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PREFACE

In 2013, when Elsevier approached us to create an updated,
revised, and shortened second edition of Abdominal Imaging,
we had some concerns. Even though the book had been suc-
cessful and well-received by many colleagues and friends, we
both wondered whether there truly is a need for an abbreviated,
but comprehensive text? And would we have the time to work
on it, adding the myriad updates to do justice to our fast-
moving specialty?

Fortunately, we have had the privilege of working with a fine
team of outstanding associate editors, section editors, and new
chapter authors. Joe Grajo, MD and Nicole Horst, MD, truly
outstanding radiologists and clinical fellows in our department,
did superb work editing, collating, and organizing the work of
our section editors. Together with the initial authors of the
many chapters in this book, Melissa Price, MD, Colin McCarthy,
MD, Aiofe Kilcoyne, MD, Rani Sewatkar, MD, Koichi Hayano,
MD, Surabhi Bajpayi, MD, Naveen Kulkarni, MD, Arash Anvari,
Luzeng Chen, Manish Dhyani, and Abe Thomas, MD all did an
outstanding job of editing and revising the many chapters that
went into this book. New chapters were contributed by Arash
Anvari, MD, Manish Dhyani, MD, Luzeng Chen, MD, Koichi
Hayano, MD, Naveen Kulkarni, MD, and Surabhi Bajpayi, MD.
We are truly proud to have worked with such an outstanding
team.

The new edition has been extensively updated and contains
new images and the latest information about new technolo-
gies in abdominal imaging. This new edition is available
both in a print edition and as part of the online Clinical Key.
This platform comprises an online tool with high yield content

Xviii

and numerous annotated images in an easy-to-use format
specifically designed for rapid retrieval of clinically useful
information.

Our objective in the Second Edition of Abdominal Imaging
is the same as in the first: to provide you, the reader, with a
reference that is both comprehensive and that incorporates fea-
tures more typically found in handbooks—short, readable sen-
tences, key fact boxes, summary tables, abbreviated reference
lists, listings of important review articles, and, above all, a highly
integrated knowledge base that allows readers to rapidly access
key content from any Internet-connected computer anywhere
in the world.

This text is necessarily the work of many people: The numer-
ous chapter authors of the first edition, Associate Editors,
Section Editors, and authors of the new chapters. To all of
you—we are profoundly grateful for your work. Our efforts
would not have been possible without the understanding and
strong support of our families and colleagues. We have also
been privileged to work with an outstanding team at Elsevier.
Marybeth Thiel demonstrated patience and perseverance
dealing with busy editors—with you the project would never
have been completed. Robin Carter—thank you for inviting us
to complete the second edition.

As with the first edition, editing this book has been a tre-
mendous education. We’ve learned so many new and interesting
information about our own subspecialty that we believe there
is something exciting in these pages for everyone from the sea-
soned subspecialist to the busy generalist.
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UGO D'AMBROSIO |

VITO CANTISANI
KOICHI HAYANO

Technical Aspects

A plain abdominal radiograph must be read with a complete
knowledge of the clinical situation. The patient’s history and
results of the physical examination and laboratory studies are
always important to evaluate an acute abdomen, which may be
caused by various different diseases. Obtaining plain films with
the patient supine and erect and that include the diaphragm is
the classic approach. Because chest abnormalities may produce
an acute abdomen, a chest posteroanterior radiograph is some-
times ordered.

The standard abdominal radiograph is a supine projection:
x-rays are passed from front to back (anteroposterior projec-
tion) in a patient lying on his or her back (Figure 1-1). In some
circumstances, an abdominal radiograph taken with the patient
erect is requested; its advantage over a supine film is the visu-
alization of air/fluid levels. A decubitus film (with the patient
lying on his or her side) is also of use in certain situations,
especially to visualize fluid levels in the large bowel.

It is important, as with any imaging technique, that the tech-
nical details of an abdominal radiograph are assessed. The date
the film was taken and the name, age, and sex of the patient are
all worth noting. This ensures you are reviewing the correct film
with the correct clinical information, and it also may aid your
interpretation. Unless the order is specifically labeled, the film
is taken with the patient supine. The best way to appreciate
normality is to look at as many films as possible, with an aware-
ness of anatomy in mind. Although an abdominal radiograph
is a plain radiograph, it has a radiation dose equivalent to 50
posteroanterior chest radiographs or 6 months of standard
background radiation.'

Pros and Cons

Many techniques may be used to acquire images of the abdomen,
including ultrasonography, computed tomography (CT), and
magnetic resonance imaging (MRI), but the plain abdominal
radiograph is the technique that is most readily available in the
emergency situation when a patient presents with acute abdom-
inal pain.

Radiographs should never be requested without due consid-
eration. They expend resources and expose the patient to ion-
izing radiation. They are an adjunct to a careful history and
thorough physical examination.

The abdominal radiograph has the advantage of low cost. It
is easy to perform and can be done on uncooperative patients,
and, if correctly carried out and carefully interpreted,” it can
still be used with a dual purpose. It can be used to evaluate
catheter placement; identify ingested, inhaled, or introduced
foreign bodies or free air in patients with a gastrointestinal
perforation (conditions for which the examination is often

Plain Radiography of the Abdomen

ANDREA MARCANTONIO |

diagnostic); or assess a condition of intestinal occlusion or an
abdomen in the postoperative phase. It also can be of use in
documenting the intestinal morphodynamics, the findings of
which at the direct examination of the abdomen depend on
both the cause of the acute pathologic process and the time
when the examination is performed with respect to the onset
of the insult.” In addition, plain abdominal radiographs are
an accessible, relatively inexpensive, convenient, and accurate
method of detecting retained surgical needles. They can be used
effectively to locate needles over 10 mm in length retained in
the abdomen, with a sensitivity of 92% in this size range. In this
scenario, plain abdominal radiographs should continue to be
used after incorrect needle counts. It is also recommended that
the requesting physician provide the radiologist the size of the
lost needle. However, for missing needles of 10 mm or less in
length, the utility of plain abdominal radiographs is more
debatable.*

Conversely, criticisms of requests for abdominal films often
quote a low number of cases in which the diagnosis or manage-
ment was changed by the radiographic findings. The diagnostic
value is questionable, and very often there is no clear indication.
In the majority of cases, the results are negative or nonspecific.
In fact, as reported in a recent article by Kellow and colleagues,’
the results of abdominal radiography are neither sensitive nor
specific. Flak and Rowley® suggested that there are only two
clinical entities in which sensitivity of abdominal radiography
approaches 100%: free intraperitoneal air and, to a lesser extent,
bowel obstruction. For the latter indication, a prospective trial
conducted by Frager and associates” determined that clinical
and radiographic evaluation was never precise enough to
provide the exact location or cause of small bowel obstruction.
Furthermore, Taourel and coworkers® demonstrated that not
only is CT valuable in making a more accurate diagnosis but
also that clinical treatment was correctly modified in 21% of
patients because of the additional information provided by
using CT. Therefore, abdominal radiography appears of limited
value in the initial diagnosis of obstruction. For the indication
of free air, the diagnosis is better made by evaluation of a chest
radiograph obtained with the patient erect.” In addition, only a
few physicians are aware of the relatively high radiation dose of
an abdominal film, which is equal to 50 chest radiographs.'’

Controversies

In the 1950s, gastrointestinal radiology consisted of plain
abdominal films and single-contrast barium studies to assess
gastrointestinal diseases.'' Today, the plain radiograph still may
be the first step to evaluate acute abdominal diseases. However,
with the advent of CT and ultrasonography, the importance of
the plain abdominal film is decreasing. In past years, plain radi-
ography was also used to help diagnose abdominal pathologic

3
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4 PART 1

Imaging Techniques

Figure 1-1 Normal anteroposterior abdominal plain film.

processes such as stones in the kidney, gallbladder, or bladder.
Plain radiography is now limited to emergency radiology in the
acute abdomen. However, despite the undoubted advantages of
the speed of examination, the multiplanar capabilities, and the
objectivity of interpretation, CT subjects the patient to a higher
dose of ionizing radiation.”” The role of plain radiography of
the abdomen in the diagnosis of acute abdomen needs to be
reconsidered.” According to some authors, plain radiography
should be performed only in patients for whom there are known
advantages, such as in the case of suspected gastrointestinal
perforation,' intestinal occlusion, ingestion of or the search for
foreign bodies,” and assessment of the postoperative abdomen'®;
in these cases, it is still the examination of choice, and only if it
does not prove diagnostic should a CT examination be recom-
mended.” In addition to these situations, however, there is
another indication: the ability of plain radiography to assess the
evolution of intestinal morphodynamism, that is, the variations
in the motility, shape, and position of the small bowel in acute
pathologic conditions.'® Even though in the first instance assess-
ing the cause or the precise site of the obstruction is advisable,
differentiating at least a mechanical ileus from a paralytic ileus,"”
and above all having an understanding of the seriousness and
the extension of the cause and the time elapsed since its onset™
can prove clinically more useful. Few comparisons of plain
abdominal radiographs and CT scans exist in the literature.
Siewert and associates’ reported on 91 admitted patients with
acute abdominal pain who eventually received CT because of
continuing symptoms or failure to respond to therapy. In this
series, treatment was changed after CT in 25 patients (27%),
but the authors did not state the relative contribution of the
plain abdominal radiographs to the pre-CT diagnosis. In par-
ticular, the percentage of patients who had abnormal plain
abdominal radiographs was not given. A retrospective review of
23 patients with proved mesenteric infarction compared plain
abdominal radiographs with CTs and showed that 6 patients
(26%) had abnormal plain abdominal radiographs only, 8

patients (35%) had abnormal CTs only, and in only 1 patient
(4%) were both tests abnormal.”” Both studies were normal or
nonspecific in 8 patients (35%). That 26% of patients had signs
of an acute abdominal syndrome shown only on plain abdomi-
nal radiographs and not on CT is in sharp contradiction to our
findings, in which the plain abdominal radiographs provided
minimal additional information in 2 of 74 patients (3%) and
at the cost of 33 (57%) potentially misleading false-negative
results. There are several possible explanations. Mesenteric
infarction may represent one of a series of specific syndromes
that have either relatively low CT sensitivity, high plain abdomi-
nal radiograph sensitivity, or both. In the review just cited, no
patients were diagnosed on plain abdominal radiographs, CT,
or clinical course with this syndrome. Other possibilities include
individual or institutional variations in radiologic interpreta-
tions or improvement in the interpretation of CTs for this and
other syndromes over the past decade. The increased imaging
capabilities of this newer technology would most likely make
the test characteristics of the newer CT scanners even more
favorable. Despite these limitations, for emergency department
patients with acute abdominal, flank, or back pain, in whom a
CT is likely to be obtained, a preliminary plain abdominal
radiograph adds almost no additional information and is
potentially misleading. Given the utilization of resources
required for plain abdominal radiographs as well as the time
delay to obtain them, some authors believe that patients in
whom the clinical suspicion of significant intra-abdominal
pathology is high should go directly to CT.”

Normal Anatomy

As with any plain radiograph, only five main densities may be
distinguished, four of which are natural: black for gas, white for
calcified structures, gray representing a host of soft tissue, and
a slightly darker gray for fat (because it absorbs slightly fewer
x-rays). Metallic objects are seen as an intense bright white. The
clarity of outlines of structures depends, therefore, on the dif-
ferences among these densities. On the chest radiograph, this is
easily shown by the contrast between lung and ribs as black air
against the white calcium-containing bones. These differences
are much less apparent on the abdominal radiograph because
most structures are of similar density, mainly soft tissue. A
systematic approach to plain abdominal radiographs will help
avoid errors in interpretation. Interpretation of the abdominal
radiograph depends on the assessment of the bowel gas pattern,
solid organ outlines, a search for abnormal calcification, and a
review of the skeleton. A search should be made for extralumi-
nal gas. A bowel gas pattern distinguishing the colon from the
small bowel may be difficult. The presence of solid feces and the
distribution, caliber, and mucosal pattern of the bowel help in
deciding whether a particular loop of bowel is stomach, small
intestine, or colon. The presence of solid feces indicates the large
bowel, which also may be recognized by the incomplete haustral
band crossing the colonic gas shadow. Haustra are usually
present in the ascending and transverse colon but may be absent
from the splenic flexure and descending colon. The valvulae
conniventes of the small bowel are closer together and cross the
width of the bowel. The distal ileum when dilated can appear
smooth, which makes differentiation more difficult. The small
bowel when obstructed is generally centrally positioned with
numerous loops of tighter curvature than the large bowel.
Maximal small bowel caliber is 3.5 cm in the jejunum and
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Figure 1-2 Diverticulitis and peridiverticulitis. There is no evidence of
bowel distention at the level of either the colon or the small bowel. It
is possible to see a mild air dilation of the small bowel. The cecum
seems to be medially moved (arrow).

2.5 cm in the ileum. Maximal caliber of the transverse colon on
plain films is taken to be 5.5 cm in diameter, and the maximal
cecal diameter is 9 cm. Solid organs, the liver edge, renal out-
lines, and the splenic tip may all be demonstrated.

INTRALUMINAL GAS

One should begin by looking at the amount and distribution of
gas in the bowels (intraluminal gas). There is considerable
normal variation in the distribution of bowel gas (Figure 1-2).
On the abdominal radiograph taken with the patient erect, the
gastric gas bubble in the left upper quadrant of the film is a
normal finding. Gas is also normally seen within the large
bowel, most notably the transverse colon and rectum. Small and
large bowel also can be distinguished, most easily when dilated,
by their different mucosal markings. Small bowel has valvulae
conniventes that traverse the full width of the bowel; large
bowel has haustra that cross only part of the bowel wall. These
features are important in the next part of this series, which
considers abnormal intraluminal gas. Occasionally, fluid levels
in the small bowel are a normal finding. Fecal matter in the
bowel gives a “mottled” appearance. This is seen as a mixture
of gray densities representing a gas/liquid/solid mixture.

EXTRALUMINAL GAS

Gas outside the bowel lumen is invariably abnormal (Figure
1-3). The largest volume of gas one might see is likely to be
under the right diaphragm; this occurs after a viscus has been
perforated. This gas within the peritoneal cavity is termed

1 Plain Radiography of the Abdomen 5

Figure 1-3 Mesenteric ischemia and spleen infarction. Abdominal
radiograph shows a colonic dilation (arrow) that is especially marked at
distal segments. Furthermore, extracolonic air collections are visible at
the spleen level (arrowhead) in the upper left quadrant. Bowel dilation
is evident without the finding of bowel obstruction.

BOX 1-1 AREAS TO SEARCH FOR ABNORMAL
EXTRALUMINAL GAS

e Under the diaphragm
e In the biliary system
e Within the bowel wall

pneumoperitoneum. Gas in the right upper quadrant within the
biliary tree is a “normal” finding after sphincterotomy or biliary
surgery, but it can indicate the presence of a fistula between the
biliary tree and the gut. One must beware of gas in the portal
vein, because this can look very similar to biliary air. Gas in the
portal vein is always pathologic and frequently fatal. It occurs
in ischemic states, such as toxic megacolon, and it may be
accompanied by gas within the bowel wall (intramural gas)
(Box 1-1).

CALCIFICATION

Calcium is visible in a variety of structures, both normal and
abnormal, and becomes more common with advancing age.
Calcification should be identified and anatomically located. In
some locations (e.g., vascular calcification), it is common and
benign. Vascular calcification may be seen within the aorta, in
the splenic artery in the left upper quadrant, or in the pelvis.
Abdominal aortic aneurysms are usually below the second
lumbar vertebra. Calcification can make them obvious and can
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6 PART 1 Imaging Techniques

give a rough indication of the internal diameter. Abdominal
ultrasonography is required for accurate assessment and to
determine the need for surgery or follow-up. Uterine fibroids
can become calcified.

Calcified renal tract stones should be looked for around the
renal outlines and down the line of the ureters. More rarely,
calcified gallstones are seen in the right upper quadrant or a
calcified (porcelain) gallbladder is present. The pancreas lies at
the level of the T9 to T12 vertebrae. Calcification occurs in
chronic pancreatitis and may show the whole outline of the
gland.

In the pelvic region, bladder calculi may occasionally be seen.
Bladder stones are usually quite large and often multiple. Cal-
cification of a bladder tumor also may occur. Schistosomiasis
may produce calcification of the bladder wall.

Other causes of pelvic calcification include phleboliths, cal-
cified fibroids, and, rarely, calcification in ovarian dermoids,
which may also contain teeth and hair.

SOFT TISSUES AND BONE

A review of the soft tissues entails evaluating the outlines of the
major abdominal organs. Observing these structures is made
easier by the fatty rim (properitoneal fat lines) surrounding
them. In fact, the loss of these fat planes may indicate an ongoing
pathologic process, such as peritonitis.

The liver is seen in the right upper quadrant and extends
downward a variable distance. The tip of the right lobe may be
seen extending below the right kidney; this is a normal variant
called Riedel’s lobe. The spleen may be visualized (especially in
thin individuals) even when of normal size. It enlarges inferiorly
and toward the left lower quadrant. It is often possible to iden-
tify both kidneys and the psoas shadows within the retroperi-
toneum. The kidneys are lateral to the midline in the region of
the T12 to L2 vertebrae. (NoTe: A useful way to identify verte-
brae is that the lowest one to give off a rib is T12 and thus can
serve as a reference point.)

Soft tissue masses or abscess can sometimes be identified on
plain films. An abscess generally has a rather heterogeneous
density because of the presence of gas and necrotic tissue. Mass
lesions are of soft tissue density and will displace bowel gas
shadows.

The assessment of bones entails evaluating the spine and
pelvis for evidence of a bony pathologic process. Osteoarthritis
frequently affects the vertebral bodies, as well as the femoral and
the acetabular components of the hip joint. Paget’s disease may
be identified commonly along the iliopectineal lines of the
pelvis. The bone survey should also include a check for frac-
tures, especially subtle femoral neck fractures in elderly persons.
The spine and pelvis are also common locations for metastatic
deposits. In the spine, this is classically seen as “the absent
pedicle.”

ARTIFACTS

“Human-made” structures should be correctly identified. These
may be iatrogenic (put there by health care professionals), acci-
dental (put there by the patient or another person), or projec-
tional (lying in front of or behind the abdomen but spuriously
projected within it on the abdominal radiograph). Examples of
iatrogenic structures would be surgical clips, an intrauterine

contraceptive device, a renal or biliary stent, an endoluminal
aortic stent, or an inferior vena cava filter. Accidental findings
include bullets or an object in the rectum. Projectional findings
include pajama buttons, coins in pockets, or body piercings.

Pathologic Findings

Abdominal radiographs obtained with the patient erect are
requested to look for fluid levels in obstruction or ileus. Air
under the diaphragm may be seen in an erect film if the bowel
has been perforated, although a chest radiograph is more com-
monly obtained to look for that sign (Figure 1-4). An abdomi-
nal radiograph is of no value in hematemesis. Avoiding obtaining
erect films when unnecessary and avoiding plain films for
hematemesis will reduce the level of radiation exposure.

RENAL COLIC

If a patient presents with groin pain, the possibility of renal
colic is high; therefore, a kidney/ureter/bladder (KUB) view is
requested. Approximately 90% of renal stones are radiopaque.
Uric acid stones may be missed. False-positive findings may
occur from phleboliths, which are most common in the pelvic
veins, and false-negative findings occur from small stones. On
the right, calcification may represent gallstones but only a
minority of gallstones are radiopaque. The presence of gall-
stones does not confirm biliary colic as the cause of pain because

Figure 1-4 Sigmoid carcinoma. Wide sickle-shaped free air is evident
under the right hemidiaphragm (large arrow). A small, linear, free air
collection is also shown along the lower margin of the liver (small
arrows). Marked air distention of jejunum with a transitional area
between dilated jejunum and normal ileum is visible (arrowheads).
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gallstones become more frequent with age and are often
asymptomatic.

INTESTINAL OBSTRUCTION

Erect and supine films are used to confirm the diagnosis.
Obstruction of the small bowel shows a ladder-like series of
small bowel loops, but this also occurs with an obstruction of
the proximal colon. Fluid levels in the bowel can be seen in
upright views. Distended loops may be absent if obstruction is
at the upper jejunum. Obstruction of the large bowel is more
gradual in onset than small bowel obstruction. The colon is in
the more peripheral part of the film, and distention may be very
marked. Fluid levels also will be seen in paralytic ileus when
bowel sounds will be reduced or absent rather than loud and
tinkling as in obstruction. In an erect film, a fluid level in the
stomach is normal, as may be a level in the cecum. Multiple
fluid levels and distention of the bowel are abnormal.

PERFORATION OF THE INTESTINE

If the bowel has been perforated and a significant amount of
gas has been released, it will show as a translucency under the
diaphragm on an erect film. Gas will also be found under the
diaphragm for some time after laparotomy or laparoscopy.

APPENDICITIS

An appendicolith may be apparent in an inflamed appendix in
15% of cases, but as a diagnostic point in the management
of appendicitis the plain radiograph is of very limited value,
although it may be of value in infants.

INTUSSUSCEPTION

Intussusception occurs in adults and children. A plain abdomi-
nal radiograph may show some characteristic gas patterns. A
sensitivity and specificity of 90% adds to this rather difficult
diagnosis, but ultrasonography is vastly superior.

BODY PACKERS

An increasing problem occurs with people who swallow drugs,
usually in condoms, to evade detection. There may be signs that
the drugs are leaking, but the carrier is unwilling to disclose the
fact for fear of a long prison term, even at risk to life. A plain
abdominal radiograph will show 90% of cases, but there will be
false-positive findings in 3%. Therefore, a positive result is likely
to be true but a negative result does not exclude the clinical
suspicion adequately and an ultrasound examination may be
considered (Boxes 1-2 and 1-3).

BOX 1-2 KEY TO DENSITIES IN ABDOMINAL
RADIOGRAPHS

e Black—gas

White—calcified structures
Gray—soft tissues

Darker gray—fat

Intense white—metallic objects
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Pathophysiology
SMALL BOWEL

The small bowel contains a small amount to no gas in normal
individuals, so it is not visible on a plain film. The presence of
more gas than normal should be viewed with suspicion and
interpreted in the proper clinical setting. Some clinical situa-
tions, such as indigestion or viral enteritis, show an increase of
intestinal gas, usually without air/fluid levels; these are self-
limiting diseases, and usually they do not need diagnostic
efforts.

Intestinal obstruction is a common radiographic finding in
an emergency department. Distended intestinal loops with air/
fluid levels with scarcely visible colonic gas are among the most
commonly seen features of small bowel obstruction; the clinical
history of the patient may be the key to the diagnosis in the case
of suspected postoperative adhesions, Crohn’s disease, or a
known tumor. In some cases, however, depending on the gas
and fluid distribution it is not impossible to have a near-normal
plain film with a true obstruction. On the other hand, diffuse
peritoneal metastasis may produce air/fluid levels without
obstruction. The level of the intestinal obstruction may be, in
some cases, understood; however, in prestenotic loops the fluid
may be abundant and gas not visible so that only proximal loops
are distended by gas. Again, fluid-filled intestinal loops showing
the cause of obstruction either of the bowel wall or extraintes-
tinal are often easily seen at CT. The diagnosis of strangulation
requires expertise because the intramural gas and a rigid loop
are well-known features but not so commonly seen. It should
be remembered that the shape of valvulae conniventes is also
generally preserved in severe distention so that they can be used
to differentiate small intestinal disease from colonic disease.

The adhesions are not directly seen, but a transition zone
(dilatation of the bowel followed by a collapsed loop) without
any other visible cause of obstruction may lead to the diagnosis
in a patient with a history of surgery.

CT performed after a plain abdominal film can be obtained
without oral contrast administration, but intravenous admin-
istration of a contrast agent usually cannot be avoided in these
often severely ill patients.

A set of CT criteria that may help surgeons decide if a patient
needs surgery for small bowel obstruction has been imple-
mented.” Although plain radiography can be used with good
results by experienced surgeons, CT has been reported to have
100% sensitivity in complete obstruction.”” Daneshmand and
colleagues compared CT to plain radiography and found a sen-
sitivity and specificity of 75% and 53% for plain film, respec-
tively, and 92% and 71% for CT; they suggest that CT can be
used as the primary diagnostic tool for small bowel obstruc-
tion.”® The approach to evaluate patients with small bowel

BOX 1-3 RADIOGRAPHIC REVIEW POINTS

e Technical specifics of the radiograph

e Amount and distribution of gas

e Extraluminal gas

e Calcification

e Soft tissue outlines and bony structures

e |atrogenic, accidental, and incidental objects
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Imaging Techniques

Figure 1-5 Volvulus. Visible fecal material (arrow) is evident in the
right colon, whereas the left and sigmoid colon are not represented.
Moderate distention of bowel in the upper abdomen can be seen. In
the left lower quadrant, a mass is suspected because of the lack of
intestinal air.

obstruction is not generally accepted; however, CT is considered
the preeminent imaging modality to evaluate these patients.”

COLON

Because of the presence of haustra, feces, and gas, understand-
ing diseases of the colon is apparently easier than recognizing
diseases of the small bowel on a plain radiograph. An obstruc-
tion of the sigmoid colon shows the transition from a dilated
to a nondilated colon, and it is not difficult to recognize. On the
other hand, an obstruction of the ascending colon may be
similar, in some cases, to an obstruction of the last ileal loop.
Colonic obstruction producing a severe cecal dilatation greater
than 10 to 11 cm is an indication for immediate surgery, to
avoid perforation. In elderly constipated patients, a sigmoid
volvulus is among the possible causes of obstruction; the dilated
sigmoid that is seen as a “kidney bean” also may mimic an
abdominal mass. Cecal volvulus, seen in younger patients, pro-
duces distention of the cecum (Figure 1-5). In both cases, CT
can provide crucial information.

Severe clinical situations such as perirectal or perisigmoidal
abscesses or a carcinoma infiltrating bowel wall without
obstruction may have a completely normal appearance on a
plain film (Figure 1-6); these situations are easily seen on CT.

Distention of the colon, often accompanied with diffuse dis-
tention of the small bowel without mechanical obstruction,
is the feature of paralytic or adynamic ileus. The intestinal dis-
tention may be limited to some part of the intestine so that it
may be difficult to distinguish mechanical from paralytic ileus.

Figure 1-6 Perisigmoid abscess. Note enlargement of the hepatic
area (arrowheads). Small bowel and colon are within the normal range
for size.

The clinical situation of the patient may be enough, in some
cases, to make the diagnosis. If the diagnosis is not clear, CT is
mandatory.

Ischemic bowel disease produces many different abnormali-
ties on a plain radiograph, ranging from intestinal distention to
a gasless abdomen. “Thumbprinting” is a famous, but not so
specific, feature of intestinal ischemia. A linear shadow of gas
within the bowel wall is difficult to detect on a plain film; when
visible, it indicates a poor prognosis.

Toxic megacolon may be a lethal complication of ulcerative
colitis. A plain film shows a dilatation of the transverse colon
greater than 6 to 8 cm with loss of haustra. The loss of a haustral
pattern is important to distinguish a patient with an obstruction
of the distal colon from a patient with colitis, in which a haustral
pattern is usually lost, even with mild disease. Small bowel
distention, often with air/fluid levels, may be seen in a subgroup
of patients with severe ulcerative colitis at higher risk for both
toxic megacolon and multiple organ dysfunction syndrome. The
poor response to therapy and the persistence of gastrointestinal
distention are monitored with plain radiography, which is
important to evaluate patients who need colectomy.”

MISCELLANEOUS FINDINGS

Free intraperitoneal or subphrenic air is commonly seen in
postoperative patients, and the only thing to do is wait for its
resorption. A deep intestinal or colonic biopsy also can produce,
as a rare complication, free or subphrenic air collection. Perfo-
ration of a duodenal ulcer or perforation of a diverticulum
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of the colon are not as common causes of extraintestinal air
collections.

Cholecystitis, pancreatitis, and other causes of acute

abdomen in which a collection of air or fluid may be misleading

Key Points

* The history, physical examination, and laboratory

findings are always important to evaluate an acute
abdomen, which may be caused by a number of
different diseases.

Plain radiography should be performed as an initial
imaging modality in patients for whom there are known
advantages, such as those with suspected gastrointestinal
perforation, intestinal occlusion, and ingestion of or in a
search for foreign bodies, and in the assessment of the
postoperative abdomen to detect retained needles. In

1 Plain Radiography of the Abdomen

should now be assessed by ultrasonography or CT. Fecaloma is
easy to detect on a plain film; however, a digital exploration of
the rectum is preferred to diagnose this lesion.

addition, another indication is the ability of plain
radiography to assess the evolution of intestinal
morphodynamism, which is the variation in the motility,
shape, and position of the small bowel in acute
pathologic conditions.

The lack of positive findings on abdominal radiography is
falsely reassuring in nontrauma emergency department
patients.

Further imaging is often required to better characterize
abnormalities identified at abdominal radiography.
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Fluoroscopic Study of the Abdomen

and Fluoroscopic Contrast Media

NAVEEN M. KULKARNI | PRITISH AHER

Fluoroscopy is a type of imaging technique in which real-time
movements of body organs and radiopaque contrast material
are visualized. During a fluoroscopic examination, the operator
or radiologist controls the functions of radiography equipment
and x-ray tubes for real-time imaging of the patient. In abdomi-
nal imaging, fluoroscopy has a role in the diagnosis of various
clinical conditions with gastrointestinal studies, postoperative
studies, genitourinary studies, and more.

Technical Aspects
FLUOROSCOPY
History

Early fluoroscopes had an x-ray tube and fluorescent screen
made of barium platinocyanide. Gradually, the screens were
replaced by cadmium tungstate and then zinc-cadmium sulfide,
which produced a yellow-green emission.'

Fluoroscopy has evolved from the early days of images on
a fluoroscopic screen of poor quality, a dark radiography
room, and eye adaptation with red goggles to improved
images with image intensifiers, video-recorders, and a variety
of C-arm machines. Currently, it is available in many different
configurations for use in various clinical applications. With
technologic advancements in hardware and image processing,
fluoroscopy has gained substantially both qualitatively and
quantitatively. The introduction of flat-panel detectors, high-
quality image intensifiers with video-recording capabilities,
state-of-the-art C-arm design, and digital units has revolu-
tionized the field of fluoroscopic imaging."” The superior
spatial and contrast resolution combined with faster image
reconstruction and reduced radiation along with a variety of
safe and effective contrast media has empowered fluoroscopy
with advanced capabilities in the diagnostics and interven-
tional realm. A variety of fluoroscopic units are now commer-
cially available, and the components of basic fluoroscopic
equipment are shown in Figure 2-1. The main uses of fluoros-
copy are listed in Box 2-1.

Patient Preparation

It is important to have the patient empty his or her stomach to
increase the sensitivity of the fluoroscopy examination, because
food and food residue can mimic disease. Informed consent is
required, and any medical history such as heart disease, asthma,
allergy, thyrotoxicosis, and hypersensitivity to drugs should be
elicited. Also important to consider: What medications (e.g.,
insulin) is the patient using? Is the patient pregnant or breast-
feeding? Has there been a recent diagnosis of small bowel

10
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obstruction or perforation and, if so, what were the surgical
details?

Patients scheduled for a double-contrast barium enema
must adhere to a clear liquid diet for 24 hours before the pro-
cedure. Laxatives may be prescribed to ensure thorough bowel
cleansing, and on the morning of the examination a bisacodyl
suppository is given per rectum.

However, in the acute/emergency or postoperative setting,
patient preparation is usually optional. Moreover, in this setting,
iodinated contrast media are preferred over barium sulfate
because the latter might interfere with a surgical procedure and
any extraluminal collection of barium may create confusion
with a diagnosis on subsequent examinations.”” A medical
history of severe hypersensitivity to iodinated contrast media
or certain medications should be obtained if the procedure
requires its use.

FLUOROSCOPIC EXAMINATIONS

Fluoroscopic examinations are of two types: single-contrast
studies and double-contrast studies (Box 2-2). Single-contrast
studies are performed either with barium or with iodinated
contrast media.®” For double-contrast media, air or carbon
dioxide is used (Figure 2-2).*’

Gastrointestinal Fluoroscopic Procedures

* Stomal examinations, enema through ileostomy or colos-
tomy for patency, recurrence of disease, and leak

* Feeding tube studies

e Oral cholecystogram and T-tube cholangiogram

 Hydrostatic reduction of pediatric abdominal emergen-
cies such as intussusceptions and sigmoid volvulus

Genitourinary Fluoroscopic Procedures

¢ Cystography for evaluation of urinary bladder and vesico-
ureteric reflux

¢ Voiding cystourethrography for visualization of urethra

 Retrograde urethrography for anterior urethra

* Hysterosalpingogram for uterus and fallopian tubes

Interventional Procedures

e Placement of vascular catheter and stents

e Percutaneous biliary drainage procedures

¢ Urologic procedures: Retrograde pyelography, percutane-
ous nephrostomies, and suprapubic cystotomies

Other Examinations

* Sinogram
e Fistulogram
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2  Fluoroscopic Study of the Abdomen and Fluoroscopic Contrast Media 11

Fluoroscopic Contrast Agents

Fluoroscopic contrast agents are compounds that enable
improved visualization of internal luminal structures, spaces,
and tracts and also delineate tubes and catheters on fluoroscopy
or radiography (Figure 2-3).

Fluoroscopic contrast agents can be divided into two types:
positive contrast and negative contrast. A positive contrast
medium absorbs x-rays more strongly than the surrounding
tissue or organ being examined and appears radiopaque. A
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|j<7Video camera
(=]

< Optical coupling

L( Image intensifier

/—Gl’id
| HEEEEEEEEEEEN]

Patient

/Table

Filtration

/ — Collimator
X-ray tube

0
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Figure 2-1 Schematic diagram of fluoroscopic imaging system.

A

negative contrast medium absorbs x-rays less strongly and
hence appears radiolucent. Positive contrast media are barium
and iodine compounds (Figures 2-4 and 2-5). Negative contrast
media can be obtained by air or carbon dioxide (Figure 2-6).'""

BARIUM

The higher the concentration of the barium sulfate suspension,
the thinner are the layers that can be identified in the radio-
graph. The more viscous is the suspension, the better is the

BOX 2-1 MAIN USES OF FLUOROSCOPY

Gastrointestinal imaging
Genitourinary imaging
Angiography

Other:

* Intraoperative

* Foreign-body removal
* Musculoskeletal

BOX 2-2 SINGLE-CONTRAST VERSUS DOUBLE-
CONTRAST STUDIES

SINGLE-CONTRAST STUDIES

e Precise control of barium column

e Easier identification of filling defects

* In suspected perforation, single contrast with water-soluble
medium preferred

Can be used to evaluate mechanical problems (e.g., obstruc-
tion, fistula)

e Optimal for patients unable to swallow gas-forming tablets

DOUBLE-CONTRAST STUDIES

e Thick barium coats lumen, and effervescent tablets ingested
to distend lumen with air

e Produced see-through effect with better assessment of
mucosal details

e Better distention and separation of the bowel loops

e Better detection of small mucosal lesions, polyps, ulcers

Figure 2-2 Spot radiograph of the mid-transverse colon obtained during single-contrast (A) and double-contrast (B) barium enema. The mucosal

details are well seen on the double-contrast study.
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Contrast media
for fluoroscopic
study
I

Y Y

Water-insoluble
barium
sulfate

Water-soluble
iodinated
contrast agents
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lonic contrast
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Nonionic

agents contrast agents
Monomer Dimer Monomer Dimer
diatrizoate ioxaglate iopamidol iodixanol

Figure 2-3 Contrast media used in fluoroscopy.

Figure 2-4 Spot film single-contrast barium sulfate study of esopha-
gus shows a pulsion diverticulum from the lower esophagus.

penetration into the finest folds and the more differentiated are
the structures that become visible. Different barium prepara-
tions available for use are shown in Figure 2-7. Various barium
suspensions used for the evaluation of different parts of gastro-
intestinal tract are depicted in Table 2-1.

Properties desirable for the conventional upper gastrointes-
tinal and per-oral small bowel examinations include suspension
stability, good coating ability for double-contrast views, and
resistance to flocculation in the small intestine.” For dense,
uniform coating in the esophagus, stomach, duodenum, and
colon, it is also desirable that the barium suspension have the

Figure 2-5 Spot film from hysterosalpingography using iodinated
contrast media shows a bicornuate uterus with free spill.

Figure 2-6 Spot film of double-contrast barium study of stomach
showing multiple aphthoid ulcers (arrows).

ability to delineate fine mucosal surface details with reasonable
flow rate and resistance to flocculation."*

WATER-SOLUBLE CONTRAST AGENTS

Water-soluble contrast agents can be divided into ionic or non-
ionic agents or, depending on the osmolarity, as high- and low-
osmolar agents (see Figures 2-3 and 2-8). Ionic contrast media
have higher osmolarity and more side effects. Nonionic contrast
media have lower osmolarity and tend to have fewer side
effects.'”"" Water-soluble organic iodine compounds are used in
certain circumstances in which barium is contraindicated—for
instance, in suspected perforation of gut into the free peritoneal
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Barium sulfate
preparations

Y

Y Y Y

Paste (100%)
(High viscosity and

Figure 2-7 Different barium sulfate preparations high density)

for gastrointestinal studly.

Suspension (95%) High density (200%)
(Moderate density (High density and
and viscosity) low viscosity)

Barium tablets

Water-soluble
contrast agents

Y Y

High-osmolar Low-osmolar
contrast agents contrast agents

* lonic * Nonionic

 Higher osmolality * Low osmolality

* More chances of adverse ¢ Less chance of adverse
reactions (e.g., diatrizoate reactions (e.g., iopromide
meglumine and diatrizoate [Ultravist])
sodium [Gastrografin])

Figure 2-8 Water-soluble contrast agents.

Barium Formulations for Gastrointestinal

Tract Radiography

Gastrointestinal Tract Study Barium Formulations (%)

Barium swallow Single contrast: 50-100 w/v

Double contrast: 250 w/v

Single contrast: 35-80 w/v
Double contrast: 250 w/v

Upper gastrointestinal tract
(stomach and duodenum)

Small bowel follow-through 40-60 w/v
Enteroclysis 50-95 w/v
Retrograde ileography 20-25 w/v

Barium enema Single contrast: 12-25 w/v

Double contrast: 60-120 w/v
(80 commonly used)

w/v, Weight/volume.

cavity, in postoperative cases to look for a leak, or when the risk
for aspiration into the lung is high. Barium leakage into the
peritoneal cavity can lead to formation of granuloma, and aspi-
ration into the lung can leak to pneumonitis or pulmonary
edema.”®

In general, to achieve good radiographic opacification of the
gastrointestinal tract it is recommended that 60% or higher
solutions of ionic contrast agents be used. Although ionic con-
trast agents stimulate intestinal peristalsis and result in more
rapid visualization of distal small bowel loops as compared with
barium preparations, this effect is quickly nullified by the dilu-
tion effect in the bowel secondary to hyperosmolarity of these
agents.'”"” Ideally, one of the nonionic contrast agents should
be used when indicated for evaluation of gastrointestinal tract.
Iodinated contrast agents such as diatrizoate meglumine prepa-
rations (Gastrografin and Hypaque) are commercially available
for oral use (Figure 2-9). For genitourinary fluoroscopic proce-
dures, ionic contrast agents such as Renografin and Cystografin

Figure 2-9 Gastrografin enema performed in a neonate with intestinal
obstruction shows microcolon.

are preferred over nonionic contrast agents in most institutions
owing to the lower cost.

GASTROGRAFIN

Gastrografin (diatrizoate meglumine and diatrizoate sodium)
is a commercially available oral contrast medium for opacifica-
tion of gastrointestinal tract. This preparation is particularly
indicated when use of a more viscous agent such as barium
sulfate, which is not water soluble, is not feasible, or is poten-
tially dangerous.

Oral Administration

Adult oral dosage usually ranges from 30 to 90 mL (11 to 33 g
iodine), depending on the type of the examination and the size
of the patient. For infants and children younger than 5 years of
age, 30 mL (11 g iodine) is usually adequate; for children 5 to
10 years of age, the suggested dose is 60 mL (22 giodine). These
pediatric doses may be diluted 1:1, if desired, with water, car-
bonated beverage, milk, or mineral oil. For very young (<10 kg)
and debilitated children, the dose should be diluted as 1 part
Gastrografin in 3 parts water.

Enemas or Enterostomy Instillations

Gastrografin should be diluted when it is used for enemas and
enterostomy instillations. When used as an enema, the sug-
gested dilution for adults is 240 mL (88 g iodine) in 1000 mL
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of tap water. For children younger than 5 years of age, a 1:5
dilution in tap water is suggested; for children older than 5 years
of age, 90 mL (33 g iodine) in 500 mL of tap water is a suitable
dilution.

Oral Gastrografin Indications

Indications for oral use of Gastrografin include the following:
e Cystic fibrosis and subacute intestinal obstruction, because
risk for obstruction in the small bowel is greater with
barium
e Intestinal perforation
e Suspected tracheoesophageal fistula and pyloric stenosis,
to avoid barium aspiration
e Recent rectal biopsy, recent surgery, to visualize postop-
erative leak, or to visualize ileostomy or colostomy loops
e Infants and neonates with suspected intestinal obstruc-
tion, necrotizing enterocolitis, unexplained pneumoperi-
toneum, gasless abdomen, other bowel perforation,
esophageal perforation, or postoperative anastomosis
For genitourinary evaluation, the ionic contrast agents are
preferred over the nonionic agents owing to the cost factor.
However, in patients with a previous history of allergic reac-
tions, nonionic agents are preferred. The dose and dilution
depend on the investigation and body part examined.

EQUIPMENT FACTORS

Equipment factors include the following:
¢ Source-to-image distance
¢ Fluoroscopic kilovoltage peak
e Fluoroscopic milliampere
¢ Focal spot
e Field of view
* Grid use
e Fluoroscopic acquisition mode
¢ Dose rate selection
e Video frame rate

PATIENT FACTORS

Patient factors are listed in Box 2-3.

SIDE EFFECTS

Barium

The side effects of barium include the following:
* Bloating
 Constipation (severe or continuing)

SUGGESTED READINGS

BOX 2-3 PATIENT FACTORS IN
GASTROINTESTINAL FLUOROSCOPY

ABILITY TO INGEST CONTRAST

¢ To get high-quality images, a relatively large volume of con-
trast agent needs to be ingested fairly quickly.

MOBILITY

e Multiple positions required for gastrointestinal examinations,
particularly double-contrast examinations

Limited mobility results in fewer diagnostic images.

Weight

Tables have weight limits.

Maximal radiographic technique is required, and exposure is
often suboptimal.

e Cramping (severe)

* Nausea or vomiting

¢ Stomach or lower abdominal pain

* Tightness in chest or troubled breathing

e Wheezing

Some people have reported sensitivity to the flavoring sub-
stance and exposure to latex (in gloves and tubes) used in
barium contrast studies. Allergic reactions to barium sulfate
suspensions are estimated to occur at a rate of less than 2 per
million.

lodinated Oral Contrast Media

The side effects of iodinated oral contrast media may vary from
mild reactions such as itching or a rash to rare life-threatening
reactions such as shock. These media should be used with
caution in patients with known hypersensitivity to iodine,
bronchial asthma, eczema, and thyroid disorders such as thyro-
toxicosis. Also, patients with inflammatory bowel disease and
those with conditions in which there is absorption of contrast
media from a mucosal surface may have increased chances of a
reaction.” With oral administration patients may experience
nausea, vomiting, diarrhea, and stomach cramps.

Pros and Cons

Fluoroscopic examinations may be affordable, but results
depend on various factors, including the skill of the radiologist,
quality of fluoroscopic equipment, and the patient’s weight and
compatibility. However, as compared with advanced modalities
such as CT or MRI, fluoroscopy has limitations in cross-
sectional imaging and radiologic tissue diagnosis.
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and double-contrast colon examinations. Crit Rev
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disorders of upper gastrointestinal tract: current
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Abdominal Ultrasound Imaging:

Anatomy, Physics, Instrumentation,

and Technique

LUZENG CHEN

Ultrasonography is low in cost, noninvasive, and highly porta-
ble, and it allows real-time imaging in multiple operator-
controlled planes. As a result, it is the most widely used
cross-sectional imaging modality worldwide. The principal
challenge with ultrasonography is greater user-dependence
than computed tomography (CT) or magnetic resonance
imaging (MRI).

Basic Physics
DEFINITION

Humans can hear sound that vibrates from 20 Hertz (Hz) to
20,000 Hz. Ultrasound is the term given to describe sound at
frequencies above 20,000 Hz, beyond the range of human
hearing. Frequencies of 3 to 7 megahertz (MHz) are commonly
used for abdominal ultrasound.

PROPERTIES OF ULTRASOUND

Ultrasound waves propagate as longitudinal waves in soft tissues.
Acoustic impedance is an intrinsic physical property of a
medium defined as the density of the medium multiplied by the
velocity of ultrasound wave propagation in the medium. Acous-
tic interfaces exist between materials that have different acoustic
impedances. Reflection, refraction, and scatter occur when
ultrasound waves meet an acoustic interface. The greater the
acoustic impedance difference between two sides of the inter-
face, the greater is the ultrasound energy that will be reflected.

The relationship among frequency (f), velocity (c), and
wavelength (A) is A = ¢/f. The higher the frequency, the shorter
is the wavelength. In theory, the distance that can be measured
by ultrasound is % A. The shorter the wavelength, the better the
resolution will be. With the wavelength shortened, the attenu-
ation will be greater. So a low-frequency probe should generally
be selected to examine the deep organs of the abdomen (e.g.,
liver, kidney, pancreas), and high-frequency probes should be
selected to examine superficial tissues (e.g., abdominal wall,
appendix) (Figures 3-1 and 3-2).

The velocity of ultrasound is affected by the density and
elasticity of the material it traverses; as a result, ultrasound
travels at varying velocities through different tissues. Current
commercially available ultrasound machines cannot determine
which tissues underlie the transducer and instead assume an
average tissue velocity of 1540 m/s in their image reconstruc-
tion algorithms. The value is obtained from averaging the veloc-
ity in normal soft tissue (Figure 3-3)."

SAFETY

The American Institute of Ultrasound in Medicine has ad-
dressed ultrasound safety and bioeffects, as follows: “No inde-
pendently confirmed adverse effects caused by exposure from
present diagnostic ultrasound instruments have been reported
in human patients in the absence of contrast agents.” Biological
effects (such as localized pulmonary bleeding) have been
reported in mammalian systems at diagnostically relevant
exposures, but the clinical significance of such effects is not
known. Ultrasound should be used by qualified health profes-
sionals to provide medical benefit to the patient. Ultrasound
exposures during examinations should be as low as reasonably
achievable.”

INSTRUMENTATION

A diagnostic ultrasound machine is commonly composed of a
transducer (probe) and main body. An electronic transducer is
composed of a large number of piezoelectric materials. Ultra-
sound is produced from piezoelectric material that vibrates in
response to the application of electrical energy. Piezoelectric
material can be arranged on a plane (linear transducer) or a
curved surface (curved transducer). Linear high-frequency
transducers are typically used for superficial tissue imaging—
for example, appendix, abdominal wall, and scrotum. Low-
frequency curved array transducers are typically used for
abdominal and obstetric/gynecologic imaging, in which the
curvature of the array and penetration depth facilitate large
field of view imaging.

When ultrasound travels through tissues, reflection, refrac-
tion, and scatter will occur at acoustic interfaces. The reflected
and/or scatted ultrasound waves are detected by the transducer
and analyzed. Each echo is displayed at a point in the image that
corresponds to the relative position of its origin within the
body. The brightness of each point in the image is related to the
strength of the echo. This form of ultrasound imaging is termed
B-mode (brightness mode) sonography and is often colloquially
termed “gray scale” sonography or “conventional” sonography.

General Abdominal Ultrasonography

Ultrasonography can be used to visualize solid structures in the
abdomen, the abdominal wall, and some gastrointestinal lesions.
The vasculature within these organs can be evaluated by color
Doppler, power Doppler, or spectral modes. Body markers or
anatomic labels are used to illustrate the position of the patients

17

Document téléchargé de ClinicalKey.fr par Faculte de Medecine de Tunis ao(t 27, 2016.
Pour un usage personnel seulement. Aucune autre utilisation n"est autorisée. Copyright ©2016. Elsevier Inc. Tous droits réserveés.



18 PART 1 Imaging Techniques

and transducer. A basic glossary of ultrasound terms is listed in
Table 3-1.

EQUIPMENT

An ultrasound machine capable of real-time imaging should be
used to examine the abdominal organs. The equipment should
be adjusted to obtain acceptable resolution. For adults, a curved
probe with frequencies between 2 and 5 MHz is most com-
monly used. A linear probe with frequencies between 5 and
7 MHz is most commonly used when the abdominal wall and

Gastric cancer. Gastric mural thickening demonstrated by
3.5-MHz curved probe.

Figure 3-1
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appendix are examined. Image quality should be optimized
while keeping total ultrasound energy exposure as low as rea-
sonably achievable.

PREPARATION FOR EXAMINATION

The patient should not eat or drink for 8 hours before the
abdominal ultrasound. If fluid is essential to prevent dehydra-
tion or take medicine, only water should be given. When the
bladder needs to be examined, 400 to 600 mL water should be
taken orally 2 hours before examination to ensure there is

Figure 3-2 In the same patient, gastric mural thickening (white arrow)
and normal gastric wall (black arrow) were demonstrated with greater
spatial resolution using a 7.0-MHz linear probe.
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Figure 3-3 Velocity of ultrasound in different tissues.
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Basic Ultrasound Glossary

Term Description

Anechoic Without echoes; displayed as black in the image
Hypoechoic Tissues that create dimmer echoes than adjacent tissues
Hyperechoic Tissues that create brighter echoes than adjacent tissues

Acoustic shadow

Acoustic window

The decreased echogenicity of tissues that lie behind a structure that
causes marked attenuation or reflection of the ultrasound waves

A tissue or structure that offers little obstruction to the ultrasound

Example

Normal urine and bile
Cortex of lymph nodes, some tumors
Air, bone, perinephric fat

Typically deep to solid structures (stones,
bone) or air

Bladder full of urine, gallbladder full of bile

waves and can therefore be used as a route to obtain images of a

deeper structure

Liver, renal cysts common

Cystic A fluid-filled structure (mass) with thin or thick walls, with or without
strong back wall reflections and enhancement of the echoes behind
the cyst

Solid Tissue that does not include fluid spaces; will be multiple internal

Solid tumor, liver, muscle

echoes and moderate attenuation of the ultrasound

enough urine in the bladder. Emergency ultrasonography can
be performed at any time, but the image quality may be affected
by air in stomach and bowel.

Normal Ultrasound Image
LIVER

The normal liver parenchyma appears homogeneous, inter-
rupted by the portal vein, hepatic vein, and their branches. The
echogenicity of the liver should be compared with that of the
right kidney. The liver can be similar or more echogenic than
normal kidney. The hepatic veins, the main portal vein, and the
right and left branches of the portal vein should be seen clearly
(Figure 3-4).

GALLBLADDER AND BILE DUCT

On the longitudinal scan, the gallbladder will appear as an
anechoic, pear-shaped structure. It is variable in position, size,
and shape, but the normal gallbladder is seldom more than
40 mm wide. The thickness of normal gallbladder wall is no
more the 3 mm (Figure 3-5). The intrahepatic bile ducts usually
are located above the corresponding portal branches. The
common bile duct (CBD) is located anterior the portal vein.
The normal diameter of the CBD is less than 6 mm. Ultraso-
nography has limited capacity to detect small lesions within the
distal CBD. Sometimes, tiny stones in the CBD can be detected
(Figure 3-6).

PANCREAS

The pancreas has approximately the same echogenicity as the
adjacent liver and should appear homogeneous. However, pan-
creatic echogenicity increases with age. The contour of the
normal pancreas is smooth. The shape and the size of the pan-
creas are variable. The diameter of the pancreatic duct should
not exceed 2 mm. The tail of pancreas is often difficult to dem-
onstrate, because of gas in the stomach and bowel. If there is
no clinical contraindication, it may be helpful to give the patient
300 to 500 mL water to drink when scanning the pancreas
(Figure 3-7). The pancreatic tail also occasionally can be dem-
onstrated through the spleen (Figure 3-8).

Figure 3-4 Normal liver parenchyma, portal vein, and hepatic vein.

Figure 3-5 Normal gallbladder (GB).
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Figure 3-6 Tiny stone with acoustic shadowing within the intrapancre-
atic common bile duct (CBD).

Figure 3-7 Normal body and tail of pancreas were demonstrated after
drinking 300 mL water. P, Pancreas; ST, stomach.

Figure 3-8 The spleen was used as an acoustic window, and the pan-
creatic tail can be demonstrated clearly. PT, pancreatic tail; SP, spleen.

SPLEEN

The spleen should show a uniform homogeneous echo pattern.
It is slightly less echogenic than the liver. The length of the
normal spleen is no more than 12 cm, and the thickness is no
more than 4 cm (Figure 3-9).

KIDNEY AND ADRENAL GLAND

The renal capsule appears as a bright, smooth, echogenic line
around the kidney. The cortex is less echogenic than the liver
but more echogenic than the adjacent renal pyramids. The renal
pyramids are poorly defined hypoechoic areas in the medulla
of the kidney. The central echo complex (the renal sinus) is
hyperechoic relative to renal parenchyma. The renal arteries and
veins are readily seen at the renal hilus and around the aorta.
Like other visceral arteries, the renal artery has high diastolic
blood flow (Figures 3-10 and 3-11).

The adrenals are located above and medial to the kidneys.
Except in infants, the adrenal glands are not easily visible with
ultrasound (Figure 3-12).

Figure 3-10 Normal right kidney (RK).
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Figure 3-11

Right adrenal gland

Figure 3-12 Enlarged right adrenal gland in a patient with Cushing’s
syndrome.

URETERS, BLADDER AND PROSTATE

The normal ureters are usually not readily visible, but can
be demonstrated when distended (Figure 3-13). The bladder
should be evaluated while distended with urine, because bladder
tumors may not be detected in an empty bladder. The full
urinary bladder appears as a large, rounded, anechoic area
arising from the pelvis. The thickness of the bladder wall will
vary with the degree of distention. When distended, the normal
bladder wall is less than 4 mm thick (Figure 3-14).

The prostate can be divided into four glandular zones: the
peripheral zone, transitional zone, central zone, and periure-
thral glandular area. It is difficult to identify these zones with
transabdominal sonography. Transrectal ultrasound can delin-
eate the prostate zonal anatomy and is useful for guiding pros-
tate biopsy (Figure 3-15).

SCROTUM

The normal testes are oval, homogeneous, and hyperechoic.
Often a small amount of physiologic fluid is present within the
scrotum around the testes. The epididymis lies on the inferior

Figure 3-13 Right renal pelvis and upper right ureter were distended,
a stone with acoustic shadow was demonstrated in the lumen of the
right ureter. RK, Right kidney.

Bladder

. Prostate L

2 Prostate H 3.71 cm

Figure 3-15 Transrectal axial view of benign prostatic hyperplasia. PZ,
Peripheral zone; TZ, transitional zone; U, urethra.

4.94 cm
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