were ohserved during ulirasonic scanming mndi-
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FIGURE B4
Supine longiadinal scan. Gray scale. Israuminal echoes of

stroeg amplitade wilhin the ulens ane aligred with negulaniy,

TEICT i posidion

FIGURE 215k

Hystempaalpangogrum, Whenabe 1TRCE & bocated within the
utendsal s ensaly maged by wlersound, When it is oulside
the uterus, as m s case, no inkmutering echoes will be
nided and X miys-musd be laken o demarstrate the [UCTD
withan the pelvs: This hystemsifpisgogram shoas the ILCD
i pekion fothe dlenms sty
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cites that the device has perforated the uterus.
In this siuation, hysterography 15 Aol necessary
for diagnoste confirmation. However, 1o oblan
the relationship of the perforated IUCD to the
ulerine cavity, hysterography with contrast is
tseful (Fig. 2.05b). In spite of dn aptimally lo-
cated [UCD, however, intruuterine pregnancy
may still vecur (Fig. 2.16),

PELVIC MASSES

The most frequent request in the ultrasound
labaratory is 1o evaluate a clinically evident
pelvie mass or confirm the existence of such a
mass i patients who are difficult to examing,
Freguently, due to excess obesity, poor patient
cooperation during pelvic examination, or reflex
guarding due o pelvic disease, ultrasound is the
only method of establishing the diagnosis of »
pelvie tumor of inflammatory process,

Ultrasonography may not only document thi
presence of questionable palpatory findings, but
may also offer the clincian o differential
diagnosiz of the most kely possibilities,
Ultrasonography provides an undistoried, three-
dimensional spatial representation of the pelvic
mass under study. The bislogic history of the
pathology may be studied by evaluating the
changing ultrasonic appearance of the lesion
with serial sonograms. Such findings as ingrease
in tumor size, appearance of lymph node
masaes, and oysic intemal mecrosis may be
documented. These further data sharply narrow
the differcntial diagnostic possibilities to that of a
maulignant progess. Satisfactory seqguential
decrease in size of u suspected inflammatory
leston on antibiotic therapy may obviate the
need for surgical infervention,

CYSTIC AND SOLID PELVIC LESIONS

The ultrasonic crtera for differentiation of oyvs-
i and solid lesions have been presented carlier;
A brief review is useful 1o classify the gynecol-
ofic tumors in a practical manner. Typically.
cysts have a lack of intermal echoes at low and
high sensitivity and remain the same size as the



FIGLIRE 216

FIGLURE 217

FIGURE 2-[4

FIGURE 2.16

Supine Jongitudinal scan. Gray scale. The bulbois ilemne
fumilizs combins o peskalmal see wilh nltdlull-:lnlpﬁl:u]u
echoes chumcteristic of the pregnancy nrg. Within the ssc
are seplnldershnped high-amplitude echoes typical of a
Lippes loop Cogxistend imtnuilening pregnincy sith 1UCR.

FIGURE 217
Sapme mnseerse sonn, [Rudient with epigmsinic moss, Liver

and Eidney notesl on might, Echisfree aren eatengded from
pelvas o arphaoid process, Panuowviimsan cyst sl surgeny,

FIGLRE .18

Supine homgilhilinal scin, Gy scake. The werus isentarped
with an regular pulme. 11 s generlly echo paoor, Areas of
high and kow thoesgh ransmission are motod, comslent with
the dingessas of o fbrosd wlerus,

sénsitivity 1s mcreased. The procedure by which
the semsitivity is increased, wherein cvals are
noted to remain echo free while solid lesions fll
i echoes, 15 known s an attenuation study, The
attenuation study is used to differentiate cyvstic
fram solid masses and aid in the detection of
cystic internal degeneration in solid masses, It
may also be tlermed & sensitivity study, The
principle of mewsuring the sonic through trans-
mission or sonic attenuation of a lesion is ex-
remely aseful in the differential disgnosis of
pelvic tumors,

Echoes are uspally obtamed from the anterior
amd posterior walls of cystic. complex, or solid
lesions, As the attenuation is decreased or the
sensitivity ingressed, the ovstic lesion remains
echo free. This is beciuse the ultrasonic béam is
minimally attenuaed by the homogeneous {Tuid
(Fig, 2,070, Buie to thes ek of altenuaton, an
echo-dense aren occurs behind the distal wall of
the cyst which is due to reverbermtion-iype
gohoes and is amplificd by the effect of the TGE
corve upon the amplitude of the received
echoes,

Lymphomas and certain lvmph node masses
my similate s cvstc lesion, Solid tomoes fll
with echoes ot high sensitivity. At low goin set-
tings the distl border is imaged when the sub-
stance of the mass is highly teansome or poorly
attenuating. If the tumor is highly attenuating,
the distal border may not be imaged even al
maximum gain setting. This is especially true of
solid, acoustically homogeneous masses such as
I miphomas and lewmyomas T Fig. 2088 Tumors
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FIGLRE 2.9
A-mode gonfirmation of ey dtic stnmtme with echadvee s page
followed by hagh-nmplioude ectuses of disind wall.

Degenerati
fibroid

FIGLIRE 2.3

Suping lomgaudinal sean. Degeneraling Sheosd wicois
simualating ovinan ¢yt Solid poition of fibaold tberus sten in
videao=display (el e buded in the book),

FIGLRE 2 10

stpane longiudinagl scan. Gy seale, Complete sepamiion off
a oysi from the ulenas s documented when na part of the
Eeseon is pobed b0 bean contirmuigy wiih the uterus o vagina.
Drzigrwosis of oviiram ¢yst,
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with internal degeneration permit better through
trunsmission than do architecturally intact mas-
ses of the same histologic type. Production of
Muid-filled necrotic spaces within a tumor in-
creases beam transmission and the Wwmor ap-
pears on the oscilloscope as a lesion with mult-
ple postenor echoes (Fig, 2091, At low
sensitivity, anterior and posterior borders of 4
degenerating tumor may be outlined and the high
posterior echo density may simulate a simple
eysl (Fig, 2,200, This error is aviided by sensitiv-
ity studies in which a charecteristic echogenic
miass is revealed as gam s increased, Indeed,
certain tumors have a biologic tendency to de-
gencrale (leiomyomas,) and by demonstrating
increased through transmission in a previously
poarly transmitting tumor internal degeneration
cin be documented, which mavaud in histosono-
graphic tissue typing. A tumor with a necrotic
center will show the size of the echo-free space
to visibly decrease as the gain setling is
increased.

Through transmission is lower in a degenerating
solid tumor than in & simple cvstic lesion.
Dptimal ultrasonic analysis of the cystic or solid
nature of 4 lesion is obfaned with the combined
use of A-mode, B-mode, and gray-scale imaging
and the application of the attenuation study as
previously described, With this technigue, we
have achieved over 96 percent accuracy in
evaluating cystic and sold leswons. Other solid
tumors of the pelvis which may appear echo free
are seen with the frozen pelvis of advanced
pwvanan of cervical carcinoma, In this case, the
internal texture of the lesion remains echo free.
but the distal border has a lower through
transmission pattern than does a simple cystic
lesaon.

ULTRASONIC CHARACTERIZATION OF
GYNECOLOGIC TUMOR MASSES

Knowledge of the gross pathology of the uterus
and ovares allows the ullmsonographer toeasily
interpiel these entities as they appear in cross-
sectional and longitudinal studies during
seanming. Aler determiming the sire and shape
of the mass, the position of the tmor in
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FIGLIRE 2-12 (b

FIGURE 2-22 (c)

FIGLURE 2. 2Na)

Supise transverse seun, Grny seabe, There is an echociree
spase wilh high through trmsmisson. The antenor margin of
this zone is irregular dad bs in connection with the uterine
cavity, Fibroid swith matsive cysiie degenénition

FIGURE 2234k

Supine lorgitodinol sean. Gray seale. The echoes of the
oittlie of the Winoe ang guite useful o ihe ulrasonisgrapher
Cwstic stneciares kave o sharp anterior and postcnor
mnterfage. Diagnosis in the cysic lesion shimenin Fig. 212
useng muleple sectional studies wis compatibie with ovaran
eyl which wais lgler proven al Sargery

FIGURE 2. 22ic)

Sapine longitudinal sean, Bomade. Same cise asin g 2,25
and b, Demonstrmnon of well-defined ovaman cysi.

topographic relution o the uteris s evaluated,
Complete separation of i mass from the uterusis
documented when no part of the mass is noted 1o
be in continuaty with the uterus or vagina ( Fig.
2210 Thus; the lack of a separaling inferface
Between o tumor and the ulerms implies that s
i continuity with and may be pant of the uterus
(Fig. 2.200. This necessiates-that the normial
uterus be positively identified in all scans and
that the absence of i separating interface be
inferred only after multiple cuts in many
different scan plines are performed.

The echoes of the cutlines of-the fumwor are quite
useful to the ultrasonoprapher, Cystic structures
have s sharp antenor-and postenor interface,
The amplitude of the distal wall echoes =
stronger than that of the antenor wall echoes due
in part 1o the coneave reflecting surface of the
distal wall returning a large portion of the
transmilted sound energy (Fig 2.22%a.b, and ),
Sodid tesions tend o Have poorly defined
margins. The anterior wall echo ampliude 15
generally higher than that of the distad wall due
t the aftenuztwon propertes of the solid tumor
tissug (Fig. 22340, These charsctenstics of the
margins-of ¢ystic and solid tumers must be
demonsirated by scanmng the lesion in many
planes for total evaluation. Similarly. the wall-
contents milerface of the tumor s smooth and
sharp in cystic lesions whale, in contrast, it 15
poorly demarcated msohid tumors, Echoes from
the borders are best imaged by linear or sector
SCANMINE MANEUvers,
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Fibraid ulnrué

FIGURE 2.2 %a}

Suping longiedinal scan. Gray scale. The vagina] walls
nppear echo poor, At the poant of comtngt between the
antenor and postenor mpect is an echogenic imerface. The
cervinis enlarged; the huege mass thal represents the enlargedl
utened is due to fbroil aterus

FIGURE 2.2%c)

Supmne imnsverse scan. Real-ume scanner. The body of the
s s enlarped with & diffuse low-level echo paticm
Thrcaigh fraismission & high in this example of 1 fibroad
Ll

FIGLURE I4hb)

Sapine longiudmal swan. Gy scolke. The bladder s
inconrzplieicly Blled, The weras 15 mossively enhinged with an
echo-poor paltern, High throggh transmission is nifed in the
depenerabing port=g of the superior fibrosl ulemis; The poor

ihiroatph ransmmission of the lower fiboawd poeton sgnific FIGURE 2.2Hd)
Ia.l.'k :?ch:;zl“.;:::;t:l ST . S Supiive lomgitudinad scan. Gray seale. The uterus # enlangéd

wilh o dritinstly nodikar ceitline. An'irregalar ccho paticm
ained by presence of § variable though trussmission paibern
gomliem the daxgnosis of fibrosd uliens
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FIGL®RE >.24

Supine ransverse scan, Reab-time séanner, The echosfree
Mladder is sbove o diffusely’ eadarped smooth nerine cotlive
Cemrally located echoesare noted, This pazbem s 1y pical of
mlemoenyases, although i may ooowr in ftedds of the small
intremoral vpe

FIGUEE 225

Supine trunswerse sgan. Gray seale. Utenng enlugemsnl
with o ronhomoseneois eoho-poor infemal (exiure
Encienetrial corcinoma. Mote ksterul echisfree iliopaoas.

The nternal texture of the mass 15 best studied
with compound scanning technigues, since the
parenchyma of tumors are diffuse reflectors.
Cysis are echo free except for occasional bnear
echoes due o cleardy dehineated septa, Antenor
compariment echo artifacts may be noted m
cysts al higher gam settings, Through
transmission is high in cysts except when the
mass sits adjpcent o a highly attenuating
surface. In this case o very high amplitede echo
marks the distal wall. Solid tumors have poor
through transmission except when there s cystic
internal degeneration. It is not uncommon 10 find
e massvely degenerated fbrond nodule
BPPEAnng s an ovirian cyst,

UTERUS
ENLARGED UTERUS

The commonest inding in the field of ohstetrics
and gynecology is an enlarged uterus, Pregnancy
i% the most probable common cause, because the
Aurd content of the pregoant uterus i high at 5
weeks, Posténor echo-rich aréas may be demon-
sirated ultrasonically  adong with the presénce of
i pestational sac, After delivery the uterus re-
mains enlarged for o penod of tme. Ulirisono-
graphic findings related to threatened and missed
abortions will be described m detail,

Inflammatory conditions are aucier cause of
enlarged uferus, A hematomets may present a
cyslic appearance in an enlirged uters, Utenine
tumors are an - addittonal couse of ulenne en-
fargement and will be discussed in detal

UTERINE MASSES

The most common pathologic cause for an
enlarged utenis s lepmyoma uten (Fig.

2. 238 b, and db. Other conditions énlarging the
uterus include polyps, endomernoss,
endometrial hyperplasia; adenomyosis (Fig.
2.24), iiopathic utenne enlargement, and
mualignant tumors of the wers (Fg. 2.25).

The majority of uterine fibroids occur in the
myometnum as miramiicl Ghrods. The submi-
cus vamely end worbulge into the endometrial
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FIGURE 2-26

FIGURE 2-I7

FIGLRE 2-28
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cavily and produce spontaneous abortion ( Fig,
2.26). The subserous type distorts the outer sar-
face creating & markedly irregular outline {Fig.
2.27). The cervical fbroid is generally solitary in
this site and may easily complicate labor if en-
larged (Fig. 2.28). Intraligamentous ( Fig. 2.29
and pedunculated fibroids are rare.

Degenerative changes are more common in the
submucous, subserous types (Fig. 2.30a.b, and
), hgamentous and pedunculated fibroids due 1o
the poorer blood supply. Vanous degrees of hya-
line degeneration are noted in-all types of fi-

broids. Cystic degencration is & sequel to hyatine
changes and increases with the size of the tumor
and the age of the growth (Fig. 2.30d), Torsion is

FIGLIRE 2.26

Supine rarsverss scun. Liney scde. Moo sive elongaton of
the cervin whach is also echa-free due Lo Bheod nemor. The
gistalpnal e bssecenne with-opening of 1he coulol sac nd
maltipke pregiular echoes, . Spentancous-aborion soon
folbomwed

FIGURE 2.37

Supire fongilinal scan. Gray sealke. Masssve protnision of
miyoma from tie dorsal wenne outlne charnsenstic of
subRerius mvema

FIGURE 2.28

Siapins tmesvierse scan. Beal-ime seander. A modersicty
eehogenic mass with varable throwgh frensmission paitems
i% pobed adincent o the utenpe cervis. Patieml 15 4 months
pregnat and The gmnéotic fhad of the wlens isneted as an
cehi-fige arca - Podunculoted cerviy Hbroid,

FIGURE 2.2%

Sopine trrsverse scan, Gy scale. Sobid timor mass
exfenids latetally Trom the ubens oo the brosd ligament with
an goho: poar internad écho paitern; Intraligamenboas b

Intraligamentous
fibroid



FIGURE 2-30 (a)

common in pedunculated fibroids (Fig. 2.30e).
Calcification often occurs, but is rare in the sub-
mucous growths, Occasionally, frank bone for-
mation may be noted. Infection and suppuration
are most common in the submucous 1ype due to
the effects of local ulceration and its relation to
the uterine cavily. Sarcomatous changes ocour
in-hess than 1 percent of cases.

The ultrasonic appearance of fibroids varies with
the gross pathologic process. The usual
presentation is-that of a krge, imregular ulering
putling, with a nodular architecture and poor
margin propertics. The solid and undegenerated
fibroid markedly attenuates the sound so that the
distal margn 15 poody imaged, The coarseness
of the echo pattern 15 related 1o the cellularity of

FIGLRE 2. MNn)

Sispice fomgiioilinal scan. Rowunded lesion with sharp
seplalsons simslites ovanan cyst of mialtlocular type. This s
it degeneriting paction of a large oo genes

FIGLRE 2300k

Supene loagidinal scan, Gray scabe, Indermor porion of
filbroid uberus produces somic shadow diee 2 great allenuation
of = bewm, Superior myomi his Somplebely depgeronabed
with cysne changes ard high thesugh tramssission.

FIGLURE 2 300¢)

Supine |longituding] scas, Grayscake. Hulbous, imegular
wrttinie fo this Gheoil uierus; Moge that internaf degenertion
s best demonsansdcd h:,- oheervang arens of kegh through
IrES T S,

FIGURE 2 Mkd)

Supiee Wngindannd scan Ciry soule ) Cyshic depersralion i
seqque] 1o hyyaine changes and incredses with the size Of the
turner and the age of the growth, BNote Focnd arcy ol cyatic
depencrdion.
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FIGURE 2 3Ke}
Suping longitudinal scan, Gy scale. Cystne degenortion of
the pedusicibaed fbroad uttns duclo loron

FIGLUKE 23006

Hupane |engivuding] scan, Gray seake. Very celfular
beroenyomas may show a snowfake potern doi 10 whie
separation of the fibroid supporting Trmework, mmd may
minue bydatidifeem mode. Mot the echy patier of the
utems, Compact fibnold fissie in the corvay and spowdloke
pattern in the fundas ore obsemed,
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the tumor parenchyma, Very cellulir leiomyomas
may show a snowflake patiern due 1o wide
separtion of the fibrous supporting framework,
and may mimic hydatidiform mole, in which case
ultrasonography should be coupled with clinical
data and labortory findings (Fig, 2.300).

Cystic degeneration may be microsopic or gross.
The tiny cystic transformations in the fibroid
appear as areas of greater echogenicity and
increased through transmission, The presence of
echoes in-a fibroid previously not noted to have
echoes signifies internal necrosis. Large echo-
free spaces muy occur when cystic changes are
massive and confluent, Calcification may ke
amorphous or ring shaped (Fig. 2.31a and b),
Amorphous calcium deposits produce high-
amplitude echoes and attenuate the sound beam
(Fig. 2.32a and b). Ring-shaped calcification may
simuliste a fetal head. Tn spite of all diagnostic
studies, the ongin of the mass may néver be
determined and laparotomy may be necessary
for defimitive diagnosis (Fig. 2.33a).

Endometritis occurs following pregnancy and is
secondary to retained fetal contents or placental
tissue, The uterus is typically involuted at this
time and is enlarged. The inflammation may

FIGURE 231§

Supane Dandverse scan, Gray scake, A rousded echogonic
slfuchire s seenin the echospaor wlems. This calcific Rbrosd
enimics @ fefad head outlioe. Ansther caleific fibmod migh
mimig the body, Abserce of fetnl motion and feial bearibear
sagnifies the prissence of a ulerine fibroid,

; ke
caleification



extend 1o the myometrium and is depted by the
somoprarm s peneralized anechod areas in the
affected portions of the uterus, IF severe,
associnted changes of salpingitis and pelvic
abscess formation may be observed (2.

Small intramural fibraids may simulate
adenomyosis of the wlenis. However, in
gdlenomyoses; due to endometnal tssue of the
uterine cavily projecting into the myometrium,
the wicnine enlargement 15 generally symmeing
and smooth with little gross distortion of the

FIGLURE 2511k}

Supine film from VP (Infesvenois
Pyelogramb. Double nnglike shadows o
calgific fibrowls ane moted in the
pebvis. These films &ne wectisl in
evalaating & hepaly colcrfied pelvse
mii=s when some shadowing prevents
oplimal ulirasonic imaging,

pear-shaped appearance (Fig. 2.33b), These
endometrial inroads have a tendency to be echo
poor and located newr the endometnal canal, in
our experience, (Others have described an
echogemc pattern (3

Uterine palyps or endometnal polypoid hy per-
plasia mav simulate adenomyosis, sinee the
utenes may be diffusely enlarged with echoes in
the region of the endometral cavity. A widened
endometrial cavity with internal echoes 5 more
characteristic of polypoid disease
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i . Bonic shadow

FIGURE 2.3Mu)

Supine bongibpdinal scan, Gy scale. Foley catheler in
hadider, High-smplitude echoes amenedy with sonic shadow
represent closkers of pmorphous calicificatnn

FIGURE 233

Bupine loagitidingd scan, Gray scale, An iregisarly suibined
meiss in dhe pelvis’ B rosed with multiple soni shadows.
Dhstal wall reverberaon andfaces are pobed. Somc
shimlowing may preves cffective imaging of the diseal
bonedisies of the mass. Bocoigen analysis is necessary for
certain calcific masses. ’
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Endometriosis is caused by ectopic endome-
triuem in varous focations in the pelvisand abdos
men. Cystic or solid lesions may be noted in
varipus combinations, The cystic lesions contain
dark, unclotied blood surrounded by a thick cysl
wall due o the marked fibrotie reaction in this
disense process. The solid lesions cause irregu-
larmy of the otérine echo pattern and the fre-
quent intense desmoplastic changes tend to fuse
the neighboring organs logether.

Cur expenence with ulenne cancer or sarcom:
has shown an enlarged werus that conld not be
definitively distinguished from other causes of
uteromegaly,

OVARY

In our experiegnce, with the application of
various ultrasonic techniques, positional
maneuvers, and multiple frequency scanning, we
have been unable 10 visualize the normal-sized
ovary within the pelvis, In most instances the
ovanies are hidden in the soft tissues of the pelvis
and the resulting returned echoes must menge
and iterphise with the echoes of the
surrounding soft tissues and bony pelvic walls,
Og¢easionally, in routing study normal ovaries
can beseen(Fig 2.34a). As the ovaries enfarge
there is a better chance of recording the image of
this structure by scanning since it 0ccupies more
space within the pelvic cavity (Fig. 2.34b),

The detection of early entargement of the ovaries
depends upon the nature of the expansile
process. A simple cystic lesion projecting from
the oviary rather than being within the stroma of
the ovanan tissug may be detected easily at a
rather small size, Small cysis within the ovanan
structure, such as the multiple cysts of the Stein-
Leventhal syndrome with surrounding thick
fibrous septa, are detectable when of moderate
size and appear as & complex mass on the
oscilloscope, Complex masses that dre more
solid than cysfic, such as the dermoid cyst, may
be exiremely large and still be very difficult 1o
detect ultrasonically, Thus, the nature of the
lesion and its geometry with respect to the



FIGURE 3. %3(x)

Arr conlmst gynecogrom. Pelvic mass wah maliple discrele
masfules projecting from the tumer, With this complicated
besion it i werually impossible o distinguish the boundugies
belween the wierus il the ovanes, Samalarly, imsound
may fet be nble o separabe pdherent ovanan omd imenng

[ HEATLEY

FIGURE .33k

!':up-mr Inensverse acan, Laray scale, Adenomyosis simmilates
fFhrowl uterus, Adenomyosis wes demensineisd - an speration
Adenamiyisn

perpendicularity of the scanming beam are
extremely important in the imaging of 0varian
lesions, A simple ovanan cyst has-an echo-froe
lumen with a sharp posteror wall, and an echo-
rich reverberation pattern s noted distal (o the
posterior interface at high sensitivity settings.
(wvarian cysts with internal septations may be
easily demonstrabed if the walls of the septa are
perpendicular o the inlerrogating wlirasonie
heam. Internal sepra may also be vismslied by
compoaund scanming techmigues with high gam
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FIGLIRE 2-34 (&)

Ovarica

FIGLURE 23 '(h)

FIGLIEE 2-35 (a)
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settings to image the diffuse reflections of the
portions of the septa that are nonperpendicular
to the sound beam.

OVARIAN MASS

The gross morphology, internal architecture,
and consistency of ovarian tumors are subject to
wide variation. Follicular cysts and serous
cystadenomas present as unilocular echo-free
lesions. Mucinous cystadenomas are
multilocular, so that the echo-free picture is
broken by multiple septa usually with thin walls
(Fig. 2.35a and b). Ovarian cysts may present
with various shapes, positions, and contours and
may be located anywhere in the pelvic cavity
(Fig. 2.36a and b) or may occupy the entire
abdomen (Fig. 2.36¢). Ovarian cysts may regress
and completely disappear. This is the usual
biologic history of thecal lutein cysts associated
with pregnancy.

FIGURE 2.34(a)
Supine transverse scan. Gray scale. Occasionally, in routine
study normal ovaries can be seen.

FIGURE 2.34(b)

Supine transverse scan. Gray scale. As the ovaries enlarge
there is a better chance of recording their image by scanning
since they occupy more space within the pelvic cavity.

FIGURE 2.35(a)

Supine transverse scan. B-mode. Large echo-free area with
sharp boundaries and high through transmission. Simple
ovarian cyst.

FIGURE 2.35(b)

Supine transverse scan. B-mode. Large echo-free area with
sharp boundaries and high through transmission.
Multiloculated ovarian cyst.




FIGURE 2. %)
Slrpin: Fongahadinal scan. Gray scole. Small echo-droe cystic
spage is typical of ovinan cysi

FIGURE I 36h)

Sippine wansverse scan. Gray séabe, The echo-freg ovarnn
Cyal s seen [n sharp contrast bo the echoginic utenas. Nole
hagh through transmissan patizm,

FIGURE I ®ck
Supime loagitidinad sean] Gy wride. Ovirtin cysl occupying
the enfre abwdiomen

L o

Teratomas compnse roughly 10 percent of ovar-
ian cystic lwmors. They may be cystic or solid
{Fig. 2.37a and b). If the fatty contents of the
tumor are in one position for a sufficient time, a
Auid level may be seen in the fat interface during
scanning, Cystic dermoids may present as echo-
free areas of varying size ot high gain, As the
sensitivity is decreased, the solid portion of the
tumor may be dentified. Due o the irregular
oulling of the tumor and the multiplicity of its
internal contents, the teratoma 15 frequently dif-
ficult to image. Often only the cystic zone can be
delingated. The physical finding of a large lumor
mass with the ultrasonic-demonsiration of a
small cystic space suggest the possibility of a
dermoid tumor. Areas of caleificalion appear as
highly echogenic zones. I the calaification or
osstfication 15 sufficient, a somic shadow will be
casl,

A second pattern of the benign ovarian teratoma
has been demonstrated with gray-scale omits,
The sohd contents of the tumor may show dis-
tinctive ultrasonic findings. The most frequent
sign i5 the presence of & highly reflecting irregu-
lar region m the vicinity of an echo-free cystic
cavity. This is presumed to be related 1o the
presence of hair and sebum which are highly
echogenic (4), but not as reflective as calcium or
bone. When the tumor his a predominance of
hair, sebum. or calcium as opposed o the cvstic
components, the sonic shadow may be pro-
duced. This sonic shadowing often obscures the
remainder of the mass and may simulate colonic
gas or feces. When this 15 éncountered, o flat
plate of the abdomen may be performed 1o rube
oul the presence of feces or o demonstrate the
suspected fat lucency or demtal stecture of a
dermoid cvst. Altemnatively, a cleansing enema
may be given and the patient rescanned.

Ovarian fibromas cannot be differentiated from
pedunculated fbroids. Indeed, they may show
areas of focal cyvstic degeneration typical of
longstanding fibroid tumors{Fig. 2.37¢), There is
no way [o differentiate asolil ovanan carcinsma
from i fibrome al this tme (Fig. 2386 and b).
Papillary cystadenomis appear as cystic spaces
with the small papitlary excrescences showing as
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FIGURE 2-37 {a)

FIGURE 2-37 (k)

FIGURE 2-3T i)

CHAPTER 2 GY¥MECOLOGIC ULTRASIUND

64

FIGURE *.37(a)
Suping longitudinal scan. Bomaode, Echiefroe space with
oecusional seplations poled. Predoairmndly cyabic feradong.

FIGURE 233k

Supine transverse scan. Gy seale. Cysies ternboma wiih
heterogeneoos echo patermn. MNote Cystic and solid
CiEmpEEnts

FIGUKE 2.3 0e)

Supuwe longitodonal scan. Gray scale. Hige mass postenor 1o
the blodder-is noted with eyane degencetion. Dingmosical
supgery was ovaran fibpema, Ovazsan fibromas cannod be
differentzted from pedinciulaicd fibrokds by
ifirnsoagraphy

FIGURE 2 &)

Spine tramsverse sean, Gy scake, Small, shamply
circumsgrihed lesion wiih scatered cenirad echa paticrm and
hagh 1hrough Irnsmisson repreyents depeneraling ovanin
Whroma. This numor canmol be differestzated from. o
peduncistated urerine fikaoid.

FIGLURE 3.33chs

Supine tmnsverse scan., An wregular salid mass withon krge
wyslss compomenl B (ised 10 the iberms. Surgery shivied
ovanian cureinons nfrsing the uénns and local stmaciuees
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FIGURE 2-3% (8

FIGURE 2-39 (b)

FIGURE 2-39 (¢)

fine echoes projecting into the lumen. If papilla-
tions are noted outside the lumen of the cystic
areas, the presence of ascites must be inferred.
The fluid surrounding the outer projections per-
mits them to be imaged as separate interfaces.
The presence of loculated ascites in conjunction
with a cystic papillary lesion implies malignancy
(Fig. 2.39a,b,c, and d). Indeed, the serous cys-
tadenocarcinoma is the most common type of
ovarian cancer. Early in its course, this tumor
may be well defined with echo-free spaces asso-
ciated with fine echo speckling peripherally.
However, as the tumor spreads to the omentum
and peritoneum, loculated ascites develop and
the pelvic organs become fixed by malignant

FIGURE 2.39(a)

Supine transverse scan. Gray scale. Area of loculated ascites
may simulate an ovarian cystic tumor. Motion of bowel loops
noted with real-time scanner and presence of other areas of
ascites confirm the diagnosis.

FIGURE 2.39(b)

Supine longitudinal scan. Gray scale. The bladder is empty.
There is an echogenic mass with irregular contours superiorly
representing bowel and omentum adhesion. Anteriorly, a
single bowel loop apparently “‘standing erect’ in the ascites
is noted. This is connected to the anterior abdominal wall by
an adhesion which is cut by the ultrasound beam at an angle
too oblique to permit registration on the oscilloscope.

FIGURE 2.39(c)

Supine transverse scan. Gray scale. The “‘erect”” bowel loop
is connected to the anterior abdominal wall by an adhesion.
Adhesions are characteristic of malignant ascites. Patient had
ovarian carcinoma.

FIGURE 2.39(d)

Supine transverse scan. Gray scale. The bladder has been
emptied. Echo-free areas with scattered internal echoes and
irregular margins were fixed and did not change position with
motion. Malignant ascites from ovarian carcinoma.
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Ovarian
carcinoma

FIGURE 2-40 (a)

FIGURE 2-40 (b)

FIGURE 2-40 (¢)

Septation
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FIGURE 2.40(a)
Supine transverse scan. Gray scale. Echo-free ovarian
carcinoma with septation.

FIGURE 2.40(b)

Supine transverse scan. Gray scale. Echo-free ovarian
carcinoma with a few internal echoes. Note absence of
through transmission.

FIGURE 2.40(c)
Supine longitudinal scan. Gray scale. Echo-free ovarian
carcinoma. Again absence of through transmission is noted.

loculated ascites develop and the pelvic organs
become fixed by malignant adhesions or frozen
pelvis (Fig. 2.40a,b, and c).

Inflammatory lesions of the tubes and ovaries
may produce a wide variety of ultrasonic pat-
terns. Salpingitis is the most common pathologic
condition of the tube. This infection may follow
abortion, childbirth, cervicitis, surgical proce-
dures such as dilatation and curettage or IUCD
insertion, and radiation therapy. The ascending
inflammation from the uterus usually involves
both tubes. In acute salpingitis the tube is red
and distended with purulent exudate. Chronic
salpingitis shows variable enlargements of the
tube associated with dense local adhesions.
Complications of salpingitis include pyosalpinx
with retention of pus in the blocked tube, and
hydrosalpinx with the distended tube having a
sausage or distorted shape and thin walls. Pelvic
abscess and oophoritis are also associated with
the sequelae of salpingitis.

Acute pelvic tubal inflammation generally has
the appearance of a small rounded adnexal or
cul-de-sac cystic mass with regular borders, and
is frequently bilateral. As the infection produces
a much larger mass or is complicated by
oophoritis or pelvic abscess formation (Fig.
2.41a), a larger, multilocular mass with irregular
borders frequently obscuring the outline of the
uterus is apparent (5). Simple pelvic abscesses
frequently are found in the midline in the cul de
sac, while uncomplicated tuboovarian abscesses
tend to have an adnexal location or may develop
during pregnancy (Fig. 2.41b).



Pelvic abeoss

FIGURE 24iin)

Supine longiodimal scan. Ciry scale. The pebvie nebal
inflummation generully has the appearance of & smnll roomsded
minegal o cul-de-sac cystic mhas with regalar bomders,

FIGURE 2.41{b)

Supine kingiudinad soan. Gray scpde. Simple pelvic abscesses
froguently are fours] i the mulline in ik il de s Ths
ubmaiess devetoped duneg pregrenay’.

ULTRASONIC DIFFERENTIAL DIAGNOSES
OF DYARIAN MASSES

The following differential disgnoses of ovarian
miasses may be inferred by ultrasonogruphy.

L

Distended cecum. The cecum hes in
the right ke fosss and extends over
the tliopsoas, Oocasionally . the cecum
hungs over the pelvic brim or lies
further down in the pelvic cavity.
When filled with gas. there isa sonic
shadow; when filled with flusd. the

cecum may simulate an ovarian oyvsi,

. Redundant sigmoid colon. The sigmoid

lies within the true pelvis. When a loop
15 filled with flund and; especially, 15
redundant, it may mimic ovarian cyst
OF OVAMTAN Misss.

. Appendicular abscess. When the

appendix is long, it may extend inio
the right pelvis. If this type of
appendix develops infectionand hinally
ruptures, with or without adhesions, it
may simulale ovanan méss,

- Parsovarian cyst, Parmovaran ¢ysts

originate from the vestigial remnants
of the wolffun body and are located
within the broad hgament,
Ultrasonograplically, they cannot be
distmguished from other cysts. They
may bleed into the peritaneal cavaty.

. Hemiitocele. I hematocele i4 a result

of ruptured ectopic pregnancy ut the
time of wlirasonographic examination,
the following conditions should be
consicered.

a, Torsion of an ovarian cyst

b, Enlarged cystic corpus luleum

. Hemorrhagic corpus luteam

il Appendicular abscess

. Distended bladder. Unusually

distended bladder or bludder
diverticulum ultrasonographically may
simulite an Ovarin cyst or ovanan
pass most of the time, An insermion of
a Foley catheter 15 of great assistance.
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7. Hematometra. Complete obstruction
below or at the level of the cervix
durimg menstrual life can cause
detectable mass, As previously
described, an imperforate hymen may
chnse hematocolpos, hematorrachelos,
hemutometrs, and he matosalpinx.

&, Cystic degeneration of fibroid uterus.
9, Mesontenc oyst,

10, Polycystic Kidney disease:

11, Pelvic kidney.

[2, Retroperitoneal pelvic neoplasia,

13, Hematoma of the rectus,

14, Adherence of omentum.

L5, Carcinoma of sigmadid.

16, Tuboovarian masses.

17, Ascites,

CONGENITAL ANOMALIES

Congenital anomalies of the genital tract are
related 1o maldevelopment of the embryonic
millerian duces and vrogenital sinus, The
majority of congenital anomalies of the vagina
and uterus are caused by failure of the miillerizn
ducts o fuse completely, The millenan ducts in
the embryo migrate caudally and midline to fuse
in the formation of the nidimeniary. ulerus,
cervix, and upper vagini, Abnormudities in the
development of the mallerian ducts ead o
congenital absence or atresia of the vagina,
double or septate vagina, double uterus, absent
uterus, and uterus unicomnis, These anomalies
are frequently sccompanied by congenital
defects of the unnary Iret such as absent or
ectopic kidneys, Developmental deféects of the
urogenital sinus create the imperforate hymen
and persistent urogenital sinus membrane,

The ultrasonographer must be aware of the gross
pathologic changes of the internal genitalia and
urinary frict associpled with extemal anomalies
of the penital organs for effecuve pelvic
SCanmng.
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VAGINAL ANOMALIES

Absence of the vagina is & severs congenital
anomaly due o complete lack of unon of the
miilberian disgis, The vaging 15 derived from
different tissues, The lower ame-third of the
vaging 15 usually unaffected and may appear
externally intact and anatomically correct. The
dizgnosis may nol be made until adolescence
when the symptoms of amenorrhea,
dvspareunis, or hematocolpos present. Other
failures of millerian duct fusion result in double
vagina, with a complete. longitudinal "seplum, or
a partil sepiate vagina with-an incomplete
seplum. A redimentary second vagna may fill
with secretions and produce @ cvstic lésion
bulgng into the vagimal canal.

The imperforate hymen 15 due (o developmental
error of the urogenital sinus and 5 the most
frequent genital anomaly. The hymen is located
at the junction of the vagina and the vestibule,
This membrane is usually thin and sheetlike.
slthoweh 10 may be thick and fibrows, The
application of ullrasonic diagnosis in this area is
extremely important, and may show the echo-
free appearance of relained secretions or old
blood behind the hymen, The vaginag and ulerus
may be sufficiently distended with blood w
produce hematocolpos and hematometrium.
This may present as amenorrhea, an ahdominal
mass, or the area may become secondarnily
infected, Ulirasonography in this case will show
the fuid-filied vagina as tubular in shape and
echo free, The postenor fornix will also bulge
while the uleras s engorged with blood and
appearsas an entarped structure with anecho-
free lumen of varable size. The presence of
hemapsalpiny and hemoperitomeum should be
carefully investigated by the ultrasonographer.

UTERINE ANOMALIES

Desorders of the mullerian ducts result either
from failure of formation of these embryonic
strectures or from failure of therr fuswon. The
anomslies may be unilateral or hikateral.



Linilateral absence of the duct resilts in uterus
unicornis with @ normal vaging and cervix, The
uterus possesses anly one comu and fallopian
tube. Bilateral absence of the ducts 15 assochted
with congenital shsence of the uterus and

VagIna,

Imperfection of fusion causes duplication anom-
alies of the uterus. The double uterss may be
externally intact with two intermal cavities
formed by a longitudinal ndge of tissue. This
seplation may be complete, producing two uter-
ine cuvities, or incomplete, giving partial separa-
tion of the ulering cavity. This latter is culled a
subseptate uterus, The uterus may be divided
extemally in the more severe forms of fusion
defects, producing two uten, Uterus areuatus 1
a heart-shaped uterus with minimal external divi-
ston. A partial fusion defect produces the hicom-
vate utervs, The resuliant two ubén are associ-
ated with a single common cervix, The most
extreme varely of fuston fulure results in wtems
didelphys with two completely independent
uteri, each capable of sustaining normal preg-
nancy, This is often accompanied by a double
vaging deformity.

Asymmetric duplication anomalies produce
rudimentary homs which may or may ool
communicate with the remaining ulenne cavily
Clinical problems anse when gestational
implantation occurs in this type of hom or
retiined menstrual low dilates the
noncommunicating rudimentary horn, producing
muss effect or rupture of this structure,

Sepation defects may beclinically silent and
never diggnosed in the preconception state or
duning the normal course of pregnancy, They
may be incidentally detected at cesarean section
after removal of the fetus and manoal
explomtion of the wternne cavity. The most
common symptoms af utérine doplication are
repeated abortion, premature delivery, and
difficult lzbor with malposition and dystocia.
Ultrasonography of the uterus must be
accompanicd by renal ultrsonography to
evaluate the presence of the frequently
associated urinary tract abnormalities. Since

ultrasonography is technically a laparotomy with
soumd waves, septations of the utenus are best
revealed with scanning in multiple planes, This
diagnostic ahility depends upon the examiner’s
experience and his previous exposure o similar
cases. In our experience, the transverse lie is the
most common malpresentation. Cur customary
method is to evaluate all ransverse hes; in which
extemal version attémpls have Guled. by
ultrasound with the spectfic intention of
demonstrating a uterning anomaly asone of the
causes of malpresentatwon. We find that
Trendelenburg’s position is oftén & useful
mianeuver in gddition to routine scanning plnes.

Although contrast hysterosalpingography best
shows the internal utenine cavity, modoes not
show the external configuration of the uterus,
This test also cannor safely be performed during
carly pregnancy -and allow comtinuation of
gestation. Hysterography is Iimited in that it will
not show o rudimentary hom that dioes not
communicate with the uterine cavity,
Ultrasound may show the gross extent of the
intriautering sepiation as well as the outer shape
of the uterus. The site of gestation may be
evaluated and the growth and the relative
position of each utenne cavity may be assessed
Senal ultrasonography may allow preliminary
dizgnosis of & genital tract anomaly and still
permit the patient with @ miscurmage history to
safely deliver a viable fetus dug to proper
obsieliric management,

INFLAMMATORY PELVIC LESIONS

Liltrasound is nd only extremely valuable in the
detection of inflammatory diseases of certain
size such as whoovarian abscesses,
hydrosalpinx, and pelvic abscesses, hut is the
only ol able to aid in follow-up of these
conditions, ie, final surgicil intervention or
medical treatment. In addition, senal studies can
give excellent mformation regarding pelvic mass
associated with inflammatory dizease, With this
tool, subsidance or exacerbation of disease
process can easily be recorded (5).
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ENDOMETRIOSIS

Endometniosis with chocolate cyst produces
different echo pattems relating to the size and
duration of the process. It usinally is of a
complex nature.

METASTATIC LESION TO PELVIS

Metastatic lesion to the pelvis may produce any
patterm and should be differentiated from pelvic
masses by detecting the source of metastasis.

APPENDICEAL ABSCESS

Appendiceal abscess in our expenence produces
an echo-free area in the fght lower quadeant
with imegular borders, With interval serial

studies, the course of the disease can be
predicted.

FREE FLUID COLLECTION

Free fluid collection in the pelvic region can be
detected ultrasonically and. by changing the pa-
thent's position, can be differentinted from locu-
lated flusd. In free fluid, ascites, or loculated
fluid, il the source is unknown, special altention
should be directed toward the ovary,
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Ulifrasonograpny
N obstetrics

GENERAL INTRODUCTION

The application of ultrasound in obstetrics and gynecology
was first deseribed by Donald et al in Europe in 1958 (1). In
America it was described by Taylor et al in 1994 (2). Today,
ultrasound is rupidly replcing the use of X-ray studies in the
field of obstetnics and gynecology. Since ulirasound study is
safe, atraumatic. and noninvasive, it is thus an ieal scanning
procedure for the ahdominal and pelvic regions, At present it
is essential to the practice of modern obstetrics and
gynecalogy

Exploration with ulirasound proceeds with the patient placed
in the supine position, After examining the abdomen, a
coupling agent such as mineral oil is apphied 10 the skin, As
previously described, the umbilicus or the symphyss pubis is
used as a reference point, In obstetric studies, it is better o
choose the transcrestal plane and puboxiphoid line as
reference points. This is of particular importance in the case
of the pregnant woman with progression of conception and
increasing fetal size. In pregnancy the umbilicus moves
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upward and comparison of earlier with later
pictures is difficult. Transverse, longitudinal,
and oblique scans with varying angulation are
ised to prodoce & diagnosie set of data suitable
for comparison.

In obstetrics, B-mode or gray-scale two-
dimensional ultrasound in combination with a
real-ime scanner yields the greatest diagnostic
information, In scanning certain aréas, such as
the fetal head, the usape of A-mode adds more
information and improves accuracy.

PATIENT HISTORY

The examiner's first procedure in using
ultrasound is to take a proper history from the
patient. All information should be recorded.

PATIENT'S AGE

The patient’s age i critical in evaluating the
history, For example, in the childbearing years,
patients with bleeding most Bkely have
reproductive disorders; while in adolescem
females, the cause of bleeding with a normal
utlrmsonographic appearance has an endocnine
basis, In postmenopausal females, the
ultrasonographic examination of a patient with
bleeding usually reveals a pelvic mass, and
carcinoma of the genital tract is high in the list of
differential diagnoses,

GRAVIDITY

Gravidity 15 synonvmous with pregnancy. A
primigravida is a female who is pregnant for the
first time. A multigravida is 4 femile with several
Previous pregmincies,

PARITY

The term parity is used when a female has given
barth 1o an infant weighing 500 graoms (g) or more,
alive or dead. When the weight is not Known,
ultrasonography helps (0 estimade gestational
age. A primipari 15 a female who Iras given birth
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for the first fime to an infant alive or dead with a
minimal weight of 500 g. A multipara is a female
who has given birth two or more times to infants
wekzhing 500 ¢ or more, alve or dead. The term
grand multipara is applied to a female who has
given birth seven or more times to infants
weighing 300 g or more. In our history taking, we
follow g scheme of recording obstetric data using
four digits, The first number refers 1o the number
of pregnancies, the second number refers 1o the
number of premature deliveries, the third
number refers o the number of abortions, and
the fourth number refers to the number of living
chibdren. For example, 4-2-1-1 would mezn four
pregnancies, two premature deliveries, one
abortion, and one living child.

PARTURIENT

A parturient i5 a female in the process of giving
Birth,

PUERPERA

A puerperal female is one who has given birth
during the past 42 davs,

MENSTRUATION

The date of the last normal menstrual period
(LNMP) should be thoroughly investigated.

In primary dysmenorrhes, there 15 wsually no
ultrasonographic demonstrable pelvic mass at
the condition’s inception. In secondary
dysmenorrhes, usnally there is a demonstrable
pelvic disease which may or may not be detected
ultrasomographically.

Changes in menstrual pattems should be
carefully evaluated and differentinted from
utering bleeding unrelated to menses.
Menorhagia or hypermenorrhes involves
prolonged menstrual bleeding. Metrorrhagia is
irregular or actually acyclic bleeding,
Menometromrhagia 15 exoessive or imegular
utenine bleeding between as well as during
mensiruations, Uligomenorrhagia is a redocton



of the menstrual frequency. As a result, the
mterval between the cyeles is longer than 28
days, but usually less than 3 months,
Polymenorrhea 1s abnormally frequent
memstruation. Abnormalites-of bleeding during
menstruation wsually have an endocrine ongin,

Intermiznstrual bleeding usually has
ultrasonographically demonstrable benign or
madignant causes. Bleeding after intercourse or
douching may have malignant causes.

PAlN

The ultrasonographic mportance of the history
of pain is related to the fiect that certiin musses
can produce special ypes of pain, Forexample,
localized pain in the lower abdomen may arise
from the utenis or vagina.

Adnexal pan is usually referable (o the lower
abdomen and often radiates o the medial aspect
of the thigh. Sharp pain with sudden onset may
be due 10 torsion of pedunculated fibrokd,

We have a special history sheet, shown in Table
1.1, which may be completed by gither the
nurse, technician, examiner, or even the patient
i1 i short period of time. The physician can thus
geb enough miormation ty collate with the
ultrasonographic findings for final interpretation,

PALPATION OF THE ABDOMEN BEFORE
EXAMINATION

In the twelfth week of pregnancy. the ulers
usually ¢an be-felt by manual abdominal
examination just above the symphysis pubis,
The abdomimal enfargement is Jess pronounced
in nulliparas than in muliparas.

CHANGES IN UTERINE SIZE DURING
PREGNANCY

In the fiest few weeks of gestation, the increase
in size of the uterus 15 in the anléropastenor
direction, As time passes, the ulenis becomes
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FIGURE 3, linb

Aupme fongrudinal sean, Gray scale, The destended bidider
eeitbed amteritrly, The echopenie utenis (s seen posienor to
the bsdber. Cempral echoss represent ulerie civily,

FIGURE 3. ib

Suipane kngateddinal scan. Geay scabe. The niunded echioes of

the Faey catheter halloon are noted in ihe Bladder The
erilargind uterus = spen postenios by the blmlder,

FHILUEE 2 lich
Suping leagivindived scan, Ciray scale. The mounded echogends
Foley catheter ballvasn & moted-in the deended badder
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globular and by 1010 12 weeks it measures an
average diameter of 8 cm.

In pregnancy associated with inflammatory
process or carcinoma of the cervix, the cervix
from the ¢arly phase of gestation may remain
enlarged,

SONOANATOMY

The detaled sonoanatomy of the female pelvis
has been descnbed in Chapter 2. However, a
few additions deserve to be mentioned bere. The
skin, adipose tssue, muscular kivers, and plings
of the abdominal wall can be delineated by
proper gain setting. The omentum and bowel
have irregular, disorganized groups of echoes
{3}, The spine is easily identified a8 a posterior
structure stopping sound transmission. The nor-
mal uterus is easily identified (Fig. 3, la).

SONOLAPAROTOMY

In the nonpregnant female the symphysis pubis
and small intesting shield the pelvic organs,
Ultrasound consequently cannot penetrate the
pelvic organs to delineate the anatomy of the
uterns and adnexal struciures:

Before examination, the bladder should be
distended for better penetration of the ultrasonic
beam. Bladder distention is accomplished by
having the patient drink a large amount of fluid
and instructing her not to void before
examination. A filled bladder displaces the
utenus posteriorly while it displaces the small
intestine supenordy. Consequently, a
transmitting window is created through which
the beam can be more effectively angled, thus
permitting better delineation of the pelvic
organs. By directing the beam at various angles,
the charactenstic echoes of the pelvic organs can
be registered with as litthe attenuation as
paossible,

In some patients it is necessary to fill the bladder
with & Foley cathefer in order to distend the



bladder in various stages for proper evaluation of
the uterus and pelvic region. The bladder may
need to be filled and then emptied by degrees
and then refilled for optimal diagnosis. The use
of a cathéter is necessary for guantitative filling
of the bladder and for the patient who armves for
an ultrasonographic procedure with an incom-
pletely filled bladder (Fig, 3. 1b and ¢).

The distended bladder 15 echo free. This cystic-
type structure is located below the symphysis
pubis. In nonpregnant women the uterus dlso
appears echo poor behind the bladder at low
sensitivity, The size of the normal uterus: varies
with age, menstrual function, and parity, Clear
delineation of the normal ovanes und other
adnexal structures is extremely difficult. These
organs may be mistaken for one another,
Pathologic changes of these argams may make
the recognition of mdividoal structores easier.

Our application of the anterior transcresial plane
(ATC) and longitudinal Xiphoid pubis {LXP) sys-

tems of identification overa peniod of four years:

has proven te be of greal practical value. This
appeiars, in our opinion, to be the most useful
method of marking the sKin in relation 1o the
bony structures for amniocentes)s and other pro-
cedures where the patient may need to be re-
moved from the ultrasound department and have
a subsequent procedure performed by other
physicians.

In-early pregnancy of in the case of small pelvic
lestons, the mterval between sections s
approximately 1 cm. In later préegnancy or with
large pelvic masses, sechons 8t 2- 1w 4-cm
intervals may be used. However, the type of
sectioning and the miervals used are upio the
examiner. Permanént records can be oblamed
through the useof o Polarond or 90-mm-ilming
from the oscillascope. Gray-scale images are
psually obtamed from the screen of a scan
converer. A series of pictures is then (aken (o
complete the study. These include the fransverse
sections, ATC series, and the longitudinal
sections, LXP senes, which are attached m
order so they may be displaved for final
interpretation. The transverse pictures are
armnged inan ascending manner and the

longitudinal pictures (from left 10 right) are
dached in seguence.

The sergen of the osciloscope is divided into
centimeter equivalents, Therefore. the centime-
ter is used as a reference for messurement of the
sonogram. The oscilloscope screen may be cali-
brated inte 1-, 2=, or 3-cm divisions. Using need-
lepoint calipers, the bipanetal diameter of the
head or the anterioposterior diameter of the fetal
chest ¢an be messured, Dirget digital read-out
systems are commercially available with elec-
tronic calipers,

SONOFLUOROSCOPY OF THE PREGNANT
UTERLS

The uterus is mitially ¢xamined by mpid
scanning to familiznize the ultrmsonographer with
the location of the fetus. its lie and presentation,
and site of the placenta, This screenmg may be
performed with either the real-time scanner (Fig.
3.2, bistable unin (Fig. 3.3), or gray-scale
machene (Fig. 3.4, The presence of a vanable
persistence oscilloscope with a mapidly fading
scan image as the transducer is quickly
traversing the uterus 15 of added value.
Maximum information is obtained in the
longitudinal scanning planes. Further data are
acguired in the transverse plane.

Thee positson of the fetus 55 first ientified. The
location of the head in either the breech (Fig.
35a) or vertex (Fig, 3.5b) presentation is stid-
1ed. The cranial vaull is cchogenic and appears
a5 i cirgle of high-amplitiede echoes. The circle
of echoes produced by the body is of fower echa
amplitude. The fetal thorax is found and the
relationship of the fetil head to the fetal body
and thorax s noted { Fig. 3.6a). This is impartant
in abpormal fetal lie where intrauterine rotational
maneuvers are considered, The fetal respiratory
excursions are monitored either with A-mode,
M-mode, or the real-lime scanner. The fetal
a0t is followed from the heart as il descends
into the fetal abdomen (Fig. 3.6b). The relation
of the aorta to the spine is noted with the real-
time scanner, The echogenic iver and spleen in
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FICGRLIRE 2.2

Suapasnie transverse scan. Benl-time scanner, The Tetal hend is
sesinmed inihe vertex position. ‘The typical ovond shape and
midlies: echi complex are elaained by masspulation of 1he
scnnairg hend

FIGURE 1.3

Supime trunsverse senm, B-madde, T'o obiain the apbimal
hipamietal dinmeter. A-mode ndl B-mode nre used. The
senaifivily is decrensed o that only the calvanal echoes aml
midlinge echoes are imsaged . Cane must be tmken to posdion
the fulx echies exactly i the medidle of the cringal vity

CHAFTER & ULTHASONGGHAFHY [N OBRSTETRICS

Th

the abdomen are found as are the echo-lree
stomach, galibladder, and umbilical ven, The
kidnevs{Fig. 3.7 are stodied for possible hyvdro-
nephrosis from obstroctive uropathy. or ather
renal anomaly, The bladder is identified in the
pelvis (Fig. 3.8ab. The fetal genitalia are searched
for at the region of the penneum, The fetal scro-
turm and penis may be evaluated of they are not
obscured by overlying fetal structures [Fig:
1.80). The number and motion of the extremitics
are obsgrved for possible fetal anomaly or per-
vous sysiem disorder,

The umbilical cord is followed from the placenta
tFig. 3.9) to the insertion into the fetal umbilicus
iFig. 310y, The position of the plcents is
located (Fig. 3.11), The presence of physiologic
placental degeneration is studied and pathologic
placenial echo patterns may be demonstrated.
Shadowing of fetal parts by the postenor
placentais commonly encountéred { Fig. 3 a),
The relationship of the placenta to the intérnal
cervigal 05 is dentified.

In obese or large-for-date patients; the
ulirasonographer looks for muluple gestation
(Fig. 3.12}, polvhydrammioas, and other
disorders. We find that the fetnl head is besi
studied for twin gestation with the real-time
scannet. Rapid scanning with the gray-scale unit

FIGLURE 3.4

Supine rnnsverse scan, Demonsiration of fetal hewd with
gray wile. Moje mildline echd patiern amd. angeror
reverberEtmm ariifaits. Mezswmement of biparietal diameer is
performed frvm the darkest ancesor to the darkeal distal
echoes of the bony colviinam,




FIGURE 3 %a)

Supime gl scan. Gray scale. The fetus i+ m the
breech preseaaton. The middle portion of the posteror
phicenga i imdenied vy the Tetal himd snd body,

FIGLRE 3.5

Supene lorgiadingl scan. Gray scale. The fetus 1som ihe
vertes presengation. The middle porton of ke antetion
plicenticis indiented by the fexed fecal knee whach e xiends
frinm the Fztad hip amd retarms from the plecenin x the feml
leg which tapers appropretely

FIGURE 364

Supne longhdinal =can. Gy scobe, The fedil pori appears
s a paralled semes of lines passing from he tharms o the
bl Thee puilsabibe reture of this 51 ructume i best s hivan
weith Slemmidde or realline scianming

FIGLIRE 3.6k
Supane wascerse sean, The fetad oot appears o poralic]
series of lines: passing fnom the thoeray i the-abdomen

EHGURE 17

Supine crosssseciaonal scun, Gray scale.On either sude of the
evhogemic felnd spane are the kadoey oullines. O Kidney s
evhivlree simee The cal s abose the level of the calvoeal
system, The central echo pattern i clearly vwible'in the ather
kidney

FIGLRE 3-8

FIGURE Y3k

FERGLKE “n)

FIGLURE -4t

FIGURE 37

e
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Bladder

FIGURE 3.8 Gil

FIGURE 3-10

FIGURE 3.8(a)

Supine longitudinal scan. Gray scale. The fetal body is seen
in longitudinal scan and the echo-free region in the fetal pelvis
represents the fetal bladder. Note posterior placenta.

FIGURE 3.8(b)

Supine longitudinal scan. Gray scale. The fetus is in the
vertex presentation. The fetal buttocks are noted facing
ventrally. There is no evidence of a penis or scrotum. A
female was delivered.

FIGURE 3.9

Supine longitudinal scan. Gray scale. The umbilical cord is
imaged as a stepladder-type of echo passing between the
placenta and the umbilicus.

FIGURE 3.10

Supine longitudinal scan. Gray scale. The fetus lies in the
vertex presentation. Extending from the anterior placenta is
the fragmented echo pattern of the umbilical cord which
FIGURE 3-8 (b) enters the fetal abdomen.

FIGURE 3.11

Supine longitudinal scan. Gray scale. Anterior placenta. The
fetal parts are scanned in a perpendicular manner and
produce a sonic shadow so that distal structures may not be

FIGURE 3.9 adequately imaged.
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FIGLRE 3.12

Supine loagitudinal scan. Gy scale. Boanded high-
asmpditude stnictume s nppear ab both pofssof the wiers wed
mepresent fetil Feads, Twin gestalion » identifed when two
{etal heads and two placenins nre noled. The fetal hesd i
distmguished mom the fetal tboma by the sbserce of fetal
hazard medbyen

FIGLIRE 3,13

Supine trpsverse sgan. Dy scale. In mdtiphe seclsns, i
fundnl placeriia with anferior, postenor., and botk faleral
ERLCRRINS ISP,

will also provide satisfactory information, [F
there is difficulty in observing the head, the:
presence of wo placentas. is prool of twin
pestation. Care must be taken not o mislake a
right or left lateral placenta with its antenor and
pistenior extensions #@s a douhle placenta { Figs,
B13=515. The presence of two umbilical cords
and twe fetal heartbeats with M-mode are
confirmatory findings, Three fetal heads may be
observed but are difficult 1o image wgether in
one plane. The appearance of more than three
herds is ultrasonographically confusing at times
and accurate counting may mol be possible,

The small-for-date patient is studied for possible
fetal anomaly, such as anencephaly or
microcephaly, and the relationship of the sieeof
the fetal head o the body 15 noted. The
transmission of aormic pulsation can be detected
by the real-lime scanner or gray scale{ Fig. 3,16},
When sonofluoroscopy is completed. special
attention miay be given toeach fetal striciune
with appropnste measurements,

FIGURE 3.14

Surpine rvmsverse scan, Gray seale, In muhiphe sections o
furiliad placenti wih aoicesor wnd postersy exloisons s
SEETE

CHAFTER 3 ULTHARDNMGHAPIY 1IN OBSTETRICS
9



, »
'F' Eﬂ.l.“:nlﬂll- %ﬁ

-

[ T B

Snpine- longislenal scen, Gy senle: Care s b takoen mo
i bistakie & night or left Inferal plicents withe il anferios ind
Pnberor euiensions o5 & doaltde placenta,

FHILRE 3. 16

Sizpine romsverse sian Cray scube, The ransmdssion of
otk piilssisan can be desected by real-time scanney o gray
'“.'.11['

FIGURE 317
Supime longtodingl scan. Groy seale. The gessdsonal e or
pregmancy mng secn in the funchis of 1he lems

CHAPTER & ULTRASONGGRAFHY 1% OBSTETRICS
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SONOPHYSIOLOGY OF PREGNANCY
DIAGNOSIS OF EARLY PREGNANCY

Ultrasonography makes it possible for the
oshstetricien Lo determine carly pregrancy. Inthe
uerine cavity there is u group of dense echoes
arvanged in & circular pattern, This s the
gestational sac or pregnancy ring (Fig. 3.17). The
gestational sac is usually located in the upper
half of the uterus (Fig. 3.18). A low-lying
gestational sac may signify an impending
spontancous abortion (4), Our experience has
shown that the gestatsnil sa¢ may be found in
any portion of the utenne cavity and still follow
its normal course of development, The
pestational sac should not be mistaken with-a
small cystic lesion of the endometrium {Fig.
109, Before examination the bladder shoull be
distended. An overdistended: bladder or the
presence of A pelvic miss may Tillen the
gestational suc (Figs, 3,20 and 3,21). Optimally,
the preghancy nng or gestaiional sac can be
recognized at 5 weeks gestation, which
corresponds 1o 7 weeks from the kst pormal
menstrual peniod. The wentifying echoes shoukd
be regular in shape and centrally located within
the wiering cavity (Fig. 3.22). From the sixth 1o
the tenth week of fetal development the
pestational sac enlarges until its edges fuse with
the wall of the uterus,

As mentioned, pregnancy can be diagnosed
ultrasonographicaly from. the fifth week of

FICGILIRE 318
Supine hengivodingd stan, Cray scaké. The wial localkon ol
ke gestationd sac w60 the upper hall of 1he mems

-l'":-

Gestatlonal sao

-,



L Endometrial eyst
FIGLURE %14

Flnt
gogbad ioml

FIGURE 130

FIGLRE 321

gestation. Considering the 15 percent incidence
of false positive and false negative results with
immunclogic pregrancy tests, ultrasonography
nof oy adds information but 15 4 confirmatory
test.

The gestational xac is usually noted as a circular
configuration of echoes within the enfarged
alenis,: It s extremely important 1o obian
echoes from the entire margin of the gestational
sac o evaluate the architecture of the pregnancy
nng as a three-dimensional structure and o
determing whether it 15 mtact or broken and
where such interruplion in the wall may occur.
The mitid examination s peformed inthe
sagitial plane with sections taken in the LXP
system along the plane between the pubis and
umbilicus, The sectioning mterval must be small

FIGLRE 3.9

Supane bongitodanal scas, Gray scale, The gesissonal wie-
hke stmictune = oscef within the serine fndis snd 5 the
mwlling. Mo echogenss boumdary s soted, Thes differeniiabes
this cyabic streciure from the gestabona S ERgmoss;
endimetrsal cysl:

FIGLEE 2.0

Supine longifudingl scon, Ly scale. Gestationa] sac of eardy
pregmancy . Flat echogenic outline may be i mormal viarenl of
the usaally roumded pestational =i, and may be doe tean
wvenliiended Blalder,

FIGURE 321

Sipiné bongitedinal scan. Giray siabe, Maote fatiening of the
pestilional sag by o postemoaly Bacaled fibrokd wenks with
echogense miemad echix paliem,

FIGURE .22

Supane kngiwdinal scan. Gray scale. Echo pamdim of a
cemraily lodaled nng s soted m the dterine fundus. This is
the iclenl Tosisan for the gestationad sac

CHAFTER 3 ULTRARGNOGHRAFHY [N OBSTETHIS
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Two
pestational sacs

FIGLRE 323

FHGURE 3-24 (s}

FHAURE 3-24 i)
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FIGLIRE 1.23
Supine bonginsdinal scan, Gy soale; Twe gestnboanl sics
noted inside the wenne cavely

FIGLKE 3.24(4)

Supéne lomginudingl scan. Gray scale. The thin echogenic nm
of the pestataonad sac is noted with incremsed thickness of
echoes along the periphery of the sse denating the early
mocenia, Within the gesintional sac scastered echoes identify
1he developing feras,

FIGLIRE ¥ 24ihy

Supne fmensverse scan. Gy scale, Theckemng of the
gestational sac denoies formanion of the esly placenta. Fewl
eC e are not Yl nodisl,

since the uterus and the contained prégnancy
g generaly messore no more than 8 o 10 cm.
We have found slices taken at 0.5-¢m intervals
satisfactory for the purpose of completely
demonstrating the gestational sac, Occasionally,
variations in the angolation of the transducer are
needed woavod any misiterpretation of
pestational sac-patholopy. This is especialy. true
il detection of more than one gestational sac is Lo
be confirmed. The relationship of the gestational
sac o the uterus 15 studied next in the sagittal
plane to detect the shape, position, and number
{Fig. 3.23), The study is then continued in the
transverse plane or ATC system and the
peomelry of the gestational sac and ulems are
corroborated 1w complete the three-dimensional
sonolaparotomy of the uterus and the developing
pregnancy., Serial examinations are added as
necessary o fodlow the growth of the gestational
sac,

A thickeming of a portion of the pregnancy nng is
generally noted al the eighth to ninth week which
represents the developing placenta (Fig, 3.24a
and b). After 9 weeks. localized internal echoes
appear within the gestational sag and are due @b
the enlarging fetal outline (Fig. 3.25); and usually
it this ume the Doppler study is posiive for the
fetal heartbent, At 10 to 13 weeks the gestational
sac hus been obliterated and is no longer
identifiable by ultrasound, At sbout 10 weeks of
gestation the border of the gestational sac
approximates the wall of the uterus, As the
pregnancy ring disappears gradually the placenta
and fiatal hewd will appear (Fig. 3.26),



FIGURE 326

FIGURE 17

FIGURE 325

Supuse fongiodingd scan. Gray scale. Within ihe gestaticnnl
sz 15 the umirphiMe ccho pagern of the developing e,
Maotion is demaonstritbie with the realtime scinner. Nme
weeks gestatsan,

FIGLRE 1.2

Supme bongiludinnd sgan, Gy scabe, Thireen weeks
peslalaan shows § pliventa occupyimg M) percent of the
lems. Within the echo-lree aommiotic Ausd the early outlme of
the Fetal hewl sl body s demoestrable

FIGURE 3.27

Supane trapsvense scan, Ory-scde. The wlerine ouflne =
menimally enlarged. Scattered micmal echoes are nted.
Falsenl wam in the foairth momth of pestation. Iscomplele
ahomion,

Abnormahity of the gestational sac and a dilated
cervix are indicative of an impending abortion, If
the fetal structures do not appear within %00 10
weeks, a Mighted ovam 15 suspected, When the
harders of the gestational sac ane ill-defined and
irregular, pregrancy lossshould be considered
(Fig, 3.27).

As previously mentioned. the period of gestation
from the tenth to the thineenth week is the “gray
gone”" of ultrasonic diagnosis, since neither the
gestational sac nor the fetal head Can be imaged.
Ultrasonography usually. shows scattered
formiess intemal echoes within the Auwid-filled
center of the uterus, If the initial examination is
performed at this time, there may be diagnostic
difficulty in distinguizhing between normal
pregnancy, hydatidiform mole, missed abartion,
or fibroid uterus with eystic transformation (63
This problem may be amehorited with the
application of Doppler ultrasound, singe the fetal
heart is often detected at 12 weeks' gestalion.
The real-time scanmer may also be used to detect
intrawtering fetal motion which verifies & normal
eay pregnancy. The use of either Doppler
ultrasound or real-time scanming durning the
“‘gray zone™ of pregnancy may provide relief
both 10 the worrmed patient and the
ultrasonoerapher. Sernal demonstration of fetal
echoes differentiates the nommal prégnancy from
all conditions which cavuse dirty ulerus when
coupled with a pregnancy test when the utenis is
enlarged. Development of choriocarcinoma after
evacuation of hydatidiform mole. or recurrence

CHAPTER M= ULTRASONOGRAFHY 1IN OBSTETRICS
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Lutein
I cyst

FFIGURE 328 (n)

FFIGURE 3-28 {hy

TFIGURE 32K i)

CHAFTER M ULTRASONOGHEAFHY IN OBSTETRICS
Bd

of choriocarcinoma following treatment with an
merease in the oterne size and elevation of
eonadoirophue titer, can be accuralely
evaluated,

Frequently, the corpus luteum of pregnancy is
seen in either ovary snd appears 458 cysic miss
approximately 2 1o 4 cm in diameter (Fig.

3. 28a k.o and d). With progression of
pregnancy, the luteal cyst will spontaneously
regress, Occasionally a luteal gyst may be large
{simple or septate), and inrare instances may be
hemorrhagic and cavuse complications of
pregrianoy. such as an abortion (Fig. 3.2% and
b,

Evaluation of gestational age s accomplished by
measuring the gestabional sac; The diamerer of

the pregnancy rang is apphed to a standard graph
to obtain the gestmional age. As the gestational

FEGURE 3. 28(u)

Supiie oegiodinal wan. Gy scele, Cyshic cul-de-sac mass
measimes 4 cm. This oysl regressed spoantanesisly with serial
seons danhil somplele dedppenrants. Asymplomsin: heti
hutein cyst

FIGURE 3,28k

Supme fansverse scan, Gray scale, Cyslic mmes keson seen
are b Jett acd e il megion, This Cysl regrdsan) spontancoasly
withe Lemal soins unul compleie disappearane,
Asvmpesmutic thecn hetgen oyt

FIGLURE 3. 28¢)

Hupuru.' Tramsverse andl ongiiibnal scan. Gy scale, The
hladder 8 aptmmally ditendod . Gesingiomal suce-is well seen s
ke ulerine covity, A ¥ =3 e lutein cyst i the lefi admexpl
TegHin B nojed,

FIGLIRE -3 2804}
Supuu: tramsverse scan. Lirnsy scake. Simple litein evsl in bhe
mpht Elrewal regemn




FHAL'RE 3 Myap

Supane lomgiiudinal sean, Ciray scale. Large milfisepaate
eyl lesion in the cul de sac isnoted, Faticen mbmnsed bo the
hispiinl with @ dirgeosis of theeadencd abortion . Pitien
underaent surgery bedamse ol enlargeng oysti: kesson, At
operalxm, hemorrhagss hulein ¢yl was found.

FIGURE 1'.“.:! i
Supime trmsverse sean, Gy scale, Same cme us i Fig,
A2 Mulisepiane henwarrhsgs linein ¢ysi ggain is noled.

¢ disappears, the head of the fetus becomes
manifest, By the thirteenth week of pregnancy,
the fetal skoll is wvisible in about 75 percent of
cases. In‘subsequent weeks, the comelation
reaches 93 percent (Fig. 3.30a-and b,
Crestationil age s most sccurely determined
by measuring the hiparietal dismeter of the fetal
head and comparing the results with the standard
chars.

In early pregnancy the fetal head outling 1%
rounded and cireular in shape. This is contrasted
with the configurationof the head in later months
when an elliptic appearance is the rule.

The fetsf thorax is seen-at about 15 1o 17 weeks’
gestation, Better estimation: of Tetal ape and
weight may be obtained by the combined use of
the hipanetal diameter with the fetal thoradic
mEstsurémsant,

I scanning the fetal head, care should be taken
v elentify the céntral linear echo patteriv of the
midling structures for accurate measurement of
the biparietal diameter. The source of the
midline echoes-is considered 10 be from the falx
cerebr or interhemisphenc fissure,

By using the bipanctal dimmeter and
anteroposterior diameter of the fetal thorax with
a refighle nomogram, the estimated fetal weight
may b ascertained. The bipanctal diameter
alvsie miy be used to estimate Tetal weight, bul it
is mol securate. However, the biparietal
diameter is highly accurate for fetal age
determination (Fig, 3.31),

The fetad head is rst visible ar 1210 13 weeks'
gestation, This fgure is imporiant Sime many
elective abortions by the suction technigue must
be carmed out before 14 weeks' pestation if they
arg poing (o be performed in the first trimester.
Second tnmester abortons have a-higher
mirbadity and mortality, The absence of a feiol
head during scanning implies that @ sucton
clirettage 15 safe-at this tme,

To evaluaté the gestational age optimally., it is
best to wail until approxmately the sevenieeth
week of gestaton (Fig: 3320 and b, I pateéni
i5 unsure of her dates, senul measurements at 3-
week intervals will show the rate of growth on

CHAFTER 3 ULTRASONOGRAPIY 1N OBSTETRICS
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FIGLIKE 3. 34a)

Suping longitudinad scan. Gray scabe. The crosceni-shaped
gchoes of the placentn are best visualized when the fetnl head
es separated from the placenty by some ditance, 5o thi the
ammisig fuid provides o good mierfice with ihe placenti

FIGLURE 3 HKby

Sopinie longaudinal pod iransverse scan. Gy sale
Diemonat rthon of the fetad hend, feral body, and placents in
ihe catly secoml trimester,
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FIGLURE 3-3)

FIGLURE 332 {a)

FIGURE 312 {b)

FIGURE 3,31

supine Kingbudinad scan. Bomoide, The lpanetal dinmeler =
highly accumile for fetal age deferminateen, The mdlme
echoes are demombrated for nocurate [ocntson amd
mERsIrement

FIGURE 3.3

Suping bongitudingl scan. B-mide. For abcurbe evoluntion of
pestutionl g i s best (o wml ppproxenately 17 weeks of
pestation

FIGURE 1.3k

Supine longitulined scan. Caray séale, The fine echo patiern of
the placents iv noted betw'een the echospoor space of the
wlertne witll anil the echielree pome of The ammedsc fluxd. At
17T weeks pesttien the fetal besid may be cleady inagad

the standard tables, 1t has Been noted that fetal
head sizes may be placed int one of three
percentile ranks. Large s denoted as being
greater than the Thith percentile, average as
berween the 25th and 75th, and-smalkas less than
the 25th. Under normad conditions fetuses falling
within one group will remam at the same
cephalic level during growth until birth, One
group studying fetal development for
intrautering growth retardation found it oprimal
o ke @ first measurement at 22 weeks'
gestation and again at 32 weeks” gestation (7),
We make multiple serial measurements between
20 and 36 weeks for the most accurate
assessment of fetal growth and development. I
must be noted that, late in pregnancy, the
digbetic fetus will have a larger biparetal
diarmeter due to the mgcrosomic condition, Feial
well-being may not be established by measuring
the mpanetal dimmeter in this group. A mature
fetus with weight greatér than 2500 g may be
dingnosed when the biparetal measurement &5 at
Jeast 8.7 cm,

MEASLUREMENT QOF THE BIPARIET AL
DIAMETER

Prior (o the evolution of the ultrasonic method,
the physician had 1o rely on rocnigenographnc
stedies o measure the sige of the fetus and
biparietal diameter. X-ray studies allow a
reliable and accurate messurement of the feial
skull in refation 1o the bony pelvis (Fig. 3.33),1f
the head is located mothe pelvis and heés in

CHAFTER ) ULTHASPOHGRAFHY 1N OHETETRICS
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cerain particular planes, gz, the lateral or
anteroposterior planes. If conditions do not meet
the optimal pebvimetry eritena-and the amountof
mugnification cannot be estimated precisely, the
refinble dimensions of the fetal head cannot be
ascertaumed. Using ultrasound, the most
accurate measurements may be obtaned
disregarding the fetal position and lic,

The majority of fetuses are in the cephalic
preseptation. The discernment of another
orentation 1% extremely imporant inobstetne
management. Information regarding fetal
presentation 5 best obiained with lomgitudinal

CHAPFTER * ULTHASONOGHAFHY IN OBSTETEICS
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FIGLIRE X33

Flat plate of the abdomen, Single feins in the
voriex prisoiaiin. The amall fetal pans ere
on the lefl. Rite snd spine ane poted, The
bony stmaciures are well vismhized by Xomay.
The sofl tissoes ne optimally - imaged b:r
ultrmxaund. Helofionshep of Calvanum 10 the
bany peivis for cephialopelvic disproponima
dietermination can be opiemally evaluaied by
iirg X-ray pelvimetry

sections 10 localize the fefal head and fetal
thorax. The real-time scanner permits the
ultrazonographer o detect immediate changes in
firtal head position or motion of the individual
fetal parts.

Exact measurement of the biparietal diameter
(BPDY depends upon precise localizanon of the
fetal Tie and the angle of the fetal head with
respect o the investigating sound waves, The
biparietal diameter is defined as the masimum
reprodiscible distance between the Fetal remporal
or parietal bomes, The mdline echo of the falx
miust be centered belween the strong echoes of



FIGURE 334

Supise iransverse scan. H-nuade, The maximinm baparseial
alimmmssteras hasd obbmned wiven the sensatraty s Erered o
muel cheady delineate thie crimoal subnies, Mige the
exquusiiely sharp kil contour

FIGUKRE 335w

Supine fransverse scan. Gy soale, Gray-scale scomners
peesduce o ikacker skuall oalline nnd (he outpal musi he
reduc sl Lo depect the Galwenum as o sanghe line.

e

"

the cranium. A-mode and B-mode
mgsurements are made directly from 1he screen
(Fig. 3.34).

Gray-scale scanners produce a thicker skull out-
line and the outpul must be reduced to depict the
calvarium as a single line (Fig. 3.351), Electronic
calipers may be used to measure the biparieral
dimmeter, Digitil read-out or a permanent record
on a Polaroid print will provide the messuring
andmarks; or simultaneous companisons can be
made between bistable and gray scale (Fig.
1.35b). Using Mack and white. or leading edge
for BPD. simulianeous A-mode and B-mode dis-
play can be superimposed in some units (Fig.
1. 36a),

In scanning the vertex presentalion, with the
head on the side, a longitudinal scan will
determine the plane of the dorsal flexure of the
hesd within the matemal pelvis. This angle of
fexure is corrected by proper angulation of the
tramsducer in the transverse scanming plane,

FIGURE 3.3%h)

Supire longitndinal =con. Srmailbaneous comganson bebween
beistnbde and gray seale for the measorensent of the biparieial
Eaneeder
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FIGURE 336 (sl

FIGLRE 13 (b

FIGURE %3 (i
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Appropriate transverse scans are made until the
maximum intracranial distance 15 lecated. This is
most easily agcomplished with the real-time
scanner since any change in the fetal skull
position dise to inherent fetal movenrents may be
immediately noted and corrected by the
ultrasonographer.

FIGURE 3.3&0)

Supine ransverse scan. Gray scale. Messurement of the
B After detection of the gnlvimium and midline echi with
lemding edge, A-imsode iranstaion miy be performed znd
superimposed over the scan

FIGURE 3.3

Sopinse fransserse som. fray scale. Noaperpendicular
saischies prodioce fibie echo patrern which s ol vilid for the
ineaskirement of the hipanctal diameter

FIGURE 3.38&c)

o trarsve e sean, Liray scale. ARciber diamter that
presents perpendiculsr sufaces is that of the eccipfiofrongal
plane, The occipimimmtal dinmieter s much larger than the
bipagssinl diameter, This also s notl o valdid mensurement

FIGLRE 3 343
Supne tramsverse scan, Cocmsiomlly, magdlme e hoes sppear
as w carve, This & sl a vl reding.




The examiner shouk] move the transducer over

the abdomen until strong and equal-amplitude I;B%ﬂilsmﬁlﬂ?ﬁ:ﬁgﬁ?ml
echoes are received from the near and far sides
of the skull with A-mode. Smce the abdomen of BPL} fem GESTATIENAL AGE
the pregnant subject is roond in late gestation, 1y 4.0
the transducer can move in various angalations i 1410
up o 90 from the vertical plane. This maneuver 37 14.5
facilitates siccurate measurement of the BPL. L bt
) 150
Studying the patient with A-mode and B-mode in Lo £
combination with gray scale vields the maximum ;l :""g
informanion. In A-mode study., the echoes from _,.'_; @:,
the fetal skull usually are équil when both sides Y4 (7.0
af the skull are perpendicular to the sonic beam, 3% 7.5
In the vast majority of cases, the distance o 7.5
between the equal-amphitude echoes signifies the ::; 'li":
BPD. It should also be kept in mind that the only 14 145
other diameter that occasionally presents 40 e
perpendicularly is thiat of the occipitofrontal 41 i35
plane. Dsing the knowledpe that the 42 195
oceipitofrontal diameter is much Liger than the :i ﬂf
BPD(Fig. 3,36b and ¢}, these two diameters may 14 0§
be differentiated, Also, if two nonperpendicular i 1.0
surfaces are measured, the vertical deflections 4.7 { .
are not equal in height. Awain. i should be 45 2h5
emphasized that the absence of midline echoes ‘i“:': ffh’
mvihdates the reading. P an
As described above, the widest dinmeter of the :;*' E:';i"
fetal skull that is perpendicular to the midline d s
cchoes s considered 10 be the miximum 5% a0
biparietal diameter. Occasionally, midline i 245
echoes appear as x curved line: this still implies a &7 24,5
valid reading (Fig. 3.36d). There are a number of o 58
charts-and tables available for fetal age &) T
evaluntion from the biparietal diameter. 6 0
Unfortunately, lange vanations in gestationud age B3 e 1
determination exist between these tables (8- 10, fd 25
Most of these differences may be explained on :‘: :‘:‘_j ";
the bausis of geographic locality, socioeconomic ﬁ:; Yok
status, or riacial differences. 67 Az
We use the placental appearnnce and the data }::_: :g:f;
listed in Table 3.2 for our determinations, These Y -
dativ are comparable with those inthe literatare. T 4
If the BPDY is calculated 1o be more than 105 mm. T2 29.5
the study should be repeated and, if the reading j: ;’-E
is constant, hydrocephalus should be f“ Hd
considered. To avoid any confusion, accurate Th 3k
measurements should be obtungd. 17 o
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TABLE 3.2 (Comifared}

BPEY emb GESTATIONAL AGE
15 S
74 319
&l ita
i1 AL
M2 355
K1 M.
H4 M7
L s
Hoh 54
BT 30
HH 4
B9 A
Q.0 LT
LA | ELAT
9.1 x5
9.3 LR
L' w2
a.5 i
L Al
a7 IS
a% 4.0
a9 Ala

JEURN] 41,9

For the measurement of BPI. our expeneénce
shows that usage of the A-mode or simple
histable mode is still superior, I the single spike
is seén for the measurement in the race, the two
points of the takeofT from the baseline become
the actual measurement. The confusing factor is
the presence of multiple spikes. To overgome
this obstacle. the simplest methad 15 to decrease
the gain setting:and shghily change the
angulation of the transducer until three clear
spikes are seen. In some commercially available
units, the study can bedone simultanecusly with
the leading edge or black-and-white pattcrm on
the tele vision sereen and with special mancuvers
the two stiddies can be superimposed, This is
important because the errors can be minimized
e less than'2 mm.

In measuring the hiparietal diameter, the
ultrisonographer must be Gware of the tilting of
the fetal skull as it enters the pelvic inlet, In this
siluation, the biparietal diameter may be
obtained in an obligue plane relative @0 the trog
transverse plane. [n these cases, the midline
echoes will not lie in the exact midlme or may be
completely absent. The optimal study 15
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obtained when the degree of asynclitism of the
Teral head is depermined from the sagial scan

sand the: ultrasonographer adjusts the ransverse

scan plane angle in an appropriale manfer to
register the biparictal dismeter in the pline
perpendicular o the midline straciures.

MATERNAL PELVIS

Although pelvimetry may be performed with
oitrasound, X-ray pelvimetry is still considerned
the best method for examination of the bony
pelvis, Indications for X-ray pelvimetry include
the following,

L I the diagonal conjugate s less than
1.5 cm

i

. Presence of disenses which already
affect the bony pelvis

3. Very prominent ischial spinés with

flattened: sacrum

4. Failure of progreéssion of labor

5. Breech, face, and otheér abnormal
presenlalions

f. Narrowed intertuberous diameter
accompanied by narrow subpelvic angle

HEAD

The calvarium produces & strong echo to the
interrogating ulirasound and appears asa
regular, circufar, or elliptic outhne on the
bistable oscilloscope, The increased sensitivily
of gray-scale equipment reéveasls not only the
bomy structures but also the pencranial soft
tissnees such as fat, muscle; and hadr, These are
displayed as a region of low-amplitude echoes
adjacent to the high-implitude calvarial echoes,
The exact shape of the fetal head is basi
delineated without the peripheral echoes (which
incredse the thickness of the bony outline for
measurement purposes) by decreasing the gam
of the unit. The aptimal outline of the head cin
be-obiamed throagh bistable study (Fig. 3.37a).



The hinear midline strugture of moderate echo-
genicity that parallels the posteroanterior axis of
the calvanum is thought to represent the inter-
hemisphenc region, including the intracranial
filx cerebri and the third ventricle, There is a
consistént st of symmeine echoes lateral o the
anterior portion of the falx, most likely repre
senfing the lateral portion of the anterior horn of
the lateral ventncle (11). Another pair of ante-
rorly bocated C-shaped structunes appeéar it the
junction of the frontal bone with the facial bones
and represent the bony orbits. When the correct
plane of fetal skull orientation is demonstrated, a
band of reverberation artifacts is often seen
which onginates from the near 1able and should
nof be mistaken with any other structures. Oeca-
sionally, motion of the fetus may produce some
difficulties in measunng BPD {(Fig. 3.37h).

SPINE

Eizstal to the head, a pair of strongly echogenie
lines connect the thorax with the head, This is
the wltrasonic appearance of the cervical spine m
sagittal section (Frg. 3383}, This structure
contintes with i dorsil curvature mios the rest of
the spine, ending at the strong echo complex of

FIGURE 337k
Suping Emnsverse scan, Decasionally, sofion of the Eus
may prisloce some difficulty 16 measuing BP0

FHGLURE 3.3%a)
."il.l[!'er.' Imnsverse scan, B-ngide, The oplsmal oufhae of 1he
bl can be oblained thraagh bistabde stdy
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Corvical
sEpine

FIGLRE 3 38a)

Suping longiiudingl scan, Gray sgale, Thsinl to the head, 8
par i stronghy echogenss lines connecd the thoras with the
hizisd. This is the ultrizenic appetrmor of the corvical spise
im sagittal secnon

FIGLRE 3 38b)

Supune kongiudanad scan. Ciray scake. The cefyreal spine
comtimess wilh g dorsal corvature inna the res of the spine.
ending ot the sirong eckir compley, of the pelvs

FIGLURE 3 3%¢c) )
Surpene longituching] séan. Grrayscabe: Thispiss produces a
wile shidow o laper wopka-of peegnancy.
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the pelvis (Fig: 3.38b). The spine produces a
sonic shadow in later weeks of pregnancy (Fig.
3,38¢). Ribs appear as parafle] lines prajecting
from the spine (Fig. 3.38d}. Along the spine—
and of a similar configuration—Ilies the aorta.
This may be differentiated from the spine by the
sharper appearance of the parallel lines and the
lack of sonic shadowing which may be ofien
demonstrated when the spine les ventrally
adjacent to the transducer. The aoria is best
distinguished from the vertebral column by the
typical, synchronous pulsations shown with the
fine real-time scanner.

FETAL HEART

The fetal hean becomes a functional pumping
orgsn at 35 10 45 davs” amenorrhea. One
investigator, using A-mode echography, was
able to detéct feral heart motion as early as 45
days” amenorrhes (121 10 is possible (o observe
fetal heart moton with A-mode or M-mode at 7
o 10 weeks™ gestaton (13). The application of
Me-mode or real-time scanning makes eviduation
of fetal death a strnghiforward process when
coupled with Doppler studies. The unequivocal
signs of fetal death by madiologic imaging occur
lomg after fetal demise. The ultrazome signs by
bistable or pray scale are indirect signs.

FIGLRE 3, )%4)

supine lonpiudinal scan, Gray scale. The fetus i m the
vedey prescntation, Linsar parmibel echoes exicnd from the
dural sping represeéniing the posierion rif cage. A senic
oy 15 produced by the dorsal spime.




FIGLURE 5,1%x)

Memuoade wcan over the mateenid sbdomen and fetal thowme,
The fetad heart appears as n echo-fnee area with & cleasly
demonsirated rapid @l eyclic echo of the conlracimg
venmicle. The beating hean identifey the felad thoras,

FIGURE 3. M)
Memode Seen over the maternmb absd onse nand letal thorsx,
Demonsinaion of feral heart amd feial respiratody wakion

However, when motion studies are availzble, the
bearing fetal heart is rather easy to image (Fig-
3.3%cand by, The absence of o fetal heartben
when expected is the most definite sign of
nonvighifity of the fetus.

MONITORING THE FETAL HEART EATE

The fetal heart motmn can be easly detected by
the real-time scanner. However, sl present, n
our gxperience, regulanty of the fetal hear
cannot be adequately judged by the real-time
sganner. For precise evaluation the feial heart
signil should be registered through & char
recorder. Doppler ulirasound can be used for
continous monlering of the fetal beart rate. The
normal fetal hean rate s 120 w140 béats per
minute. A umit with o multiple transducer array
permits continucus tracking of the fetal heart,
even if the fetas moves, Tracking with this
mstrument, the fetal heant signals will be
transmitted to 4 counting circuit and chart
recorder. The other channel of the unit records a
stmultancous tracing showing uterine
contractions. Any iregubarity of the fetal heart
rate can casily be registered duning the course of
labor and followed throughout delivery. The unit
can be adjusted o that any decrease or
alteration in the fetal hesn moton can be
detected and the physician can thus be alerted to
posstble fetal distress.

FETAL THORAX

Cross-section of the chest reveals the rounded
outline of the vertebral column due 10 the verte-
bral body and the elements of the neural arch.
The fetal heart has dlready been discussed: how-
ever, the identification of this structure most
aocurately lociates the fetal thoray (Fig. 3.40n
and h), Rib detail may often be imaged w5 @ series
of closely parallel echogenic linear struciures
iFig. 3.384). In late pregnancy, the fetal thorax
produces a sonic shadow over the placenta (Fig.
3.41). The motion of thorax can be demonstrited
by M-mode (Fig, 3.39h).
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FIGLURE 3-4i8imi

FIGURE 1-40 (k|

FIGLURE 341
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FHGURE 3.40ah

Supent iransverse scan, Gray scale. The fetal hean wabis
snpernal sepium may be localired by gray scale. Venfication
isf this seruchure i maile with M-mode of the. real-time
SCANNET,

EHGURE 5 400h)

Supine longitodinil scn, Gy scile, The fetnl body s scen
in i section and an echoofree region with a dividing
se:paum s noted 1o sepresent cardiag chambers. Nofe somc
shodowing by fetal pans:

FIGURE 3.41

Sipiie fongiodmal scan. Gray senle, The fietnl thomx may
occasionally produce-a senie shadiew sign a5 a normad
virsatson. Echo-free arci repnssents fetal hean.

Umibiligal
cokd

FIGURE 34205

Supmne leagiiudinad scan, Gray scalke. The far chomene plate
of the andenor phicenin protimdes into the amniolss Cavily
el exbrukes the ambilical cond. The cord genemlly appears
s &n im:rn..lpil‘.'d lar armay of paralbel echoes dee o
POl SO ikl mwdion.

FIGURE 3 4Xh)
Supine boogiodinal scan, Ciray scale. The cord sppears-asa
sheHadder paitcen in this case




FIGLIRE 343

FIGURE 344

FIGLIRE 344

5

FIGURE 3.43

Supme fongitadmal scan. Gray seule, Cross section throogh
the fedal upper shdomen demonstrating the fetal galfbudder
in e right upper quadeant &3 a pearshaped echo-free
struciure surtounded by ceboes of the liver, In the left upper
qusbrant i the fuid-filked fetal stomach. The flusd is due to
fetal swallwing

FIGLURE 3.44

Aupine lorgitudinad scnm, Gray scade. The Berd hean s poted
as e ho-feee mome within the thomois cavity dvided by o
linear etk represerting he inlerventricular ssplim
Imemeditely craminland toihe left of the cardine chambers s
noted & rounded echo-free sruchiore in the fetal feft upper
guadrint charstlemshic of the fetol stomach,

FIGLRE 3435

Suiprni ramsverse seadn. Geay scalo. Cioss section through
b fetal abdomen, The placenta i posterion, The {einl back s
vertrad 10 the matermal abdominnd woll ol the spine cosis o
soqec shadow. On entber Side of the spire ane the ovaid renal
anntfines,

FETAL ABDIMEN

The feral abdomen 15 & rounded image in cross
section and 15 most easily sepamted from the
fetal thorax by a lack of cardiac pulsations, The
attachiment of the umbilical cord at the fetal
wmhilicus (Fig. 3.42a) may be noted as an
interrupted senes of lingar parallel echoes (Fig.
3:42b) with gray =cale, or as a pulsatile structure
with the real-time scanner. The fetal liver is
echogenic. In the nght upper quadrant are noled
wo anechois structures representing the
gallbladder and stomach (Fig. 3.43),

The gallbladder may appear ovoid or linear in
shape and is shorter than the umbilical vein. The
umbilical vein hus an antefopostenor course
from the umbilicus 1o the region of the venous
union near the dorsal spine. These two
structures are best separated by the pulsations of
the vein with the real-time scannér. In the left
upper quadrant, the fuid-fifled fetal stomach s
seen asan echo-free space of vanable
appearance (Fig, 3.44),

The feral kdneys are mimature versions of the
adult vrgans, They have an echo-free periphery
and an echogenic interior and are lateral (o the
dorsal spine (Figs. 345 and 3.46). Intrautenne
hydronephrosis muy be wdentified by cysnic
transformation of the renal outlines (Fig. 3.47).
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FIGLIRE 3.44

Huipine trunsverse scan. Dray scabe, Cross section theough
the fetal abdomen. The thoray peoduces o somc shidaw sign,
The felal ek i ventrl 1 1he matemal abxbominad wall aml
b apine gasts g seric shadow, Un gather side of the sping are
the ovoid enal outlines.

FIGLIRE 347

Supdne trmmewerse soan, Cray scale: Section theough the feml
kidneys shows mailtiple disorganized echo-free ancs insisd
of ik expecicd renal outhing. Fetus born with mus=ive
hilzteral hydmopephrosi which afler aislopsy wis proven o
bedue 0 postenor unethrl valves,
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The wrinary bladder is imaged as-an ovoid or
rectangular echo-free area in the fetal pelvis,
iFig. 3.4Ka and b). This orngan vanes in size and
fietal urination may be observed by gray scale at

~short ime intervals, or with the real-time

scanner during micturition after observing
bladder distension. The fetal colon may be
occasionally imaged a5 an echo-free ares in the
abdominal cavity unrelated to other cvstic
organs (Fig. 3.49),

FETAL WEIGHT

With optimal calibration of the ultrasonogriaph
machine, the measurement of the head and
thorax is obtained and used in evaluation of fetal
weight. This 15 accomplished in the third
trimester by measuning the biparietal diameter of
the fetil head and the anteroposterior diameter
of the chest (14), The cross section of the chest is
shown when the circular structure of the thomx
is visible and the vertebral bodies are delineated.
By using the biparictal diameter and
anteroposterior diameter of the fetal chest and
by plicing & straightedge across the nomogram,
the estimated age or weight of the fetus can be
evaluated (15).

In B0 percent of our cases, the estimated weight
by using both BPD and anteroposterior diameter
of the chest is within 0.5 pounds (1b) of the aciual
birth weight. In the remaining 20 peccent, there
are a number of reasons o expln these
differences. Fornstance, in diabetes, the fetal
weight is approximately 1 Ib more than that
predicled by the measurements. [n mialnourished
fetuses due 10 such causes as placental
msufficiency, the weight of the fetus would be
less than that of the estimated mnge. In our
senes, such fetuses with BPDs.of 9 cm or greater
i 4 weight of more than 5.5 b, and 98 percent
of the infants were matone. MNommally, the fetus
with  BPEof over % cm has a weight of 6.7 Ib.,

By wiing the chnical data and combined
ultrasonic studies proper decisions regarding
eléctive cesarean section can be made.



FIGURE %.4=inl

Supine ansvorse scan Gy scile, Rectimgular authme of
the cebeefree fetal Madder. Note echopenic area of the feqal
spine il alvsiul sonig shadowing.

Fotal
hladder
FIGLRE Ydsii

Saipine longitiding] scan. Cray seabe, Boumd echodree
hladider in the fetul pefvis is-séen. Note postenor placenti

FIGURE 3.4%

Supine trasdecior scan. Gray scale. Acsniall eelwefree ana s
e peus the echocines pladder. Multiple seans showed this
o have the hypacal confipumation of the felsd calon

SEX DETERMINATION

The higher resolintion of gry-scale systems now
permits detaied imaging of the fetal perineum,
The fetal onentation 5 noted and then the
perineum is localized by finding the landmarks of
the fetal bladder and fetal pelvis, Sections are
made paralbel 1o the lomg axis of the félus w
detect the fetal pems or serotum connected 1o
the fetal perineam, This physical attachiment
prarst e demonstrated to febe oot the possibiliy
of Tetal imbs simubinng the rounded appearince
of the serotum. The penis appears as o short
linear echo pattern and the scrotum a5 an echo-
free compartment with @ céntral median seplum
iFig. 3.30bcade, and B, The low-fevel echises
of the testes appear as symmetne low-amplitude
echpes within the fetal scrotal comperiments,
The female sex is ascertained by exclusion of the
presence of the penis and scrotum by ulirazonic
imkgzing, The best time for scamming i5 &t M o 32
weeks gestalion. The determination of fetal sex
% iseful for genetse counseling of parénts who
may be suspected of having children with sex-
Imked disorders, such as hemophilia ( 16),

FETAL EXTREMITIES

The upper and lower limbs of the fetus are best
stipdied with a combimation of high-resolution
gray-sale scanning and real-tme scanning. The
real-time scanner is most suitable for observing
the motwn of the arms and legs, The presence of
appropriate fetal movements assures that gross
neurologic function s miact. Sonofluoroscopy of
the uterus shows the coordinated motion of the
upper and lower limbs with respect to the fetal
trunk. Mental integrtion of the movement
wllows the ultrasonographer 1o decide which
extrermty 15 part of the upper trunk ind which
Ly i associated with the lower portion of the
fetus, Aler real-time scanning has located and
idenfied the fetil limbs with accoracy. the gray-
scatle umit may stdy these regions with-eithera
225 or a 3.5-MHz transducer to image the bony
structures of the saorms and legs 5 well as the
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FIGLURE 5-50 (ad

FIGURE 350 (k)

FIGURE -8 (<|
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FIGURE % 50xa)

Supine teansverse soan, Gray sozle, The echogenic fetal
scrolum appears of the periseum beiween the feiul bultocks,
Courtesy of 3, ), Flanigan, Sandn Barbara, Calefomis,

FIGURE 1.5k

Hapine leagiudinal scan. Gray scale, Scun taken through
feal perineum, Search produced oo echoes promding from
the fetsd buttock region, Female snfant debivered,

FIGURE 3.5c)

Sopme longelwlinal scan, Gray scabe, Veriex presentation,
‘Ihe echo-free bladder chearly omEnes the feeal pebas; In ihke
regin of the perincum i projections of & penis of scrolum
are et Female infamt delivenad,

digits of the developing fetus (Fig. 3.51a.b,cad.g,
and f). Although it is difficult o vispalize the
phalanges of the hands and feet, effort on the
part of the ultrasonographer may produce. a
picture clearly depicting the presence of an
adequate number of fingers or toes, This is of
great value in suspected fetal penetic defects or
other anomalies,

FETAL MOTION

Early fetal motion may be detected between 8
and 10 weeks' gestation with a real-time
scanning sysbem and consists of changes of
position of the fetus withio the uterine covity and
limb motion without alteration of the fetal
position m the gestational sac (175, In our
experience with the real-time scanner, fetal heart
motion cian be detected at 14 weeks of gestation
in most cases. Later in gestation, movement
patterns of head bobbing and chest wall
excursion become discérnable, Each type of
mation provides specific clinical data about the
fetus, Head bobbing implies a certain degree of
neurclogic function is present in the fetal
nervous system, The presence of chest wall
motion implies that the fetus may be able o
breathe when born {17}, Indeed, fetal motion
somelimes s so vigorous that one may have
great difficulty in obtaming true and accurate



FIGURE 3-%0 (e}

FIGURE 3-8 (f)

FIGLURE 3,50 )

Supine longriudmal scan. Gray scale. The fetal butrocks are
andervar and in the @ipsnior pan of the ulems,
Ultrmsonograpdiic searcihing could noi deémansinsic o penic
nar o senotum, Femade infant defiversd,

FIGURE 3,50

Supime obdigue scan, Gray scale. The fetal perss sppeius &0
limear echa ¢xtending froam the feral perineunt., O gither sade
are mobed shorter e rounder ecbaope o sirc o
representing the fetiad sorofum with its testiches, Courtesy of
1.1, Flanigan, Sama Birbam, Califomss,

FIGURE 3581

Supine longindimnd scan. Gy scoke, The fetal penis
exiemlmg from the fecal penneum. Note both fecal knees:

fetal measurements, such as thorx size-and
biparietal diameter (Fig. 3.52). Movement may
be so rapid that two fetal heads miy be observed
iF the scanming speed 15 slow enough to record a
single fetal head in two different positions, Real-
time scanning affords the best imaging of vanious
fetal movements.

FETAL GROWTH

For determination of fetal growth, ultrasonic
cephalometry is one of the most valuable tools
when combined with clinical correlation, AL the
beginnng of gestation, fetal growth can be
followed by measuring the size of the gestational
w0, Asgrowth progresses, the fetal heart may
be detected by the réal-time scanner. As tme
passes, the BPD can be monilored sequentially.
The average increase in the BP is
approsimately | o2 mm per week, Sudden
changes in the growth rate of the fetal head
suggest certam pathologic conditions! eg, a
sudden decrease in fetal head size may indicate
either placental insufficiency or fetal death, In
cases of twin gestation, the BPD of both fetuses
should be followed. On oocasion during
examination, the demification as 1o which twin
it which may be difficull, In abnormal
pregnancy, such as 5 associabed with
anencephaly or hydrocephalus, the BPD
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FIGLIRE 3 5kin)

Supane longiidinal sean. Gray scale. The fetal lonver limbs
are seen N cross secbin, Feoal extremities are seen ps
discieie echipenic arcas, Sonic shadow is present.

FIGURE 35101
Supint tnugverse scan. Gray scole. Antenos placenta. Fetal
exiremuies are noled
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FIGLRE 3 3§¢)

Sapine randverse wan. Giray scale. The Feral thosas (s
ientified in an obligue plang, The fedal elbow, forearm, and
11.u:|1d wih distanct cchines Trom e dig-h:q. &re clearly
displayed,

Fetal elbow



FIGURE %1 td)

FIGURE 351 te

FHGURE 3-%1 46)

measurensent and follow-up s extremely helpful
for final terminiation of the pregnancy.

PRESENTATION AND POSITION

Ultrasonography is an excellent method for
evaluation of presentation and position,
Ltrasonography is especially valuable when
there is difficulty in palpation, Obesity, mus¢ular
resistance of the sbdominal wall, or n very thick
anterior plagenta are among the commonest
pbstacles o palpabon of the ferus, With
ultrasomie stidy, the museles of the antenor
abdomimal wall and their fascinl altachments can
be seen indetail, If the patient is heavy and
obese, Searpa’s fascia s occasionally outlined
(18,

FILGLREE 3.5y
Sispime transverse scnn, Ciroy scake. The fecal elbow,
fopearm. anid hamd are clearly displayed

FIGLRE 5.5M4el

Supme tmnsverse scan, Gray scle, Antenor phicenia witha
prommment umbilical cord is sismalized, The fetal hand with
ihistimel digiin 15 imaged ‘clensy wilh highstesolubim gray
widle.

FIGURE L5000
Supani rznsverse scam. Gray scake. Clearly dnphoved felal
i .

FIGURE 3,52

Supme longitudinal scan, Gray scale, Venex preseniainn
There &= a disubde ounhine doe b the Tetod skl Alsa pobed 152
sl ovistdivee Eovthee distal bloddder wall. Real-time sconnee
revesled vigosois [e1al movement apairat ke Bladder.
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FIGLRE 3.53

Sumne scan, Demonstraton of msdline echoos emanatmg
froam such structures. a5 fifx cereler, thind veatricle, and
kiersd veninclke:

FIGLIRE 354

Supine longinedinal scan. Gray scale. In the cephalic
presenmbon the el hend can be localized m the bower pan
ol the uterus,
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The fetal head is ransonic and can be easily
identified a5 a round structure on one side af the
wars or the other.

Since the majority of fetuses are in the cephalic
presentation, the discernment of another
orientation is extremely important in obstetric
muanagement, Information regarding
presentation and position can be obtained in the
longiudinal section, The fetal attitude s easily
determined by localizing fetal pasts in both
longitudinal and honzontal ultrasonic studies.

The longitudinal scan is taken for dentification
of the fetus and its e, Then horizontal sections
are performed at selected levels for venfication
of presumptive diagnostic findings. Taking the
total fetus into consideration, stronger echoes
will be retumed from the skull than from any
other fetal part (18), The reflecting bony calvar-
ium, including the echoes of the inner and outer
tubles, makes the localization easier. However,
demonstration of the midline structures, such as
the falx cerebri or the lateral ventricles, is abso-
lutely dingnostic (Fig. 3.53), Difficulties arise
when the head is engaged and penelration
through the pubic bone is not possible.

The fetd trunk can first be identified by the
detection of the fetal spine and fetal heart with
the répd-time scanner, For further evaluation,
different sections at different levels, including
oblique projections, are AeCessary.,
Subsequently, the fetal hean and kidneys can be
displaved by bstable or grav-scale unis.
Difficulties anise in distinguishing the fetal heart
from the fetal bladder when the mterventricular
seplum cannot be dentified. By shicing at
vanous levels, the position of the bladder with
respiect to the rest of the trunk can be
ascertained. Cardiac contractility can be
evaluated and the pulsations of the fetal heart
{12010 140 beats per minutel can be captured by
Memode. Grossly, [etal beart motion can be
momtored by the real-time scanner, whereas the
bladder echo has no motion. Identification of
fetal anatomy has been deseribed in detail.



FIGLIRE 3,35

Supane longmudingl scan, Gray seale. In b breoch
prescntation the fetal hemd can be locialized in the upper pan
of the wtenus,

FIGURE 3,56
Susplne scan, Gray scale, Inibe mnsverse lie the fetad heail
amd ik ame Jocided Bnthe imasvere position

CEPHALIC PRESENTATION

The ferad head can be locabized in the lower part
of the uterus (Fig. 3,545, Detection of the head
and s disply echo does not present any
difficulty. The only problem, as previously
described. arises when the head is engaged and
thus difficult w imuge.

The shape of the returned echo is extremely
important for assessing fetil head position.
When the head is well flexed, the plane of
section goes through both the perietal and
suboceipitobregmatic diameters. Consequently.
the displaved echo appears perfecily cirgular in
shape. With further extension of the head, other
diameters can be iemified and the head loses s
circular shape.

BREECH PRESENTATION

In breech presentation, the head can be localized
in the upper part of the uterus (Fig. 3.55). In
contrast to the cephalic presentation, detection
of the head and its display echoes may present
some difficulties, especially when there is
excessive movement of the fetus, The problzm
arises in distinguishing the fetal head from the
fetal trunk; but the best lindmarks for
differentiation of these two structures are the
fetal spine and fetal hean, Longitudinal sections
are of preat valoe for detection of the breech
HE4R

TRANSVERSE LIE

In transverse b, the head and triink are psusadly
located a1 the same level and fetal parts (e,
hands, Feel) are genenilly located above or below
the trunk (Fig. 3.56). The mam difficulty in
detecting transverse he is that its appearance
must be differentiated from that of twms, The
only way to achieve absolute certainty is to
obtain multiple sections at different times. The
cause of the malpresentation must be further
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FIGLRE 357

it
i

Gestational sac

IFIGURE 358 (ap

FIGURE %50 (B
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FIGLRE .57

Supine longnodinal scan, Gray soule, The usenzs 15 enlurped
with extrinsic pressuneayver the posierior border of 1the
bladder, Mole echogenicicy of the Gbrodd menas,

FIGLRE 3.8%(a)

Supine losgitudinal wsen, Beal-nme scammer. The ubenis s
enbanges). The gestational sae ts Bamened inothe
anterogasterior dinmeier by o fibrosd lumor of irregulas
mutline aid paschy echa pattem. Sponlanecus abirton
follionwed

FIGURE 158k

Supine lorgrnklinal scam, Gray scuke, The utenas is enlarged
InBarcted Hbrgid nodule with mbernal echoes B secn m the
uterine fundus, Clear, well-defined gestational sac s kocited
i lower porism ol the ulerus.

mvestigated (19, I the real-time scanmier is
available, the dimgnostus workup s made more
simple.

DIFFERENTIAL DIAGNOSIS

Any pelvic mass: of sullicient sife or any
enfarged uterus should be investigated for
possible pregnancy. The following conditions
require full investigation.

I, I g simple; uncomphcuied fibrod, the
utgrus demonsirates as an echo-free
space (20), but in pregnancy, fetal parts
have ther own echo palterms. On the
other hand, in myomatous degeneration
{20, the Abrodd usnally has some
intermal echoes (Fig. 3.57) Another
valuable - criterion is the fact that the
fibeoid is much hirmer than the pregnam
uberis, and, a5 a résull, this usually
produces an indentation on the
posterior surface of the bladder. Fibroid
ulerus may be accompanied by
pregnancy (Fig. 3.58a and b), Headlike
calcified fibrowd uterus (Fig. 3. 5% and b)
should nod e mistaken for the fetal
head and wiall be discussed in detai,

2. The distimciion of a bladder
diverticulum from a pregnant uterus is
easily made.

3, Becogmbion of @ nonpregnant slers m
an shpormal position relative to other



organs attomatically excludes

_o* pregnancy (229,
y M 4

Chearian cysts uspally are echo free
iFig, 3600 unbess the cvsts are

lescurlzted,
ﬁ; i, Carcinoma of the ovary does not biave 3
ay 8 specific echographic pattern and only
ﬁu the mass can be outlined 1233,
-- rw o - a
Headbke . Ectopic pregnancy may be sugpested by
caTeification confirmation of the pregnancy ring
- outside of the uterus. fetal parts scen
outside the uterus, or enlargement of the
FIGURE 3% (a) uterus wilh diffuse amorphous internal

echoes and no fetal pans, (Fizg, 3600 The
clinical correlation is of extreme help.

FIGLRE X 5%

supime wansvierse scm . Uray scale, Roundesd imcomplele sing
il echoes i noded withan p large Brrosl ulemis, Erstal 10 the
peraberior will of the calcific moss s an arniacinal
teverheribin echo similating the distal boupdary of the
fivpued . This maay he confissed with o ferpd Bemd . Kingshapiad
caleHfied fikonl

¢

i

Y =

.1....."

¥ FIGURE 3.9k

thp!m tramsverae seai, Feal-dame scanmdr Eemonstrmbes
caleificd fibrowl WMMIEIING H feenl hemild, Note (he some
shodowing disind ro the culcific mierfnce, Sonic shadowing =
penerally bebler appaccmated willh the real-time scanncr e (o
s Biver Penm path

| &
Li -
" o,
Headlike V=

cilloificatipn

FHILUEE 3 a1

Supene Pransvierse seamn, Diray scake, Charuan cyst mihe right
sl v aeen, Civoreen < v ane wvslly echosdree indess the
cval b ocnlmed

FIGLIRE 359 ik FIGURE 3.4
Juipane tmmsverse sean, Gray scale. Boinded adne cal moss
wilh scaftened imemal clbods ropresends cobopiad pesd i ionil
o111
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FIGLIRE 3,62

Supine longindin] sean. Gray seale. The iteres. s diffusely
wiilasged amd indemis the bladder. Througeh trarsmission is
high. Fime echies fill the wterine cavity. Hyadaidiform mide

FIGURE 3.650a)

Supine lengitudinal san, B-mede, Two fea! beidsure anted
nt opposite emds ol the uterus i the venex wnd breceh
presenluions, This s the sl sppeamnce of bwen gestation
A postennw placenta is noded,

CHAFTER & ULTRARMINOGRAFPHY IN ORSTETRICH
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7. Hydatidiform mole usually produces
symmetric uterine enlargement ind has
a specific echo patiém which is
descnbed in detail (Fig. 3.62),

MULTIPLE PREGNANCY

The early state of multiple gestation may be
recognized before fetal structure is observed.
There is more than one postationalsac and as the
pregnancy progresses more than one fetal head,
thorax, and placenta may be demonsirated {Fig,
3.83a.b, and €). Separate pestational-sacs may be
identified at as early as 6 weeks' gestation (Fig,
3.63d), The problem of the round feral body
simulating & second head is easily resolved with
demonstration of the beanng el heart with the
real-tume séanner.

SPURIOUS PREGNANCY OR
PSEUDOCYESIS

Preudocyesis usually occurs near mendpause or
in women with an intense desire for a-child.
Thesé pateents may have increased abdodminal
size with usually normal menstruation. Morming
sickness may exist. Ulirasonography is one of
the best tests for these patients since i can
automatically exclude pregnancy. The patient
will usually be convinced of the actual situation,

THE PLACENTA

Determination of the plcental position in the
uterus with respect o the cervix his beena
mapyr achievement of vltrasound. The normal
placenta may be followed from s earliest phase
o the various physiologie degenermtive changes
that occur near term. Abnormalities of position
and internal structure may now be studied with
an accuracy never possible before the advent of
ultrasound. Precise plagental localizanon is
necessary for the evaluation of bleeding in
pregrancy or for theinsertion of 2 needle for
atraumatic amniocentests. Ultrasonographic



FIGURE L3k

Supine longimidimal seam, Groy sgale, Amiersor and posienor
placendis an: nited, Feanl hemls appear ot bogh podes ol the
wlemne castly, A Hinoir r:l.'l'u:u;c'nil.' sepbmm mrks the
separation of the twin pregrancy

FIHGURE 36Xc)

Supne obhgue wcan, CGray scale. Two roanded foial heads
are-adjacend o éach other. Opdimal documentaion of tvins s
provvidhed when hoth hemls are chown m 1he same plane;
whuee sweticma may be necesary. The reaklime scanner
will whow Twans easiby with sonoflicroseopy;

FHILIRE 38304}

Supine boegiiudinal scan, Grayscale. T gestulnm| sics
ey be wbentifed as carlly s f weeks gesiation. Nole twa
gestnbiormal s inshle the enlarged ulerim,

placental localization has completely replaced

the: procedure of radioisotopic scanning, which
was the prefermed method of localization before
the development of B-scan ultrasound (24-30),

MORMAL PLACENTA

The placenta s first seen of about 10 weeks'
postation and at this ime it may occupy between
one-hall and three-fourths of the utenne cavity,
The phicental tssue ab this time 5 moderately
echogenic. Soveral weeks later it assumics 1he
low-amplitude homogenconus echo pattern that
will charactenize this organ for the majority of
the pregrancy (Fig. 3.64a) (31),

Koutine study with B-mode or gry scale
demonstrates the placenta as a thick speckled
bamid of echoesin the echo-free background of
the ammiotic Aud {Fig: 384b and <), This
homogeneous band 5 surrounded by o thin
echogenic boundary Facing the intrautenne
cavity and represents the chononic plate of the
placenta (Fig. 3,653 and b). At low sensitivity the
plicenta is echo free, while at high gain settings
it completely fills in with echoes, The margins of
the placenta may be determined with great
accuracy and correlated with external physicad
landmarks.

Echoes inside the placenta arise from the
internal exture of the. placents, the chonome
villi, and are easily recorded with high
amplification (Fig. 3.66), Between the echoes i
the choriome villi, which are-a diffuse reflector
of ultrasound ., and the fetus s an echo-free sone
corresponding o the amniotic fuid.

If the positwon of the placenta s difficult to
dererming, the ransverse scan i very: helplful in
establishing the primary sieof this strecture.
This is particulardy important in amnioceniess
where, for msiance, an antenor placenta may
not entirely cover the amtenor wall, and the
ultrasonographer may be able 1o locahize an ares
for punciure of the utens through the anteror
abdominal wall under which no placental trssue
i present.
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FHELKE 54 (al

Y

FILURE Yl ihj

FIGLURE 3-64 4¢)

FIGURE 3 fdi{af

Suspivee kongriodsnal sgan. Gray seabe. Adver 1240 13 weeks of
pewlation i distingd placern can be Bentelied in the magoniy
of caxes. Fumalus postenioe ploventn of carly pregnamcy

FIGURE 3.64(h)

Sigpime longrcdinal scan. Fine placerial echioss are noled
antenorly which grossover the fetal body. The distal bosder
iof the pienta i baunded by the dirk echoss of the
chanome plade, Note echo-free aren of aminsotig Nl

FIGHRE 3.64c)

supine longitudinal sean. Anlenor placenia demonalmiing
hamagenaus low-amplitude echo pattern boisnded by high-
ampliisde cchoes of the chononic. plate

FIGURE 3.65%:)

supine longitudined sean. Gravoscake, The feeal heml is i the
werIgx presentatsin, The antenor plcents shiws the
cekdigene masgin of the thinome phite, Sonse sk i cast
by fedal poris in o norinal fetus.

FIGURE 5 &5k

Suppine longitudieed scan. Gray scale: The fetal bead is'in the
werlex presentativn, The echogenic margin of the chismosic
plate agbnst the anmioc flusd is well suilined

FEGLRE 363 (u)

FIGLURE 65 (b
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FIGLURE 144

FIGLURE 367

FIGLURE Lp5 1a)

A -

Poaterior
placenta

Ciray-seale imaging reveals new dimensions in
plicenta growth and pathology. Between 13 and
28 weeks, the imternal echoes of the placenta lie
within the chorionic plate and the merine wall
echoes are low amplitude in intensity (Fig. 3.67),
Since the placenta is s diffuse reflector,
compound scanning technigues generally
prodoce the besl imaging of this structure.
Difficulties anse in the diagnosis of the pasterior
placenta. The overlying fetus generally
attenuates much of the sound beam so that the
weak echoes of the postenior placenta may aot
b of sulficient intensity 1o register on the
oscilloscope (Fig, 3 68Ba and bh. This sonic

FIGURE 3.6

Supane longilind scan. Cray seale, Echoes imade the
plocentn arise from the intermal e xiure of The plagentn, the
choreooss villi, amd are eqaaly reconbed with Bgh
amplification. The plicentu & anterior, There is an
melentagion in the midpomson of the placenia due g pressure
by i letnl extromty

FIGURE 367

Supine kongrilinal scan. Gray scale. Between 173 ol 28
weghes, the intermal echoes of the plagent lie within the
chononic plate amd the coloes of e 2erine walls are ow
amplitsde in Eensily,

FIGLRE 3468}

Supine lomgitudinad scan. Cray senle: The posterios plocenta
i ocho free and poorly imaped . Postefior placcn i sl
alwisys be sispected when the fetal bady and hend e
irdersar and separaled Trom the postenor uderime wall by iy
significnm dspance.

FIGURE .68k

Supine fongrodmal scan, Gray senle. The averdying fetus
geperally attenuaies mach of the spind beam, s ihar the
wiesk echoes ol the posienior placenta may st be ofsaiTicicn
ilEnsTly 1o regrider on The gagilliseape.
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FIGLUTRE %40 ()
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FIGURE Bathi)

CHAPTER % ULTRASONGGHRAFHY IN ORSTETRICS
12

FIGURE 3.46%u)

Suping longuslinn] scan. Gray scole. The feinl head & m the
verex prosentntin:. The antenor placenti shows the
intgrmupled echogines maign of the chonona: plate. Soni
shabiw b cast by fetal pasis moa normual fens.

FIGURE 3.68k

Supine ranisverse scan, Gray scalkk, The placenin may
ealirge markedly in the presence of edema, This 15 seen m
eryihroblasioss fetalis. Postenor placesia,

FIGURE 3,70

Siapene longiodinal scan. Ciray scale, The uteris 14 markedly
distended with a large cebo-lree arca dise 1o polybydramnios,
Winte the thin rim of placemal tissue from saped urenine

EN N30,

shadowing effect is common-and i1s very
presepee 15 one of the degnostic cntena of &
posterior placenta. The majority of anterior
placentis tend to be on the right side of the
uterus, while the placentas located posteriorly
are frequently left sided. Thes relationship may
be of value to the ultrasonoegrapher trying o
adjust the scanning technigue to confirm the
location of a posterior placenta. One means af
filling the posterior placenta with echoes is o
compound scan from the rght and left litéral
walls 10 the abdomen, using the diffuse reflecting
charnctenstics to produce the typical low-level
echoes of the placental tissue.

The placental form s subject 1o local preéssure
changes (Fig. 3.6%). It may enlarge markedly in
the presence of edema. This is seen in
ervthroblistoss fetahis (Fig. 3690, The placenta
may be thinned and depressed when adjacent o
somte fetal structore orin the distended uterus of
podvhydramnios {Fig. 3,700 (32},

After 28 weeks, small anechois spaces appear
within the homogeneous echo paltern and
enlarge as pestation progresses (Fig. 3,710
These represent blood-filled: spaces.. As Term
approaches, further changes in the homogeneous
echo pattern are noted, By 36 weeks, the
anechoic areas become separated by echogenic
interciyvledonary septa due to calcification of
these sepia, Also, poorly margined echogenic
areas may show up in the placenta and are
irmegular, amorphous placental calcifications
most likely die o old infarcts (Fig.
AT be e, and T



FIGLRE 1.7

Supane longitudinad soum, Gray scale, Arei of degenemitive
changes wathin the placents may appenr a5 ccho-poor regions
with a random distnbution,

TYPES OF PLACENTA

The anterior placenta is located along the
antenior wall of the uterus. The fundal placenta
lies in the wenne fundus,

A corporeal placents is adjacent 1o the body of
the uterus. Thus, an antenor fundodorporeal
placenta gxtends the entire length of the uterus
in A anterior position. Posténor placentas are
apainst the postenor ulenne wall and the abiwve
classification applies m a similar munner. Lateral
placentas occur on eitheér the nght or lefr lateral
wall, This type:1s unusual and may extend
anteriorly or posteriorly. The tendency for
postenor placentas to be left sided and anteror
placentas to-be found on the nght side may be
dug to the rotation of the utems as it grows out of
the pelvic cavity {33).

The postenor placenta presents unmigue problams
since i s often shielded from the incident
ultrasound beam by the fetal pans; and the
speckled echoes of the chononic villi and the
contimuous band of the chorionic plate may not
be well visualized. We may be able to appreciate
part of the placentia or observe a separation
betwean the feus and the posterior wall of the
uberus that s made from Galure o localize any
placemal structure inside the uterus | Fig.
24IBY

FLACENTA PREVIA

The diagnosis of placenta previais made when
placental Dssue overhes the intemal cervical os
(Fig, 3.73abede Mgh,oand 1), A full bidder is
mist important o provide o sonic window o
detect low-intensity placental echoes in the
regeom of the migrmal os, This is especially frue in
the casé of posterior plwcenta previa where the
filled bladder may displace the overlying fetal
structures away from the cervical canad, thus
permitiing better imaging. Eardy detection of
placenta previa is vitally important for patient
Care.

The normal placenta will separate the fetal skull
in the vertex presentation from the maternal
sacrum by a distance of less than 1.6 ¢m.
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FIGLURE 3-72 tal FIGURE 372 idi

FIGLRE 3-72 (&) FIGURE 272 (e

FILLRE 312 ich FIGURE 272 i

FPlacenta r
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FIGURE 3.72(a)

Supane kongiadinad scum, Oy scale Scan through taterl
placenis \'I'unw'm; ireguelanty of the normally homogeneoms
placeniad fissue with echios-poor ond Arongy cchogeme

regions, Echo-poor dreas represent degoneritive chinges.
Echopenic #ones e dilfuse caleifications of ihe placena.
Bowenal feaws delivenad.

FIGURE 3.73b)

Supine loogiudmal scan, Gray scde. Scan over this posteros
placenta shows multiple echogense mierfpoes wilh sonic
shadiamng, mdicative of beavy ameas of cakeificiation in
regeoils of previcis plocestal depenemiive changos:

FIGURE 3.72ic)

Supine Jomgitudinad scon, Gray scale, The anlenos placentas
b um irregubir echo pasicrn with scatiered high-arplsisde
regions. Flatental degenerition chanpges a1 37 weeks”
pestatan

FIGLIKE 3.7200)

Suipine ransverse wan. Gray scale. Same case = in Fig
3R, Anterior plecenta has an imegular echo patiem with

scattened high-amplaude regions. Flacental degenerative
changes w37 weeks’ gestation

FIGLRE 3.7e)

Supine irnsverse scan. Gray scale. The antenor plcents
i ltipde aees o highe omd lwsimpliode echises whech
m[ilﬂcm cilerficatisns ard infirctions,

FIGLIRE LThN

Supine longiudinad scan. Gray scale. Same case 25 m Fig

3, The. Antenaw placenti with mulbipde seeas of highe and Jow.
ampiiade echoes which represent imfirctons nd

watlei it

Therefore, any separition less than this makes a
placenta previa unhkely (343, This measurement
may onty be applied when the fetal head lies in
the pelvis. To achieve this position, the mother
may stand for a time or gentle manual
manguvers may be tried if the fetus is in another
puosition, To differentiate a floating hewd from a
placenta previa producing separation of the fetal
skull from the secrum, manual compression of
the head i in anteropostenor plane will push
the freely Roatimg head agaonst the sacrum. If the
placenta is between the skull and sacrum, no
decrease i distance will be noted. If the
amntie fuid 5 between the fetal head and the
bony pelvis, there will be o notable narrowing of
the distance on the precompression and the
pOsLCOMpression scans,

In the transverse lie or breech presentation,
defection of placenta previais difficult. Placenta
previa may be margmal. partial, or tolal, whach
completely covers the cervical os. To be certain,
the fornix shouold be identificd. If the longitudinal
section is performed off midling, lateral plecenta
may e placenta previa, [0 thusessental
that the fornix and the midline be identified for
detection of placenta previa. If the lower border
of the placenta extends to the internal cervical os
the placenta previa1s of the marginal 1ype. The
placental tissue covers the entire cervical os and
i of great thidkness at thes site in total placenta
previa, Dafficulty often anses in the diagnosis of
placenta previa whin the placenta is pdstenor
amd the fetws 15 in the veriex presentation. Inthss
case, the fetal head produces sonic shadowing of
the placents and placenial echoes are not
visualized. Our experience with the real-time
scanner has shown that under sonofluoroscopy,
the Fetal head may be pushed into o more
cephalic position, and the postenor placentathat
had been previously covered by the fetus now
returns many echoes and can be precisely
localized. This maneuver may be:performed
manually or in the Trendelenburg position,
Dccasionally, nidation may be the predisposing
factor in placenta previa formation. Bouting
ultrasondgraphy during early. prégnancy s
recommended 1o bocate the position of the
pregnancy ning to prepare for possible placental
abnormalities {33),

A large senies of placenta previas werne followed
from midirimester at 2- (o 3-week intervals,
Serial study showed a significant increase in the
distance between the lower segment of the
placenta and the cervix as comprred with that
found upon initial examination, As theend of
pregnancy approached, the dingnosis of placenta
previn was less justifinbbe. Of-a total of 112
patients in the second timester with ostensible
placenta previa, 102 placental migritions
occurred sufficiently to rule out the dingnosis of
placenta previa at term (36), Our expenience has
shown thil there is Tittle placental migration after
32 weeks' gestation. Thus, after 32 weeks’
gestation, the diagnosis of placenta previa may
be firmly offered.
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FIGURE +7%ial FIGLRE 373y

FIGURE 371 by FIGURE 3-73 (g)

FIGURE 373 i¢] FIGURE 273 (i
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FIHGLURE 3-73.0g)

FIGURE 373 (h

FIGURE XT3 0

FIGURE 3.7 Ma)

Supine longinindinad scan. Gray scale. Magmified view ol total
placenin previn with mediuvm-priplitisle ocbpes covering the
imiconial os of the wenes. The chossome place i< defficuln 1o
image i this tvpe of placenl posiben

FIGURE 3. 73

Supane longiusclinal sdan. Lray scale, The placenta oocupics
oie-hall al the utens on the petenor wall. There & antenor
exiensen of the placema over the igernal cervical os
producing placenta previs, Feial straciures ane noted within
the smmiotic Muid cavity

FIGURE 3. T3ic)

Saipene longaudina scan. Gy scale. The poalenor fundal-
corporeal-athmic: pladenta extends camgpletely over the
mneemal corvical os. Note sonss shacdowing of the plucenia by
the fetal spiee,

FIGURE 3.7%d)

Supee loagiudinal scan, Oray scile. Exdy derdction of
placenin previe. Sixteen weeks' pesiation shiwing plagenial
echivgs compkeely SivEnng ihe inbernal cervical os

FIGLIE 3. 750

Supene longitudinal scam, Heal-time scanner. The echo-free
Bladder i Nally dstended. The echoes of the placenta extencd
from anlesior -l postector dirortons amd compleiely cover
b bl cfrvicad o The echo-frée amnionss fusd
separalés the anterwr and posteron keaves of the placenta
eV,

FIGLRE 3. 7308

Supine longiadingl wean. Gray scale. The speckled antenios
placenial echoes extend over the intemal cemvical o inthis
placents provin

FIGURE 5.7 ¥g)

Supime rEnsverse scan. Scan s mken over (ke engaged fetal
heessd. Thee distnsce belween the scrnl will echoes el the
fetnd head = 5 ¢m. The normal disiance-is less than 16 cm.
The plwcents m posteror and separaies the béad from the
sacnim by o diktance greater than pormal in placeesia previa
I'his dismnce did nol change after pressune was appied

FIGLRE 1.73{hi

Rapine longetedennl scan, Maddie pregnancy with plicentz
previn, Mole cephalic presentution of fetnl hend, Seal scam
may show migration.of placenta mpward (0 & normal position

FEGLRE 3.730)

Supine transverse soan. B-mode, The Focal medlime and laieral
venlrcular walls are demanstrit e within the fetal heod, The
calvarium i separaied from 1be saonim by adistance greate
thep 4 omadue i the presence of o posiensr placenta
Provin
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FIGURE 3,74

Suping longitudinal scon, Gray scale, The placenio is
sepuraled from the uterine wall by an echodee space
representing retroploncentz| hemufema. This mid-Inmester
bleeding gatient had abruplio placentae.

CHAPTER 3 ULTRASINOGRAFHY IN OBSTETRICS
118

ABRUFTIO PLACENTAE

Premature separation of the placenta from the
uterus resulting in hemorrhage i the gross
pathologic change in abruptio plcentae (Fig.
3.74). The blood hemorrhaging between the
placenta and the maternal uterus generally
appears w5 an echo-free rone witha crescentic
shape conforming to the anatomic location of the
blood, There may be an associated outward
bulge of the placental contour into the amnoic
cavity. Signs of fetal distréss or fetal demise
should be searched for by the ultrasonographer.

Some difficulties may anse in determination of
abruptio placentae; however, o combinatsn of
ultrasomographic informaton with climeal
findings greatly facilitates diagnosis, To rule out
abruptio placentae, ultrsonographic study
reveals the following.

I Exélosion of placenia prévia by prior
ulirazsonographic. study

.- Presence of mumerous echoes making
the placental image thicker, due to
placental separation in-abruptio
plicentae

3, Detection andlor exclusion of
retroperitoneal hematoma

&

4. Falsely appeanng abruptio placentac
caused by tangential study of normal
plitcenta; this is clanfied by further
sectioning.

PLACEMTAL STZE

The placenta miay increase in size in varous
physiologic and pathologic stites, The placenta
enlarges with multiple gestations deriving their
Mood supply from one placental site, and in
diabetes, syphilis, and Bh disorders, The volume
of the placenta decreases in the presence of fetal
demise or organizing infarct, One report stated
that the developnyent of echo-poor spaces within
the near-term placenta 15 an indication of fetal
maturity {37).



FETAL EVALUATION

DOPPLER EXAMINATION IM
PREGNANCY

The Doppler principle of change in frequency
with motion of a reflector of an ultmsonic signal
has proven to be great use in obstetric
management. Doppler studies recond signals
when motion is present and record no signals
when the reflecting surfade s molionless,
Doppler ultrasound imvolves a type of mobion
sensor a8 contrasted with the imaging sensor of
‘B-scan ultrasound. It his been used fodetect
early fetal heart motion, locate the placenta,
wdentify vaginal or pelvic areres, and study the
fetal heart rate in-late pregnancy stress tesks and
lahor (3%).

The siethoscope has been used for the
evaluation of fetal heart rule patterns for many
veurs, [1 has been found that ths tvpe of
abscultation can only detect peodonged and
severe achycardia and bradycardia 1349,
Doppler ultrasound permits continuous fetal
heart rite monitoring between uterine
contracions as well as dunng contractions:
Doppler techrigue may be audible or recorded
o d strip-chart device (400, Doppler ultrasound
is more sensitive than is phonocardiography
‘since there is less interference with extranedus
noise.

Abnormad fetal heant rate pattéms have been
classified into three main categories: (1) early
deceleration due to fetal head compression: (2)
lute deceleration charactenzing uleroplicental
insufficency ; and (3) variable decelerstion
pecirmng from umbihical cord compression. The
continual use of fetal héar rate monitoring has
been found o improve pennatal outcome (41),

The observation of the fetal hean rte response
to the stress of utenine contractions has been pf
use in predicting fetal jeopardy. The oxviocin
challenge test (42 using extemal fetal heart mie
monitonng o show the effect of contrrctions on
the fetus has also been of value,

AMMNIOUENTESIS

Manv antenatal diagnostic stedies rely on the
analyses of amnmiotic Auid components, Chiomo-
some analysis is used in the study of Down's
syndrome in patients with increased maternal
ape or a previous child with o tmsomy 21 or other
tnsomy disorder. Also, translocations of the 21
chromosome and X-linked disorders such as he-
mophilia may be evaluated in this manner, Am-
miotic fiuid is used for enzyme assay in fetuses
with suspected mhented hiochemical disorders.
Chromosomal linkage analysis is of value in cér-
tn aubgsomal dominant abnormalities. The m-
trauterine diagnosis of spina bifida or anence-
phalic states may be aided by the level of a-
fetoprotein in the amniotic fluid.

Most sampling of amniotic fluid is performed at
16 weeks' gestation, since at this ime there is
adequate amnictic Auid volume and the
cellulanity of the Awid is increased. This early
wpping allows the performance of a second
trimester abortion after the biochemical and
cytogenetic tests are completed after 2 10 6
weeks. Cells in the amniotic fluid settle rapidly.
It 15 wdvisable for placental localization to be
performed by scanning and then for the patient
o b ambalatory until shonly before puncture,
Although amniocentesis entals more risk when
twins are present, continel visual monitonng
with the real-time scanner will sllow for proper
guidance of the needle,

In placental localization prior to amniocenésis,
1t is important to place the needle through the
uterus inan area devoid of placental nssue or
through the thinnest portion of an anlerior
placenta as far away from the umbilical anery
and vein as possible ( Fig, 3.75). Falure to do this
may result in & bloody tap which can
contaminate the specimen and render it useless
for analysis. The needle may transect the
umbilical vessels resulting in fetal demise.
Significant retroplacental bleeding may éndanger
the mother,

The procedure may bé performed with the real-
time scanner oF with the piuncture transducer.
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FIGLRE 3-7%

FIGLIRE 3-T6

FEGURE %77
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The placenta is scanned and the transducer is
placed over the largest area of amniotic fluid.
Since n smooth metallic needle will only be
imaged when the beam 15 perpendicular to the
axiz of the neédle, o specilly grooved neadle
with a teflon sheath is used. It 15 inserted
obliquely through the anesthetized skin o lie
within the ammiotic fluid under the transducer
beam. Since the needle is small, i it is not
initially detected, the tminsducer should be
angled through o gentle arc to pick up the needle
echoes. Sometimes the needle will appear within
the amniotic cavity and no fwid will return, 1t is
most ikely that the membranes have been
displaced by the needle and a brisk push on the
needle may puncture the membranes, This s of
no danger since the real-time scanner monitors
the position of both the needle and the fetus.
(433,

FIGLURE 57%

Supine longifuching scan, Cray sale. The o amplimde
ochiszs of the placenta are contained within the echogenic
boondapy of the chinoni: plage. Felsl parts are nodeil,

FIGLURE 1,74

suping transverse scan, Gy seake., The dutline of the fetd
skull b irregular with overkipping of the srong craniml
echoed. Felal demise,

FIGLURE 3,77

Supine longlusdingl scon. Dowble-ring conbour 1o the feral
head is deie o fetal motion dunng the wanmng procedure
This probilem does not oocur with neal-time scanfiing.

FIGURE .78

Supine ramsverse scan. Cray seabe. hection throagh disal
part ol evanium, Mole massive cdemaof scalp surmounding
the oval enstfine of the fetzl sknll. High through i T A
noded distall pe clemalous 1asies of the pencranium.
Erythroblasiosis fooalis:




Amniocentesis may also be performed with the
punciure transducer with o central bore. The
direction of the probe and the needle site are
marked by the electronic line on the oscilloscope
which may be superimposed upon the B-scan.
This visibly depicts the path of intended punc-
turg, The distal echoes represent the felus or
fetal parts and this distance may be monitored
with gither the A-mode or M-mode displays, The
area selected is prepared and draped. A ster-
lized aspiration transdecer with @ central lumen
is then attached to the ultrasonic unit. The exact
depth of the amniotic fluid within the uterus is
determined from the sonogram study, by using
either digital read-out or A-mode monitoring.
The needle is advanced through the central he-
men of the aspication transducer into the am-
niotiz fluid. The procedure can be continuously
monitored and the echo from the bp of the
needle will be registered in the same fashion as
echoes from needles directed ultrasonographi-
cally into the uterine cavity for saline ahortions.
Ultrasonography has also been utilized in the
placement of éndoscopes when direct visual
monitoring of the fetus and placenta 15 needed.
The exact depth of the tip of the endoscopis
needle can be evaluated easily (43), '

In oiir experience amniscentess using ulirasome
guidance is not necessary il a posterior placenta
has been documented. Sonofluoroscopy s
mdicated during amniogentesis when the
placenta is in the anlerior position.

ANOMALIES OF PREGNANCY
FETAL DEATH

The ultrasonic determination of fetal demise
depends upon the durption of the pregnancy, In
carly gestation the death of the fetus may be
represented by fragmentation of the gestational
sac, which may appearas g circular or tiangular
echo-free zone interrupted by scattered strong
echoes within the uterus, The uterus is generally
small for the expected detes, Later in pregnancy,
Doppler ultrasound and M-mode recording may
be used to evaluate fetal viability, After 8 wieeks’

gestation, fetal motion may be detected by
Doppler technigues, M-mode, or the real-time
scanner, These methods are the oaly means o
check the fetus during the **gray zone™ of
ulirasonic diagnosis occurrng between the tenth
and thirteenth week of gestation, when there is
mdclearly defined pestational sac or feral head.
The absence of fetal motion or fetal heart beat
signifies fetal death. Doppler ultrasound may
accurately record feral heart motion at |2 weeks”
gestation; in addition, the real-time scanner and
M-mode can detect fetal activity at about B
weeks' pestation. After 13 weeks' gestibon, the
characteristic deformities of the nonviable fetus
are imaged with the grayv-scale scanner,
Following a given penod of ime. certam
echographic changes are noted on the sonogram.
A double nnghke contour W the normal single
rng appearance of the fetal skull appears (Fig.
3.76), This ultrasonic appearance is equivalent 1o
the radiographic “halo™ sign, which is noted in a
miatier of days subsequent o fetal death as o
radiolucency adjacent to the fetal skull, most
likely representing edema of the fetal scalp or
lavering out of fat within the scalp tissue planes,
This sign is nonspecific and may be seen in
fetuses of diabetic mothers (435 in normal
fetuses, either with or without fetal movement
during contact B-scanning (Fig. 3,770 in
erythroblastosis fetalis (Fig. 3.78); or when the
fetal head deeply indents the bladder wall and
may produce a double interfice echo pattern that
simulates a double skull contour at the point of
contact of the fetal head with the bladder. This
paeudo-double nng shape s localized and does
not appear o completely encircle the fietal hesd
(Fig. 3,79,

The chest wall becomes: irregular m a spmiakar
manner fo the fetal skull after a longer period
subscquent to fetal demise. Ths s then followed
by the appearance of a disorganized echo pattern
within the fetal head and thoracic cavity (Fig.
380 Bubsequenty., it is noted that the outlines
of the head and thorax become grossly distorted
and that evidence of fetal growth onfollow-up
sonograms has ceased. Air within the fetus due
to internal decomposition may produce a sonic
shadow (Fig. 3.81). Often it is necessary Lo wail
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FIGURE =79

FIGURE. 3530

FIGLRE X-81
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FIGURE xT%

Supine mmsverse scun, Gy scale. The feal beml deeply
indends the blulder. This producesa preudo-=double skull
combouar which shisuld not be mistnken for fetal demise. Nate
1he sengle lnver of the Fetal hend posienosty.

FIGURE &0

Supune fransverse scan l:ir.jg.' scale. 3cun through the fegal
busly shows mis recognizable annlome sbructures. Imemal
discrganizfion & due b feial demise of several days lengih,

FIGURE 3.21

Supine konginadinal sean. Gray scale, The distal besdor of the
fictal baby is et imegerd duc o sionic shadowing, Large
amsuEnts of gas were presend inrashdominadly due bo tissoe
decompostion resalting from fend death:

2 1o 6 davs to document these changes,
approximately 5 10 7 davs after the fetal desth
diagnosis can be established. Immediate and
definitive proof is obtamed when there 15 no fetal
heart motion discermable with the real-time
scanner. The optimal determination will be
ehtained by nsage of the real-time scanner and
Doppler technigue, Alternatively, gray scale will
image the cardiag chambers and M-mode may be
vsed 1o record the presence or absence of
cardias contras iy,

BADIOLOGIC SIGNS OF FETAL DEATH

The following radiologic signs may be observed,

I. Spalding’s sign. There s gross
overlapping of skull bones, due 10
hguefaction of the brain. This usually
develops several davs after fetal death,

-

Exageerated curvature of the feral
spine, This situation needs more time (o
develop and depends on maceration of
spinous ligaments,

3, Gas in the ferus, This is the mos1
refiable sign.

ARORETIONN

AGNOSIS OF ARDRTION
Ultrazonographie findings are extremely useful

in the management of suspecied spontancous
abortion. Ultrasound can determine whether the



FIGLRE 38200

Supanc longaiudinal seom; Gy scade, The utends is of fibsoid
gy The pregnancy rimg hos an Eregular shape sith an area
ol intermippled echo pattern. Thas configieralon when caupled
with appeopriate climcil dat fegrese nis threstened abartion

FHGLIRE 3:3%4h)

Supane Jengitudinad scan. Cmay seale. Large malDseptsie
et Lesioan i thee cul de sac s noted. Pabent sdmiznad toeche
v pmtal with o duignosas of thieatened shonmion. Panent
umderweet surgery Pecuuse of endarged cvstic lesion. Al
operdion, & hemerrhapie inel cvst wis T,

Fetus or gestationa sie s within the uterus or has
already passed. and can also evaluate the stistus
of the products of conception. The decision o
perform surgery on the bleeding pregrant
patient, real kee with bed rest, or send the
patient home without a curettage is assisted by
the ultrasonic findings within the uterine cavity.
The actively bleeding patient with a uterus full of
echoes should have surgery performed; while
the patient with diminishing vaginal hemorrhage
and a utenng cavity without echoes may be
spared an unnecessary dilation and curetiage,
The carly application of ultrasonography in the
diagnosis of abortion will save both the patient
and the clinician much valuable time and
trowble.

THREATENED ARCETION

Im threatencd abortion the status of the
gestational sac of the bleeding paticnt must be
carcfilly evalunted. The pregnancy ring may be
circular and intact or it may be incomplete or
defective in some arcads {Fig. 3.82a) We hove
found that small gaps in the strecture of the siac
i the Meeding patient fodlow & normial course of
events. Similarly, an irregular sac may be
associated with a spontaneous abortion, We
supgest serial evaluation of the gestational sac as
the optimal method of following threatened
pbortion (Fig, 3.82b), A partially open pregnancy
ring may enlarge and close up to form a complete
and intact sac on subseguent scans, The absence
of growth of the wers is another importan
factor in the analysis of abormion. The nommal
pestabtional sa should enlarge within | week
while the aborting uterus may show a decrease in
size of the pregnancy ring. The ultmsonographic
disgnosis of aborton becomes extrémely
gomplex during the **gray zone’’ of pregnancy m
Ihto 13 weeks” gestation where the pregnancy
nng is no longer present. The ultrsonographer
should not confuse the imegularity of the
pestational s fusing intocthe wdls of the uterus
with the broken pregnaney ring of the aborting
pestational sac. The use of real-time scanning to
evaluate fetal motion and provide proof of fetal
vighility appears to be useful in experienced
fands. We have oheerved intrautenne echoes
with motion that have stll progressed o
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spontanecus abortion. The application of motion
techniques should be coupled with the clinical
data and information of the gray scale B-scams.

MISSED ABORTION

The ultrasonographic diagnosis of missed
abortion is based on the lack of definite evidence
of fetal life. The gestational sac, fetal parts, or
definite fetal movements are nid identifinble and
the uterus s enfarged with only scattered
amorphous echoes in s center, This ultrasonic
appearance is not specific since other conditions
may mimic & missed abortion (1). Hydatidiform
male, fibroid uterus, ovanan tumor, and the
“gray zone'" may be confused with a missed
aborion. Clinical data, laborstory tests, and the
use of serial sonograms for follow-up are the
optimal tools for determining missed abortion
(Fig. 3.83).

SUMMARY

Early bleeding in pregnancy gencrally occurs al
% 1o 11 weeks and s usually due to a blighted
ovum, The following criteria for the diagnosis of
abortion have been deseribed.

I. Loss of definition of the gestational sac

or feagmentation of the pregnancy ring
with a break in its contours

. Absénce of fetal echoes within the
gestational sac after 10 weeks' gestalion

1. A gestational sac that is small for the
expecied date

4. Failure of growth of the pregnancy rng
with seral cxsmnations

5. Low position of the gestational sac in
the wtenne cavilty with or without an
OpEn cervix

Real-time scanning combined with Doppler and
M-mode study yields optimum information in
early pregnancy while the patient is bleeding, No
sign of fetal movement after 10 weeks” gestation
implies that the pregnancy is in jeopardy (13).
The usuil outcome of a blighted ovum is &
spontaneous aborton. The application of these
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entera may obviate long hospital stays since the
various lypes of abortion may be suggested. An
sccuracy rate.of 97.5 percent was oblained in &
recent series (44,

As mentioned, threatened abortion may be
diagnosed when bleeding occurs with or without
definite evidence of fetal motion by M-mode or
real-time scanming. In missed abortion with
retained fetal tissue, scanning will wsually
demonstrate the following:

1. Uterus smadd for date

2. Fatlure of uterine growth on repeat
serial studies
3. Abnormral and amorphous utenne

contents or grossly distorted fetal
outhineg

4. Absence of fétl motion

Incomplete abartion is suspected when there 15
no evidence of normal fetal structure and 4 serigs
of echoes in line with the endometrial cavity is
noted.

Complete abortion has occurred when there is
only a straight line of echoes in the endometnul
cavity or a complete absence of internal utenme
echoes. Patients with-an ultrasonically “empty ™’
uterus may be sent home without routine
curettage (451

ECTOPIC PREGNANCY

Investigation of ¢ClOpic pregnancy requires
precise history taking and skillful scanning with
attention 1o the ultrasonic appearance of the fetal
parts and placenta; A thorough knowledge of the
progressive ulering changes and stages of the
developing fetus is necessary. The best sign of
conceplion is detection of the fetal head. Present
equipment allows differentiation of the fetal head
from other fetal parts only il the head diameter is
rreater than 2 om (Fig. 3.84). Climical problems
with ectopic pregoaney ustadly oecur before this



FIGURE 1.%%

Supine iransverse scan, Grayscale, Mudline echo-frec ores
wiithis the ulenys. The sharp distal ol dhould be misiaken
B puint of pesintional e, Ketaine biood ¢hoi from
spontingous aborikm

FIGLIKE .84

Supine rranaverse scun, Gray scake. The ubenis 15 normal in
sioe, Am echoslree mlnexnl oyst wis noted om sensl scans, Mo
hemeperitoncum was noled, Ectopic pregnancy sl sungery.

F ' 1

siapge of fetal development is reached. Since
investigation of the fetal head of less than 2 cm
diameter is not possible in ectopic pregnancy.,
other criteria are used.

The wterus i ectopc prégnancy 15 enlarged o a
moderate size. Mo definite mirpaterine echo
pattern of & pestatwnal sac or fetal head 15
demonstrable, IF there has been oo history of the
passage of fetal tissue products, the finding of an
empty uterus with a positive pregnancy test is
strongly suggestive of an eclopic pregnancy.

Virious extraulering signs ire noted in the
determination of ectopic gestation. The
identification of a gestational sac or fetal head
oufside the uterus is positive proof of ectopi
prepnancy s however, this finding 15 rarely
abserved. More often, a cystic, irmggular mass,
with or without mternal echoes in the adnexal
region or cul de sac 15 seen.

If the pregnancy sac ruptures. the resulting
hemopentoneum will prodisce acyvstic patlern in
the cul de sac which will usually change in shape
and position due 1o gravitational forces, The
chrontcally rupturéd ectopic pregrancy appears
a% acomplex mass, The utenis often cannot be
separately imaged from the conglomerate pelvic
Ess,

INTRAABDOMINAL PREGNANCY

In intrasbdominal pregnancy. there are iregular,
widespread echoes throughout the entire
abdomen, snd multiple sections must be mude 1o
obtam a recognizable ¢cho pattern. The
ultrasonographer must differentiate the ulerus
from the Fetal parts, since an énlarged uterus
contains numerous echoes and in longitudinal
scan may have the same ulirasonic appearance
as the fetal bodv, Extrauterine localization of the
fetal head and intraabdominal exirautenine
position of the placenta are important findings:
however, detection of the placenta and chorionie
plate is hindered by the interfacing echo patterns
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from bowel loops, adhesions, inadequate
amniotic fluid, and tangential placental slicing.

ABNORMAL FETUSES
HYDROCEFPHALLS

Ultrasound has become a reliable method for the
investigation of hydrocephalus. The biparietal
diameter is greater than 10.5 ¢m and there is a
relative disproportion between the size of the
fera trunk-and the enlarged head, The distended
ventricular system and associsted brain atrophy
allow better sonic penetration and increased
through transmission s noted. Early in
pregnancy, a:BPD much larger than the
expected size for date associated with a
relatively simaller-than-normal fetal thorax raises
a-strong suspicion of hydrocephalus. A dead
hydrocephalic fetus in utero may be surgically
decompressed allowing for vaginal delivery
rather than cesanan section. When the diagnosis
of hydrocephalus is made, a cannula may be
inserted info the fetal cranium under ultrasonic
guidance, Drainage of the dilated ventricles
permits senial decrense in cephalic size, Vaginal
delivery may then be accomplished:

ANENCEPHALY

In normal gestation, the fetal head is wspally
demonstrable by 12 to 14 weeks' gestation.
Anencephaly may be dingnosed after 15 weeks”
gestation when scanning fails to reveal a normal
fetal head despite use of multiple scanning
planes. When the abnormal skull i definable,
poor through transmission is noled due to the
lack of sonolucent bram fssue and a relative
overgrowth of the bony craniofacial structures

i Fig. 3.85). The fetal outline is generally easily
imaged due to the frequently associated
polyhydramnios. When polyhydramnios is
present the fetss and placenta are more sharply
identifinble, and in many situations the placenta
seems o be compressed by a massive amount of
fluid.
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DISTENSION OF FETAL ABDOMEN

Distension of the fetal abdomen may Be due 1o
intraabdominal tumor, hvdronephrosis, or as-
cites. Hydronephrosis is the most interesting
cause from an ultrasonographic viewpoint, since
as lime passes increased dilation is discernible.
'I'tllis i usually due to kw abstruction of the fetal
urinary fract.

ASSOCIATED ABNORMALITIES IN
PREGNANCY

Ultrasonography is important in detecting or
confirming abnormal conditions sccompanying
INFAULEFINS Pregnancy,

ASSESSMENT OF AMNIOTIC FLUID

POLYHYDRAMMNIOS

Polyhydrmnios exists when the fluid volume of
the amniotic cavity exceeds 2000 ml, This
condition is first chinically detectable when
roughly 3000 ml of fluid is present within the
utering cavity. Ultrasonographically. a large anca
of sopolucency inside the uterus 15 noted with
separation of the limbs from their usual position
closely adjacent o the fetal body. The freely
floating fetal pans sre due o the farge Muid
volume in which the fetus lies. The fetal outlhine
is sharply defineated due to the high through
transmission of the excess amniotic Auid (Fig.

3. B6a and b).

OLIGOH Y DEAMNIOS

Oligohydramnios occurs when the Auid volume
is below the normal range . Hyperfle xion of the
fetal head onto the tnink is ohserved along with
an associated decrense in size of the expected
echo-free zone of amniotic fluid surrounding the
fetus. This produces poor acoustic visualization
of the external fetal contours and impaired
imaging of the posterior uterine wall and
relroutering structures,

Either polyhydramnios or oligohydramnios. may
reflect fetal abnormality. Anencephaly is



FIGLIRE 384

FIGURE 385 (a)

FIGLRE 3-85 (b)

FIGLRE 3,28

Supine transverse sgam. Gy seale. Section through the feal
head skivws Lot defoensty of ibe usually miumded calvinal
eohoes. Paired echogenie oval amaciunes represent ihe
abmosmally entarged orbets; Throaph trnemissen & low dise
tax the hypertrophy of the focial bones thal ocoursin
anncephuly,

FIGURE 3.8k

Sopane longiudina| scan, Gray scale, The wienss s murkedly
distended with n lirge echo-free are due 10 pefyhydramnios,
Wode the thin rim of plocentnd tissee from rapd utenmpe
SRpansHm

FIGLIRE 3 Hiwl

Supime longisdinal scan. Gy seale. The freely loating pans
are duie g the: fonge laid volime in which fhe fetus ies, The
fetol outlinie & shamply delineaied doe tooibe excess ammlc
fhemll

generally seen with polvhvdrammios and renal
agenesis oecurs with oligohydramnios,

HY DATIDIFORM MOLE

Hyvdatidiform mole or molar pregnancy oocurs
when the fertilized ovum produces a rapidly
growing mass of grapelike structures instesd of a
normal fetus. This créates & tlerus larger than
expected for the calculated gestation.

When a patient at 10 to 14 weeks of gestation is
bleeding and has a larger uterus thin that ex-
pected for the date, & mole can easily be sus-
pected; bul confirmation needs further investiga-
Lom; Because i positive cases the uterine cavity
must be evacuated promptly. Before the advent
of ultrasonography, the diagnosis was based on
clinical data, an enlarged uterus bevond the nor-
mial size for the period of amenorches, absence
of fetal parts on X ray, and increased urinary
chorionic gonadotrophin, The first sign was the
pissage of vesicles from the vagina, possibly
accompanied by abortion, By the usage of ulira-
sonography, the diagnosis can easily be made.

The ulirazomc appearance of & molar pregnancy
shows no evidence of echoes from a fetus or
placenta, Typically, a-snowstorm coho pattern is
noted at high gain settings and is caused by the
numerous ssie intefaces oocurmng within the

CHAFTER 3 ULTRASONGGRAPHY ¥ OBSTETRICS
127



FIGURE 187 (a) FIGLIRE %87 (d)

FIGLFRE 3187 (k) FISURE 357 ig)

FIGURE 357 (]

FIGURE 357 if)
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FIGURE 3.87(a)

Supang fongitisding] scan. H-mode, Low-sensitivicy scan
aheras o few! sratered amorphous isternal echoes within the
uterus. Hydawdiform male with ' gain setning,

FIGLIKE 3.5T(h§

Supine lengitudinal scan, B-meode, Medium-scesinvan: scan
shud scattired amoephous imernal echocs within the
utgris, Hydntidiform mole with medium gun setting.

FIGLRE 3.87c)

Supine longdistinal scan. Bomode. Hightscrsivily ssm
o scattered amorphoas mtemal echoes within the
uterus. Hydsidiform mole with high gain seiing.

FIGLURE 3.87id)

Supme longudinal scan. Gray scabe. The utens i enlinged
wilh an irregalar echo pattern, High through irsnsmission s
nabed. Snowdonm appearance of hydaikdiform mole.

FIGLIEE .87}

Sapamne Imnsverse scan, Dy wabe, Same Goe as m Fag.

T HUE The uterus s completely lilled with echoes, Scauered
amechoie sphies s noted amd represent blood-filled regrns.
Hyvalstidiform madlke.

FIGLRE 3 &7

Supme transverse scan, Gray scale. The utens s compieichy
filled withechoes, Scutbensd anechiic spades and nified and
represent fBuid-filked regions, Hydmadiform male

FIGLURE % &85u)

Supine transyerse win. Gray scile. Theenlanged utems s
fillied wath i snowestaorm echo patiem, Bilwernd cyste lesions
with sepiaisons are choractermste of 1bhe liteal cyats
mspciaded wilth hydatidiform maole.

utenine cavity filled with the molar vesicular
mass. At fower gain settings, the echo pattern
from the internal echoes is noted at bow sensitiv-
iy (Fig. 3.87a,be.d.e, and £). The theca lutein
cysts frequently associaiéd with hyvdatidiform
meode are readily detecied ns mulidoculir or unil-
ocular echo-free masses (Fig. 388 and b,
These decresise m size following evacuation of
the mole. Echo-free intraptenne spaces are ob-
served and represent either large cvstic areias or
blood clots. Previously, when amniography was
a common method of diagnosing this condition,
usually puncture was made into a hematoma and
the climcal picture was extremely difficult 1o
interpret.

Early dragnosis 15 imperative due to this
condition's potential for malignant
transformation. The guestion of coexisting
pregnancy s best-answered by using gray scale
iFig- 3.8% or the real-time scanner 1o
demonstrate fetal motion. More labonously, an
attempl may be made 1w define charactenstic
fetal structures,

AL 1010 14 weeks” gestition, difficulties may be
encountered dunng scanming because nesther the
pestatonal sac nor the fetal head are detectable,
and the only clue 103 normal pregnancy may be

FIGURE 3 88k

Supire fransverse scam, Gray sike, The spowsiorm patiem
within the werus with moderte through fransmisson is
somelines noted n recurmenl molar pregnancy. The

i redsang sine ol the bilageral loheal cvses madicates
regurence of th discase.
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FHGURE 18%

Supmne (Tansverse sekn. Gray sale. There isa gestalional i
wilh o 1iweek-obd feius inside 10 the mght of the ealanped
ulerus, The left part of the mossively crdarged uems i full of
bvwpimplitade: snowstorm echoes chamacténstic of
hydatdiferm mode coexisfen] wilh pregnancy,

FIGURE 3.9 ;

Supine boogitidinal scan, ray scade, The @enes & ghobular
in shape with an E-week-old gestational 2 i posson, A
irregularly margined echisfroe sac is situnted dorsal 1o the
bedy of the wierus die o o pevic absccss,
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the presence of a placenta, Missed abortion with
refained products of conceplion may simulate a
mole, In missed abortion that produces molelike
pictures a number of criteria are helpful, eg. the
uterus will be small for date and the pregnancy
test is negative: Other conditions mistaken for a
hydatidifiorm male include multiple pregnancy
before appearance of the fetal heads, ovarian
tumors, and degenerating fibroids, In such situa-
tions, clinical data and laboratory tests must be
coupled with uitrasonographic findings.

A condition known as hydropic degeneration of
pregnancy also exists. This is a proliferative
form of fetal demise, in which fetal structure has
disappeared and the placenta has already devel-
oped hydropic degeneration. This condition also
may mimic hydatidiform mole, but the uterus 15
small for date. Only 25 percent of moles present
small-for-date uteri, The pregnancy test is not
reliable but chorionic gonadotrophin levels are
usvally not as high as in hydatidiform mole. In
both conditions. the vlerus should be evacuated.

MASSES IN PREGNANCY

Maszes associated with pregnancy can easily be
detected (Fig. 3.90). Masses such as cervical
fibroids may block and interfere with normal
defivery. The usage of ultrasound not only for
detection of these masses but also for determina-
tion of their relationship to the pregnant uterus
and growing fetus is extremely vital, For exam-
ple, cysts may develop in the ovary following
hormone therapy. Ultrasound may be used for
detection and fallow-up of such cysts. When
prepnancy exists, the procedure of chokce s
ulirasonography.
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ulfrasonograpny
of gynecalogically
ond ostetricdally
related medical
ond surgical
‘disorders

ULTRASONOGRAPHY OF THE URINARY TRACT IN
GYNECOLOGIC DISORDERS

In pelvic diseases. the urinary tract 15 the system most |
frequently secondanty involved. Both benign and malignam
pelvic tumors may produce hvdronephrosis of the
obstructive type (Fig- 4, lnand bl Hydronephrosis may be
readily diagnosed by ultrasound and has been previously
discussed. Cystitis and ureterovesical reflux may cause
hydronephrosis and renal scarmng from pyeloncphntis,
Additionally. primary diseasies of the Kidneys often occur in
patients in the older gynecologic age group. Renal tumors are
frequently encounteéred during routing urography.
Ultrasonography s particularly useful in the diagnosis and
trestment of many genttounnary disorders,

RENAL CYST

The following cntenia are used to dingnose a renal cyst (Fig,
4.2 and b,
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Hydronephrosis |II

FIGURE 4] (a)

FIGURE 41 (k)

FIGURE 4-2.4al

1. Presence of an echo-lree one within
the mass due to & homogeneous
medium.

2, Sharp definition of the distal wall of the
miass with & smooth contour (o this
surface, die to the large charmee in
acoustis impedance of the cyst wall
interface and the parabolic shape
reflecting more sound. back 1o the
fransducer,

3. Greater energy of the sound beam due
(o minimal attenuation of sound
trversing the homogeneous. fiuid-fitled
medium, resulting in increased through
transmission and, therefore, increased
echo density distal to the lesion. This

FHILUBE 4.1ia)

Supime bongiudinal scan. Gray scale. Marked
hydropephnosis thans the renal parenchyma and prodhices
s of fhaid with sepia mdinting cemrully

FIGLUEE 4.3{m

Supine rransverse scan, Gray scale. Marked hyidronephiosis
thins the renal parenc hyma and prosdisces sscs of flusd wath
muliiphe sepLations.

FIGURE 421}
Prone bagitudinal scan, Gray scale, Echo-free lower-poke
remal cysl with sharp demancation from rennl substance,

FIGLRE 2. 2(bd

Piope bonpiudicad scan Gray scale, Two anechoic sreas ane
wisipdized in oaeslice, The oulline of the kidney i sevenely
shistorted, Multiphe fonal cysts ans comimon i clderdy
patienis, The opposite kidney should bhe siudsed for cystic
chanpes,
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FIGURE 4-3 by

FIGURE 43 )

Hypornephioms

FHGLIRE 4. 3a)

Prone longiudingl swan., Gray seale. Space-iccupying miss
inupper pole: Solisd hypernephroma with ligh through
Erugpenission, amd area of Cysic neormsEs

FIGLIRE 4.3k
Erect posiison, Gl scale, Same case asm F'g:. 4. 3a. MNabe

VPHCE-OLCUPY g mass in upper pol. Slad by pernephroma
with high through tranemission. aml arca of Cysic necrosis

FIGLIRE 4.3ic)

Prone irmnsverse scon, Ceray sonke. [rregidar mass i upper
prode ol Kidmey. Scattered intemsl echoes of low ampliude
ure notes), and i Righ through mnsmission pattem is
observed when comparad with ihe opposite side,
Degencruting bypeme phromn

effect is more pronounced with a larger
cvstic mass,

e termination of the precise gain seiting that ks
i & cyst with artifactunl echoes is a matter of
experience with a specific instrument. A
suspected ¢yst should be compared with a
known cystic mass standant. such as the
bladder.

SOLID TUMORS

Solid tumors occur with some frequency in obder
female patients (Fig. 4.3a and b). The following
criteria gre used 1o disgnose a solid neaplasm.

I. The distal wall is ireégalar in contour,

The distal wall is not shamply defined
and has echoes of a lower level than
those of the proximal boundary, due to
small changes in aconstic impedance,

o
H

3. Poor through transmission, since a large
amount of some energy 15 altenuated m
passing through the lumor misss,

4, Presence of internal echoes that defing
the acoustic nonhomogeneiny of the
mass. I may be necessary to norease
the sensitivity sefting Lo demonstrate
internal echoes: from an acoustically
heterogeneous lesion. The tumor may
arise moany portion of the Kidney,

CHAFTENR 4 GYRECOLOGICALLY AND OBSTETRICALLY RELATED MEINCAL AND SURGHC AL THNHDERS

135



FIGURE 4.4

Supire longiudinad scon, Gray scake, The kidney lies inan
exbfemetly canlal positin in the liver edge, This condifion
iy ke differemuated froam a displaced kidney due jo o mass
lesian

FIGURE 4.5

Erccr longieudinal sean. Gray scale, Change in position off a
mirbile kidnizy is best demonsirated by scanning in the prone
position amd 1hen reseanning o the erect position o
document masimem rénal exgursion,

DEGENERATING S0LIED TUMORES

As a tumor enlarges it outgrows its blood supply,
producing fluid-filled necrotic spaces that
increase through transmission. At low
sensitivity, the anterior and postenor walls may
be visualized without the appesrance of internal
echoes, simulating a cystic structure. At higher
gain settings the tumor will fill in with internal
echoes (Fig. 4.3¢h (1), If the tumor has a largely
necrofic center, an echo-free area will remain at
high sensitivity, However, this anechoic region
will be smaller than the tumor outlined an low
sensHiviLy.

Thus, by varving the sensitivity of the receiver,
ultrasound differentiates a fluid-flled cyst from s
aolid mass with a high degree of accuracy, This
methoid is reliable for differentiating between the
two lesions when there is continued sonic
homogeneity within the margin of the mass al
different gain seitings and no change in the
sharpness of the margins, Electnc noise and
reverberation may cause artifacts on the B-scan
in the anterior portion of the evst, This difficulty
can be resolved by combined usage of A-mode
with the B-scan,

RENAL ECTOPIA

Renal ectopia may be & surprising finding to the
chinecian who s evaluating & patient for other
disorders such as hepatomegaly, splenomegaly,
or abdominal or pelvic mass, The displaced
kidmey nray be located immediately under the
inferior liver edge and be clinically
indistinguishable from true enlargement of the
hiver (Fig. 4.4). Horseshoe kidneyvs may simulate
w variely of abdominal masses, The pélvic
kidney muy be normial (Fg. 4.3 or obstructed
and hydronephrotic.

The surgeon must be wware that such a pelvic
mass may be the patient’s only functioning renal
tissue, Ultrasonography will delincate the
charactenste renal outline and calyceal echoes,
The expected renal echo pattern in the
retropentonenm will be absent, Disesses such as
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hydronephrosis in the ectopic kidney may abso
be diagnosed by ultrasonography.

BLADDER INVOLVEMENT

The clinicign i frequently concemed with
bladder function or the effect of pelvic discases
upon the Bladder,

The distal wall of the fluid-filled bladder is
distinctly outlined by either conventional
scanners or real-time units. Volume is readily
pssessed with o standsrd nomogram, and
postvoiding residual uring may be measured
without resormg o mtravenous urography or
catheterization techniques. Fluid-filled
diverticulae of the blzdder may be seen when
they are about 2 emoin diameter, The evoluton
af this entity may be followed sequentially and
atfgumatically, Laterally placed dwerticulage are
best examined by sector scanning through the
opposité bladder wall. Earge diverticulae must
not be confused with pelvic cystic lesions,

The contour of the bladder 15 studied for symme-
try, distensibility, and wmor masses. Extravesi-
cal lestons such as uterine fibroids and ovarian
cysts may distort the normal contour of the blad-
der wall. The expected uniform expansion of the
bladder is evaluated by monitoring its shape with
increasing unine or fuid volumes. Altemtions in
distensibality occur with infiltrating carcinoma
and chronie inflammatory disease, Masses ad-
herent 1o the wall of the bladder ire most often
mlignant.

Uising ultrasonic pudance, perdulaneois
puncivre of the bladder for-dignostic or
therapeutic purposes may be performed guickly
und simply.

ULTRASONOGRAPHY OF THE LIVER IN
GYNECOLOGIC DISORDERS

The entarged liver in the gynecologic patient
with & pelvic mass may represent metastatic
enlarzement (Fig. 4:61.0.c.d, and e). Common

causes of hepitomegaly are metastatic disease,
hepatins, congestive heart failure (20, and biliary
ohatruction (21, However, the liver may be
palpable without coexistent hepitomeguly.
Emphysema and asthma, with low diaphragms,
or aberrant lobes. such as Riedel's lobe, would
produce such a condition (Fig. 4.7). The liver
may be enlurged but not palpable in cirrhosis,
postenior enlirgement, and marked obesity,

METASTASES

Metastases to the iver have bwo basic patterns
(2). At low sensitivity, the presence of o roumd
collection of echoes or a nng-shaped pattemin a
sonolucent background of normal liver
parenchymu s charactenstic, At high sensitwvity,
areas of sonolucency i diffusely echogenic
hepatic tissues comprise the second v pical
appearance, Any abnormality in echographic
anatomy must be documented in both
longitudinal and cross section,

A differemt puttermn occurs when the liver is
almost completely replaced by metastalic tumor
{Fig. 4.:6¢), or by an infiltrating tumor such as a
lymphoma. [n massive metasiases with necrosis
the liver appears cystic with imegular borders.
Substitution of tumor for liver parenchyma may
produce an acoustically homogeneous medium
that steongly attenuates sound energy, The liver
appears echo free ol medivm and hogh
sensitivities and the posterior wall is poorly
defined.

It has been stated that the most common
appearince of metastases on gray scaleis that of
low-amplitude echoes within the higher-
amplitude echoes of the normal hepatic
substance. We have found that high-amplitude
echoes more often represent metastatic disease
(21 or hepatoma. The majority of hepatomas
ogcur in cirrhotic livers. Multuple irmegular thick
echoes represent diffuse iver disease, such as
chrome inflimmatory disease or melisiases.

Liver metastases are a frequent complication of
gynecologic malignincies. MetEstatic disease
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FIGURE 44 ja)

FIGURE 44 ()

FIGURE 46 (<)

FIGLURE 46 (i

FIGURE 4.tia)

Supine Inrsverse scen. Gray scale. The Bver w diffusely
enlarped. Scattered echogenic focn of small 10 mederate sivd
ire within the liver pardnchyma. Liver metastases frem
ANVHMAS S,

FIGURE 4.idb)
Supne kingiindinal scan. Gray seald, Enlargsd liver with
mubigple echogenic metsstases due (0 ovEnnn corcinoma,

FIGLIRE 4.46(ch
Supane longitmbinal sean, Groy scole, Large sreas of
degeneraimg mebsiatic foci are pobed vwidhan the liver.

FIGURE 4 8603

Supane ransverse scan, Uray scale. Note multiple anechodc
repioes within the liver parenchyma ol Righ sensiativity.
Sonclucent arens represent foci of necretic melastalc
pdenacireindmi.

FIGLRE 4.60¢h

Supme Iransverse scan, Ciray soade, Hoge sonolient sone
with high ihrough ransmission. This oysER-appearing region
gepresents a massive area-af lumaoy replscement in the liver,
Mot the ireguliar distal wall,
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FIGURE 4.7

Suping [omgedinal squn. Gy scale. Redel™s lobe woa
nurmal vermation of the fght livbe af the Hver. This mght lobe
axnernds it the right pelvis and may be mistaken for
hepatomepaly or & mass keston

FIGURE 4.5

Smpane longimudinid scan. Gray scabe. [n massive sdciies
withoul sdhesbons. the lver foas m the Ml and is Feed off
the Biver bed, Ascites with adhetions generlly holds the liver
sdiaceni I the kidney, The appenmnce of the thumbhke
kifney wnd the  Tour fnger™ shape of the liver provhace the
“meitten spn charctensles of clrrhols asales.

his a variety of ultrasonic appearances, The
micrst common form is that of rounded echogenic
midltiple Foer within the hver (Fig, 4.6a). The
liver is often enlanged, Lainge metustatic foci may
have necrotic centers which image % cysto
centers o echogenic lesions { Fig. 4.6d), Another
freguent form s the echo-poor focus-within the
echogents liver parenchyma. Within Lurger
metastatic Zomes, an echogenic cenler may be
noted presumably reluted to cvstic necrosis
within the inner parts of the tumor (Fig. 4.6).

ULTRASONOUGRAPHY OF ASCITES IN
GYNECOLOGIC DISORDERS

Ascites is a freguent complication of
nflammatory processes and pelvic tumors,
Intraperitoned fud assumes the formoof enthera
transudite (low protein) or exudate (high
profein). A common chuse of transudares-is
portal obstruction, either intrahepatic or
extrahepatic, Intrahepatic diseuse usuully refers
to cirrhosis of diverse etiology. Extrahepatic
obstruction ogcurs with portal vein ohstruction,
Congestive heart fulure, reml diséase, and
Penign fumors of the oviry also ciuse ascites.

Exudates wsully occur with inflimmeatory
conditions of the peritoneum. The usual entities
noted are infectious pentomis: and melastane
carcinoma, generadly from the stomach,
panerens, and ovary, The peritoncum rezcls o
inflammiation with a fibroblastic exudate that
causes the peritoneum Lo adhere to other
pentoneal surfaces, cavsing adhesions:

Ascites may be free (Fig. 4.%) or loculated (Fig.
4 53 ond b). Free ascites 15 atransudate, excepl
i the case of chylous ascites resulting from
thoracic-duct obstrection. Loculated ascites is
seen with inflammatory conditions in which fluid
is trapped in compartments sealed by pentongal
wdhesions. This may be localized 1o one area or
diffusely siuated throughout the intraabdominal
CAVILY,;

Minimal ascites may be detected wath A-mode.
As linthe as 1 ml of free fusd may be detected
with'the patient i the hand-knee position with
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FIGURE 4% tal

FIGURE 45 (b

FIGURE 410

FIGURE 4. 9{a)

Sapine longitudined scam, Gray seade, Moderate amounts of
amcides collect in the pelvis inthe suping position, Bowel
bpaaps prajecting imo the flued are echogenic and prodece’s
charmciensiic mregular outline 1o ke gaciic fBuid,
FIGLRE 4.9 b

Sapane Kinginadenal seam, Gray seale. Mobe small, rapped,
toculuted peritoneal effusion. Owvirian cadinoma was the
cause of effuiaon,

FIGLEE .10

Supine looitodingd sean. Uray wale. Echo-free inangle of
moderade arsount of macites, As Mod overfkvas the pedvic
cavily it appcars incthe Aank berdered by the ahdominad wall,
peoas, aml displaced bovwed loops

the transduder placed under the anterior
abdominal wadl (3). Usumlly several minutes arg
allowed for the fluid to gravitate ventrally before
he e is scanned.

Small amounts of ascites first collect in the pelvis
by gravity, This collection appears as a
sonolucent mass with angular borders
anterosuperiorfy due to indéntation from
overlying bowel. Larger amounts overflow the
pouch of Douglas and are directed by mesentenc
reflections to specific regions (Fig. 4.10). These
regions include the right paracolic gutter, the
right lower quadrant ot the lower end of the small
bowel mesentery, and, with farge amounts of
fluid, the feft lower quadrant along the superior
border of the mesocolon (4). Ascites with tumor
secdings or kicteria tends 1o loculate
preferentially i these areas;

Large amounts of fluid thil extend up the
parmcolic gulters displace the howel medially so
that the scan resembles an atomee explosion
{Fig. 411} and can distor the outline of the liver
{Fig. 4120, The air-contaimng iniesline causes
artifacts in supine scanning over the anteror
abdomen, However, a moderate amount of
ascitic Auid provides an excellent scanning
window, When Bank aress are scanned, large
ameounts of furd prevent proper scanning (Fig.
4.13), The lateral border of the medially
displaced liver and spleen can often be clearly
delincated; and elevation of the bver from the
posteniorly located nght Kidney may be
demonstrated.

CHAPTER & GYNECOLOGICALLY AND OBSTETRICALLY RELATED MEIHCAL ANT SURGICAL INSORDERS

140



FIGLRE 4.11

Supnne ramsverse scun, Gray scalé. Mobe siomig ¢ xplosion
copfigurtion of mussive asgites, The bowel amnd
intriubdismival crgzns are displaced medially. 1ris diffioul o
abtam informution of disgnostic vilue i sueh & case,
Rescanning when mcites & decreased is useiul

FIGLRE 4.12

Eupint‘[nulmcr'u.' scan. Liriy scmbe, The liver s shnenken nmd
{loats an un echo-free rone of mories, Nole elevaion of fhe
ifenar liver edge from the retropestonen orgass. Cirmhosis
wiihy nscites

Arsilos FIGLURE 4,13

; Su-pirl.n: Eranmverse s, {'ir.r_n.' sieabe, Massive pscrtes usually

previnls proper scanming. Echogenic bowel loops prasoct

i the e faid, The howel o= asually floal freely i

FIGLRE 4-11 the asiabe Buid mnd change swih positon. Froston ol biawel
accups i mabignant aod chronie inflammaiony processes,

I Our experence, it 15 somelimes possible to
differentiate between benign and malignant as-
cites. Bemign fluid useally is free intraperitongal
fluid and will change position with gravitational
maneuvers, Malignant ascies wends o loculae
and causes adhesions (Fig. 4.14) and will not
alter its locatwon with positioning. When ascites
15 in loculated cavities, the walls of the cavities
will be scen as septations, which appear as linear
echo patterns; in the echo-free fuid, Ascites
with underlving carcinomatosis canses adbesion.
Asearesult, fud 15 tapped, oops of bowel are
fixed. and thére s no change in the position of
FIGURE 412 the fiund by changing pabient’s position, Inflam-
matory changes in the walls or fumor deposits
cause iregulanty, so that the postenor wall of
the region scanned will not be smoothly out-
lined, Appropnate clinical data and ultrasono-
graphit findings almost vield enough informistion
to differentiate benign from malignant ascites.

FIGLURE 415

Free fluid ascending the paracolic putters may be
tapped over the lower gquadeants withaut
perforating the medially displaced bowel.,
LoCulated astites implhies that adhésions are
preventing normal separation of bowel from the
pentoneal surface, Ulirasonic detection of
loculated asoites 15 very important when
parscentesss is planned, because the nsk of
bowel perforation s then mcreased, Indeed.
since the transducer may be casily phised over
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FIGLRE 214

FIHGURE 415 {a)

FIGURE 4-15 (b

the pocket of trapped aseites, ultrasonically
guided paracentesis is the method of choice
when loculated fuid is present (Fig. 4.1%).

Excessive asgites prevenis proper scanning of
the abdomen, The examination should be
repeated sfter the fluid is aspirated, either blindly
or through ultrasonically guided parscentesis,

The etiologies of ascites are diverse, but when
ascites and pleural effusion coexist this 15 most
likely due to fibroma with an ovarian origin.

Owarian fibroma accounts for about 5 percent of
all ovarian tumaors. About 9 percent are

FIGLIRE 4,14
Soping transverie sean. Gray scule. Nole the bowel loop
fined in pemiloneal flusd due 10 sdhesion

FIGURE 4. 1503

Supaie kmgitwfinal scan, Gray scale. Large amaunts of
ascites collect in the pelvis in the sugine position, This cohe
free Munl bt the same echo pattiem s does the urme-lilked
blwdder. Bowel loops projecting into the: Buid are echogenic
ard prodice a charactenstic sregulor ulline 19 the asciic
Mind

FIGLRE 4.15¢h}

Prone posterion longibidinad scan, Gmy scade, Eebi-lree aren
abdve the rénal and bver satlios i doe 10 3 lrge benign
plerl effusion secondary 10 an ovanun nemar, Misips®s
syndnime

FIGLURE 4151

Erect poabenor longitudinal scan, Gray seale. Echi-free area
ahove the nenal outline o due o 5 barge benign plewrs]
effuslon secondary 0 s ovarian lumor. Melgs's syedrome,
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unitateral, and they occur usially afier
menopause. In 25 percent of cases the Tumor is
complicated by ascites and hydrothorax
iMeigss syndrome) (Fig, 4.15b and ¢i, The
effusions régress after removal of the tumor, The
cawse of the hydrothorax and ascites is not clear.

ULTRASONOGRAPHY OF THE
RETROPERITONEAL AREA IN
GYNECOLOGIC DISORDERS

The retroperitoneum must often be studied cang-
fully for any pathology or, moestly, for the staging
of pelvic tumors, 1t is difficult 10 evaluate the
retroperitoneal area by ordinary radiographic
methods, since space-odcupyving lesions most be
well advanced in this region before they can be
detected. In addition, despite the standard roent-
genographic work=up, which includes mirave-
nous urography, banum enema, lymphangrogra-
phy, retropertoneal air insufflation, and
angwgraphy , the natore of the lesion may remsin
unclear, This is ¢specially true of avasculur mas-
ses and surgery may be required for definitive
dingnosis. However, sonolaparotomy, as i non-
invasive, safe, and simpie technigue for detect-
ing, evaluanng. und différentiiting retroperito-
neal lesions, has been rewarding.

Ulirazonographically, the retropentongal spice
i divided ino upper and bower-sections at the
plane of the umbilicus or hiac crest (5), The
ultrasonographer should identfy ws many
struciures ms possible in the: supine, prone, or
latéril projections. The bony pelvis prevents
visualization of the lower compartment in
posterior projections. Details of the
sonognatomy of each refroperitoneil organ are
deseribed separately.

In the upper abdomen-enlarged lvmph nodes are
usually seen as rounded masses in close
proximity to the abdominal aorta (Fig. 4. 16a.b.c,
and d. Lymph node masses may be detected in
any part of the abdomen: lymphadenopathy
generally appears sonolucent. These masses

muy retain an echo-free paitem even ot high giin
seftings (Fig. 4.17a.b, and ¢} because the
diseaved lymph nodes are acoustically
homogeneous,

Dunng the scan, every altempt 1s mace to image
the spine i order to establish & boundary distal
to the lesion. A lymph node mass adiicent 1o.the
wall of the aorma:makes it difficult to verify the
posiiion of this vessel within the lumor miss
iFig. 4.16b). The echo slbouette sign of
lymphadenopathy adjacent to the sorta, actually
oblitéerating the anterior aortic wall, has been
noted with B-scan, gray scale, and real-time
scanner, Indeed, such a cluster of penaortic
lvmph nodes may mimic an aoric aneurysm.
Generally, these nodal dggregates have an
imegular, lobulated outling as compared to an
abdominal sortic ancurvsm. Scanning other
areas of the abdomen or retropenione um may
demonstrate other sonolucent lesions distinet
from the abdominal aorta, The presence of other
foci of lymphadenopathy rules against the,
possibility of an aortic aneurysm. We have noted
lymphadenopathy appearing as distrete musses,
sonolucent layers covering the aona, and
multiple tumors thit may eleviate the ot and
infenior vena civa anténorly (Fig. 4. 185

Retropentones) temors may be demonstrated
either by prone or supine sonolaparolomy,
These misses may displace the kidneys and
intraabdominal ergans by spread into-the
mesentery . Tumars with internal degencration
miy be observed to have multiple internal
echoes with high through transmission.

Retropentoneal flind collections miy be noted
by an echo-free pone. 1D may be difficult (o
differentiate between hemorrhage, abscess (Fig:
4.1, and stenle Awd (51, However., if the
patient s sympiomatic, collating
ultrasonographie information can vield excellent
results, Forexample, ina patient with diabeies
and fever, who is nonresponsive to antibiogics,
and who has evidence of 4 space-oecupying
lesion i the retroperitoneun, the wsoal
diagnosis would be an abscess rather than a
tumar ar hEmstom,
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FIGLURE & 06 {a)

Mass lesion

FIGLIRE 4- 16 {d)

FIGURE 418 1b3
FIGLIRE 4, 1 ah

Supane tramsverse scan, Gray scale. The Bver end spleen ane

enlnrgd, The spleen is eého poor. Mulnple matted bymph

nodesare noted i the retmopenitonenim and mesenpenc lymph
FIGLRE 41&6c] fi sl due 10 Waldenstrim's macroglobalinemia

FIGLUERE 4. |6

aupine Keogiubinal scan. Giray scale. The supenor
meseniens anery # markedly displiced astenorly by 3 mass
ol echoepoor lvmph modes, The coling nus 1« also el
cephalasaly

FIGLIRE 4 18g)

Suspmic lomgitudinal scan. Gaay scale. The aortic silhouerne s
poily delmed due fo dbe Inrge adjncent lymph nodes in thas
mlvassnd cave of Waldemstndm's nacrogiobulimemia, The
real-time scannet i wsed 10 locate the @orta & Kk situstion

FIGURE &£, 16(d)

Supine longiickhmal =ian. Benlrime scanner. The sorm s
dssplaval dorsally by echo-free masied Iymph modes. Mote
the coee=ve shape of the pormully strightl inesior norti
wiild
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FIGURE &7 iw

FIGL/RE 4-17 (b

FIGURE &17 ici

N

atted nodes

N

FIGUEE 4, 171

Sumne mgriwdinl seane Gray scale. Thsorele dusters of
nnechosc amd echogenic musses above the niwmad aortic
vaitling ane poted, Hodgkin's discase

FIGURE 4.1 Tk

Supane onginidinal scan, Cray scale. Dysereie clusiens of
asechor: amd echogenic masses obseunt the nosmal aoetic
ouflime. Hodghkin's disease

FIGURE 4.1 7ch

Supsne imasverse scan, Gray scale. Perisomic
tymphuslerapathy presenting as mubinphe sncchobe musse,
Left parancetss bymph nodes displice the lell kiklney Tazorally.

— . Nodea

FIGURE 4.18

Supine longHudmal scan. Groyoscale, The infenor vens civa
w well dengireated from the mess of lvmph nodes
rmmediely sdpcent 1o the vessal

FIGURE 419

PFrone longfudinal scan. Eche-lree reinopentones] hemutama
displuces the bower pole of the kidney prdenorly, Leaking
HOFTE By i,
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ULTRASONOGRAPHY IN PLANNING
RADIATION THERAPY IN GYNECOLOGIC
DISORDERS

Radiation therapy planning is an essential aspect
of the treatment of certain pelvic malignancies.

In gynecologic malignancy, B-s¢an or gray scile.

ultrasonography is practical and accurate for
demonstrating cross-sectional anatomy and
displaying the morphology of organs altered by
pathologic processes. Deepeseated tumors can
be localized and tissue charactensiics
determined: Consequently, a plan for radiation
therapy can be based on recording the patient’s
anatomic contours. Ultrasonographic
information can be reliably and precisely
incorporated into the treatmént plan to decrease
complications and increase the efficacy of the
treatment. Liltrasonography permits three-
dimensional therapy analysis by use of the data
displayed from perpendicular sonograms. A
strong echo will appearat the surface of an organ
or mass lesion because different fissues have
different acoustic characteristics,

The patenl’s-analomic contour ¢in be obtanéd
in any desired plane simply and accurately. Al a
very low gain sefting. a single sweep of the
transducer over the aréa of interest will give a
contour racimg (6, 71 Ulirasonographic marking
is more accurate than mechanical jigs, lesd
solder, plastic templates, or plaster. The
transducer can be swepl over d given region
repeatedly, [T the area of pathology is complex,
multiple sections can be made for additional
information,

Lung lesions, al present, cannol be evaluated by
ultrasonography becanse sound does not
transmil through pulmonary Gssue that contans
air, However, the thickness of the chest wall can
be displayed, so that treatment can be planned

for carcinoma of the breast, This measurement 15

important becanse it is used to calculate beam
energy and for tangential planning. so that
underlying lung tissue receives minimum
irradiation (6),

LOCALIZATION OF DEEP LESIONS

Sonolaparotomy with different gain seftings can
be performed af the same timie that the patient’s
anatomic contour is scanned, Thus, the location
and size of a space-occupying lesion relative
regrondl anatomy can be recorded.

Ultraisonographic study to defineate deep-seated
lesions and refroperitoneal lvmphadenopathy is
very useful, Enlarged lymph nodes in this aren
appear a8 sonolucent masses, with sharp
margins anterior or anterolateral 1o the spine.
This mformation may be oblained in both
loneitudmal and transverse scans.

Ulirssonography is also valuable for stagng
carcinoma of the cervix, since it detects enlarged
Iymph nodes in the pelvis and abdomen.
Similarly, ultrasonography is important in
assessing the extent of Hodgkin's disease and
ather lymphomas. Ascites, both free and
locidated, can-also be diagnosed.

Pelvic malignancy, especially in the uterus and
cervix, can be outlined and tumor size and
contour used o plan treatment, I intracavitary
applicators are to be used, their position can be
monitored by ulirisound. The echo from &
radivm-lodded tandem is quite sfrong. To
calculate dosage, the positon of the applicatar
wilh réspect 1o the bladder as well a5 the utenne
width must be kmown,

Ultrazonography detects Bladder tumors and
determines the degree to which the bladder wall
is involved, Special transurethral and transrectal
scanners are avallable, which mayv add more
information for staging malignancies of the
bladider and prostate.

Upper abdominal organs are also outlined and
necrotic tumors demonstrated (1), The enlarged
spleen in malignant disorders can be mapped
three dimensionally and imadiated accordingly.
The development of radiation fibrosis within
irmadiated organs-is evidenced by the increased
echogenicity of the organ parenchyma (%), The
kidneys can be localized and their size and
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Hydronephrosis

FIGURE 4,20

Prame h:lr’@;ill.l{_lll‘l..‘ﬂ sgan dany seabe, Manamal
hdronephrosis. Note mubeple echodnee sacs. Ths n
phg,_t.i:_ingj; hyu:h'clr-:rhm‘-.i\- ol pregmency.

position determined so that they can be shielded
appropriately during treatment (%),

The portal of treatment can be owtlined over the
ahdomen. retroperntoneum, or pelvis. Breaking
the contact between transducer and skin surface
produces-a mark on the scan. Thus, the
penphery of & specific region can be marked on
the scan nd the skin painted vwith mdelibde ink.
In every step of marking, the transducer should
be elevated slightly from the skin surface; the
margin is obtained by visual display. A Polaroid
i% taken as o baseline and compared with
Polaroids of future examintions, In this mainner
portal marging can be decreased as needed.

ULTRASONOGRAPHY OF RENAL
DISORDERS IN OBRSTETRICS

REMAL DISEASE IN PREGNANCY

The physiologic hvdronephrosis of pregnancy
occurs early in gestution and lasts through the
puerperium. This produces moderate dikatation
of the calyces, pelves, and ureters which is more
pronounced on the right side (Fig. 4.200, We note
that thes dilatation uswslly clears i mormal
paitients within 3 months of delivery. During
pregnancy, radiologic investigation of the
genitourinary fract must of necessity be limited,
Lltrasound s superb noninvasive means of
assessing the physiologic and pathologic changes
of the kidoevs in gravid females. The size,
shape, and position of the kidnevs are éasily
derermined. Prosis may be simply evaluated with
positional changes: The ratio of the renal
parenchyma to the calveeal complex and the
extent of parenchymal damage may be assessed
in the diagnosis of chronic renal disease.

The kidney heas an ovoid configuration in the
transverse plane and is elliptic in the longitudinal
axis; In the normal Kidney, the renad
parenchymaappears echo free (colorless or light
gray), and calyceal echoes extend 1o the ventral
and medial borders of the Kidney, The image of
the kidneéy with the real-time scanner is similar
1o thiat with the convenional B-scan.
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FIGURE 421 b

FIGURE 422

FIGLIRE 4.21ia)

Sugpine longitding] scan: Gieay scnle. The edermslous l.id'nr:;'
is better delineated, The through tamsnission b higher tisn
il

FIGLURE 4.21¢b)

Prome Jongitudingd scpn, Groy scpke, Patient with ocale
nephmiss, Mot renal parenshyma produces higher through
Lransmission

FIGURE 4.22

Frone lompiudicad wean, Gray scale. Splitimg of the renal
snas echoes forming an ovoid echo pafiern Cisgnaclive
hydronephness:

Acute nephritis is an uncommon complication of
pregnancy. Often the Kidney cannot be satisfac-
torily imaged with routine intravenous pyelogra-
phy. Nephrotomography is often needed to out-
line the kidney satisfactonily and substantially
increases the radiation exposure. We note by
ultrasound that the kidney s swollen and in-
creased in its anteroposterior diameter. The
through transmission pattern is higher than nor-
mal due to the edematous renal parenchyma
iFig. 4.21a and b). The chronic renal diseases
include chronie glomerulonephritis, chronic in-
terstitial nephritis. chronic pyelonephritis, colla-
gen discases, and renal tuberculosis, Chroni
rendl disease may appreciably increase the nsk
of toxemia of pregnancy, Ultrmsonography
shows thit chronic renal disease generally pro-
duces a smaller Kidney than normal. The kidney
may be affected diffusely or focally. Chronic
pyelonephritis and systemic lupus erythemito-
sus fenid o produce areas of focal scarnng patho-
logically, although smooth and contracted renal
outhnes may be noted ulirasonographically.
However, at present, in our experience, it 15 not
possible to demonstrate focal scarnng or (o dif-
ferentiate medical disorders of renal parenchyma
ultrasonically. The diagnosis of chronic renal
dizease i% best made by renal bopsy. Upondegp
inspiration, the kidneys are outlined on the skin
with indelible ink or by scratch marks made with
a scalpel or needle tip. Biopsy may be performed
under ultrasonic guidance, since the kidney ap-
pears in the line of sight of the sonic beam from
the transducer and the depth to the renal panen-
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chyma may be read ofl the oscilloscope divectly.
The ultrasomcally guided renal bropsy uses a
needle which will At through the center of the
punciure ransducer. Follpw-up examination af>
ter 24 hours may be added to evaluate the possi-
hility of local hemaitoma formation. Basically,
renal biopsy with a puncture trinsducer negds
exlensive expenience and patient coopersition.

OBSTRUCTIVE UROPATHY

Routine evaluation of obstructive uropathy in-
cliedes a plain X-ray film of the abdomen and
mtravenais urography. Nephroiomogriphy, re-
trograde pvelography, arenography. and renal
isptope studies are frequently added for funher
information. The poor function of the obatructed
kidney generally necessitates delayed films, mul-
tiple injections of contrast medium, significant
radiation exposure, and patient discomfort asso-
ciated with long waiting periods on a hard table.
In addmion, osmodality of the contrast medium
may increase infrapelvic pressure sufficiently (o
produce pyelosinus reflux or even penpelvic ex-
travasation of urine and contrast medium into
the retroperitoneum ( 10). The routine stedy of
the kidney in pregnancy is limited due 10 expo-
sure, Ultrasonography may yield extensive in-
formation; however, for urinary stasis or deter-
mination of the site of obstruction the contrast
study Is necessary.

Unnary stasis may have obstructive (Fig. 4.22
and nonobsirugtive mechanisms. Impedance 1o
urine fiow commoniy occurs with tumors and
calculi of the kudneys, vreters, and bladder,
Oiher ureteral problems mclude anomahes of
IEeron, Sircture, stenosis, and pregnancy.
Abnormal ureteral compression 15 associated
with retrocaval ureler, Ivmphadenopathy,
uhscess, hematoma, or aberrant- vessel,
Monobstructive stasis follows neurogenic
dysfunction of the bladder. chronic
inflammatory conditions, atony of the ureters
with high urinary output, and vesicoureteral
refux (113

The size of the obstructed kidney may appear
ingreased, normal, or decreased. Interstitial
edema of acute obitruction tends o enlarge the
renal parenchyma. Back pressure atrophy of the
cortex associated with chronic obstruction
produces a small Kidney in most cases (11).
Thus, renal size may only be interpreted
diagnostically with reference 1o sequential
studies over & known pernod of tme.

Pathophysiologic changes in the pelvicalyceal
svslem reflect the degree and duratron of
increased pressure and damage from
supenmposed infection, Dilatation of the
cilyces, infundibula, and pelves usually
progresses proportionately. However, the
extrarenal pelvis acis as a hvdrauhe buffer,
sparing infundibula and calvees as it dilates 1o
dissipate the increased pressure.

The earliest pathologic changes of chronic
increased pressure occur in the-calveeal system.
Blunting of the acute forniceal angle is followed
by flattening and eventual clubbing of the calyx.
Subtle calveeal alterations often escape
ultrasonic detection (12) due to the resolution of
the 2.25-MHz transducer routinely used in renal
scanning. The renal sinus is the invagination of
the renal hilus and contains the renal pelvis,
major caylees, and main renal vessels. The
principle ulirasonc observation in early
obstruction is dilatation of the renal sinus
produced by imtrarenal enlargement of the renal
pelvis and adjacent major cilyces.

The first ultresonographic finding in hydrone-
phrosisas splinting™ of the renal pelvicalyceal
gchoes (131, This corresponds 1o distension of
the calyces and infundibula, so that disting
echoes are reflected by each inner wall surmound-
ing the anechoic collected urine, As dilatation
proceeds, degeneration of renal tissue distorts
the calyces into pockets of unine retained within
compressed atrophic bands of renal tissue. This
produces the: picture of thick septa dividing a
barge cvstie collection, with o shell of remaimng
sonelucent cortex discernable at medium sensi-
tivity ( 14). Further destruction of the cortex by
back pressure atrophy-and infection may resuli
in & lobulisted renal periphery. simulating a mul-
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tilocular cyst (15). Eventually, only 4 fluid-filled
sac of vanable size can be visualized 113, Differ-
entiation between hyvdronephrosis and pyone-
phrosis may be suggested by obsérving irregular-
ity of tissue septa dividing cystic.collechions
within the kidney (14). However, in our experi-
ence, differentiation of these two conditions by
ultrasonography is extremely difficult, and again
appropriate clinical data and laboratory findings
are more informative.

Polycystic renal disease i a disorder transmitted
by an autosomal dominant gene and 1% frequently
found in many meémbers of an affected family.
Smce the chimcal manifestanons of this disedse
usually appear in the early forties, it is usually
nol & common problem in pregnancy.

Polveysne disease s generally diagnosed by
observing hilaterally enlanged renal outlines with
a markedly lobulated outer contour. as
contrasted to the smoother surface produced by
hvdronephirosis, In additon, septa n the
polyeystic Kidney have a mndom distribution, as
opposed to the central radiation noted in the
obstructed and dilated calyceal system (Fig.
4,233 and B) (15), It is difficult to distinguish a
hydromephrotic sac from a massive renal cyst
severely compreéssing the remaining renal
parenchymi.

Ultrasound is an excellent screening procedure
for the diagnosis and follow.up of polycystic
disease,; Early cystic changes will enfarge the
kidney, but will not distort the calyces
sifficiently to be detected on routine intravenous
uroerams, Oray scale may dentify cystic legons
belore calycenl changes appear. Other affected
organs may also be studied. Thus,
ultrasonography is ideal for evaluating
asymptomatic family members.

Anura may accompany dcute rénal Fiilure or
caleulous disease with obstructive uropathy,
Both have approximately the same overall low
incidence in pregnancy. Renal failure is ofien
due to septic abortion or woxemia, The resultant
nonfuncioning kidney cannot be diagnosed by
routine radiography. Ultrasonography quickly

distinguishes between the swolen kidney of
acule renal fadure and the dilited pelvicalyveeal
system of the obstructed kidney.

The high calcium content of the usual
radivopeque calculus markedly reflects sound
waves. The echo from the stone will appear 10 be
stranger than the surrounding calveeal echoes, if
it ncts a8 a specular reflector. An irregular or
amorphous calculos will act a5 a diffuse reflector
and will be difficult to image. The lack of through
transmission may cause a somc shadow (Fig.
4.24) (16). A secomdary observation may be
splitting of the renal sinus echoes due to
concurrent hydronephrosis, In the preseénce of a
dilated renal collecting system. renal calculi of
lower reflecting qualities may be demonstrated
a5 low-amplitude echogenic masses lying agains
the dependent wall of the dilited collecting
system,

The advent of renal transplantation techniques
now allows previously infertile females with
chronic renal disease i bear children. As
surgical and immunosuppressive technigues
improve, some women with renal transplants
will become pregnant, The usual site of
transplantation is in the pelvis, Because of this
location, during delivery, the transplant may be
compressed snd ingured by the fetal hegd.
Ultrazonography may now replace the previous
combined usage of renal urography and
pelvimetry in showing the fetal head in relation
[ the transplanted Kidney,

If contraceptive devices are not employved. the
transplanted patient may become pregnant soon
after surgery, Ultrnsonography 15 excelbent for
monitoring the possible complications of renal
transplanis.

Senal measurements of the size of renal trans-
plants are useful for detecting acute or interme-
diate rejection and shrinkage secondary to pro-
gressive fibrosis of the iransplanted kidney,
Magnification on X-ray film (approximately 20
percent) should be corrected before the film is
compared with the undistorted scan. The trans-
planted Kidney is located in the hac fossa
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T FIGLIRE 423 (a)

FIGURE 423 ()

FIGLIRE &24

FIGURE 4. 2%a)

Prizne longitudival scan, Gray swale. Enlarged asd dstorted
rerinl oatling. Multiple ancchiic reghons are pobed b a diffuse
armangement, Sepltons between onechime cyats ane andom
i distribitzon, Dppaiie Kidney with:simiar Sppearance.
Palyeyaic duisense.

FIGLRE & 2kj

Provs trafsve s scon, Gy soade, The entaged renal cotfines
Tas sopodueeni regrons with random sepladons

FIGURE 4.24

Prome longizudined scan, Gray seale. A very dirk edhs
comples withn the gray renal collecting sysiem echoes
represents a calesfied rod caloulus. The disul wall of the
kidney is pof imaged, Some shadowing may be produced by
highly reflecting renal stomes, Hend 5 iownrd 1he right.

obliguely. The A-mode or Bmode may be used,
More accurate measurements are possible when
the A-mode echoes are superimposed on-a cali-
brated scale. Newly devised electronic calipers
may also be employed,

Longitudinal and transverse scans are made with
respect to the lie of the tmosplanted kidney;
length, width, and volume can be calculisted.
When the kidoey becomes edematous, the
sopolucency and through ransmission are
incressed compared with the previous
somoeram; sare and volume are also increased.

Asymplomatic infections often appear since the
immune mechanisms of these patients are
altered by steroids, cytotoxic drugs, or radistion
therapy, The inféctions are commonly perirenal
abscesses at the site of renal trans plantation.
Scanning may demonstrate collections of serum,
lymph, blood, or pus as sonolucent aréas that
may fill i owith echoes at high seasitivity,
depending on the contents of the fuid (17, 15,
Morphologic changes in renal transplants are of
diagnostic value, A sudden increase in renal size
implies pcute rejection, Absence of expected
hypertrophy of the transplint after several
months suggests chronic rejection and fibrosis.
Dlatation of the calycenl system indicates
ureteral obstruction (2). Renal agenesis may also
be detected ultrasonically (Fig, 4.25), Pelvic
lipomatosis can easily be investigated and seria
studies may be used to follow s course (Fig.
426,
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Renal agenesis b
-

FIGLRE 4,25

Prone tramverse scin, Ceray scale. The avoid outling of the
left kedmey 1s clearly imaged. The nght renz) outline is.nod
witthle nod the low-level echoes of 1he hepatic parenchyma
fill the regaon pormally. reserved for the right ksdney.
Congmnitil absenoe of the mght kidhey.

FIGLRE 426

Prone bengitudiead scan. Gray scabe. The scho pancen of ihe
reral collecting system & kelerogeneoas Jue 10 aocumalation
of fatny sulrsinnce in the renal tsswe, This echio patlem ix
izssnlly spen i pelvie hipomalosss.

ULTRASONOGRAPHY OF CARDIAC
DISORDERS IN OBSTETRICS

CARDIAC DISEASE IN PREGNANCY

Many patients suffering from heart disease
during pregnancy are not aware of preexisting
cardiac problems. During pregnancy the hean
rate, cardiac output, and total blood flow are
increased, so that marginal cardiac function may
become symptomatic due to the greater stress
placed on the cardiovascular system, Cardine
signs and sympioms which appear during
pregancy, such as hvperventilation, pedal
edema, and varous murmurs and unespal hean
sounds, may be associated with normal
pestatron. The obstetrician 15 thus fced with a
patient who may have agnificant cardiag
disability:

The established criteria for evaluating hean
disease in pregnancy include the presénceof a
diastodic murmar; clear-cut cardiomegaly on the
chest X ray, a grade 36 systolic murmuir or
greater, and the existence of a severe amrythmm,
The recent advent of echocardiography has
given the clinician & noninvasive means of
categonzing the anatomic tvpe of cardiac lesion
and its effect on the cardiac chambers and
vaives,

The principles of echocardiography have been
well discussed in the literature (19), The unitis
opetated v A-mode and M-mode or gray scale,
with the specially designed cardiac transducer
placed over the precordium. A coupling agent
consisting of a thick gel is generally applied to
the chest wall, The transducer for the adult hean
s iypicalyva 2. 25-MHe, 7.5-cm or 10-cm focused
transducer. The transducer face s placed along
the left cardiac border betwesn the fourth or fifth
mtercostal space. The transducer is angled
medially as the A-scope is constantly monitored.
The high-amplitude echo pattem of the aortic
valve with its characteristic to-and-fro- structure
is easily found with the A-mode display. This is
thien venfied by observing the M-mode iracing
which may appear on an oscilloscope face,
television tube, or siip-chart recorder. After
locating this echo pattern the transducer is

CHAPTER & GYNECOLOGICALLY AND ORSTETRECALLY RELATED MEDICAL AND SURGICAL DISORDERS

152



angled inferolaterally to identify the *jerky™
motion of the anterior mitral valve teafiet.
Tracings are then recorded i these positions and
intermediate angulations are perdformed 1o
completely outhne the entire cardiag apparatus
i 2 ore-dimensionad - read-out,

The cardiiac valves und chambers may :lso be
observed with specially designed reql-time
scanners, These consist of an array of
transdocers which produce a two-dimensional,
real-time image. Sonofluoroscopy of the heart 15
proving 1o be a useful adjunct in cardiac
diagnosis. This extra dimension gives the
ultrasonographer much more data which serve to
produce a three-dimenstonal représentation with
greater ease than is possible with the
umdimensional mental tracing. Indeed,
ventnculor contracidity abrormalities, valvalar
deformities; and chamber-enlargements may be
resdily studied.

RHEUMATIC MEART DISEASE

Although there has been a contimuing decrease in
the incidence of rheumatic fever and its
associated short-term and long-term cardiag
disorders. rheumatic heant disease 15 sull the
most commaon Causé of organic heart disease in
pregnant females. Miteal stenosis by itselfl or
with associated vilvular abnormalities is the
most frequently encountered sequel of previons
rheumatic disease. This abnormality may be
clinically confused with other disorders such as
atrial seplal defect, primary pulmonary
hypertension, and left atnal myxomi. These
condittons may be separated by their distinctive
appearances on the echocardiogram,

The nomal echocardiogram shows an epick
slige of the heart. The aortic rool-appears 45 a
senies of parallel lines with a to-and-fro motion.
Within the sortic root in its lower portion. the
echoes of the opened and closed aortic leaflets
wre noded. Distal 1o the aoriee moot 1= the left
atmabcavity, which may be measured from the
calibrated tracing. The motion of the
interventricular septum is rezdily outlined and its
sypchrony with the posterior left ventricular wall
is siéen, The charcterishic M-shiped diasiohic
motion of the miteal valve leafler and the syvsielic

apposition of the anterior and posterior mitral
valves are readily documented.

The pathologic changes of mitral stenosis
exacerbated by pregnancy are easily observied
on the echocardiogram. Theincrecased cardiac
output along with the shortened diastolic illhing
time serve to increase the left atnal pressure and
chamber size. Mot only are the Chamber
dimensions visible, but the presence or absence
of clot 5 detectable, The Aght venircular
overload results in an increase in the chamber
size of the nght ventricle. Most important is the
shape of the mibral valve echo pattern. The
scarring produced by the rheumatic endocardins
produces shortening of the chordae tendineae,
fusion of the fissures, and retraction of the valve
leaflets, These latter present as a reversal of the
opposite motion of the posterior mitral valve
leaflet, sothat it now follows the path of the
anierior mitral valve leaflet, Also, the normal
dinstolic futter of the mitral valve with
fluctuation of pressure changes between the lefit
atrivm and lelt ventricle & severely imited.
producing flattening of the M-shaped valve
outling, The presence of caletfication of the
vilves due 1o longstanding fibrosis is also
demonstrable by the echogenie nature of the
caletfic valve: The degree of sienosis of the
matral valve onfice s not well quantified by
ultrmspund, However, the presence of & normal
echocardisgram rules out the presence of mitral
LLCIOSES,

Llltrasound 15 helpful i detectng aortic sienosis
of either the congenital bicuspid or rheumatic
tvpe. As with mitral stenosis, theumatic aortic
stenosts 1% dee 1o commissural fusion. Ths
presents as poor opening mobion of the accig
valve leaflers with incomple e excursmon o the
witlls of the aortic root, The kit ventriculsr
outflow ebstruction produces lefl ventricular
hypertrophy and left ventricular chamber
enlargement, which appear as o widened left
veptrcular cavity with i thickenad [eft
ventricular wall dimension.

Insufficiency of the mitral and aomic valves
scarred by rheumatic endocindins s due o
shortemng of the valve cusps and chordae
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FHGLURE 427
semode, Echocardivgram shows echo-free zome behind the
siromg epicardial echo consples. Penwardasd effusion.

tendineae. Mitral regurgitalion is more commaon
in males than in females; in contrast to miteal
stenosis which is most common in females.
However, the apical systolic murmur associated
with pregnancy may be difficult to distinguish
from the murmur of mitral insufficiency.
Echocardiography in mitrl insufficiency shows
dilatation of the left heart, especially of the lelt
atnum.

Most cases of aomic msufficiency are due 10
rheuntatic inflammatory disease. Aortic
insufficiency is also seen in ankylosing
spondylifis, lues, and old bactenal endocarditis,
Begurgitanon produces dilatation of the lef
ventricular chamber associated with left
ventrcular hyperindphy. Echocardiography
documents this as a distinective Ruttering of the
anterior mitral valve leaflet, due to the eddy
produced in the fef ventricle by the stream af
regurgitant blood,

A significant contribution to cardine diagnosis is
the abality of echecardipgraphy to detect
pericardial effusions moguantitics between 100
and 13 ml of free or loculated pericardial flind.
It is radiologically difficult to differemtiate small
1o moderate-sized effusions from other couses of
cardiomegaly. Ultrasound shows the fluid as an
echo-free space between the postenior lefi
ventticular wall and the pericardium (Fig. 4.27).
Pericardial effusion may be due to rheumatic
carditis, trauma, hypothyroidism, malignan
disorders, tuberculosis, ischemic heart disease,
and metabolic disorders. Pericardial effusion or
cardiac tamponade may be treated by
percutancous insertion of a special aspiration
needic under ultrasonio visual guidince. The
distance of the beating eprcafdium b the needle
bp may be continually monitored 1o prévent
cardiac laceration,

Uhrasaund is specific in differentiating between
feft atrial myxoma and mitral stenosis, a clini-
cally difficuli procedure; The echocardiogram
shows flatiemng of the M-shaped valve with a
series of echoes projecting distatly from the
walve in diastole. This finding is pathognomonic
of a left atrial tumor. Prolapse of the mitral valve
is n common condition duee 10 myxomatous de-
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generation of the mitral valve apparatus, Clinical
vanations range from asymptomatic patints (o
patients with severe arrvthmias, This entity is
more commoen in females and the averge age of
onsetis 37 years. The prolapsé appesrs on echo-
cardiograms as - distal swing of the valve in
systole, This may involve the anterior mitral
valve, postenor mitral valve, or both in varous
combinations,

Another lesion that is specifically diagnosed by
ultrasound 15 asymmetric septal hyperirophy.
which is a generalized category that includes
idiopathic hypertrophic subaortic stenosis, The
pathologic change s thar of marked and
asymmetric thickening of the interventricular
seplum, which narmows the kefi ventricolar
outflow cavity and simultancously prduces
abrormal mitrad valve motion. The characteristic
echocardiographic picture is-that of a thickened
interventricular septum larger than the left
veptncular wall thickness by a cenman degree,
accompanied by a paradoxic systolic anterior
motien Of the mitral valve =0 that @ almost
touches the mierventrcular seplum,

LONGENITAL HEART DISEASE

Duee 1o the effective treatment of streptococcal
mifeciions by antbiolics, the incidence of
rheumatic hean disease is decressing. The
obstetrcian i thus faced with a greater
percentage of patients with congenital cardiac
abnormalities. The most common cardiac lesion
i the clines practice of ohatetrmes is the atriad
seplal defect. The physiologic nght heart
overtoad caused by the lesion produces o large
right véentrcular cavity withoa left veniricular
chamber correspondingly decreased in size. A
paradoxic motion of the interventricular septum
i% aften demonsirable,

Diher common vpes of congenital heart disease
include ventricular septal defect. patent ductus
arteriosus, congenital somic stenosis, and
Ebstein's anomaly. In each of these suspected
disorders, echocardiography may either confirm
the clinical diagnosis or discover another cardiac
disorder simulating the physician’s impression.

VASCULAR DISEASE IN PREGNANCY

The diagnosis of vascular disorders in pregnancy
is somewhat different than in the nongravid
paticnt, due to the necd to-avoid the jonizing
radiation inherent in X-ray and madioisotopic
procedurés. Use of grav-séale and real-time
scunning together with Doppler ultrasound may
add significant contributions to the study of
disease entities with vessel pathology,

ARTERIAL DISEASES

The gravid term utenus lies upon the abdominal
aorta when the patient is in the suping position,
A senies of aonograms performed for the
diagnosis of placenta previa before the advent of
diagnostic ultrasound showed antenor
compression by the uterus on the wall of the
porta, Bedouced blood fow o the penpheral
vessels was noted. None of the patients were
symptomatie for artéral vascular disease,
However_ it s logicad to anticipate that younger
petients with collagen disease or other forms of
arteriul insufficiency may have their symptoms
aggravated by gestational pressure. The aorma
miay be imaged during gestation either with the
real-time scanner or with gray scale instruments.
The degree of compression of the abrii limen in
the anteroposterior diameter may be measured.

Aneurvams of the abdominal aora may be
wentified easily. Although the cyvstic medial
necrosks responsible for dissecling ancurysm
maosl oftéen produces a dissection in the thoracic
aorta, this may extend into the abdominal sorta.
Widemng of the anterior aortx rosl 15
demonstrable with echocardiography in the
wsual positions, Dissection of blood may be
noted at higher gain settings. The ancurysm of
the descending thoracic aorta may be studied if
the ancurysmal dilatation comes into contact
with the postenor pleura-chest wall interface.
This may then be demonstrated with M-mode,
gray scale, or real-time scanning: The
complicalions of rupture into the pleural space
or into the pericardial sac may be ensily
documented with. conventional ultrasonic
fechnigues.
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FIGLRE 4,28 a)

Supine longitudinal scan. Gray scule, The Gorla appoers moa
fingar echo-lree sinaclure that tapers ‘.nm-.u'h|:. It nsaally
mivy b imaged from the xiphoid progess down (o e beved of
the umbilicus. Generally, the distal wall B more sharply
ouilined shmn s the proxemal wall

FIGURE .24 b}

Supine kongituidinsd scan, Real-tive scunner, The sortn may
e - studied easily with the real-time scanmer. The
characerisie sysiolic coptraection wing moy be obnerved
This verdes 1he aovtin and distinguishes it from ather eche
{ree regionnl spuctume:

Ultrasonography of the abdominal aorta is
performed in the tronsverse and longnudinal
planes. Combined use of the real-me scanner
with gray scale is panicularly appropnate in
pulsating stmuctures, Ultresonography s not
omly an excellent diagnostic modality, but is also
the feast invasive for the detection and follow-up
of gortic ancurysms, Indeed, this was one of the
first wses of ultrasound in the upper abdomen,
Improved diagnostic techniques hive revealed a
greater incidence of asymptomatic abdominal
aortie aneurysms in the elderly than was
previously recognized (20, 21).

Abdominal ot ullr;aﬁnnm;mph}' ASSUITES
increased importance since thismay be the only
method available for examining the genatnc
patient or the pregnant patient wiath suspected
dissecting ancurysm.

Blood 15 a-good transomnic medium,
Consedquently, the aoria can be defected easily
by abdominal sonolaparotomy. The aoriais
located antenor o the spine, generally shightly to
the left { Fig. 4.28s and by, [1s walls reflect strong
echoes, with an anechoic region representing the
blood-containing lumen. The diameter of the
normal orta i approximately 3.cm and tapers
off a5 the sorta descends. On gray scale, blood
does not have the same homogeneity as does
clear Bud.

There i5 no magnificaiion, and the sae of the
aorta may accurately be determined. Simple
mieasurement may be-accomplished by
calculating the anterior-to-postenor diameter m
the longitudmnal o transverse planes.
Traditionally, the aorta has been studied with
contrast angiography by the translumbar
approach or through perculangous, refrograde,
femoral artery cathéterization, However,
Senous consequences may result from these
methods. A known incidence of thrombosis and
embohzition i associated with aenal
catheterzaton, éspecially. after o plague, in
patients with severe atherosclerosis, Since
systemic hypertension is frequently associated
with atherosclerosis, hematomas may form at
the puncture site,
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AMELRYSM

Arnteriography can only show the lumen of an
angurysm; the clotted portion obviously cannot
be seen. The true size of an ancurysm is assessed
by measunng the width of the lumen on the
angiogram and adding 1o it the distance from the
lumen to the outer calefied wall. IFcalcification
cannot be seen radiclogically, the true dimen-
sipns of the aneurysm cannol be accurilely esti-
mated, In fact, if there is no wall calcification
and the laminated thrombus completely fills the
aneurysmal sae, the contrast-opacified lumen of
the aoriie ancurysm may be mistaken for anor-
mal distal gorta and the diagnosis completely
mssed (22, 230, The outér dinmeter 1% an impor-
tanl preoperative parsmeter for the surgeon.
Elective operation is considered when this mea-
surement excéeds T oem (21, 23, ).

Abdominal sortic mneurysms moy assume i
variety of forms (Fig. 4. 2%.b.c.d, and e).
Dilatation may be localized and the aneurysm
sacculary shaped. It usoally has a sharp antefior
wall, and may easily be confused with a cystic
lesion, However, the outer wall of a ovst is
penerally nol as sharply defined as s thatof an
ancurysm. Fusiform aneurysms typically
onginate below the level of the renal arterics in
the region of the mferor border of the liver, but
they may involve the entire abdominal aorta,
Fusiform ancurvsms may extend o the iliac
arteries pnd may involve long segments of the
wort, beginning in the thoracic aorta and
extending mto the abdonmal aorns. This
thoracoabdominal snewrysm appears on the
abdominal sean @s dilated lumen that wapers in
size 38 it descends into:the lower abdomen,

Various lnvers of the aneurysm can be detected
by adjusting the sensitivity of the ultrasonic unit,
At low sensitivity, only the outer walls of the
aneurysmure seen. Higher sensitivity will show
echoes from the clot or thrombus: The true
lumen, filled with blood, remains echo free.

Dissecting aneurysm occurs Jess often in the
abdominal than in the thoracic aorta, Intimal
mecroais permits-blood o course m the media of

the vessel (Fig. 4.3, External rapture may
occur or the channel may reenter the aoric
lumen. The intima is pushed into the Mood-filled
true lumen by the mtramural hemomhage, which
appears as aoseptation in the echo-free soma,
gencrally best seen on the longitudingl scan. At
higher sensitivities, the thrombus in the false
channel may fill in with echoes. Thrombus is
best demonstrated with gray scale equipment.

FARAAGHRTIC LYMPHADENOPATHY

Paranortt lymphadenopathy occurs in benign
and malignant states. Large preanimic masses are
se¢n in lymphoma and retroperitoneal lymph
node metastases. These conglomerates of nodal
tissue silhouette the normal outer wall of the
aorta, sonographically creating @ false outer
wall. Lymphadenopathy is difficult to
differentiate from aortic ancurysm, Usually, the
anterior border of the aneurvsm is more sharply
delineated than is the lobulated anterior border
of lymph node masses. To confirm paraaortic
Ivmph nodes, other arcas of |y mphaden opathy
must be sought,

A confusing anidact frequently oceurs when the
planeof the scanming beam passes through the
fibrocamidaginous mtervertebral discs of thin
patignis. Although the body of the vertebra
Mocks sonic transmizsion, the disc structure
appears cCho frée ol low sensiivities and may be
echogenic a higher gain settings. The nearal
arch elements may be pantly visualized, forming
an outline of the spinal canal, In transverse
scanning, the anechoic disc may be mistaken for
i cvshic or vascular structure. This problem can
be resolved by sensitivity studies and M-mode or
real-lime SCanners.

VENOUS DISORDERS

Venous thrombosis and embolic phenomena ane
amang the most common senous viscalbr
disorders in pregnancy. The combined use of
gray scale and real-time scanning may be of
panticular value in these situations.

A less serious bul more common problem is the
venous insulficiency syndrome in pregnancy due
to dterine compression of the inferior vena cava,
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FIGURE 429 () )
Aoriio ansurysm

FIGLRE 4-30 (d)

FIGURE 429 (bt FIGLRE &2 (2

FIGLRE 4-29 121 FIGLURE 3.1

e

- i e
Aortic ansurysm
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FHGLURE. 4.2 %a)

Supine kagituifinal scan, Gray scale, The shdominal s
UFHEUCY T Sppesary s a ditstation of 1he lumen of the aofs
dirwih A 10 thee wrrmiad aeee caliber. Kole pasdenor sherp
Brder

FIGURE 4.29h)
Supine lngitddinal sean Gray sdalke, Aneurdmof aora may
ke Comlizsed wikh odher eyviscstmictimes . The entrance of the
oora it tbhe dilutation trsd ds exit mom the sncuey smal s
urg impeddant in definitively diagnesing o saecular absdominal
el ancirysm,

FIGURE 4 2%c)

Supine longHudinal scun, Gray scale, Aneurvsm of the soma
ety be condiased with otberoystic structures, The entrance
of the et indo the difatation and 115 exi from e
ameurysmal sac e smportant in delinitively dsagnosng
saveiibar abslominl aorie aneurya;

FIGURE 4.2%4d)

Sapane lingrudingl scan, Griy scabe. The iboracoabdomanal
wirt; aneurysm appears as o dilatalson of the lumen of the
worti 21 the fevel of the disgibeagm e tapers o the normal
woptic caliber, Mead B aoward 1he mght,

FIGURE 4 2%¢e)

Supine transvene sgan, Gy scale. Thiee naccholg regiens
are noted. An aeric apeurysm i seen inderiorhy with on
miner Ever of thrsmbin producing in echo-froe limen. Dhsial
Lo the ameurysim 15 Ehe ecbo-poor miervenebral disc. Disnilly
are pated pasts of the urch forming the spinal cinal,

FIGLRE .30

Supine ogiudingl sdan. Bemode. Issectaon of the walk of
the aBcUryam dihp-tm.'n'. the intimal wall centrally os hlood
runs i the medan of the yessel. This appears as a lmer echo
benid paralleling the lumén of the aecta. Motion of 1ke @ntimal
wall iy e oibsrrved with M-musdde or the real-tome scanner

Although this-may be dooumented by observing
todal anteropostenior compression of the walls of
the veni cava, this problem s geperally not one
of clinical difficulty, It is. however, of great
importance 1o the ultrasonographer who may
exgming a patient foran extended period of time
in the supine position (Fig. 4.304.b, and ¢). After
the stadv is completed, the patient must be
returned grodually to the sitting position. After
the rémoval of uterine pressure aflows
restoration of circulating Mood volume, the
patienl may assume an erect posture and
ambulate with an attendint nesqrby.

Imaging of the inferior vendt cava and
simultandéous measurement of iS5 diameter are
vatushle in conditions that cause this vessa] (o

distend. The cause of the turgescent vessel, such
as right hean failure, ¢an be determined by
eviluating the dilfated nfenor vena goava,
Hepatomegaly due 1o right heart failure can also
b diagnosed by scanning the mfenor vena cavi.
The normal vessel collapses dunng the
expiratory phase of respitation, but does not do
so in the patient with heart failure, This '
phenomenon is best studied with the real-time
seanner. Inferior vens cava imaging can also be
used 1o detect o thrombus or fumor in this
structure,

The image of the inferior ¥ cava in
longitudingl section is usually very difficult to
vistuilize when the scan is performed with
conventmal eguipment, but s easily
demonstrated by the real-time scanner and gray
scale. Ina normal subject, during inspiration the
vena cavi reaches a maximum dizmeter after
severl seconds. Study performed with the real-
time scianner in the parsmedian approach shows
the vessel s complex motion, which comresponds
1o the respiratory cyele. The liver and aorta
transmil systolic pressuere o the inferior vena
cava, s0 that the antenor wall of the vem has
even more intense motien than does the snteror
wall of the aorta (255, During inspirition. it is
well filled and prominent; during expiration it 1s
colbapsed and not easily. visualized.

Shifting il

Where uncertanty exists m verfication of the
inferior vena cava, the aorta ¢an easily be found
with the real-time scanner. The applicator of the
machine is then shifted toward the nght side 1o
tocate the infertor vend cava, This manewver can
also be done from the location of the infernor
vena cava toward the aorts when this antery is
difficult o sdentify.

Evalwation af the nfedor venn cava

In right-sicled cardiac conditions, the respiratory
motion of the vens cava diminishes and, in
severe cases, completely disappears: the vein,
however, will be seen clearly. measuring at beast
Y tm in anteroposterior diameter. Increased
diameler of the inferior vena cava usually
signifies right-sided heart failure.

CHAPTER & GYNECOLOGICALLY AN ORSTETRICALLY RELATED MEDICAL AND SURGICAL IRSORIERS

159



FHSURE 431 tas

FILGURE 431 ib)

FIGURE 4-31 ich

FHGLUBE 4.3 1ia)

Supene longnodinal scan, Gray scabe. Fast scanning speed
ower the infenor vena cava (1VC) may demonsaraze the
changes in the outline of this vessel dug oo inherenl moixmn

FIGLRE 451

Luipane lompitudined scan. Gedy scale, The ovorl portal vein
may be dhatingiished from an entimged common bale duce by
nivtg % confBrends From the splonic vein and the superor
mesenienc vein. This may be observed with gray scale or the
Teal-qime scanner, Mate typacal kdaticn of the porel vein
mntericr o the mferis veni civa.

FIGLIRE 230}

Supine kongindinal wan. Gray scake. The echo-Tree lumen of
the inferior vira cavi cxlends into the nght siram. The vena
gava may be complenely surmanded by the subsainee of the
tiver as & normal vanant, The kinkingof the mudporiion of 1he
inferior vers cova is due to the pressure of the
marsgaciersdinis -dinphragen on deep inspirtion. This kink
meky alisappear o0 expuEim,

Tumar or thrombus within the inferior vena cava
may be demonsirated with gray scale or real-
time scanners. Intemal echoes and the absence
of normal pulsatile moton indicate invasion by
tumor or aress of clotted blood (26), The mfenor
vend cava may be displaced anteriorly by
retroperitongal tumors, lvmphadenopathy, and
adrenal masses, The vena cava or the aora may
be displaced posteriorly by pancreatic lesions.
Extnnsic obstruction by masses in or near the
pancreds may cause the supenor mesenbens vem
to-distend. The vepous system disténds in
pericardial effusion or vight heant fadure, Study
of the venous system may suggest a cardiac or
hepatic etinlogy for heparomegaly.

THROMBOEMBOLIC DISEASE

Treatment of thromboembolic disease with
anticoagulants is commaon and the expected
complications dre few. Howéver. when a gravid
female suffers from thromboembaolic disorders
or other hypercoagulable states and is treated
with standard doses of anticoagubant drugs,
¢ertim problems generally occur at the time.of
delivery.

The trauma of birth may precipitate fetal
intracranial hemorrhage with resulting
neurologic sequelie or even death. Optimally,
the fems should kave nomal cosgulaton
mechanisms during delivery while the mother
should remain in & hypocoagulable state.
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Experimental intrauternne fetal mpection of
vitamnin K {(phytomenadione) demonstrated the
feasibility of this approach (27). Vitamin K was
sdministered o the mother intravenously or
imtriammniotically, producing @ subclinical rise in
the prothrombin-proconvern level. Vitamin K
wiss then injected imfo the fetus under ultrasonic
guidance (27). (The motion of the fetus may be
ohserved with A-mode or rapid B-scanning with
a varidble persistence oscilloscope. The best
imaging occurs with the multielement real-time
scanner.) Injections with a fine needle were
made into the fetal thigh shortly before delivery.
The imjection is performed while the fetal thigh is
contimeally monitored with the reul-time
scanner; the needle enters the plane of the sound
beam and fetal limb and produces a high-
amplitude echo which is then monitored. Any
alteration infetal position 5 instantly soted and
adjustments are made in necdie insertion as
needed . Postdelivery coagulation values were
within norml limits in the fetuses previously
injected in wera,

ULTRASONOGRAPHY OF
GASTROENTERIC MSORDERS IN
OBSTETRICS

GASTROENTERIC DISEASES

The common sympltoms of nuusea, vomiting,
and epigastric pain or buming are freguently
nonspecific for gastrointestinal (GI) disorders
and may even be a normal pant of gesiaton, as m
the clinical entity of morning sickness. The large
variety of serious disorders that may mimic the
simple nausea and vomiling of pregnancy are
basically divided into two Dvpes: those related 1o
gestation and those unrelated o pregrancy,

Aside from the normal vanations of moming
sickness, other Gl disorders secondary to
pregnancy may stem from hydatidiform mole,
multiple gestation, and hydramnios. These may
be readily dingnosed by ultrasound, Other
causes of Gl disorders as hy peremess
gravidarum, preeclimpsia, and the onset of labor
are supported by the lack of positive ultrasonic
evidence of defimtive pathodogic conditions,

Crastrointestinag] complaints in the pregnant
female may stem from such-disordirs as
cholecystitis, biliary obstruction, appendicitis
and appendiceal abscess, pentonitis, hepatic
ihscess, peninephnc abscess, and subdia-
phragmaie abscess. Also, ruptured or twisied
ovarian Wmors may capse nses and vomit-
ing. Diagnosis of the above entities may be
gither specifically confirmed or substantiated
with ultrasonopraphic scanmng, Discase
processes such as uléers, metabolic disorders;
and gastroentenitis and colitis are not
diagnosable - with ultrasound.

Disorders of the bowel occurring during
pregnancy  such as peptic uleer disease, regronal
ententms, and ulcerative colitss, are best
diagnosed by radivgraphic barnum examinations,
Ultrasonography is useful 1o document and
locate exacerbations or complications of
intestingl diseases,

Regional ententis may involve all parts of the
dlhimentary et I mainly affects the small
bowel and the most frequent complication that 1a
demonstrable by ulirasound 15 the tendency for
mass formation with the production of fistulas
and the adheérent misses of matted small bowel
loops. These masses appear as poorly localized
areas which are usually transonically complex
due to the presence of edematous bowel wall and
1= Muid-filled contents,

The development of amyloidosis and chronis
renal falure may show smull contrucied kidneys
with conventional rénal ulimsonogrphy.
Regionil entenitis 15 notl exacerbated by
pPregnancy.

Ulkcerative Colitis is primarily an intrinsic colonic
lesion and only the secondary complications are
diagnosable with ultrasound, Colonic cancer
with metastases, Tatty liver infiltration and
hepatitis, renal disease, and ocular compli-
cations miy be verified with ultrasonography,
Colitis may be exacerbated by pregnuncy.

In o similar manner to the nausea and vomiting
of pregrnandy, constipation may be an associated
aspect of gestation. However, thére may be
senous underlying causes for constipation which
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may demand further investigation, Internal
lesions of the colon, either of the intrinsic or the
submucosal vpe. are able o produce complete
abatruction of the lumen of the large bowel.
Similarly, inflammatory disorders of the chronic
or acule type may produce spasm of the colon or
extracolonic abscesses which will obstruct either
from extrinsie pressure or refley aony,
Mevromuscular problems and systemic diseases
stch as scleroderma may be encountered,
Ancrectal leswons are parful amd may Cause
reflex constipation. Such problems as
thrombosed hemorrhoid and anial fssure are
common cueses of fecal disorders;

Liltrasonogriphy of the constipated colon s
difficult sinee there may be greal vanety in the
size, shape, and localization of the fecal
products, If the area of fecal tumor 15 small and
in thie cul de sac, its bizarre echo pattern may bis
mistiken for a dermoid. Flind contents backing
up behind an impactéd colon may simulate 5
cyst In severe cases of fecal impachon, the ar-
containing stool may completely block sonic
tramsmission, producing a charactenstic picture.

Intestinal obstruction may occur during preg-
nancy, The obstructed small or large bowel en-
larges as the intreluminal comtents accumulate.
The ulirasomc appearance depends upon the
presence of oid or ar within the dilated bowel
loops.. Bowel that i fuid filled wall appear as an
echo-free region separated by multiple septa-
tions corresponding o the wills of the bowel.
Bowel filled with air (eg. from gas swallowing)
will produce a sonic shadow. Certain areas of the
colon may produce dingnostee difficulty in ab-
dominal ultrasonography. The fuid-filled cecum
and sigmoid, especially in inflammatory condi-
tions of the colon or adjacent to the colon, will
produce hypotonic segments of bowel which ap-
pear as cystic lesions, The peal-tinie scanner may
ke used to document peristaltic activity, If un-
cerfainty exiats, & waler enema will show
changes in size in bowel loops simuliting cvsic
lesions.

Appendicilis m pregnancy is unigue in that the
appeéndix is usually located in the nght upper
gusdrant, Inflammation limited 1o the appendix

may produce o localized refles ileus resulting in
Ruid accumulation in regional bowel loops. This
may appear a5 a cystic mass with seplations,
Perforation of the appendix may result in
localized abscess formation {Fig. 4.32) which
appears as an echo-free area strrounding the
appendix, Generally, the walls are somewhat
imregular due o inflammatory edema and
necrotic debris. Through transmission is high.

ULTRASONOGRAPHY OF HEPATIC
DISORDERS IN OBSTETRICS

HEPATIC DISORDERS IN PREGNANCY

Hepatic disorders are common in pregnancy.
since the normal liver s positioned almost
enfirely beneath the nbs, ultrasonic scanning 15
technically difficult due to sonic attenuation and
reverberation artifacts caused by the rib cage.

AL low sensitivity, the liver appears as an echo-
free organ with a concave distal border overlying
the galibladder, inferior vena cava, aorta, and
pancreas. At higher gain settings, the liver fills
with echoes, These weak echoes, shaped like
dots or short lines, are reflections from larger
Biliary radicles and hepatic vessels, Using the
griy scule. the liver is more echogenic than is the
kidney or spleen and less echogenic than is the
pancreas,

The imcredsed resolution noted with-scan con-
verters shows the normal hiver 1o be homoge-
neously filled with gray echoes, throughout
which are scattered multiple, linear, echo-free
preas with dark gray walls projecting toward the
hilum,

The most common bver disease in pregnancy s
viral hepatitis. The course of hepatitis 15 similar
in the pregnant and nonpregnant states. We have
noied thal the liver may be enlarged; however,
n-conssient parenchymal echo pattern has
been noted in our series.

Chromec toxe and mfectiouns. hepatitis results in
cirrhosis, which is an immeversible alteration of
the normal lebular architecture, with widespread
fibrosis replacing atrophic liver parenchyma.
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FHIURE 4.32

Bupine imesyverse sean, Cray soale, A ppendicular abscess,
Nofe echofres roumd arcn with sregebe boeder and high
theouggh frunsmassion, Patiert had history of sppendiciti
swhich developed uppemsdiceal ubscess

Arcas of regenerating liver Lissile are
interspersed diffusely. The size of the liver
varigs: however, there is usually an moneased
echo pattern in the liver substance. which may
be demonstrited on Bescan and gray scale
studies, The distinctive echo pattern in cirrhotic
patients is due to the wide spectrum of changes
caused by fatty metamorphosis, connective
tissue praliferarion, regenerating nodules, and
necrosis. in various combinations. The cirrhotic
liver may be sccompanied by detectable ascites
and has a contracted homogeneous appearance.

Chaolestatic jaundice of pregnancy associated
with pruritis is due 1o cholestasis with dilatation
of the canaliduli which may contain bile plugs,
There is no evidence of distal obstruction and it
5 thought that the stasis s hormone induced,
Ultrasonography is nonspecific and shows an
increased echo pattern to the hepatic substance.
A similarecho pattern is seen in the acute fatty
liver of pregnansy which is assodiated with Farty
changes in the hepatic cells.

Abscess formation sccompanying pregnancy
may be pyogenic and may appear as single or
multiple imegular echo-lree areas within the
hepatie parenchyma, An amebic abscess 15
usally located in the postenor portion of the
nght lobe of the liver. It appears as a complex
mass with irregular walls and o high degree of
through transmission, Liver abscesses regress
more rapidly by ultrasound than by isolopic
scanning. Pernhepatic abscesses ane noted o
irregular anechoic regions in the subphrenic and
sitbhepatic spaces. A subphrenic abscess should
not b confuzed with subpulmenic effusion,

CYSTS

Hepand cyvsis may be congemital and may be
incidentally discovered i lemabes of child-
bearing age. These are uswally. small and
associed with polycystic changes in other
organs, sich as the Kidney, I the evsis ane larger
than 1.5 cm in diameter, they will be detected as
echo-free arcas on gray scale systems,

Hydutid cysts nre wsually lsrge when detected;
the simple echinococcal cvst appears echo free.,
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Often septa, necrotic debris, and internal cysts
produce the picture of an echogenic mass.

Locating pathology in the liver by
sonotomograms is relatively easy, However, it
may be quite difficult to determine the nature of
the lesion. Didgnostic critéria aid n
differentiating benign from malignant processes
and eyvsic from sobid lestons,

Surgery may produce fetal wasiage in the
attempied diagnosis of focal liver lesions, A less
iraumatic echnique usés the pércutanecus
ponciure transducer which enables the clinnczn
to perforate lesions with great accuracy and to
aspirate their contents, This transducer has a
special central bore through which puncture
necdles of various sizes can be passed. A fing-
pauge necdle produces minimal tauma o
[IS50Es,

When an echogenic zone, 81 low sénsitivity, ora
sonolucent region, at high sensitivity, is
delineated, percutancons cysl punciure may be
performed with minimal patient preparation.
Coagulopathy should be ruled out by history and
labormory determinations. The skin is stenlized
and draped. The scanning transducer 15 then
replaced with a sterile puncture trnsducer, The
sound beam is directed into the zone of mierest,
and the depth of the lesion from the skin surface
is readily measured from the echo pattern on the
calibrated A-mode oscilloscope screen, After
local anesthesia, the needle is advanced into the
lesion to u predetermined depth, The contents of
the suspected metastasces dre then aspirated and
submitted for cyvtolome examination,

Ultrasonography provides a sensitive amd
atraumatic method for localizing and diagnosing
suspected metastatic foci. The percutaneous
puncture echnigque permits simple histologic
confirmation of suspected lesions,

ULTRASONOGRAPHY OF GALLBLADDER
AND BILTARY TRACT DISORDERS IN
OBSTETRICS

Gallbladder and biliary tract diseases are much
more common in females than in males, Hence,
this organ system may be a site of pathologic

changes during pregnancy, X rays should be
avinded during this time. Inany case, radiologic
procedures are seldom useful during acute chaole-
ey stitis, biliary obstruction, or hepatogenic jaun-
dice since radiographic examination depends on
the functional status of the hepatobiliary system.
Indeed, since ultrasonic imaging is unrelated 1o
the functional status of the gaflbladder, it is the
primary method of investigation for the radi-
ographically nonfuncrioning gallbladder or the
suspectéd diseased paltbladder in the prégnant
woman. Anatomically, the night and lefi hepatic
ducts join at the porta hepatis to form the com-
mon hepatic duct, which becomes the common
hile duct after giving off the cystic duct 1o the
gallbladder. The common bile dugt passes ante-
nor o the inferior vena cava and through the
superior gspect of the pancreatic head o enter
the duodenun at the papilla of Vater,

The gallbladder is & distensible sac lying in a
fossa on the inferior surface of the right hepatic
lobe, The neck of the gallbladder and the cystic
duct are near the porta hepatis, while the fundus
projects inferolaterally beyond the fiver edge.
The fundus may contact the amerior sbdominal
wall.

The flud-filled gallbladder appears echo free at
bowe-anad medium sensitivities. The resolution of
gray scale systems permils easier localization of
the galibladder, and fAuid-filled compariments
greater than 1.5 cm in width can be imaged. The
gallbladder is demonstrated along the inferior
surface of the iver as an oval or round echo-free
structure and is roughly elliptic in its longiudinal
axis (Fig. 4.33).

In the filled gallbledder the postenor wall is
sharply demarcited snd can be delineisted in one
soan sweep, As it extends caudally, the
gillbladder becomes more lateral and superficial.
The nonfilled gallbladder is il defined and
difficult to locate,

The patient & mstructed 1o fast overnight (o
distend the gallbladder optimally.
Demonstration of contractility distinguishes the
duodenal bulh from the gallbadder, This is best
done by A-mode or the real-time scanner (Figs,
4.34 and 4_35). The galibladder must always be
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imaged in both planes 1o obtain its charactenistic
shape o prevent misdiagnosing this echo-Irec
ared oy ackst of the pancreas (Fig. 4.36) or a
metastatic focusn the ver, The biliary tree 15
best appreciated with gray scale or real-time
scanners. The ductal svstem must be dilated 1o
L0 cm 1o be amazed clearly.

Prmary acute cholecystitis is not associated
with gallsiones, An enlarged echo-free
gallbladder is seen withow internal echoes,
There 15 no response to s falty meal, Stones are
present in chronic cholecystitis and vary from
gravel-size to several centimeters in dimension.
In the supine position, gallstones lie against the
postener wall and nppear ax echoes within the
gallbladder. On B-scan, single or multiple
echoes, close to the posterior wall, are noted

FIGLRE 4-33

FIGLIRE £31

Eupim: |-.|ni.';|u:I|rL|I scan. Giruy scabe, The gadibladder isually
he= i an obigoe position. The neck ol the gallbladider s olien
satuated over the infenor veria cava

FIGURE 434

A-imide & lngh sensatinty. High through rsnamssssn
e o nstratod e mudtple ccbdes distal fo ibe oale e wall
of the anschoae gallbladder. Mo chamge insive will be moled
when the trmnsduceris over the gallbladsler. A dissdenal bulh
flled wigh Pl will change in sive with noemal contmacisans

FHILRE 4.35

Supmne hmgitidinn] scan, Gray scale, Dialed gallblndider
over knlney. Shamply owlined anlenor and postenior sealls,
FHGURE 4-M Mo responie b Bany meal. Acue cholecystits,

FIGLIRE 4,38

Supine ohligie sean. Groy seale. The galblsdder was ot
iveeged im the mowtme scanming plines. Pamial outhne of the
gallbladder ippears when the obliguee scanming pane is med
1o ot 1his strmciune,

FILGLURE 433

INapiragn
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FIGURE 4.37

Supine ransverse scan. Gy scabe. The gallbhiddsr 5 ecin
free. Omthe distal wall, gh-amplinede echoes of a galbone
are noted. A sonie shadow occurs distal 19 the stone.

FIGURE 4.18

Supine framsverse scun, Geray icale. The normal pancreos
generally siaated beneath the infersor sumface of the fiver,
The echogenic “cobblcstene’’ appearance of the paoereatic
stbsiance is noled nbowe the aorta and supersor mesentenc
artery. The pancrens 1 maore echogomic than mihe liver.

With grav scale imaging. stones as small as 0.4
cm in diameter may be visnalized as dark-gray
masses of echoes-adiacent to the distal wall (Fig.
4,37 With careful inear scanning, a somc
shadow may be produced as the stone blocks
passage of the ultrasound beam (16), Distal to
the stane is an echo-free space corresponding to
the: dimension of the: calculus in the scanning
plane, Behind the stone, the posterior
gallbladder wall 1 either poordy seen or not
vistalized at-all.

IF the gallbladder = completely filled with stones.
there is insufficient Auid 10 produce an echo-free
interface in which 1o detect intraluminal echoes,
The presence of high-amplitude echoes in the
region of the gallbladder and the appearance of o
sonic shadow {16} suggest a stone-filled lumen.

In chronie cholecystitis, the gallbladder may be
shrunken secondary to fibrosis and may contain
tou Bittle Auid 1o be detected.

In both chromc obstruction and acute
inflammation the gallbladder is dilated and there
is no response 1o fatty meal stimulus. Although
the clinical setting is usually diagnostic, the
pancreas should be nvestigated (o nile ool
IUmOT mass or acute pancreatitis with reflex
cholecystitis,

Obstruction of the distal common bile dugt is
usually cavsed by impacted gallstones,
carcinoms of the head of the pancreas; sinctures
of the comman bile duct, lvmphadenopathy. and
secondary tumor deposits in the porta hepatis.
Caranomi Of the commaon bile duct 18 rare.
Cradual obstructon causes proximal dilaation
of the gallbladder and the commaon bale duct. The
intrahepane hile duct appears as i tubular echo:
free structure on longitudinal section, connecting
with the dilated, branching, echo-free major
biliary radicles located cephalad (258),

The dilated common bile duct must be
differentiated from the portal vem. We dentify
the portal vein by observing its formation from
the splenic and supenor mesentenc venous
tributaries. The splenic vein postenor to the
pancreas i first demonstrated and then followed
to the right upper guadrant (o its conflugnce with
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FIGLRE 2. %%

Bupine i e sian, Gray souke, The neotely inflasmed
panCEEs appenrs ad a sonolucent bard nhove The worta and
wfenos vem cava, The edema of acute mflnmmiatim
pidiges high through irassmissson aml 1be margins of 1he
gand are distincily ouilined. The @scal wall 3 well sepen,

FIGURE 4. b}
supme bongrtudimal seon, Gray seole, Enlargad iransopie
pamergas due 10 pancreatsis

; e
fired DRDCE -' 2
ati e - 3

the portal vein. Although this may be done with
gray scale, we and others (29) utilize the real-
time scanner for speed and accuracy.

ULTRASONOGRAPHY OF PANCREATIC
DISORDERS IN OBSTETRICS

Pancreatitis may complicate pregnancy. Either
thee acute or chronic form mav occur in the
gravid patient. Pseudocyst formation may result
secondary Lo this disease process. Ulirasonogra-
phy is now being gocepted as the best method for
imaging inflammuotory processesof the puncreas:
Senal examinations may be performed without
risk b0 the pavent or discombort, and are wseful
in documenting the size of the pancreas in acuie
pancreatitis. Determination of changes in pan-
creatic volume is helpful in following the course
of chronic pancreatitis.

The pancreas has numerous bood vessels,
ducts, and a lobular architecture, The many
interfaces in this organ produce inernal echoes
at medium sensitivity, Ultrasonographically, itis
uspally il defined due to the normal irregularity
of the gland and the absence of @ well-defined
pancreatic capsule. The normal pancreas is more
echogenic than is the liver, spleen or Kidney. It
has u *pebbly™ gray echo pattem on gray scale
systems (Fig. 4.38), The location and shape of
the pancréas viry considerably. It s positioned
ruther anteriorly wnd may assume @ sigmoid, L-
shaped, V-shaped, or horseshoe configuration,

PANCREATITIS

Ultrasonography is extremely helpful in the
acute stage of pancreatitis when the gland is
edematous and usually well viswadized (30), The
margin of the inflamed pancreas is smooth and
the gland becomes highty transonic (Fig. 4.3%
and bj,

We have noted tha turgeéscence of the superior
mesenteric vein frequently accompanies

pancreatic enlargement. Other studies show that
inflammiation of the pancreas is accompanied by
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inereised Aud content, which permits better
sound transmission and sharp definiion of
boundaiies {31}, Solid organs surrounding the
puncréas are filled in with echoes and the
pancreas stands out in contrast, The enlarged
head of the pancreas may be mistaken for &
preudocyst; however, il does not have the same
degree of through transmission nor the sharp
postenior wall of a cyst,

Some authors (32.33) feel that ultrasonography s
frequently inconclusive in chronic pancreatitis.
However, lirge pancreatic stones may
occasionally be demonstrated in the parenchyma
iof the gland, appeianng as sirong echoes within
the organ mdicitive of chrone caleulous
pancreptitis, We hove demonstrated the sonic
shadow sign (16} in several patients with this
disorder, In chronic pancreatitis the entire glind
may appedr g% an echopenc mass; however,
delineation of the gland deteriorates as fibrosis
and Conirpchpn progress,

PSEUDOCYST

Preudocyst formalion m acule pancreatifis my
be demonstrited by echogruphy as-early as 2
weeks after onset (311, although pseudocysts
usually appear £ weeks after dcute inflammaton.
Some investigators (30,31) descnbed the
application of sonotomography in diagnosing
pacudocyst of the pancreas. Their studics
revealed that the pzeudocyst presenis as a
rounded sonclucent or transomnic anea, with a
strong posterior wall echo. Our series shows that
these cysts may be located in any parl of the
pancreas and may contam sepia, pus, or nEcroie
debris, After deamage, the cyst becomes
iregular and Alls in with echoes ol higher
sensitivily settings.

I s stated that peeodocvsis may be multiple or
lobulated {31,341, We use A-mode in conjunction
with B-scan 1o prove total ansonicity of the
pseudocyst to differentiate it from solid tumors.
The natural course of psendocysitic developmint
can be followed by sonotomography, Sponti-
neous rupture of & pseudocyst into the duo-

denum has been documented by ultrasonogra-
phy (351 The psewdocyst may resemble ascites
in the region of the flank,

Ciher radiddogic methods evaluate paeudosyiis
by a process of exclusion: Ulirssonoeraphy nol
only directly detects the pseudocyst, but also
permits temporal evaluation of this disorder,

Since ultrasovnd is atraumatic and may safely be
repeated a5 ofien as necéssary, we feel that
songtomography of the pancress for pseudocyst
determination is the method of choice. In
addition, complications such as infection or
rupture may be documented.

ULTRASONOGRAFPHY OF SPLENIC
DISORDERS IN OBSTETRICS

Ultrasound is useful in outlining the size, shape.
and position of the spieen when splenectomy s
considered as a treatment for vanows
hematotogic disorders, This is the case in the
coagulation disease of idiopathic
thrombocytopenic purpura when steroid therapy
has failed. We have nobed that the spleen may be
massively enlarged and yel nol project under the
left costal margin, Splenomegaly may be difficult
to eviluate in obese patients. Ultrasonography
may b used in these conditions o estimate the
volume of the spleen or to venify that the left
upper quadrant miass is indeed splenic in ongin,
The displacement of the intraabdominal organs
by the gravid uterus may displace the spleen in
unexpected directions, and ulifsonography may
be used 1o cutline the position of the spleen and
its regionil anagtomy so that the surgeon may
optimize the operative approach. In addition. the
ultrasonographic appearance of the pathologic
spleen may be highly disgnostic of certain
diseases, and may save the patient from other
diagmostic procedures of greatér morbadity and
discomfon,

The normal spleen appédrs as a concave
sonolucent structire in the left upper quadrant.
The splenic pulp s homogeneous and the organ
fills in with echoes al very high sensitivity

CHAFTEM 4 GYSECOLDGICALLY AND OBSTETRICALLY HELATED MEDBCAT ANE BURCICAL 1S0EDERS

168



settings, 11 is much more sonolucént than is the
liver anid slightly more sonolucent than is the
renal parenchyma.

While scanming the pregrnant female. cerfam
anomatlies mity be encountered. Congenital
variations of the spleen include asplenia, splenic
separations, aceessory spleens. and polysplenia
with multiple small spleens. Riather large spleens
have been incidentally noted as a normal
variation in both adults and children.

True cysts of the spheen are rare and may be due
to parasites { Echinocogous) or leratoma: False
evsly are more common and usually ogour in the
young adult. These may produce splenomegaly
in the pregnant womasn. They may be serous or
hemorrhagic and are believed 1o represent
organizing hematomas (36,37). The cyst has a
sharp posterior horder and high through
transmission, If the cyst is hemorrhagic or
septate, internal echoes may be demonstrated.
An attempt Is made to visualize the remaining
compressed splenic tissue, At higher sensitivily
‘sefianges, the echogenic spleen will contrast with
the echo-free cyst.

Hyperplastic splenomegaly occurs in hemolyiig
angmizs, which are & common problem for the
ohstetrician. The size and internal echo pattern
depend on the chronicity of the disorder and the
extent of fibrosis or calcification of the
parenchyma, Forexample, inearly sickle cell
disedse the plund is generally large dand anechoic
but liter contracts and becomes echogenic.

Primary mahignant tumors of the spleen areof
the lvmphoma family. The spleen may contain
diserete foct of tumor, with or withoul necrosts.
In advanced discase complete replacement of
the organ may occur. Multiple foci of tumor may
appear echogenic. The ddfusely infiltcated
spleen is homogeneous and generally anechoc
unbess areas of necrosis exist. Most of these
splecns highly attenuate the ulirasound beam so
that the posterior border 15 poorly demonstrated,
Differentiation of this echo-free tumor from o
oyt depends upon the through trinsmission
pasttern (1],

In leukemia cellular infifration is diffuse. Small
spleens are generally noted in acute feukemi,
while Lurger spleens occur in chronic leukemia,
Infarction and fibrosis are more common in
chronic myelogenous teukemia than in chranic
lymphatic leukemia. These spleens 1end 1o have
anechoie or low-level echo-producing
parenchyma. However. we have observed
echopenic spleens in chrome myvelogenous
lcukemin {Fig. 4400,

Trauwma may produce splenic injury in pregnant
women, The enlarged spléen s more easily
travmeatized, The bacerated spleen will usoally
miaintain s size and shape as blood spills
imtraperitonesily, If the capsule is intact, a
splemc hematoma will result, enlargmg and
distorting the splenic outhne, Following trauma,
ultrasomography is performed, so that wse of X
ciys will be avorded, Inspection s made for
intraperitoneal blood, The spleen is examined
for bredks in the continuity of the cortical
outline. or arcas of hemorrhage that appear
separated from the normal tissue by a band of
cchoes corresponding 1o the blosd-spleen
interface. At higher sensitivity, the compressed
spleen will fill in with echoes, while the
stibeapsular Blood remaims echo free £30).

INFLAMMATORY PROCESS

The spleen may enlarge 10 the presence of
extrisplenic mflammiatory disease, soch as
pelvic inflammatory. disease or puerpernl sepsis,
or may be the site of septic infarcts resulting in
abscess Tormution, Splenic abscesses my
appear as imegubar sonolucent foci @ the spleen
Becomes sonopague al higher giun sellings.,
Tuberculosis, brucellosis, sarcoid, and olher
chronic infections tend o produce echogemic.
spleens (8],

INFILTRATIVE DISORDERS

In benign infiltritive: disonders theil cause
deposition of metabolic products within the
cells, such as Gaucher’™s discase, the enlarged
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FIGLURE 4-4i

FIGLRE 44

FIGLIRE 4-47

FIGLIKE 4 41k

Supane Iransverse scan, Gray ssle, The spleen iz enlanged.
ccho poor, amd trnsoanie: The spinen crosses the midliee of
the bBody. Chrenie leukemin

FIGLIRE 4.41

Suping hngitudines =g, Cray scake, Eohosfree gone b
ki right bentidiaphr.gm. Mote the kigh theough rransmiisson
asspcrvied with the pleural Buid. Ce liter of pleurnl effusion
Wil evavinied.

FIGLIRE 243

Supine bongitadinal scan: Giray sicabe. The left hemidiaphragn
is well imaged, The gis-contaming cogans in the belt upper
quadnni nge displaced by the esfarged spheen of chronie

lekemia.

spleen his anecho pattern consistent with the
degree of imternal necrosis and Abrosis, Durcase
material showed moderately echogenic
parenchymi m paticnts with such disorders.

VOLUME DETERMINATION

In general, medical disease of the spleen
diffusely enfarpes the organ (36), while $pace-
wecupying besioms diston the splenic outhne and
compress nommal parenchyma,

The spleen may be enormotisty enbirged and vet
not project below the left costal margin (38),
Splenic volume can be determined by analyzing
the scurs with a pencil-following device linked o
a computer system (38), Massive splenomegaly
oocurs in ¢ hromic leokemia, portal hypertension,
Crauicher’s disease, Hodgkin's disease,
myelofibrosis, Wmphosarcoma, and some
chronic kemolviic snemias, Accoraie
determination of splenic volume is useful in the
disgnosis and management of hemutologic
chisorders,

ULTRASONOGRAPHY OF
DIAPHRAGMATIC DISORDERS IN
OBSTETRICS

The diaphragm separates the lungs from the
abdomen and is-affected n diseases of both
reguts, Both diaphragmatc moton and confour
may be demonstrated by ultrsound: Fluid
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collectioms above and h.:lpw this musculir
septum are casily identified.

The presence of the liver allows sound 1o reach
the midsagittal plane of the rght hemdiaphragm
from the postenor aspect almast to the anterior
attagchment. The sonogram shows a smooth.
mobile are of dense echoes at the periphery of
the liver, Normally, the left hemidiaphragm
cannat be imaged from the antenor aspect. and
the portion that may be visualired by posterior
scanning appears os a short, concave., echo-
dense strecture. Basically, in pregnant females.
in the carly stage. the dizphriagm can be properly
evalunted. In later pregnancy, its motion has
been restricted due 1o the gravid uterus; and
pathobogic comfitions are more difficult o
evalunte.

Supradisphragmiatic fluid appears as sn ¢cho-
free ares above the liver echoes of the
diaphragm. This zone couses al the pleural
imerface where another lingar arc of echogs s
noted (Fig. 4.41). The echo-free area, or frec
pletral fluid, will decrease in size as the patient
is moved from the ergct o the Tecumbent
position. Loculated fuid or abscess will not
change i shape a5 the patient’s posilion is
iltered.

A space-occupying mass in the left upper
quadrant makes the left hemidiaphragm easy 10
image. Indeed, il the left hemidiaphragm is
visualized without special effon. a sound-
transmitting mass in contact with the left
hemidiaphragm must be suspected (Fig. 4.42).
This has also been seen when somic windows
were created by marked hepatomegaly, asciles,
ind left subphrenic abscedses (39),

ULTRASONOGRAFPHY OF THYROID
DISORDERS IS OBSTETRICS

THYROID DISEASES

Disorders of the thyroid are mope SOmmosn in
women than in men, Conseguently, thyrowd
disease is nol uncommuon in pregnincy. 1115 well
known thal the stroma of the thy roid isaltered

by the bormonal and metabobic Changes in
pregnancy., Dunng gestation the thyrowd gland
has large follicles and actively secretes thyroid
hormone.

The occurmence of tumors of the thyroid in the
pregnant female presents panticukar problems,
since the useal dingnostic modality of
radioactive thyrold uptake is associated with the
risk of raduation exposure both 1o the mother and
the developing fetus. The Feétal thyroid
concenimies iodine much more than does the
maternal thyroad, and cases of congenital
hypothyrosdism have been documented
following exposure W0 radmaciive sodine {905,

The fetus is more sensitive w0 radiation ¢ffects
since irradiaton has a more marked effect on
capidly dividing tissue. 1t well established than
i higher percentage of offspring of mothers
exposed to X ravs die from leukemia or cancer
before the age of 10 vears (415, In addition 1o
mathignaney, micrecephaly has been poted with
mereased meidence in children irmadiated m
utero. Retardation in growth and development
during adolescence has afso been noted,

The superficial position of the thyrod gland in
the neck allows mapection and palpation by the
chinician and permits soft tissue X-ray
examination and sotopic imaging by the
radilogist, Since thyroid accumulation of
radivactive inding is histologically specific and
thyroid tissue may be eclopic, radionuclide
imaging is the best screening procedure for the
detection of thyrod pathology, (The application
of radioisotopes W0 the localization of the solitary
cold thyroid module has greatly aded the
physician, However, a poorly funclioning area
on the sean may represent pramary or secondary
carcinoma. benign adenoma. cvst, thyroiditis,
hyperplasin. or hemorrhage. )

Thyraid temors may be studied with high resolu-
tion ultrasound. Gy scile systems and real-
lime scunners permit differentiation between be-
sign ¢yvsts and solid thyroid twmors, Ulrasound
i safe. atruumatic, and may be performed seri-
ally. providing important data on the progression
of the discase or s response o irealment,
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FIGLURE 441 s

FIGURE 4-431h)

FIGLIRE 4-4d

FIGURE 4.4%a)

Supime tramsverse wan. Gray scale. The nosmal thyroad
nppears i manderaiely echopsnic tmae bounded by the
truchea, carodid shesih, amd antenor strap musched.

FHAURE 4.43hi

Supme kngiodinal scan, Gray scale. The notmal cardtid
AEry AP s an echiofree strucione, 1§ should be
adeniified o determime the nemmal position of the thyroid
gharid.

FIGLUERE 4.44

5u|'|d1r: transverse seam, Lony' scnle, Adenoma of the thymmid
usually presents. s @ tumior with 3 core of high-ampliade
echoes sumoundsd by a penpheny of Bw-amplinge echoeg

The small size and subsurface location of the
pland permit the ultrasonographer to use a 5-
MHz transducer of limitéd range but high
resolulion for the examination. Better contour
scanming may be achieved by separating the
transducer from the neck surface with a plastic
bag filled with water oroil. The patient is stodied
with the neck hyperextended. The antenior neck
1% scanned by moving the transducer across the
neck transversely i l-cm intervals from the
hyvoid bone to the thoracic inlet, Our system of
identification wses the thyroid canilage us a
reference point with all sections above it
indicated as plus {+) and all sections below
indicated as minus (=), A longitedinal scan is
performed to complete the examination along
the greatest length of the lobe or area of
pathology. This results ina three-dimensional
representation of the organ.

HMOBMAL ANATOMY

The thyroid gland cecupies the compariment
bounded by the trachea, carotid sheath, and
neck musches. The trachea lies postenory tothe
body of the thyroid and is medial to the lateral
and posterior extensions of the individual lobes,
Thie air-filled traches blocks the transmission of
soumd waves, creating a sonic shadow distally.
The common carotid arterv and distended
jugular vein (due to the gravitational venous
filling of the hyperextended neck) appear as
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halaterally symmetric, discrete echo-free
structures posterolaterally (Fig: 4.43a and by,
Anteriorly is the superficial and lateral cervical
musculature. At a given giin setting the thyroid
parenchyma flls in with a characteristic
“pebbly” echo pattern of predominantly low-
amplitide gray ones within the abdve snatomic
boundares.

THYROID CYSTS

Al standurd gain-settings the cvst of the thyroid
i= echo free with high through transmission,
resulting in many echoes distal w the postenior
wall of the cyst, The cyst remains echo free at
high gain and the size of the lesionis unchanged.
Cystsare generally rounded lesions with smoath
walls.

A recently designed percutaneous puncture
transducer (2) now enables the clinician 1o
perforate gysts as the ransducer is centered
over the echo-free rone and aspirate their
coments. This transducer has 4 central lumen
slbowing passage of a fine-gauge needle which
produces minimal trauma to the tissues, Inour
experience in the past 3 vears, there have been
no complications of thyroid cyst puncture (40),
Mosl benign cysts contain serous fuid. Only a
small percentage of malignant lesons have
enough cyvstic or hemorrhugic degeneration 1o be
confused with a ¢vst at ultrasonic investigation
(41). Before cyst puncture, we generally check
the location of the carotid artery and jugular vein
with the real-time scanmer,

THYROID ADENOMA

Adenoma of the thyroid usually presents as 4
Tumor with a core of high-smplitude echoes sur-
rounded by a periphery of low-amplitude echoes

(Fig, 4.44). Although the majority of benign sim-

ple adenomas will demonstrate this typical ap-
pearance, other ultrasonic pictures may also oc-
eur. We call this echo-poor dm of the thyrowd

edenoma the “halo™" sign. At the present time,
this sign should be cautiously interpreted, pend-
ing further evaluation. Adenomas larger than 4
cm in dimmeter have a tendéncy to degenerate,
Cystic necrosis produces echo-free, fluid-filled
spaces within the adenoma of varving size and
kocation, The echo pattern of the thyroid ade-
noma and the halo sign s best imaged with gray
scale. The appearance of cystic degeneration is
more ¢asily shown with the real-time seanner.
The higher fluid content of the degenerating ade-
noma produces a high through transmission pat-
tern. The tumor tends to displace the carotid
artery m various directions. The halo sign most
likely represents the capsule of the thyroid ade-
mome (425,

THYROID CARCINOMA

The infiltratng and homogeneous rature of
thyroid malignancies produces the ultrasonic
appearmnce of a lesion that 15 echo poor, There js
generally an irregular disteibution to the echo
pattern and some echogenic aress may be
randomly noted. The outer capsule is frequently
irregular und we have not observed the halo sign
in any thyroid carcinomas to date,

THYROID VOLUME

knowledge of the todal volume of the thyroid
gland 15 important due to the increasing
emphasis on medical therapy of thyroid
disorders. Three-dimensional reconstruction of
the thyroid lobes during scanning miy be further
refined by computer analysis, Special computer-
Iinked pencil-following devices are-available 1o
give adigital read-out of the glandular volume.
Emproved estimiation of thyroid mass allows
better ¥l dose calculation for the hyperthyroid
patient being considered for ridiation therapy.
Sirmularly, the course of suppressive drug
treatment may be followed more precisely,

The noninvasive nature of thyroid echography
makes it an ideal modality for the study of cold
nodules detected by isotopic imaging.
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A

Abdominal sonclaparotomy, 156
Abortions

dingnosia of, 122-124

missed, 124, 130

threatened, 123
Abtuplie placentae, 118
ACOuMIC age, rormal, 32-33
Acousti impedance

of body organs, B

formula for, 4=3%
Adenoma, of thyredd, 173
Adenomyosis, werus and, 55
Amnioceniesis, fetal evaluation by, [19-121
Ammotic fluid, 109

amgssment of, 1236-127
A-miide, display of, 34-35
Ammyloidosis, 161
Anecephaly, 126
ANSUryEms

uortic, 155-158

in pregnancy, 135157
Aottic insulficiency, 154
Aogtic stenosis, 153
Aortic uhrasonography, 156
Appendicular abscess, 67

differential diagnosis of, 70
Arerial disease, in pregnancy, 155
Ascies

benign vs. malignant, 14]

in gynecological diserders, 138-14]

ultrisonographic detection of, 13%-14]
Asvmemeing septal hyperirophy, 155
Attemuation studies, 33
Axial resoltion, defined, &

Beam widih, of ulissonic waves, 3
Bile duct, obsiruction of, 166
Biophysical effects, of nltrasound. 24-25
Biparietsl diameter

pestational age and, 91

meastrement of, K7-92
Birth trouma, fétal hemorrhage in, 160
Blacder

dizended, 67

eiho-lree, 43

ifl pelvic disense, 137

in pelvie ultrasonography, 47

INCEX

Bemade (brightness mosle), inoscilloscope displays,
10, 34-35

Body organs, acousiid impedince of, 8

Bone, acoustie impedunce of, 9

BPD, ser Bipametal diameter

Breech presentation, in cbstetrical ulirasonegraphy,
{153

C

Carding disease, vee afso Congenital heart disease
0 pregnancy, 152-155
ulirasonography in, 132-161
Cecum, distenied, 67
Cholecyslitis
prioeiry acute, 1635
reflex, 166
Colitis, 161
Congenital heart disease, 155
Contact diagnostic ulirasound scanner, 13
Cross-sectional image production, 10=15
real-lime scanning in, 12=15
Custis)
hepatic, 163= 164
oy, see Dvarian cyst
paraovarmn, 67
renal, ser Renal cyst
of splecn, 169
thyroid; 173
Cystadenomas
mucinas, 62
papillary, 63-64
Cystic degeneration, ulirasenic appearance of, 58
Cystic Jesions
endometrsosis and, 6
in sgadiparatomy, 50-52
Cyshc teratoma, 64

Damping control, in sonographic equipment, 18-
2

Deep besions, localization of, 146-147

Diaphragmatic disorders, ultrasonography in, 170
171

Directivity, in ulrsonogaphy, §-9

Dissecting aoriic aneurysm, 158

Distoriion artifacis, 23-24

Dappler effect, 15-16

Beppler examination, in pregnancy, 119
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Doppler instruments, operation of, 16
Dasppler ultrasound, m eorly pregnancy, 83-84

E

Enrly pregnancy, reealio Pregnancy

dhagnosis of, B0-87

Doppler sourd i, B3-84
Echo amplitude, reverberation and, 23
Echacardiography, prnciples of, 152
Echoes, from fumors, 33-55
Echogenic pattern, 3, 3§
Echo-poor vs. echo-nch patterns, 35
Ectopic pregnancy, 124-125

ruptored, &7
Endometril cavity, sonoanatomy of, 45
Endometral cyst, i pregnancy, 81
Endopetrial hyperplisia, vlerss and, 55
Endometriosis, 55, 3559

cukse of, 60

differential digrosis of, 70
Enteritis, regonal, 161

F

Fallopian tube, inflaimmation of, 66
Fetal abdomen
distention of, 26
in ebsateirical ulirasonography, 57-9%8
Fetal death, 12]-122
hydropic degeneration and, 130
radiclogic signs of, |12
Fetal extremities, o obsteircal ulirasonography, 949—
100, 102
Fetal growth, in obstetneal ubirssonoegraphy, 101-
1K
Fetal hand, 103, 103
et heml, 9293
Feral hewrt, 9d-55
Fetal heart rte, monioning of, 95
Fetal intracranial hemorrhage, 160
Fetal kidneys, m obstetrical wlitrasonography, 97-08
Fetal motion, detection of, 100
Feral penis and testicles, in obstetrical
ulitasonography, (01
Fetal size. measurement of, 87-52
Fetal spine, in obstetncal ulirasomegraphy, %3-94
Fetal thorax, 95-57
Fetal trunk, 104
Fetal weight, 95
Fetus, see alve Fetal (odil )
abnormal, 126
in-early pregnancy, 85-E7

evaluation of in obstetrical ulirasonography, 75-77,

B6-KT, Y2106, 119-121

MNOEX
178

presentation and position of, T5=76, [03= [
‘e determination in, 99
upper and bower imbs of, S8- 100
Fitsrobds (fibroad tumors, fbromas), 51, 54
inframural, 35-56, 5%
aviurin, G4
piuthodogical process of, 57-58
pedunculated, 57

L

Gallbladder, ultmsonography of, 164-167
Cuflstones, 163
Cstroentenc diseases, ulimsonogruphy of, 161-
142
Cacher's disease, 169
Crenital tract, congenital anomalies of, 68-6%
Ciestational age, hiparictal diameter and, 21
Gestational sac, 30-81
abnormality of, 83
i obstetrscal ullrasonography, 106
G, see Gastrointestinal diseases
Gray-scale imaging, 10-12
in fetnl mepsurement, B9
of placenta, 111-112
Gynecologic disorders
ascites in, 138141
liver metastases i, [37=138
liver ubtrasonography in, 137- 139
rudiation therapy in, 145
renal ectopia n, 136
retroperiionéal arca and, 143- 149
solid wmors in, 135-136
ultrasopography and, 133-171
Urynecologse pathology, detection of, 43
Gynecologic tumor masses, ultrasonic
churactenizalion: of, 52-6
Gynecologic ultrasound, $0-T0, see also Obstetrical
ultrasonography
anatormy in, 41-47
sonoanatomy 0, 43-47
sonolapirotomy i, 47-52
ovarses in, 43
uteTus in, $2-43
vagina i, 41-42

Hemotocele, 67

Hemnigma, in obslructive uropathy, 149
Hepatic cysts, 163= 164

Hydutid cysts. 163

Hydatdiform maole, 127-130
Hydrocephalog, 126



Hydronephrosis, 134, 147-149 i}
Hydropic degeneration of pregnancy, 130

Hypernephroma, 135 Cisstetrical disonders
Hystereeraphy, 6% carhing disease and, 152~ 161
Hysierosalpingography, contrast, 69 ultrasonography of, 133-173

Obstetrical sonography. patent history in, 72-73, see
alve Gynecologic wlirsasind

I Olstetrical ulirasonography, 71-130
ahnormal fetuses in, 126
Impge production abortions iml.. i23-124
gray-scale imaging and, 10-12 b:_pm'tl:mli d:armmrlm-:-;um:nt i, §7-92
real-fime scunning in, 1215 differential diagnosis in, 106-107
Inferior vena cava, ultrasonography of, 139- 160 enrly plecenta in, 82
Intestinal obistrectaon, in pregnancy, 162 early pregnancy i, SH-58
Intrauterine contraccplive devices ectopic pregnancy and, 124-12%
infection from, 6 fetal death in, 121=-132
in sonokaparotomy, $9-50 fetal evaluation in, 119121
[UCT, see Intrauterine contraceplive devices Fetal growih in, 101-103

fetal head in, 9253, 105
fetal presentation and positon in, W3- [06

I feral size i, §7-92
fetal trunk in, 10
Juundice. sholestatic, 163 fetueg in, 73-76, 8668, ¥3-103, 119-121

gallbtadder and baliary tract in, 164174
gastroentenic disorders i, 161-162

K gestational sac in, B0-52
mtranbdomingl pregnoncy and, 125-126
Kidney fast normal menstrual period and. 72
displaced, 136 malernal pelvis in, 92 :
pathological changes in, 147- 148 menstral pattern changes in, 72-73
plewral effusion and, 142 molar pregnancy in, [27-1340

multiple pregnancy in, 108
in-obstetricnl disonders, 149-158

L obstructive uropathy i, [49-151
pain history in, 73

Lateril resofution, defined, 6 palpation of abdomen in, 73

Lewsmyama icten, 55, ser also Fibroids PaRcreEatic disorders in, 167-168

Liver, ultrasonography of, 137-139 phacenta m, T5-80, 108-118

Liver disopders, [62< 153 placenta previa in, 113117

Lymphadenopathy, 149 primigravida in, 72

paraaortic, 157 pseudocyesis in. 108
Lymphoma, cystc lesions and, 51 renad disorders . 147-151

splemic disorders in, 165170
Oscilloscope displays, B-maode and b-maode in,

M i
Owarian eyst, 53, 60-62
Misin system control, of sonographic unit, 21-23 differential disgnosis of, 107
Menstruation, in obstetrical history, 72 echo-free, 61, 107
Mitral stenosiz, 153-154 ) 0 pregnancy, 130
M-mode (motor mode), in oscilloscope displays, 10 terutomas and, 63
Modar pregrancy, 127-130 Orvarmn fibromas, differentintion of, 63=64, see Gl
Morning sickness, 161 Fibroads
Chvaran miass
ulirasonic appearance of, =63
N ulerasonic differential dingnosis of, 67-68
Chvarinn sarcoma, 64
Mephntis. n pregnancy, 1458, see alve Kidney Crvarian teratomus, 63
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Ovaries
anatomy of, 43
‘cul-de-sae mass in, 66
enlargement of, 661

F

Paini, history of, 73
Pancreatie disonders, 167-168
Pancreatitis, 167168
preudocyst formation i, 168
Parasorie adenopathies, 145
Parasortic lymphodenopathy, 157
Paraovarian cyst, &7
Panity, in obstetrics, 72
Pelvic lesions
inflammatory, G9-70
in sonolaparotomy, 5052
Pelvic miss
differemtinl diagnosis of, 106
s functional renal tissue, 136
in sonolaparostomy, 50
Pelvic struciures, anatomy of, $0-47
Pelvis
free fluid collecton n, 70
metasiatic lesions o, 70
in obatetrical ulirasonography, 92
fetal, 10
Frezpelectric erystals, pulses emitied by, 1B
Piezoelecinic principhe, 2
Placenia
corporenl, 113
echies in side, 100
form af, 112
gray-scale imaging of, 151
o, 108-113
in obstetrical ultrasonography. T8-80, 10814
pasterior, 113
prematune separation of, 118
size of, 118
tvpesof, 113
Placenta previa, H3=117
Polycystic renal discase, 150
Polyps, uterine, 55, 59-60
Pregnancy, see also. Chatetrical ulirsonography
amneecentesis i, 119-121
anomalics of, [21-126
pssocEned defects in. 126=130
bleeding m, 123-124
cardine disease and, 152-153
characteristic juundice of, 163
diagnosis of, Bl-H3
Doppler examinalion i, [19
early, 8087
eciopic, 67, 124=125
gastroimestinal diseases in, 161-163
hepitic disorders in, 162-163
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hydropic degeneration of, 130
intestinal obstruction in, 162
intraabdomanal, 125126
masses in, 130
modar, 127-130
multiple, 108
nephritis in, 148
piitient history in, 72-73
renal discdse in, 147-149
sononaiomy of, 74
sonofluorescopy in; T5-T9
sonolaparsiomy in, 74-75
sonophysology of, B0- 103
spunous, 18
vascular disense i, 155-161
venous dizorders of, 157-161
Pregnancy ring, thickening of, 42
Primigravida, defined, 72
Puewdocyesis, 10
Pseudocyst formation, in acube pancreaitis, 168
Puerperal femabe, defined, 72
Pulse charncteristics, damping system and, 18
Pulse-echo relationship, B
Pulse emission, by pieroclectne crystuls, 18
Pulze length, optimal, 18

Badiation therapy, in gynecologicnl disorders, 146
Beal-time s¢anntg, 12-15

Refecting interfice, distance measurement of, 7-8
Beflecuvity, in ublirasonography, B9

Kenal cyst, diagnosis of, 133135

Rendl disorders, in prégnancy, 147- 5%

Renal ectopia, 136

Benal transplantation, [50-151

Bescdution, in ulirasonography, 56

Retrocaval urgter, 14%

Retroperitoneal area, ulirasonography of, 143= 145
Retropentoneal hematoma, 145

Retroperitoneal tumors, 143

Reverberition, 7

Feverberation arifscis, 23

Rheumatic: bean disease, uhrasound in, 153-135

5

Salpingitis, 6
Scanning, sectional, 28-31, see alve Ulirasonic
SCATTERE
Sensitivity settings, 32
Signal processing, 19-21
Sipmoid colon, redundarnt, 67
Sobid wmors
degeneruting, 136
in obder female patents, 135-136



Sonk: benm, atteniation of, 34, ser aleo Ultrasonis
beam
Sonic shadow sign, 36-37
SN Loy
in gyoecobogic wlirasound, =47
in pregnancy, 74
soncfluoroscopy, of pregnanl uterus, 7579
Sonographic unil
astipmistism in, 23
conirust enhancement in, 23
damping control in. 12
deluy feature in, 22
depth controf in, 22
digial readout in, 23
crase switch in, 23
esseniinl parts of, 16
focus in, 23
gain control in, 21-22
graticule in, 23
intensity contred i, 23
magnification in, 23
misin sysfem control in, T1-23
porwer switch in, 21
reconding featore in, 23
reject control in, 21
Sonolapariomy
abdommal, 156
in deepseated besons, 146147
examination in, 48
gynecological wlirasound and, 47-52
location of IUCTk in. 49-50
patient preparafion in, 25
pelvic musses i 50
practical nspects of, 25
of pregnant fepabe, 74-75
Sonophyvsiology, of pregnancy, B0- 103
Sound, velociuy of, 3
Sound waves, sée alio Sonic beam
ultenuation of, 3-4
charscienstics of, 2
medium and, 3
reflection of, 4
Spleen
cysts of, 165
enlarged, [69-170
volume defermination for, 17
Splenic disorders, ultrasonography of, 168-170
Stein-Leventhal syndrome, 60
Supradiaphragmatic Mo, 17]
Surgical disorders, ultrasonography of, 133=173, zee
abvg Obstetrical ulirasonography

T

Technologist, dutics of, 25-24
Teratomas

cyslic, 6

owiriin, 63

Testiches, feral, 101
TOL curve, i ubltrsonography, 26
Three-dimenswonal conceptualizition, 27-28
Thromboembolic disease, 160
Through imnsmission, indegenerating »old tumor, 51
Threugh transmission pattern, detection of. 17-38
Thyroad sdenoma, 172
Thyreid carcinoma, 173
Thyroid cysid, 173
Thyreid disorders. 171-173
Thyroid gland
normal anntemy of, 172173
volume of, 173
Thyroid tumors, 171=173
Tume gain compensation, 22
Tissue, acoustic impedance of, @
Tissue echi patterns, 15, 53-35
Transducer, 16-18
beam patterns-for, 18
componenis of, [6-17
focus of, 17
mounting of, 17
near and far fields of, 17
optimal crystal size For, 17
Transmissivity, in ultrasonography. 8=9
Transverse lie, in obstetrical ultrasonography, 105-
; 06
Tubal infammation, 66
Tumors, see alse Fibroids
echoes from, 5353
retroperitoneal, 143
salid, in female paticnts, |35-136
through transmisseon in, 54-52
thyroid, 171-173
ultrasonic charucterization of, 52-66

U

Ulcerative colitis, 161
Ultrasoni: beam, see aleo Sonic beam; Sound waves;
Uilrass
peotsng impedance and, 4-5
transmissivity of, 4
Litrnsonic schies, electrcal impidse from, 19, 23, 53—
55
Ultriisonic encrgy, repetition rate for, &
Lilerpsonic identificution, Z8-11
reference poimts i, 30
Uiltrasonic scanning
A-mode with B-scan displiay in, 14-35
angulation in, 31
anteror projection in, 30=31
attenuation stodies and, 12
changes m, 33
decubiluz projection in, 31
detection of through transmission pattern in, 57-58
erecl projection in, 31



LXP plane i, 31

onentation in, 34

somic shadew sign in, 3637

subcostal and intercostal sections in, 31
trunsdiscer contact in, 32

tssue echo patteim i, 35

vpes. of, 27

Uhrisonic waves, see alie Sonic beam

beam widih of, 3

echo pattern of, 3

naure of; |

Ultrasonography, see alve Sonographic wnit;
Sonolaparsiomy

artifacis im, 23-34

crpss-sectional image production in, 10=15

of diaphragmatic disorders, [T0-171

directivity in, -9

display mades-in, 9-10

Doppler effect in, 15=16

equipment wsed in, 15-38

of gallbladder and baliary tract disonders, 164-167

gray-scale imagimg i, 10-12

of gynecologically and obstetrically related surgical
disorders, 133-173

i glstetrics, see Obsteirical ultrasonography

patience and search in, 16

pelvic, 47

physicmn participation in, 26

polycystic renal disease and, 150

principlés of, 1-38

pulse-echo relaionshep i, 8, 19, 23

in radintion thecapy for gynecological disorders, 146

real-lime scanning i, 12=15

reflection nigrfsce measurement in, 7-8

reflectivity in, 8

i rendal iransplantations, [50-[51

repehition rate in, &

resslution i, 3=6

reverberation in, 7

safiety of, 7

sectional scanning im, 28-30

signnl processing in, 19-21
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technologist"s role in, 25=26
three-dimensionn] conceptualization in, 27-28
of thyrosd diseases, 171-173
trafsducer positioning in, 27
trumsmissivity i, §-9
types of scanning in, 27
of urinary icact, 133=137
Liltrasoond
bicphysical effects of, 24-2%
characteristios of, 1-16
penetic effecis of, 25
gynecological, see Gynecological ultrasonography
inmensiy of, 3
resolutzon i, 5-6
tissue damage from, 24
Uihirmsound scanner, contact diagnoste, 13, e also
Ultrasonic scanning
Unnary ract, ulrasonography of, 133-137
Uterine musses, 5560
Literine polyps, 35, 59
Literus
abdominal palpatation of, 73
anatomy of, 42-43
congenital snomalesof, G5-68
degenerative changes in, 56
I Ectopk preghansy, 125
enlarged, 55, 127
in pregnancy, Ti-T9
sonoanatomy of, 44-45
tumors of, 33-60

v

Viging )
anatomy of, 41-42
spnoanatomy of, 45-44
_congenitd anomales of, 68
Viscular disense, m pregnancy. 155-161
Vena cava, imaging of, 139
Venous disorders, in pregnancy, FT-161
Vitamin K ingecton, 161




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


