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Foreword

Two to three decades ago only very few radiologists, such as F. Weill and other pioneers
in the field, believed in the diagnostic potential of ultrasound for the study of the gas-
trointestinal tract. The main applications of ultrasound were confined to the study of
solid visceral organs, the female pelvis and obstetrics. Rapid progress in computer tech-
nology and in transducer design has opened totally new horizons for ultrasound, for
instance in musculoskeletal pathology, as well as in the gastrointestinal tract in children
and adults.

Today ultrasound plays a major role as the primary imaging procedure in acute
abdominal conditions involving the gastrointestinal tract. The indications for surgery
in patients suspected of acute appendicitis have dramatically improved due to the wide-
spread application of ultrasound.

I am very much indebted to the editors of this book, Prof. G. Maconi and Prof. G. Bianchi
Porro, both internationally recognized experts in abdominal ultrasound. They developed
the concept of this volume and have been very successful in involving several other distin-
guished ultrasound experts from both Europe and the Far East.

I would like to congratulate the editors and the authors most sincerely on this out-
standing volume which provides a comprehensive overview of the use of ultrasound in
acute and chronic diseases of the gastrointestinal tract.

This book will be of great value, not only for radiologists, but also for gastroenterolo-
gists, abdominal surgeons, pediatricians and oncologists. They will find it a very helpful
guide in their daily clinical practice.

I am confident that it will meet with the same success among readers as previous
volumes published in this series.

Leuven ALBERT L. BAERT




Preface

In recent decades technological advances, scientific innovations and improved skills of
operators have made sonography of the gastrointestinal tract increasingly important in
diagnostic work-up and medical decision-making for gastrointestinal disorders, both
in acute and non-acute conditions. Thanks to its non-invasiveness, ready availability,
repeatability and accuracy, ultrasonographic examination of the gastrointestinal tract
is currently employed in many suspected acute and chronic inflammatory conditions,
not only for purely diagnostic purposes, but also for management of well-known gas-
trointestinal diseases. Furthermore, given that ultrasound is usually performed as the
first diagnostic imaging procedure for abdominal complaints, its role in detecting or
suspecting neoplastic, infectious and inflammatory diseases of the gastrointestinal tract
may become even more important in the future as an aid to selecting and driving more
expensive and invasive examinations.

Despite the vast mass of scientific literature showing the importance and accuracy
of ultrasound in assessing various pathologic conditions of the gastrointestinal tract, it
has not yet entered into routine use in clinical practice, and indeed seems to be consid-
ered (incorrectly) as a highly specialised application of ultrasound for super-specialist
sonographers. The belief that more widespread knowledge of the various applications
and usefulness of ultrasound in the assessment of gastrointestinal disorders would be of
value in our clinical practice prompted us in to propose this topic for Medical Radiology,
Springer-Verlag’s prestigious radiological series.

In this context, this book is intended as a high-level volume prepared by authors who
are specialist intestinal sonographers, regarded as authorities in their specific fields, with
the intention of spreading their experience on the gastrointestinal tract to a much wider
audience of sonologists. To this end, a comprehensive overview of ultrasonographic
imaging of acute and chronic inflammatory gastrointestinal tract disorders, as well as
specific neoplastic and infectious diseases, is provided, and the potential, usefulness and
limits of gastrointestinal tract sonography are elucidated.

The topics of the volume cover not only the major gastrointestinal diseases, but also
rare conditions, the aim being to help the abdominal sonographer to also interpret inci-
dental findings related to the gastrointestinal tract and to deal with the more common
problems encountered during routine abdominal investigations in patients with abdom-
inal complaints and well-known chronic disorders. Specific technical developments and
applications of ultrasound devoted to studies of the gastrointestinal tract which promise
to be of increasing importance in the future, such as functional and 3D ultrasound, con-
trast agents and operative US, are also discussed.
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Preface

The editors of this issue would like to thank the Editor-in-Chief, Prof. Albert
Baert, for his valuable suggestions and assistance. A most sincere word of grati-
tude goes to Ursula N. Davis and Kurt Teichmann of Springer-Verlag and to
Marian Shields for their constant, patient and untiring efforts in helping us to
collect, edit and revise the manuscripts; their devotion deserves special recogni-
tion. We are also extremely grateful to all the authors who have contributed so
remarkably in preparing their contributions. Last, but not least, special thanks
go to our families for all their encouragement and support.

We hope that readers will share our enthusiasm for this interesting and rap-
idly developing area of ultrasound.

Milan GIOVANNI MACONI
GABRIELE BiaNcHI PORRO
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Acute Appendicitis and Appendiceal Mucocele

NORBERT GRITZMANN
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Introduction

Appendicitis is a common disease in each period of
life. Most frequently, appendicitis occurs in children
and adolescents. Histologically serous, phlegmon-
eous, ulcerous and perforated forms are differen-
tiated. These forms usually reveal thickening and
enlargement of the tubular organ, whereas chronic
or neurogenic forms do not alter the size of the
appendix; therefore, neither can usually be diag-
nosed by imaging.

1.2
Clinical Evaluation of Acute Appendicitis

The clinical assessment of the painful right lower
quadrant is still the cornerstone in the diagnosis of

N. GRITZMANN, MD
Dept. of Radiology and Nuclear Medicine, KH Barmherzige
Briider Salzburg, Kajetanerplatz 1, 5020 Salzburg, Austria

acute appendicitis. Important signs for acute appen-
dicitis are pain at the Mc Burney’s point, axillary—
rectal difference of the temperature. In laboratory
testing, signs of acute inflammation are present. The
C-reactive protein (CRP) is usually elevated, and leu-
cocytosis is often present. Clinical evaluation usu-
ally gives significant hints for pathology in the right
lower quadrant; however, specificity in diagnosing
acute appendicitis is limited. Of all surgically treated
appendices, 30-50% do not reveal acute appendicitis
at histology. The accuracy in clinical evaluation of
acute appendicitis is especially low in young women
and older patients (UEBERRUECK et al. 2004)

1.3
Diagnostic Methods

The main goal of imaging methods is to diagnose
appendicitis quickly with high accuracy, non-invas-
ive, cost-effective methods and to provide differ-
ential diagnosis without laparotomy (PUYLAERT
1986a).

1.3.1
Sonography

In 1986, PUYLAERT published a groundbreaking study
on the diagnosis of acute appendicitis using sono-
graphy with the graded compression technique.

Sonographyisused mainlyonaccountofwidespread
availability and the fact that no radiation is used. First
of all, diagnosing appendicitis needs sufficient skill
and expertise in the performance of gastrointestinal
ultrasound. Various compression techniques are used
to visualize the appendix (LEE et al. 2005).

Usually, the abdomen and the retroperitoneum
are examined with the 3.5-MHz transducer. Then the
caecum, which usually contains gas, is localised. Most
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often the appendix originates caudal to Bauhin’s
valve. The position of the appendix is highly variable.
Artrocaecal position or a position within the small
pelvis may be found.

The appendix is a blind-ending tubular structure
(Fig. 1.1). Normally the appendix is compressible with
an ovoid configuration in the transverse section. The
antero-posterior diameter is normally <6 mm. Com-
pared with the terminalileum,no peristalsisis visualised
in the normal appendix. In a study by RETTENBACHER
et al. (1997), it was shown that the normal appendix is
localised sonographically in 50-70% of cases.

Frequently, a high-resolution transducer is used to
visualize the appendix during graded compression.
In many cases, the appendiceal region can be seen
with transabdominal 7.5-MHz transducers. The use
of colour- or power Doppler may be useful; however,
use of the Doppler methods is not mandatory.

Ultrasound contrast media have been used for
the detection of hypervascularisation (INCESU et al.
2004). Harmonic imaging is presently the standard
technique in the abdomen. The main advantage is the

higher signal-to-noise ratio, but the depth of penetra-
tion is lower with this technique (Table 1.1).

Table 1.1. Sonographic signs of acute appendicitis

Antero-posterior (a.p.) diameter of 6 mm or more (see
Fig. 1.2). In some cases with lymphatic hyperplasia the a.p.
diameter is >6 mm (RETTENBACHER et al. 2001)

Round configuration in the transverse section (see Fig. 1.2;
RETTENBACHER et al. 2003)

Missing compressibility (PUYLEART et al. 1986a)

Alteration of the periappendiceal fat (Fig. 1.3; NoGUCHI et
al. 2005)

Missing gas in the appendix (RETTENBACHER et al. 2000)

Hypervascularisation of the appendix in colour Doppler
(see Fig.1.4)

Moderately enlarged lymph nodes
Pain directly above the appendix (PUYLEART et al. 1986a)
Faecolith in the appendix, with obstruction (see Fig. 1.5)

Localised effusion

Fig. 1.1a-c. Normal appendix. a Transverse section. b Longi-
tudinal section. c Longitudinal section with a variable amount
of air within the tip (asterisk)
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In difficult patients and in women, also a transrec-
tal or transvaginal approach may visualise appendi-
ceal region and appendicitis (Figs. 1.2—1.6).

If severe complications, such as significant per-
foration (Fig.1.7) or abscess formation (Fig. 1.8), are
present, the appendix often cannot be visualized as the
origin of the inflammation. In these cases, computed
tomogrphy (CT) should be performed in order to
completely delineate the inflammation and to visual-
ise a safe path for a transabdominal drainage; however,
the drainage can be performed under US guidance.

The accuracy of sonography in diagnosing appen-
dicitis varies between 70 and 95% depending on the
study (CHAN et al. 2005; KESSLER et al. 2004; LEE et
al. 2005; PUYLAERT et al. 1986a; RETTENBACHER et
al. 2002; vAN BREDA VRIESMAN et al. 2003). In the

Fig.1.2a,b. Acute appendicitis. a In transverse section, the
appendix is round and measures 12 mm in diameter. b Longi-
tudinal panoramic section

present author’s opinion, accuracies over 90% can be
achieved if sonography is performed by an experi-
enced team (GRITZMANN et al. 2002).

It is generally accepted that sonography should be
performed in clinically, questionable cases, in order
to reduce the high rate of false-negative appendec-
tomies; however, in clinically, highly suspicious cases
the incidence of acute appendicitis was only about

Fig. 1.3. Transverse section in appendicitis. The appendix is en-
larged and reveals echogenic alteration of the surrounding fat

Fig. 1.4. Transverse section in appendicitis with hyperaemia
and thickened wall surrounded by echogenic, hyperaemic fat
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Fig. 1.5. Obstructed appendix with faecoliths (asterisk) and
inflammatory content

Fig. 1.6. Transrectal sonography displays acute appendicitis
with echogenic fat reaction

70%; therefore, it was advocated that sonography be
performed in all cases with pain in the right lower
quadrant (RETTENBACHER et al. 2002).

An acute appendicitis can be excluded if the
normal appendix can be completely displayed and/
or a differential diagnosis that explains the clinical
findings can be found.

Fig. 1.7. Longitudinal section of an acute perforated appendicitis

Fig. 1.8. Perithyplitic abscess. The appendix can no longer be
displayed

1.3.2
Computed Tomography

In the United States, CT is the preferred method in
the evaluation of acute appendicitis (RAo et al. 1997);
however, CT involves significant radiation doses to
the patients.
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Computed tomography can be performed only in
the region of the painful right lower quadrant if it
is preceded by sonography. This is a way to reduce
radiation, particularly in young patients. Modern
multidetector scanners can visualise the abdomen at
low doses using modes with a high spatial resolution.
The main advantage of CT is that operator depend-
ency is lower than with sonography. Furthermore,
the normal appendix can be seen in a higher per-
centage than with sonography. In European institu-
tions, CT is often used as a problem-solving inves-
tigation if sonography fails to give a clear diagnosis
(vAN BREDA VRIESMAN et al. 2003). After oral appli-
cation of water-soluble contrast media, perithyplitic
abscesses or bowel loop abscesses are usually better
revealed by CT (see Fig. 1.6).

1.3.3
Magnetic Resonance

Magnetic resonance imaging (MRI) is also used to
diagnose acute appendicitis (HORMANN et al. 1998;
BIRCHARD et al. 2005). With fast sequences the lower
abdomen can be imaged within seconds (i.e., HASTE
sequence). The prompt availability is a prerequi-
site for diagnosing acute appendicitis. Accuracy is
reported to be comparable to that of CT (HORMANN
et al. 1998); however, its relatively high cost enables
only MRI as a problem-solving investigation. In the
future, this may change; however, up to now, MRI
is not a primary standard imaging modality in the
diagnosis of acute appendicitis.

14
Differential Diagnosis

The differential diagnosis can be divided into intes-
tinal (Table 1.2), gynaecological, urological and dis-
eases of other compartments (mainly abdominal
wall, psoas muscle, gallbladder, pancreas) (ABU-
Youser 2001).

1.4.1
Intestinal Differential Diagnosis

Most often, infectious ileocaecitis is found (PUYLAERT
1986b; TARANTINO et al. 2003). Sonographically, the

Table 1.2. Intestinal differential diagnoses of appendicitis

Infectious ileocolitis

Lymphadenitis mesenterica

Invagination

Volvulus

Right-sided diverticulitis, sigmoid diverticulitis

Appendix diverticulitis, perforation, or inflammation of
diverticula of the small bowel

Meckel’s diverticulum (complications)
Crohn’s disease and ulcerative colitis
Tumour (perforated)

Ileocaecal tuberculosis

Ischaemia of the small bowel

Appendagitis

caecum and/or the terminal ileum are moderately
thickened. The caecum shows hyperhaustration. Often,
enlarged painful regional lymph nodes are found. The
most frequent microbes are Yersinia, Campylobacter
or Salmonella (PUYLAERT et al. 1988). The appendix
can be reactively enlarged by these diseases.

When examining children, in the event of a pain-
ful lower quadrant, invagination of the small bowel
has to be considered. The sonographic picture is typi-
cal. A double-layer intussusception can be visualised.
With adults, tumours causing invagination have to be
excluded. Furthermore, complications of a Meckel’s
diverticulum (inflammation, bleeding) have to be taken
into account (BALDISSEROTTO et al.2003). Another dif-
ferential diagnosis when examining children is a vol-
vulus (PATINO and MUNDEN 2004). In this condition,
the mesenteric vessels show a whirlpool sign.

In adults, diverticulitis of the ascending colon
or caecum is an important conservatively managed
disease (MACHEINER et al. 1999, WADA et al. 1990).
Also diverticulitis of the sigmoid colon can be right
sided or project on the right side (HOLLERWEGER et
al.2001). Diverticula on the right side are usually true
diverticula, which are often large.

Furthermore, a (perforated) tumour of the colon
should be considered.

Crohn’s disease is a frequent transmural chronic
inflammation of the bowel. Usually, segmental thick-
ening of the small bowel is seen. Also other parts
of the bowel, appendix included (Fig.1.9), can be
involved. Due to the transmural inflammation, the
surrounding fat is frequently affected. Fistulas are
often found. In chronic forms, fibrous stenosis is fre-
quently present with dilation of the oral segments
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Fig. 1.9. Thickening of the appendix in Crohn’s disease. The
terminal ileum is thickened also

showing fluid-filled bowel loops. Ulcerative colitis is
a rare differential diagnoses for appendicitis, since
the disease is predominantly left sided.

Another rare disease in the right lower quadrant
is tuberculosis of the ileo-caecal region (PORTIELJE
et al. 1995).

Appendagitis and omental infarction are fur-
ther differential diagnoses to acute appendicitis. In
appendagitis, an inflammation, torsion or necrosis
of the epiploic appendices is present. Sonographi-
cally, an ovoid alteration of the pericolonic fat is
seen. Usually, the echogenic altered fat is fixed to the
ventral peritoneum, whereas the other bowel loops
show normal breathing motility with regard to the
peritoneum (HOLLERWEGER et al. 2002; vAN BREDA
VRIESMAN et al. 2001).

In colour Doppler, the altered epiploic appendix
reveals no vascularisation, whereas the surrounding
fat may be hypervascularized (GRATTAN-SMITH et
al. 2002). Usually, CT is also performed to verify this
relatively rare diagnosis. Appendagitis is treated con-
servatively. Surgery can be avoided in this self-limit-
ing disease.

1.4.2
Gynaecological Differential Diagnosis

Inflammation of the ovaries is a common differ-
ential diagnosis. This diagnosis is made when wit-

nessing a combination of clinical and transvaginal
sonographic signs. The most important sign is the
pain above the ovary during examination. In a
tubo-ovarial abscess, cystoid-hypoechogenic tubu-
lar structures can be found in transvaginal sonog-
raphy. Further differential diagnoses are ruptured
adnexal cysts, torque cysts, or cysts with bleeding.
All these pathologies may clinically mimic acute
appendicitis.

The most important gynaecological differential
diagnosis is ectopic pregnancy. In ruptured tubal
gestation a haematoma is seen in the adnexal region
together with free intraperitoneal fluid. In the uterus
a small pseudogestational sac can be depicted.

Transvaginal sonography is used mainly to diag-
nose gynaecological pathologies. When the appendix
is deeply situated in the small pelvis, transvaginal
sonography may also reveal appendicitis (MOLANDER
et al. 2002).

1.4.3
Urological Differential Diagnosis

Inflammation of the urinary tract may mimic appen-
dicitis. A stone in the right ureter may be a cause of
right lower abdominal pain. In acute renal colic, the
collecting system may not be dilated. Doppler sonog-
raphy can be used to diagnose the acute obstruction.
Furthermore, a careful search for perirenal fluid at
the poles of the kidney should be performed.

Ureter stones are typically located at the three
physiological narrowings. Usually, the stone is local-
ised in the intramural part of the ureter, just proxi-
mal to the ostium. These stones can be diagnosed
with transabdominal and transrectal or transvaginal
sonography.

1.4.4
Diseases of Other Compartments

Haematomas of the abdominal wall may mimic acute
appendicitis. These cystoid lesions may be easily
assessed with high-resolution transducers. They
reveal no breathing mobility. Typically these lesions
are ovoid or spindle shaped.

Haematomas or abscesses may also be present in
the psoas muscle. In these diseases, the psoas muscle
is enlarged and reveals tenderness upon pressure.

Either CT and/or MRI should be performed in
order to rule out acute spondylodiscitis.
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Acute cholecystitis may be caudally situated and
may mimic appendicitis clinically. In rare cases,
necrotic pancreatitis may be misinterpreted.

In rare cases, dissecting or rupturing aneurysms
of the retroperitoneal vessels may cause right lower
quadrant pain.

1.5
Mucocele of the Appendix

Mucoceles of the appendix are relatively rare lesions.
They vary considerably in size. Giant lesions up to
25 cm can be present. The large lesions are most often
caused by mucus-producing tumours such as cystad-
enoma or cystadenocarcinoma. Later, they can rup-
ture and produce a Pseudomyxoma peritoneii. Small
non-neoplastic lesions are found incidentally during
imaging.

Sonographically, mucoceles are cystoid or hypo-
echogenic lesions. An onion-skin appearance has
been described (Fig. 1.10; DGANTI et al. 2002; CASPI
et al.2004). This echogenicity is thought to be caused
by viscosity differences of the mucus. Colour Dop-
pler is used to exclude vascularisation in the lesion.
In Pseudomyxoma peritoneii encapsulated cystoid
lesions are found in the peritoneum.

1.6
Conclusion

Sonography is the first-line imaging method for diag-
nosing acute appendicitis. Experienced investigators
have an accuracy of more than 90%.

Sonography can diagnose many conservatively
managed diseases. Sonography can reduce the high
rate of false-positive clinical examinations concern-
ing acute appendicitis. It has to be stated that exclu-
sion of appendicitis can onlybe made sonographically
if the normal appendix can be seen in its full length
and/or other differential diagnoses can be depicted
which explain the clinical symptoms. Mucoceles are
rare cystoid lesions of the appendix. They exhibit a
typical onion-skin-sign structure caused by mucus.
In large mucoceles a tumour causes this lesion.

Fig. 1.10a,b. Mucocele of the appendix. a Cystoid lesion in the
region of the appendix with an onion-skin structure. b The
appendiceal mucocele appears as a cystoid enlargement of the
appendix
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2.1
Introduction

With the increasing use of abdominal and bowel
ultrasound in the screening and follow-up of bowel
diseases, enlargement of the regional mesenteric
lymph nodes have become a fairly common clinical
finding, particularly in children and young adults.
Therefore, since lymphadenopathy may often be an
incidental finding in patients being examined for
various reasons, the sonographer (and the physician)
must decide whether it is a normal finding or a sign of
a patient’s condition requiring further study. Indeed,
mesenteric lymphadenopathy may be a manifesta-
tion of various disorders (Table 2.1).

2.2
Normal Mesenteric Lymph Nodes

Regional mesenteric lymph nodes are usually
detected as the result of a symptom-directed diag-
nostic work-up, by a variety of imaging techniques,
including ultrasound and colour Doppler ultraso-
nography, computed tomography (CT) and magnetic
resonance imaging (MRI). When they are found, the

Table 2.1. Main diseases associated with mesenteric lymph-
adenopathy

1. Malignant diseases

a. Haematologic (Hodgkin‘s disease, non-Hodgkin‘s
lymphomas, amyloidosis)

b. Metastatic (from numerous primary sites)
2. Immunological diseases

a. Crohn’s disease

b. Ulcerative colitis

d. Systemic lupus erythematosus

e. Primary sclerosing cholangitis

f. Sjogren‘s syndrome

g. Primary biliary cirrhosis
3. Infectious diseases

a. Viral (EBV, CMYV, viral hepatitis, herpes simplex,
adenovirus, HIV)

b. Bacterial (Yersinia paratuberculosis, Salmonella,
Shigella, Campylobacter, brucellosis, tuberculosis,
atypical mycobacterial infection)

c. Parasitic (toxoplasmosis, leishmaniasis, trypanoso-
miasis, filariasis)

d. Chlamydial (lymphogranuloma venereum, trachoma)
e. Fungal (histoplasmosis, coccidioidomycosis)
4. Other disorders

a. Lipid storage diseases (Gauchers, Niemann-Pick,
Castleman‘s disease)

b. Sarcoidosis

c. Familial Mediterranean fever
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main goal of the diagnostic technique is to suggest
whether it is a normal finding or the sign of a past
or ongoing abdominal disease, and in this context, to
differentiate its benign from malignant nature.

The ultrasonographic criteria of the enlarge-
ment of mesenteric lymph nodes has been variably
defined as the detection of nodes larger than 4 mm
in the short axis (S1viT et al. 1993) and larger than
10 mm in the long axis (WATANABE et al. 1997). This
sonographic definition is in agreement with that of
a study based on CT studies in an adult population
where mesenteric lymphadenitis has been defined
as three or more lymph nodes, each 5 mm or greater
>5 mm in the short axis (MACARI et al. 2002). How-
ever, this size might not be a reliable normal cut-off
value in children where it is much more controver-
sial. A recent study showed that using a threshold
of short-axis >5 mm for enlarged mesenteric lymph
nodes might yield an unacceptably high percentage
(54%) of false-positive results and that a better defi-
nition of enlarged mesenteric lymph node would be
a short axis of >8 mm, which yielded only a 5% false-
positive rate (KARMAZYN et al. 2005).

Therefore, the sonographic detection of oval,
elongated, U-shaped lymph nodes with a short-axis
diameter up to 4 mm in adults and 8 mm in children,
should be considered a normal finding and should
not be misdiagnosed as an early manifestation of a
lympho-proliferative disorder.

The size of the nodes alone does not always reflect
underlying disease. The number and distribution of
lymph nodes is also important. Normal mesenteric
lymph nodes may be routinely identified at the mes-
enteric root and throughout the mesentery, in par-
ticular in right iliaca fossa in children (KARMAZYN et

al. 2005) and at the mesenteric root in adults (LUCEY
et al. 2005) (Fig.2.1).

Size, site and number of lymphadenopathy
detected by abdominal ultrasound may therefore
help in suggesting their nature, or at least in differen-
tiating among their main causes, which may be neo-
plastic, infectious or inflammatory.

23
Neoplastic Conditions

Mesenteric lymphadenopathy may result from met-
astatic malignancy. The ultrasonographic criteria
used to differentiate between benign and malignant
cervical nodes may also be adopted to differentiate
benign from malignant enlarged mesenteric lymph
nodes. Shape, size and echogenicity can been con-
sidered for this purpose. Sonography can determine
the long (L) axis, short (S) axis, and a ratio of long
to short axis. An L/S ratio of <2.0 (namely a round-
shaped node) has a sensitivity and a specificity of
95% for distinguishing benign and malignant nodes.
This ratio has greater specificity and sensitivity than
measurement of either the long or the short axis
alone.

The most common malignancy resulting in mes-
enteric lymphadenopathy is lymphoma. Even if lym-
phoma may be found in lymphadenopathy in the
chest, retroperitoneum, or superficial lymph node
chains, mesenteric lymphadenopathy is not uncom-
mon. Enlarged nodes may be seen at the mesenteric
root, scattered throughout the peripheral mesentery.

Fig.2.1. Ultrasonographic appearance of normal
lymph nodes as an incidental finding in a 23-year-
old female patient with constipation
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Early in the course of the disease, the lymph nodes
may be small, soft and discrete (Fig. 2.2).

As the disease progresses, the enlarged nodes
often coalesce and tend to form a conglomerate mass
(Fig. 2.3).

Extensive mesenteric lymphadenopathy, due to
lymphoma have a characteristic appearance. Mesen-
teric lymph nodes involved by lymphoma are usu-
ally hypoechoic, round and surrounded by hyper-

echoic mesenteric tissue (Fig.2.4) (GORG et al. 1995,

1996a,b).

Mesenteric lymph node involvementby lymphoma
is not always associated with lymphomatous involve-
ment of the bowel.

Primary malignancies that most commonly lead
to in mesenteric lymphadenopathy include carci-
noma of the gastrointestinal tract (in particular,
carcinomas of the colon, duodenum and ileum),
pancreas and less frequently of the lung and carci-
noid (Fig.2.5). Most primary malignancies involve
local lymph nodes before more distant metastases
are detected.

e e e -‘hat wi*-:. oa
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Fig.2.2a,b. Several small, soft and enlarged lymph nodes at mesenteric root, in a 52-year-old patient with early intestinal non-

Hodgkin lymphoma

Fig.2.3. Conglomerate abdominal mass formed by
multiple coalescent lymph nodes (c¢m) (I, lymph
node)
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2.4
Inflammatory Conditions

Mesenteric lymphadenopathy may be secondary to
an underlying inflammatory process, either a local-
ized inflammatory disease or a systemic inflamma-
tory condition.

Local inflammatory causes, leading to mesenteric
lymphadenopathy, are due to local mesenteric inflam-
mation generally due to appendicitis, diverticulitis
and cholecystitis.

@ P09

Fig. 2.4. Typical mesenteric lymph node
involvement in lymphoma, presenting
as hypoechoic, round lesion surrounded
by hyperechoic mesenteric tissue

Fig. 2.5. Regional metastatic lymph node (I) involve-
ment in patients with gastrointestinal cancer pre-
senting as slight hypoechoic, soft and round lesion

Appendicitis is frequently associated with
lymphadenopathy, most commonly in the mesen-
tery of the right lower quadrant. Although lymph
nodes may be identified in the mesentery of the
right lower quadrant in the normal population,
these are usually small and few in number. Multi-
ple enlarged right lower quadrant lymph nodes, in
the presence of an abnormal appendix, are useful
in the diagnosis of appendicitis, although lymph-
adenopathy is not necessarily present to make the
diagnosis.
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Mesenteric lymphadenopathy may also be seen in
cases of diverticulitis. The enlarged nodes are usually
identified close to the area of inflamed colon. These
reactive nodes associated with diverticulitis are gener-
ally small but, unfortunately, not specific. In fact, diver-
ticulitis may mimic perforated colonic carcinoma where
adjacent enlarged lymph nodes may also be present.

Mesenteric lymphadenopathy is commonly found
in patients with inflammatory bowel disease, both
Crohn’s disease and ulcerative colitis (MACONI et al.
2005), although it is more common in Crohn’s dis-
ease. The lymph nodes may be found at the mesen-
teric root, mesenteric periphery or in the right lower
quadrant (Fig. 2.6).

In Crohn’s disease, mesenteric lymph nodes
are usually described as single or multiple large,
hypoechoic oval nodules with homogeneous echo-
genicity and regular margins, or more rarely as part
of a conglomerate mass (MACONI et al. 2005). There-
fore, sometimes it may be difficult if not impossible
to distinguish between neoplastic and inflammatory
conditions of enlarged abdominal lymph nodes.

The prevalence of mesenteric lymphadenopathy
in Crohn’s disease may vary, mainly in relation to the
age of patients and to the duration of disease, lymph
nodes being more frequent in young patients and in

those with early disease. In particular, enlarged mes-
enteric lymph nodes can be detected in more than
50% of CD patients under 30 years of age (MACONI
et al. 2005; TARJAN et al. 2000) and are also a frequent
finding in the presence of septic complications such
as fistulas and abscesses. On the contrary, the impor-
tance of US assessment of lymph nodes, as a marker
of Crohn’s disease activity, is still controversial.

Connective tissue diseases, such as systemic lupus
erythematosus, systemic sclerosis, or rheumatoid
arthritis, may also be related to mesentericlymphade-
nopathy (CALGUNERI et al. 2003). In these patients,
mesenteric lymphadenopathy is more frequently an
occasional US finding and seldom the only manifes-
tation of lymph node involvement.

In many other inflammatory conditions, mesen-
teric lymphadenopathy is present, and is seldom the
only manifestation of the disease such as: coeliac
disease (FRAQUELLI et al. 2004), primary sclerosing
cholangitis (Fig.2.7), primary biliary cirrhosis, sar-
coidosis and amyloidosis.

In coeliac disease,enlarged lymph nodes are frequently
found at mesenteric root level or, less frequently, at the
mesenteric periphery. The shape of lymphadenopathies
is usually oval or elongated (Fig. 2.8). Cavitation of mes-
enteric lymph nodes is rarely seen (ScHMITZ et al. 2002).

Fig.2.6a-c. Mesenteric lymphadenopathy in a 40-year-old
female with Crohn’s disease (a,b) and in a 28-year-old male
with early ileal and jejunal Crohn’s disease (c). US images
show multiple peri-intestinal lymphadenopathy in mesentery
of right lower quadrant
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Fig.2.7a,b. Mesenteric lymphadenopathy in a 38-year-old female patient with primary sclerosing cholangitis

Fig. 2.8. Ovoidal or elongated (a) lymphadenopathy in patient
with coeliac disease

2.5
Infectious Conditions

Intestinal infections, either local or systemic, may
result in mesenteric lymphadenopathy.

Enlarged mesenteric lymph nodes are frequently
detected in various acute infectious conditions, such
as Yersinia ileitis and other viral or bacterial infec-
tious forms of enterocolitis and pelvic inflammatory
diseases, more commonly in the paediatric popula-
tion (PUYLAERT 1986; MACARI et al. 2002; Rao et al.
1997).

Infection with Yersinia enterocolitica is charac-
terised by small bowel wall thickening in the right

lower quadrant in the region of the terminal ileum,
and peri-intestinal regional mesenteric lymphade-
nopathy. The clinical features (diarrhoea, fever and
abdominal pain), radiological and ultrasonographic
findings are similar to those of Crohn’s disease
(TROMMER et al. 1998; PUYLAERT et al. 1997). Also in
other forms of infectious ileocecitis, caused by Cam-
pylobacter jejuni or Salmonella enteritidis, enlarged
regional mesenteric lymph nodes together with
thickening of the mucosa and (less frequently) sub-
mucosa of the ileum, caecum and ascending colon
can be found.

Infection with the human immunodeficiency
virus (HIV) may produceisolated lymphadenopathy
resulting from direct infection by the virus or from
secondary infection (RADIN 1995; TARANTINO et al.
2003).Mesenteric lymphadenopathyin patients with
HIV is far more likely to result from an opportunis-
ticinfection or even an underlying malignancy than
to be caused by direct HIV infection. In this case,
the lymph nodes may be enlarged but rarely mas-
sive. On the contrary, in HIV positive patients with
a CD4 cell count of 50/mL or less, Mycobacterium
avium complex (MAC) is the main cause of massive
mesenteric lymphadenopathy. In HIV patients with
mesenteric lymph nodes, in particular if forming a
conglomerate mass, MAC infection should always be
considered (Ko et al. 2003; TARANTINO et al. 2003)
(Fig. 2.9).

Enlarged mesenteric lymph nodes in patients
with tuberculosis are generally hypoechoic, round to
ovoid, and variable in size. Sometimes, the nodes may
be calcified (MALIK and SAXENA 2003; KEDAR 1994).
They are frequently found in the right lower quadrant,
around the terminal ileum and caecum (Ch. 12).
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Fig. 2.9a,b. Mesenteric lymph nodes, forming a conglomerate mass, in HIV patient with MAC infection

Other causes of mesenteric lymphadenopathy are
Whipple disease (Ch. 10) and familial Mediterranean
fever. In particular, mesenteric lymphadenopathy
has been reported in up to one-third of patients with
familial Mediterranean fever during an acute abdom-
inal attack (Z1ssIN et al. 2003).

2.6
Primary Mesenteric Lymphadenitis

Primary mesenteric lymphadenitis has been defined
as right-sided mesenteric lymphadenopathy without
an identifiable acute inflammatory process or with
a mild (<5mm) wall thickening of the terminal
ileum (S1vIT et al. 1993; VAYNER et al. 2003; MACARI
et al. 2002). In most of these cases, an underlying
infectious terminal ileitis is thought to be the cause.
Mesenteric lymphadenitis is a relatively uncommon
cause of acute right lower quadrant pain in adults
with a reported variable prevalence between 2% and
14% (PUYLAERT 1986; Rao et al. 1997). Its clinical
presentation is non-specific (abdominal pain, fever,
leukocytosis) leading to a clinical and imaging dif-
ferential diagnosis including appendicitis, infectious
ileocecitis, diverticulitis, as well as inflammatory
pelvic conditions.
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3.1
Introduction

The prevalence of colonic diverticulosis is common
in developed countries and has been increasing in the
past centuries. In autopsy studies from 1910, diver-
ticulosis was found in about 5%, and in the early
1980s diverticula were seen in about 50% of autopsy
studies (FARAG SOLIMAN et al. 2004).

Prevalence clearly increases with age, varying from
<10% in those younger than 40 years, to an estimated
50-66% of patients older than 80 years (ALMY and
HowgLL 1980).

There is no apparent gender predilection.

Diverticulosis is usually clinically asymptomatic.
About 80-85% of patients with diverticulosis have
no symptoms (CHESKIN et al. 1990), but it is predis-
posing for complications such as diverticulitis, per-
foration, peritonitis, fistulas and even bleeding. For
a clear overview presentation of diverticulosis con-
trast enema has been the diagnostic gold standard
for many years.

Diverticulosis can also be diagnosed by colono-
scopy. Not only the detection of inflammatory com-
plications, but also a clinical asymptomatic diver-
ticulosis can be seen with sonography. In cases of
inflammation, a cross-sectional imaging modality,
such as sonography or computed tomography (CT),
should be performed to evaluate complications.

3.2
Diverticulosis

Particular left-sided colonic diverticula are pseudo-
diverticula. They are herniations of the mucosa and
submucosa through a weakness in the muscle lining,
but do not themselves include the muscle layers sur-
rounding the colon.

They herniate adjacent to the points of penetra-
tion of the vasa recta through the bowel wall. Diver-
ticula, therefore, tend to be arranged in rows, situ-
ated between the mesenteric and lateral taeniae coli
(BURKITT et al. 1974).

Diverticula occur mainly in the distal colon, with
as many as 90% of patients having involvement of
the sigmoid colon and only 15% having right-sided
involvement (ROBERTS and VEIDERNHEIMER 1994).

There are many predisposing factors for getting
diverticula. Undoubtedly, these mechanisms act syn-
ergistically. The cause of colonic diverticula is related
primarily to two main factors: increased intralumi-
nal pressure and weakening of the bowel wall (TRUE-
LOVE 1966). Diminished stool bulk, from insufficient
dietary fibre, leads to alterations in gastrointestinal
transit time and to elevated colonic pressure.

Diverticula can vary in number from solitary find-
ings to literally hundreds. In size, they are typically
5-10 mm in diameter but can exceed 2 cm. An entity
of giant colonic diverticula has been described, with
sizes up to 25 cm (LEVI et al. 1993).

The frequent appearance of diverticula in cases
of Ehlers-Dahnlos syndrome, Marfan syndrome and
polycystic kidney disease may cause a congenital
weakness of the colonic wall.

In Asia, diverticula can often be found in the right-
sided colon. These rare dysontogenetic diverticula

N. GRITZMANN, MD
Dept. of Radiology and Nuclear Medicine, KH Barmherzige
Briider Salzburg, Kajetanerplatz 1, 5020 Salzburg, Austria
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are true diverticula, in which all layers of the colon
wall are herniated. These patients are often younger
than patients with left-sided diverticulosis.

3.2.1
Diagnostic Methods

Traditionally,contrast enemahasbeen the mainstayin
the evaluation of patients suspected of having diver-
ticulosis or acute colonic diverticulitis (Fig. 3.1).

Barium provides better mucosal detail than water-
soluble contrast media. The possibility of perforation
is a contraindication to its use, for fear of barium
peritonitis. In these situations, water-soluble contrast
should be used.

Diverticulosis can also be diagnosed by endos-
copy (Fig. 3.2); however, when diverticulits is sus-
pected clinically, endoscopy is contraindicated.
After the acute phase of inflammation, the colon
should be examined to exclude a colon carcinoma.
So a complete colonic evaluation should generally
be performed 6-8 weeks after the resolution of a
diverticulitis. In cases of inflammation, coloscopy
is often incomplete and painful for the patient. The
risk for perforation is also higher because of the air
insufflation.

Sonography can also diagnose diverticulosis of
the left hemicolon in many cases (HOLLERWEGER et
al. 2002).

Normal diverticula present as hyperechoic protu-
berances of the colonic wall with acoustic shadowing
of variable intensity (Fig. 3.3).

The sonographic appearance depends on the con-
tent of the diverticula. In most cases, the diverticula
appear hyperechoic because of the air inside. Such
echoic diverticula show typical air artefacts up to
complete acoustic shadowing.

Hyperechoic diverticula with clear acoustic shad-
owing are typical of a faecolith inside the diverticu-
lum (Fig. 3.4).

The diverticular wall is thin and often not demon-
strable at sonography. Large diverticula may be mis-
diagnosed as haustrations.

In multi-detector computed tomography (MDCT)
the air-filled protuberances are usually easier to diag-
nose than with sonography. Often it is difficult sono-
graphically to differentiate small faecoliths from air
within diverticula.

In a recent study the accuracy of sonography in
diagnosing diverticulosis was approximately 60%
(HOLLERWEGER et al. 2002).

Fig.3.3. Transvaginal sonography shows a large echogenic
diverticulum (arrows)
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Fig.3.4a,b. Sigmoid colon with echogenic diverticulum. a Transverse section with a large echogenic diverticulum. Note the
muscular layer of the sigmoid colon (hypoechogenic rim) showing hypertrophy. b Longitudinal section shows a diverticulum
with an echogenic faecolith inside

3.3
Diverticulitis

Acute colonic diverticulitis is a common cause of
acute abdominal symptoms, especially in elderly
patients. In turn, diverticulitis develops in 10-25%
of the population with diverticulosis (ROBERTS et al.
1995). It is, in virtually all cases, the result of a micro-
perforation of a single diverticulum (Fig. 3.5).

The clinical diagnosis and assessment of acute
colonic diverticulitis can be difficult (CHAPPUIS
and ConN 1988). The classic pattern of left lower
quadrant pain, tenderness, fever, and leukocytosis is
suggestive of acute colonic diverticulitis but can be
mimicked by numerous acute abdominal conditions.
Symptoms such as nausea, vomiting, constipation or
diarrhoea lead to a high rate of wrong diagnosis up
to 34% of cases.

Dysuria and urinary frequency and urgency may
occur if the affected colonic segment lies close to the
urinary bladder, and afferent visceral nerves from the
inflamed colon, by way of the sacral plexus, may carry
referred pain to the scrotum or suprapubic region.

If nearby organs become involved, or if an abscess
ruptures into a nearby organ, a fistula may result.
Colovesical fistulae are the most frequent type, fol-
lowed by colovaginal and, less commonly, by colocu-
taneous fistulae.

Although 85% of cases of diverticulitis occur in
the sigmoid and descending colon, diverticula may
be found throughout the colon. Right-sided diver-

ticulitis occurs with greater frequency in Asians and
tends to follow a more benign course than that which
occuring on the left side (WADA et al. 1990).

In acute colonic diverticulitis, ultrasound can
evaluate the disease with the same four criteria
used with computed tomography (WiLsoN and To1
1990): (a) thickening of the bowel wall; (b) divertic-
ula; (c) the echogenicity of these foci varying from
hypoechoic (Fig.3.6a) to predominantly hypere-
choic with a surrounding hypoechoic rim (Fig. 3.6b)
and hyperechoic with or without internal acoustic
shadowing (HOLLERWEGER et al. 2001); and (d) in-
flammatory pericolonic fat frequently recognised
as an adjacent hyperechoic halo. Small air bubbles
can be visualised as a sign for microperforation
(Fig. 3.6¢); therefore, sonographic demonstration of
extraluminal hyperechoic foci indicates mesenteric
gas.

Longitudinal, linear echogenic tracts are sugges-
tive of fistulous tracts. Thickening of the sigmoid
colon along with the roof of the bladder and air
within the bladder are signs highly suggestive for a
fistula into the bladder.

Sonography can be limited for assessing large and
complex abscesses (Fig. 3.7). Overall the accuracy of
sonography in diagnosing diverticulitis is more than
90% (HOLLERWEGER et al. 2001).

Transrectal (Fig.3.8) or endovaginal (Fig.3.3)
sonography can increase the sensitivity of ultra-
sound when the distal sigmoid or the small pelvis is
affected (HOLLERWEGER et al.2000). This localisation
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Fig. 3.5a-c. Diverticulum (a) with inflammation (b) and perforation with peridiverticulitis (c). In cases of inflammation, the
diverticulum becomes obstructed by impacted stool in its neck. This faecolith abrades the mucosa and causes low-grade inflam-
mation, blocking drainage even further. The obstruction may then cause an expansion of the normal bacterial flora, diminished
venous outflow with localised ischaemia and altered mucosal defence mechanisms, allowing bacteria to breach the mucosa and
extend the process through the full wall, ultimately leading to perforation. (The term “perforated” diverticulitis should be re-
served for cases in which a peridiverticular abscess has ruptured into the peritoneal cavity and caused a purulent peritonitis)

Fig. 3.6a—c. Acute colonic diverticulitis. a Hypoechoic diver-
ticulum with a surrounding moderate echogenic inflamma-
tion. b Longitudinal section of the sigmoid colon shows an
echo-poor diverticulum with surrounding little air spots (ar-
rows) as a sign of microperforation. ¢ Extensive inflammatory
thickening of the sigmoid colon with an echogenic faecolith
in the diverticulum
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Fig. 3.7. Echoic diverticulum (d) with a nearby small peridi-
verticular hypoechogenic abscess (a)

is frequently obscured by overlaying bowel-loop gas
in transabdominal sonography.

Right-sided diverticulitis may be diagnosed
sonographically (Fig.3.9; WaDA et al. 1990). Usu-
ally, large diverticula are present. In such instances,
the main differential diagnosis is appendicitis. The
prognosis of right-sided diverticulitis is usually
good using conservative treatment. In this context,
imaging procedures are important in the differen-
tial diagnosis.

At most hospitals, CT has replaced barium enema
examination of the colon for diagnosis of suspected
diverticulitis. Compared with sonography, the opera-
tor dependency is less (AMBROSETTI et al. 1997).
One of the reasons is that diverticulitis is primarily
an extramural process, and barium enema diagno-
sis depends on the secondary effects on the barium
column caused by the extramucosal manifestations
of acute inflammation.

The signs of a moderate diverticulitis in CT are
colonic wall thickness >5 mm associated with inflam-
mation of the pericolonic fat (fat stranding). In cases
of a pericolonic abscess or other complications, CT
should be performed to evaluate the correct exten-
sions of the inflammatory variances.

Intravenous contrast should be given especially
when an associated abscess is suspected (Fig.3.10;
BRENGMAN and OTcHY 1998). Care must be taken
with interpretation of the results. The patients with
colonic carcinoma often have findings similar to
those of diverticulitis with conventional CT criteria

Fig. 3.8. Transrectal scan with 7.5-MHz probe shows a hypo-
echogenic diverticulum with moderate hypervascularisation
and hyperechogenicity of the fat due to moderate inflamma-
tion

Fig. 3.9. Right-sided diverticulitis. An echogenic diverticulum
with surrounding hyperechogenic fat is visualised

such as wall thickening with pericolonic fat involve-
ment (AMBROSETTI et al. 1997). Also with CT the
specificity increases when a diverticulum can be
found in the inflammatory process. In chronic diver-
ticulitis the degree of stenosis of the colonic lumen
can be visualised better with CT.

Bleeding of diverticulais usually difficult tolocalise
by imaging. Angiography may be indicated. Nuclear
medicine studies may be performed to localise
unclear intestinal bleeding. When diverticulits is sus-
pected clinically, endoscopy is contraindicated. After
the acute phase of infl ammation, the colon should
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Fig.3.10. A CT scan of a large perisigmoid abscess filled with
contrast media (a)

be examined to exclude a colon carcinoma. So a com-
plete colonic evaluation should generally performed
6—8 weeks after the resolution of a diverticulitis. In
cases of infl ammation, coloscopy is often incomplete
and painful for the patient. The risk for perforation is
also higher because of the air insufflation.

3.3.1
Differential Diagnosis

The differential diagnosis of acute diverticulitis is
wide (GRITZMANN et al.2002). One important reason
for left lower quadrant pain can be a torsion or necro-
sis of appendices epiploicae of the left colon. A well-
defined point of pain is typical, and is the effect of a
local peritonitis.

At sonography the torsion appears as hyperechoic
fatty ovoid appendices beside the colon wall. Often
these lesions are adherent to the peritoneum.

Any form of colitis, such as pseudomembranous,
acute ulcerative colitis or Crohn’s colitis can also
mimic diverticulitis. Usually, pseudomembranous
colitis is associated with antibiotic therapy. In most
cases a significant thickening of the colon is found.

Crohn’s disease may present with abdominal pain,
fever and leucocytosis. Fistulas can complicate both
diseases. Apthous ulcers, anorectal involvement and
chronic diarrhoea should alert the clinician to this
possible diagnosis.

Usually, segmental transmural thickening of the
colon and/or the small bowel is seen sonographically.
A sub-ileus may be seen.

Colon carcinoma and diverticulitis both affect
mainly the distal colon of aging patients in Western
countries; both can present with perforation, obstruc-
tion or fistula formation. Differentiation obviously
has critical prognostic importance. Chronic symp-
toms of weight loss or bleeding should raise suspi-
cion for carcinoma. In carcinomas usually a circum-
scribed thickening of the colon is seen. In some cases
it is not possible to differentiate diverticulitis from a
perforated tumour by imaging methods.

Elderly people with diverticulosis may also have
diffuse atherosclerotic vascular disease and thus are
also at risk for ischaemic colitis. Ischaemic colitis is
found frequently on the left side. Often the thicken-
ing is sharp bordered to the normal colon. A thicken-
ing with diminished vascularisation is highly suspi-
cious for ischaemic colitis; however, colour signals
in a thickened bowel loop do not exclude ischaemia,
since non-occlusive ischaemia may be present.

Gynaecological disorders, such as ruptured ovar-
ian cysts, ovarian torsion, ectopic pregnancy or pelvic
inflammatory disease, can resemble acute diverticu-
litis in female patients, but often these patients are
younger. Transvaginal sonography may be helpful in
obtaining an accurate diagnosis. Stone of the ureter
on the left side may simulate diverticulitis.

3.4
Conclusion

Sonography can diagnose diverticulosis with an accu-
racy of approximately 60%. Most diverticula pres-
ent as echogenic protrusions in some cases they are
hypoechogenic. In most cases, diverticulitis sono-
graphically presents as peridiverticular inflammation.
Often microperforations are present. The peridiver-
ticular inflammation of the fat is primarily hyperecho-
genic, and in advanced cases is hypoechogenic.

Performed by an experienced investigator, sonog-
raphy shows results comparable to those of CT in
diagnosing acute diverticulitis, and an accuracy of
more than 90% can be reached. If complications,
such as abscess formation or fistulas, are suspected,
CT should be performed. In distal sigmoid localisa-
tion, transrectal examination provides high-resolu-
tion images with a high specificity.
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Introduction

The diagnosis of bowel obstruction used to be made
by means of clinical history, physical examination,
and plain abdominal radiography; however, abdomi-
nal radiographs are not confirmatory or are even con-
fusing,and the cause of obstruction is rarely detected.
For the management issue of whether to initiate
immediate surgical intervention or to recommend
a trial of conservative management, it is mandatory
to identify the cause of bowel obstruction. Barium
studies are not always satisfactory (HERLINGER and
MAGLINTE 1989; MucHA 1987; DUNN et al. 1984).
Computed tomography (CT) has been shown to be
useful in revealing the level and cause of obstruc-
tion (MEGIBOW et al. 1991; TAOUREL et al. 1995), and
recently, multidetector CT scanning has been proven
to be very useful (SINHA and VERMA 2005a; SINHA
and VERMA 2005b). Furthermore, multiplanar refor-
matted imaging may help identify the site, level, and
cause of obstruction, and to increase diagnostic con-
fidence (FURUKAWA et al. 2001) when axial CT find-
ings are indeterminate; therefore, multidetector CT

J. H. Lim, MD

Department of Radiology and Center for Imaging Science,
Samsung Medical Center, Sungkyunkwan University School of
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is becoming the first-line diagnostic method in the
diagnosis of bowel obstruction (PATAK et al. 2005).

Sonography is not considered helpful in most
patients with intestinal obstruction. This is easily
appreciated if one remembers that the presence of
abundant gas in the intestinal tract prevents satis-
factory examination of the abdomen, and that adhe-
sions, the most common cause of intestinal obstruc-
tion, are not visible on a sonogram (WiLsoN 1991);
however, when the obstructed bowel segments are
dilated and filled with fluid, the dilated segments of
the bowel loops are well demonstrated and the cause
of obstruction can be demonstrated by sonogra-
phy using the fluid-filled bowel as a sonic window
(Fig.4.1). Judicious use of sonography in evaluating
patients with bowel obstruction may be helpful in
confirming the presence of obstruction, in determin-
ing the level of obstruction, and in identifying of the
cause of obstruction (Ko et al. 1993a).

The use of sonography in the era of multi-detector
CT scanning is controversial. A CT diagnosis of intes-
tinal obstruction has a decided advantage in terms of
accuracy in diagnosis of bowel obstruction and in dem-
onstration of the cause. Furthermore, interpretation of
multi-detector CT images is not as operator dependent
as sonography; however, sonography is much more
widely available than multi-detector CT, much cheaper,
and there is no radiation hazard; therefore,sonographic
examination may be attempted in patients with normal
plain radiographs or gasless abdomen, suspected
obstruction in proximal bowel loops, in children, or in
pregnant women (Ko et al. 1993b).

4.2
Pathology of Bowel Obstruction

Bowel obstruction is characterized by dilatation of the
intestinal segments proximal to the site of obstruc-
tion and collapse of the segment distal to the obstruc-
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Fig.4.1a-d. Ileal obstruction due to stromal tumor. a Abdominal radio-
graph in supine position shows multiple dilated jejunal loops filled with
gas. Dilated ileal loops are not visible because they are filled with fluid.
These fluid-filled bowel loops are a good acoustic window through
which the dilated bowel loops and the cause of obstruction can be
visualized. b Sonogram of the jejunum shows dilatation with markedly
increased peristalsis, the fluid and tiny gas bubbles moving actively in
the dilated bowel lumen. Note thick and compact valvulae conniventes.
¢ Sonogram of the ileum shows dilatation with increased peristalsis.
Note virtually absent valvulae conniventes (arrows).d Sonogram of the
lower abdomen discloses a lobulated tumor (short arrows) arising from
the ileum. Note dilated ileal loops (long arrows)

tion. The dilated bowel contains a large amount of
fluid, food stuff, or gas. There is increased peristalsis
to attempt to pass the luminal content beyond the
obstruction site. Bowel obstruction can be due to

4.3
Small Bowel Obstruction

obturation by blockage of the lumen by bowel content,
such as food stuff, bezoar, or gallstone, due to bowel
wall abnormality, such as neoplasm or stenosis, and
due to extrinsic causes, such as adhesion and hernia.
In paralytic ileus, the bowel is dilated and filled with
fluid and gas, but there is no peristaltic movement.

Characteristic sonographic findings of small bowel
obstruction is demonstration of dilated bowel loops
with active peristalsis (Ko et al. 1993a). Multiple seg-
ments of dilated bowel loops can be readily dem-
onstrated when the lumen is filled with fluid. The
fluid may be clear or there may be air bubbles or
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debris. The dilated loops are continuous, the diameter
of the bowel lumen being over 2.0 cm and the seg-
ments being longer than 10 cm. Valvulae conniven-
tes, or intestinal folds, are prominent and compact
along the jejunum and are thin and sparse along
the ileum (Fig.4.1). Sometimes, there is no valvulae
conniventes in the distal ileum and the bowel wall
is flat. Increased peristalsis of the proximal segment
of the bowel can be directly observed. The dilated
bowel loop changes in caliber as well as in position,
very vigorously, sometimes with some pauses. The
fluid and tiny gas bubbles in the involved bowel show
to-and-fro or whirling motion (Fig.4.2). When the
lumen is filled with gas, bowel dilatation is not easily
recognized and it is difficult to make a diagnosis of
bowel obstruction with sonography (Fig. 4.3). Usu-
ally, the bowel contains both fluid and gas. Sonogra-
pher should try to avoid gas filled lumen by pressing
the abdomen with the transducer or change the posi-
tion of the patient.

The causes of bowel obstruction can be demon-
strated (Ko et al. 1993a). Small bowel bezoar is usu-
ally caused by persimmons and orange, sometimes
by cabbage, sauerkraut, potato peel, or grapefruit.

Fig. 4.2. Increased peristalsis. Sonogram of the jeju-
num shows dilated loop with increased peristalsis.
The dilated loop shows vigorous change in caliber
and position. Tiny gas bubbles in the lumen show
to-and-fro and whirling motion

Fig.4.3a,b. Gas-filled distended bowel loops. a Sonogram of
the gas-filled jejunum shows air trapping in the valvulae con-
niventes (arrows). b Sagittal sonogram along the right side
of the abdomen shows gas-filled, distended ascending colon.
Note a haustral indentation (arrow)

Patients who have had subtotal gastrectomy or gas-
trojejunostomy are prone to develop bezoars.
Sonographically, bezoars are seen as an intralumi-
nal mass with a hyperechoic arc-like surface casting
a clear posterior acoustic shadow (Fig.4.4; Ko et al.
1993b; TENNENHOUSE and WILsON 1990). Phyto-
bezoar or trichbezoar are the same in sonographic
appearances. The obstructed small bowel loops usu-
ally contain a large amount of air and bezoars can
be overlooked if sonographic examination is not per-
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Fig.4.4a,b. Phytobezoar in the
jejunum. a Sonogram of upper
abdomen shows hyperechoic,
arc-like echo with clear acous-
tic shadow within a loop of
the jejunum (arrows). Bowel
loops proximal to the bezoar
are dilated and filled with fluid.
b Small bowel follow-through
examination shows a large
intraluminal filling defect at
the end of the dilated jejunum,
representing bezoar (arrow)

Fig.4.5a,b. Gallstone ileus. a Sonogram shows hyperechoic arc-like echo with posterior acoustic shadow within a
dilated loop of ileum, representing a large gallstone (arrows). b Sonogram of the right upper abdomen discloses
the gallbladder, which is empty (arrows)

formed meticulously. Sonographic findings of gall- Small bowel tumor, either primary or metastatic,
stone ileus are identical to those of bezoars (Fig.4.5; can be identified as a cause of bowel obstruction
Ko et al. 1993a; DAVIR et al. 1991). Air in the biliary (Ko et al. 1993a). At the end of dilated small bowel
tree or nonvisualization of the gallbladder lumen or between the dilated bowel loops, a tumor can be
may be a clue for gallstone ileus. identified when the tumor is fairly large (Fig.4.1).
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Fluid within the bowel may comes into direct con-
tact with that the mass indicating the mass arises
from the bowel. There may be vascular structure in
the mass visualized by Doppler study. Small bowel
intussusception can be diagnosed by demonstration
of bowel-within-bowel by recognizing characteristic
multiple concentric rings, caused by invaginating
layers of telescoped bowel, seen in cross section of
the bowel loop.

Intestinal adhesion, the most frequent cause
of bowel obstruction, cannot be demonstrated on
sonography. Likewise, internal hernia and congen-
ital fibrotic band can rarely be identified at sono-
graphy. Previous history of abdominal operation
in patients without a sonographically visible cause
of obstruction can lead to a diagnosis of adhesive
ileus.

By virtue of demonstrating the vascular flow
signal from the vessels of the dilated bowel wall,
sonography may be useful in demonstrating the
bowel segment at risk of strangulation. The sono-
graphic finding of a thickened bowel wall, valvulae
conniventes, and localized ascites within the leaves
of the small bowel mesentery, is suggestive of com-
plicated obstruction such as infarction or gangrene,

LO DUODENUM

and these cases require rapid surgical decompres-
sion (Ko et al. 1993a).

It has been reported that the accuracy of preopera-
tive sonography in establishing the diagnosis of small
bowel obstruction was 89% (Ko et al. 1993a). The
cause of obstruction, such as tumor, bezoar, gallstone,
or recurrent cancer in afferent loop syndrome may
be predicted (Ko et al. 1993a; MEISER and MEISSNER
1985). Sonography has definite advantages in the
diagnosis of proximal obstruction, such as duode-
nal or proximal jejunal obstruction (Ko et al. 1993a):
in these cases, simple abdominal radiographs are
often normal or do not show gas, because frequent
vomiting results in lack of air in the obstructed seg-
ment (Fig. 4.6). Afferent loop syndrome can be reli-
ably diagnosed with sonography (LEE et al. 1991).
The superior mesenteric artery and vein are useful
landmarks in the diagnosis of duodenal obstruction
such as afferent loop or proximal jejunal obstruction,
since the dilated lumen of the third portion of the
duodenum crosses the midline anterior to the aorta
and behind the superior mesenteric artery and vein
(Fig. 4.7). By careful examination, recurrent tumor at
the gastric stump as a cause of afferent loop can be
diagnosed sonographically (LEE et al. 1991).

Fig.4.6a,b. Duodenal obstruction by adenocarcinoma. a Sagittal sonogram of the right upper abdomen discloses
a mass (arrows) with dilated first part of the duodenum (d). b Upper gastrointestinal series shows near-complete

obstruction by adenocarcinoma (arrows)




Fig. 4.7a,b. Afferent loop syndrome. a Supine abdominal ra-
diograph shows virtually absent bowel gas because of fre-
quent vomiting. b Sagittal color Doppler sonogram of the up-
per abdomen shows the dilated third part of the duodenum
(D3) anterior to the abdominal aorta and posterior to the

4.4
Colon Obstruction

The most common cause of colonic obstruction is
carcinoma, either primary or metastatic, whereas the
most common cause of small bowel obstruction is
adhesions; therefore, it is necessary to differentiate
colonic obstruction from small bowel obstruction.
Radiographs of the abdomen may be useful for the
diagnosis of colonic obstruction in 60-70% of cases
(Gore and EISENBERG 1994). Once colonic obstruc-
tion is suspected, contrast enema, is indicated to
confirm the obstruction and to determine its level,
severity, and cause (AMBERG 1994). In the CT era,
multidetector row CT examination is the best method
for the evaluation of patients with acute abdomen
including colon obstruction (SINHA and VERMA
2005b; PATAK et al. 2005).

Identification of the colon with sonography is
relatively difficult because the colon is filled with
gas and feces, rather than fluid. As gas and feces are
present in various amounts in the normal colon, the
diagnosis of obstruction can be made only when
the colon is found to be dilated continuously to the
level of the lesion (see Fig.4.3), where abnormal
distension ends abruptly, with the colon distal to it
free of gas (WiLsoN 1994). Since the colon is fixed

superior mesenteric artery (arrows)

in position, each segment of colon is identified by
position.

The causes of colon obstruction can be identified
(Kojima et al. 1992). It has been reported that sono-
graphy predicted the cause of colon obstruction in
81% (L1M et al. 1994). As the majority of colon obstruc-
tions are due to colon cancer or ileocecal intussuscep-
tion, sonography may reveal an obstructing mass or
segmental thickening of the colon wall at the end of
the dilated colon (Fig. 4.8; Ko et al. 1993a), or charac-
teristic concentric rings along the sausage-like, invagi-
nated bowelloops in intussusception (WEISSBERG et al.
1977). Sometimes, a soft tissue mass as a leading point
of intussusception can be demonstrated (Fig.4.9).
Sonography is particularly useful in child intussuscep-
tion (Woo et al. 1992; VERSCHELDEN et al. 1992).

4.5
Paralytic lleus

Paralytic ileus can be reliably diagnosed by sonog-
raphy by demonstrating very quilt or aperistaltic
dilated bowel loops (Fig. 4.10). When the bowel loops
are filled with more gas than fluid, sonography may
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Fig.4.8a,b. Transverse colon obstruction due to adenocarcinoma. a Transverse sonogram of the right upper abdomen discloses
circumferential thickening of the wall of the transverse colon (arrows) and fluid-filled dilated proximal colon. b CT image shows
encircling thickening of the wall of the transverse colon (arrow) due to adenocarcinoma and dilated ascending and transverse
colon

Fig. 4.10. Paralytic ileus. Sonogram of the lower abdomen
shows dilated jejunum filled with fluid and debris. The
dilated loops are essentially static and the bowel contents
do not move. Note debris in the dependent part of the di-
lated loop (arrows), indicating no peristaltic movement

<
-«

Fig.4.9a,b. Ileocolic intussusception due to lymphoma. a Sagit-
tal sonogram of the right abdomen shows an oval mass (M) in
intussusception. Note folded bowel wall at the orifice of intus-
suscepted bowel (arrow). b CT image shows a round mass (M)
surrounded by a thin line of fat invaginated into the ascending
colon (arrow). Note slightly dilated jejunum and ileum
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be of little value. Some difficulty may arise when the
obstruction becomes prolonged and the obstructed
segment becomes paralytic, and thus may be mis-
taken for paralytic ileus.
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5.1
Abdominal Hernias

A hernia is the protrusion of an organ or tissue out of
the body cavity in which it normally lies. Abdominal
wall hernias are the most common type. They can be
congenital or acquired. The aetiological factor may
be increased intraabdominal pressure or abdomi-
nal weakness. Approximately 75% of all hernias
occur in the inguinal region. Approximately 50% of
hernias are indirect inguinal hernias, and 24% are
direct inguinal hernias. Incisional and ventral her-
nias account for approximately 10% of all hernias,
and femoral hernias for 3%. Unusual hernias account
for the remaining 5-10%. The symptoms vary from
a visible lump, local pain due to stretching, pain due
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to pull of the content and that of complications. The
hernia may not be seen when the patient is at rest and
may require a manoeuvre to make it visible. It can
be Valsalva manouvre, cough or erect position. The
role of sonography consists in the confirmation of
the hernia, identification of contents, differentiation
of the type, diagnosis of associated conditions and
complications and postoperative follow-up.

5.1.1
Inguinal Hernia

Inguinal hernia is the most common abdominal
hernia. There is bulging of abdominal contents into
a defect in the inguinal canal in the lower abdomen.
It is more common in males, in whom it can reach
up to the scrotum. There are two types of inguinal
hernia.In the more common indirect inguinal hernia,
the protrusion is through a congenital weakness at
the internal ring. In children, it is due to persistence
of a patent peritoneal pocket: the persistent proces-
sus vaginalis in males and diverticulum of Nuck in
females (SCHERER and GROSFELD 1993). In the direct
type of inguinal hernia the contents push through a
weak spot in the posterior wall of the inguinal canal.
The inguinal canal lies between the superficial (exter-
nal) and deep (internal) inguinal rings. The deep ring
lies deep to the mid-inguinal point, which is halfway
between the symphysis pubis and the anterior supe-
rior iliac spine. In males, the inguinal canal contains
the spermatic cord with vas deferens and testicular
vessels. In females it contains the suspensory liga-
ment of the ovary (ANDoO et al. 1997). Indirect hernia
is lateral to the inferior epigastric vessels, whereas the
direct one is medial to them.

Sonography of the inguinal region is done at rest
and during Valsalva manouvre, cough and erect posi-
tion. Inguinal hernia is diagnosed by the presence of
bowel, omentum or other abdominal organs in the
inguinal canal, with continuity within the abdomen
(Fig. 5.1a; DAaTTOLA et al. 2002). The contents become
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Fig.5.1a-e. Inguinal hernia. a Oblique scan of inguinoscrotal region shows the inguinal hernia containing omentum (OM) and
bowel (BO). The testis (T) is undescended and located in the inguinal canal. b Transverse scan of left inguinal region shows the
hernial sac (HER) located medial to the inferior epigastric vessels (arrow) in direct inguinal hernia. ¢ Indirect inguinal hernia
(HER) on left side with the neck of sac located lateral to inferior epigastric vessels (arrow). d Oblique scan in a premature infant
shows the inguinal hernia containing the fallopian tube (FT) and ovary (OV). e Oblique scan of an infant shows inguinal hernia
containing part of the urinary bladder (arrows). BL urinary bladder, UT uterus

prominent when the patient strains, coughs or is in
erect position. This feature differentiates the hernia
from mimicking conditions such as hydrocele, vari-
cocele and mass. The content of the hernia can be
omentum and/or bowel. The omentum is recognized
by its characteristic echogenic nature. The bowel is
identified by the pattern produced by the contents

and air. The small bowel shows peristalsis, whereas
the colon lacks it. The bowel is also recognized by
tracing it into the abdomen and the type of the bowel
can be ascertained by continuity. Colour Doppler
study helps to differentiate the direct from the indi-
rect type of inguinal hernia. The neck of the direct
inguinal hernia is medial to the inferior epigastric
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artery, whereas it is lateral to it in indirect inguinal
hernia. Firstly, the external iliac artery is sought, and
then, by tilting the transducer upward slightly, the
inferior epigastric artery is identified. Using another
Valsalva manoeuver, the relation between the hernial
sac and the inferior epigastric artery is analysed. If
the hernial sac appears medial to the inferior epi-
gastric artery, a direct inguinal hernia is diagnosed
(Fig.5.1b). If it appears to be located laterally, an
indirect hernia is assumed (Fig.5.1c; KORENKOV et
al. 1999; ZHANG et al. 2001).

The inguinal hernia can be associated with con-
ditions such as hydrocele, varicocele or mass of the
cord, like an encysted hydrocele or lipoma, which
are readily diagnosed by sonography. In male chil-
dren an indirect inguinal hernia may be associated
with undescended testis. The testis may be lying by
the side of the sac in the inguinal canal (Fig. 5.1a), or
it may be intraabdominal. This information helps to
avoid causing injury to the testis during surgery and
to combine orchidopexy during repair. In females the
inguinal hernia may contain ovary, fallopian tube,

Fig.5.2a,b. Incarcerated femoral hernia. a Transverse scan at
the level of the femoral vessels of right side shows the neck of
the sac containing omentum (arrows) medial to the femoral
artery (FA). The femoral vein is not visualized, as it is com-
pressed. b Longitudinal scan shows the echogenic omentum
(OM) in the sac with fluid (FL) due to incarceration

or rarely, the uterus, which are easily identified on
sonography (Fig. 5.1d; HUANG et al. 2003). The hernia
containing these organs is common in premature
infants (GEORGE et al. 2000). Very rarely, the urinary
bladder may form the content of a sliding type of
inguinal hernia (Fig. 5.1e; CATALANO 1997).

5.1.2
Femoral Hernia

Femoral hernia occurs through a space bounded supe-
riorly by the iliopubic tract, inferiorly by the Cooper’s
ligament, laterally by the femoral vein and medially
by the insertion of the iliopubic tract into Cooper’s
ligament. It is more common in females than in males.
On examination it reveals a mass below the inguinal
ligament. On sonography, the femoral hernia is seen
posterior to the inguinal ligament and medial to the
femoral vein, in contrast to the inguinal hernia, which
is anterior to the inguinal ligament (Fig. 5.2; DEITCH
and SONCRANT 1981; DATTOLA et al. 2002).
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5.1.3
Ventral Hernia

Ventral hernia covers all protrusions through ante-
rior and anterolateral abdominal wall, excluding
groin hernias. It is suggested by the patient’s clini-
cal history and is well seen on physical examina-
tion; however, the patient’s history may be atypical
and physical examination may be limited in obese
patients, in patients with severe abdominal pain or
distension,in small hernias or with hernias located in
uncommon sites (SPANGEN 1975; MUFID et al. 1997).
In certain clinical situations it may be necessary to
relate the symptoms to the ventral hernia or, it may
be necessary to know whether the ventral hernia is

complicated or not. In these situations an imaging
investigation becomes necessary. Sonography is a
dynamic, non-invasive, easily available and low-cost
modality useful in studying the ventral hernia. It is
performed at rest and during a manoeuver such as
Valsalva, cough or erect position. Sonographic diag-
nosis of ventral hernia is made when bowel or other
abdominal organs or fatty tissue of the abdominal
wall is seen protruding out of the abdomen with
continuity within the abdomen (RETTENBACHER et
al. 2001). The hernial orifice is seen as a defect in the
fascia, which is seen as an echogenic line deep to the
muscle layer and its location and width can be noted.
Sonography reveals the contents, which can be omen-
tum, bowel (Fig. 5.3a) or properitoneal fat (Fig. 5.3b).

Fig.5.3. a Scan of the anterior abdominal wall with Valsalva manoeuvre shows the ventral hernia containing the bowel loops
(BO) and the defect in the fascia (arrows). b Fatty epigastric hernia with herniation of the properitoneal fat (arrows). ¢ Spigelian
hernia shows the defect marked by calipers lateral to the rectus muscle (R) and the contents (BO) limited anteriorly by the
Spigelian fascia (arrow). d Richter’s type umbilical hernia shows fluid-filled hernial sac (arrowheads) and irreducible herniation
of only a part of the circumference of the bowel (arrow), which showed wriggling peristaltic movement in real time
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Some ventral hernias are not seen at rest and are
brought into view with only one of the manoeuvers.
When the hernia is seen at rest, an attempt is made
to slide the contents into the abdomen to know if the
hernia is reducible. Sonography readily differenti-
ates other conditions that mimic ventral hernia such
as lipoma, metastasis, suture granuloma, abscess or
endometriosis. Umbilical hernia is a type of ventral
hernia that occurs through the weak umbilicus. Fatty
epigastric hernia is protrusion of the properitoneal
fat through a defect in the linea alba.

5.1.4
Spigelian Hernia

Spigelian hernia is a rare type of ventral hernia in
which the abdominal contents protrude through an
area of weakness at the junction of linea semilunaris
and linea semicircularis (SUTPHEN et al. 1980). The
linea semilunaris is a vertical band-like groove that
is formed by the union of the medial edges of the
aponeuroses of the external oblique, internal oblique,
and transverse abdominal muscles. In its upper 75%,
the fused aponeurosis of these three muscles splits
medially to form the anterior and posterior rectus
sheaths. Midway between the umbilicus and symphy-
sis pubis, the aponeurosis of the three lateral abdomi-
nal muscles passes medially to cover only the anterior
surface of the rectus muscle, leaving the posterior
surface of the lower fourth covered only by the trans-
versalis fascia and peritoneum. The line forming the
inferior margin of the rectus sheath is called the linea
semicircularis. Also, at this level, the fiber bundles
of the transverse abdominal and internal oblique
muscles are much thinner and more widely spaced,
causing further weakening through which omentum
and small intestine could potentially protrude. Spi-
gelian hernias occur with equal frequency in men
and women and in every age group (MUFID et al.
1997). Spigelian hernias may not appear as distinct
masses, making them difficult to diagnose clinically.
This is because these hernias always dissect between
the layers of the anterior abdominal wall, rather than
in the subcutaneous tissues, as other ventral hernias
do. Spigelian hernias have been mistaken for abdomi-
nal abscesses, seromas, haematomas, ovarian masses,
pseudocysts, and malignant omental or peritoneal
implants (WECHSLER et al. 1989).

On sonographic examination during the Valsalva
manoeuver or erect position, intraabdominal con-
tents, including bowel, mesentery and omentum, are

seen to herniate through a defect in the lower quad-
rant abdominal wall in the space between the rectus
muscle medially and the external and internal oblique
muscles laterally. The hernia extends medially ante-
rior to the rectus muscle (Fig.5.3¢c). The Spigelian
fascia, which prevents its extension into the subcuta-
neous tissue, limits it anteriorly (MUFID et al. 1997).
These hernias are also associated with a higher risk
of bowel incarceration and strangulation than other
abdominal wall hernias.

5.1.5
Richter’s Hernia

In Richter’s hernia, only part of the circumference
of the bowel on the ante-mesenteric border pro-
trudes into a hernia. It can occur with any type of
abdominal wall hernia but is more common in femo-
ral hernia. The symptoms and clinical course vary
widely, depending on the degree of obstruction, or if
strangulation is present. In strangulation, the patient
presents with a painful mass, nausea and vomiting.
In contrast to other types, there is no abdominal
distension as there is no bowel obstruction. On
sonography, complicated Richter’s hernia is seen as
a small segment of bowel showing wriggling move-
ment in the neck of the hernial sac, which contains
fluid (Fig. 5.3d). There are no dilated bowel loops in
the abdomen (MIDDLEBROOK and EFTEKHARI 1992;
HILLER et al. 1994).

5.1.6
Complications of Hernia

The pattern of complications is common for all
types of hernia. The complications are irreducibility,
obstruction and strangulation. Irreducible (incar-
cerated) hernia may be due to a narrow neck or
adhesion of contents to the sac wall. In obstruction,
the intestine in the hernia gets obstructed due to a
narrow neck, adhesion or volvulus, but it is viable.
Strangulation results when there is compromise
to venous drainage and later arterial supply of the
contents. In obstructed hernia there is colicky pain,
abdominal distension and vomiting. Incarcerated
hernia is present at rest; it is irreducible and usually
contains some fluid in the sac that can be seen on
sonography (Fig. 5.2b; RETTENBACHER et al. 2001).
In obstructed hernia the patient has symptoms of
intestinal obstruction. There are dilated bowel loops
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in the abdomen which show active peristalsis. The
appearance of the bowel in the hernial sac depends
on whether the obstruction is to afferent or efferent
loop in the sac. In the more common afferent loop
obstruction, the bowel loops in hernial sac remain
collapsed and there is transition between the dilated
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intraabdominal bowel loop and collapsed bowel loop
in the hernia (Fig. 5.4a). In efferent loop obstruction,
the bowel loop in the hernial sac is dilated. The tran-
sition is between dilated loop in hernial sac and col-
lapsed loop in abdomen (Fig. 5.4b). The obstruction
may be of closed loop type due to block of both the

Fig.5.4a-d. Complicated hernia. a Afferent loop ob-
struction shows the transition between the dilated
intraabdominal loop (BO) and collapsed loop in in-
guinal hernia (arrow). b Efferent loop obstruction
shows dilated bowels in ventral hernia (BO) with
transition between the dilated loop in hernia and
collapsed intraabdominal loop at the neck of the sac
(arrow). ¢ Tensely distended loop is devoid of air in
a ventral hernia due to closed loop obstruction. d
Strangulated loop of bowel (BO) in a ventral hernia
shows thick walls




Abdominal Hernias, Volvulus and Intussusception

41

afferent and efferent loops at the neck of the hernia,
or due to volvulus of the loop in the hernial sac. Here,
the loop of bowel in hernial sac is disproportionately
more dilated than proximal intraabdominal loops,
it is tensely distended and may lack air in its lumen
(Fig. 5.4c). The peristalsis is usually absent in this
loop as it is tensely distended. In strangulation there
is ischaemia of the contents of the hernia. The hernia
is tender, with free fluid in the sac. The wall of the
aperistaltic bowel is thickened (Fig. 5.4d). On colour
Doppler study, no flow is seen in the omentum or
bowel, which is strangulated (L1aNG et al. 2001). In
the case of the bowel, dilated loops of bowel are seen
in the abdomen.

5.1.7
Postoperative Sonography

Sonography is useful in postoperative follow-up of
the patients with hernia. The prosthetic mesh can be
seen as a brightly echogenic reticular line and curled
prosthesis (Fig. 5.5a) or a displaced prosthesis can be
recognized (PARRA et al. 2004; DATTOLA et al. 2002).
Fluid collection (seroma or abscess) is well seen and
its relation to prosthesis can be assessed (Fig. 5.5a).
If necessary, the fluid can be aspirated under sono-
graphic guidance (PARRA et al. 2004). Adhesion of
bowel to the prosthesitic mesh is one of the complica-
tions that can lead to bowel obstruction. Sonography
can reveal dilated loops and the bowel loop adherent
to the mesh (Fig.5.5b; FURTSCHEGGER et al. 1995).
Recurrence of hernia can be confirmed and the loca-

tion of defect in relation to the mesh can be known.In
the case of inguinal hernia, the vascular supply to the
testis can be assessed by colour Doppler study, and
testicular ischaemia or infarction may be recognized
(HoLLOWAY et al. 1998).

5.1.8
Internal Hernia

Internal hernia involves protrusion of a viscus, usu-
ally the small bowel, through a normal or abnormal
aperture within the peritoneal cavity. Internal hernias
are rare,with reported incidence of 0.2-0.9% of autop-
sies (GHAHREMANI 1984). A substantial proportion
of these remain asymptomatic. It is an uncommon
cause of small bowel obstruction. About 4% of bowel
obstruction is due to internal hernia (FELDMAN et
al. 2002) Owing to the risk of strangulation of the
contents of the hernia, even small internal hernias
are dangerous and may be lethal. This hernia may
be either congenital or acquired. Congenital inter-
nal hernias include paraduodenal, foramen of Win-
slow, mesenteric and supravesical hernias. During
fetal development the mesentery of the duodenum,
ascending colon, and descending colon becomes
fixed to the posterior peritoneum. These segments
of the bowel become retroperitoneal. Anomalies of
mesenteric fixation may lead to abnormal openings
through which internal hernias may occur. This is
the likely mechanism of paraduodenal and supravesi-
cal hernias. Abnormal mesenteric fixation may lead
to abnormal mobility of the small bowel and right

Fig.5.5a,b. Scan of the abdominal wall after hernial repair shows the curled echogenic mesh (arrows) with collection of fluid
(FL) anterior to it in a, and bowel (BO) adherent to the straight mesh (arrow) in b
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colon, which facilitates herniation. During fetal devel-
opment, abnormal openings may occur in the pericae-
cal, small bowel, transverse colon, or sigmoid mesen-
tery, as well as in the omentum, leading to mesenteric
hernias. In the case of left paraduodenal hernia, an
abnormal foramen (fossa of Landzert) occurs through
the mesentery close to the ligament of Treitz, lead-
ing under the distal transverse and descending colon
and posterior to the superior mesenteric artery. The
small bowel may protrude through this fossa. The
mesentery of the colon thus forms the anterior wall of
asac enclosing a portion of the small intestine. Mesen-
teric hernias occur when a loop of intestine protrudes
through an abnormal opening in the mesentery of
the small bowel or the colon. The most common area
for such an opening is in the mesentery of the small
intestine, most often, near the ileocolic junction. Vari-
ous lengths of intestine may herniate, posterior to the
right colon, into the right paracolic gutter. Acquired
internal hernias may occur as a complication of sur-
gery, or trauma, if abnormal spaces or mesenteric
defects are created. Compression of the loops in the
internal hernia may lead to obstruction of the herni-
ated intestine. Obstruction may be acute, chronic, or
intermittent. Strangulation may occur by compres-
sion of vessels at the neck of the sac, or by torsion of
the herniated segment. The herniated bowel may also
compress arteries in the margins of the mesenteric
defect, causing ischaemia of non-herniated intestine.

Any of the various forms of internal hernias may
present with symptoms of acute or chronic intermit-
tent intestinal obstruction. The diagnosis is difficult
among patients with chronic symptoms and is rarely
made preoperatively among patients who present
with acute obstruction (GHAHREMANI 1984). About
50% of patients with paraduodenal hernias develop
intestinal obstruction, which may be of low grade,
chronic, and recurrent, or may be of high grade and
acute (ZIMMERMAN and LAUFMAN 1953; NYHUS
and CoNDON 1989; PERSHAD et al. 1998). In acute
bowel obstruction the patients present with colicky
abdominal pain with vomiting. The features seen on
sonography are: (a) small bowel obstruction, as evi-
denced by dilated hyperperistaltic loops; (b) zone of
transition between dilated and non-dilated bowel;
and (c) cluster of collapsed, crowded and compressed
small bowel loops, as if enclosed in a bag (Fig. 5.6).
This cluster of loops is seen away from the zone of
transition: to the left in paraduodenal hernia and
to the right in paracecal hernia. These are the fea-
tures seen when the afferent loop entering the sac is
obstructed because of crowding and compression of
bowel loops in the sac. When there is obstruction to
the efferent loop at the neck, the sac contains dilated
loops of small bowel with the zone of transition at
the neck of the sac (ViJAYARAGHAVAN 2005). The dif-
ferential diagnosis for sonographic appearance of
internal hernia is abdominal cocoon. In abdominal

Fig. 5.6a,b. Paraduodenal internal hernia. a Oblique scan above the umbilicus shows the zone of transition (arrow) between
dilated and non-dilated bowel. b Transverse scan to the left of zone of transition shows the cluster of crowded and compressed
loops of bowel as if they are tightly packed within a sac (arrows)
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cocoon there is no evidence of small bowel obstruc-
tion or zone of transition. The loops do not appear
to be compressed and show normal peristalsis
(VIJAYARAGHAVAN et al. 2003).

5.1.9
Diaphragmatic Hernia

The diaphragmatic hernia is an abnormal protru-
sion of abdominal organs into the chest through an
abnormal opening in the diaphragm or through the
oesophageal hiatus. The abnormal opening may be
congenital, caused by improper fusion of the vari-
ous parts of diaphragm during fetal development, or
acquired, due to traumatic rupture of the diaphragm.
The four basic types of congenital diaphragmatic
hernia are the posterolateral Bochdalek hernia, the
anterior Morgagni hernia, the hiatus hernia and the

rare form of herniation through the central tendon or
septum transversum, otherwise called the peritoneo-
pericardial hernia. The left-sided Bochdalek hernia is
the commonest of these occurring in approximately
90% of the cases. The congenital diaphragmatic
hernia occurs in 1 of every 2000-4000 live births.
While congenital diaphragmatic hernia is most com-
monly a disorder of the newborn period, as many
as 10% of patients may present with the condition
after the newborn period and even during adulthood.
The outcome in patients with late presentation of
congenital diaphragmatic hernia is extremely good.
During newborn period, the infants exhibit respira-
tory distress and cyanosis. In later age groups the
condition is asymptomatic, or presents with non-spe-
cific symptoms.

The diagnosis of left-sided congenital diaphrag-
matic hernia in the newborn is revealed on a chest
X-ray, as it contains air-filled bowels. The right-sided

Fig.5.7. a Oblique scan of epigastrium and precardium
shows the left lobe of the liver (LL) herniated into the
pericardium pushing the heart (HT), better outlined
by the minimal pericardial fluid (arrow). LIV intraab-
dominal liver. b Longitudinal scan of left hypochondri-
um reveals the defect (arrow) in the posterior part of
left dome of diaphragm with spleen (SP) and air-filled
stomach (ST) lying in the chest posterior to the heart
(HT), suggestive of left diaphragmatic hernia of Boch-
dalek type. ¢ Longitudinal scan of left hypochondrium
shows the shortened and thickened intraabdominal oe-
sophagus in gastroesophageal reflux of hiatus hernia

2.01cm
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hernia containing solid liver or right kidney may be
difficult to diagnose on a chest X-ray. Sonography
reveals the defect in the right dome of the diaphragm
and the herniated liver or right kidney. In the rare
type of peritoneo-pericardial hernia, there is her-
niation of the left lobe of the liver with, or without
colon, into the pericardial sac through a defect of the
central tendon of the diaphragm. This hernia also
presents in the newborn period as respiratory dis-
tress or cyanosis. In such a case an X-ray of the chest
will reveal an enlarged cardiac silhouette. Sonogra-
phy reveals the herniation of left lobe of liver into
the pericardial sac containing some pericardial fluid
(Fig. 5.7a; VIJAYARAGHAVAN 1988). The herniated
liver pushes the heart above and laterally. The dia-
phragmatic hernia of Bochdalek type, presenting in
later ages, may be seen on sonography as a defect in
the diaphragm with intrathoracic visualization of
viscera such as stomach, spleen and bowels, on the
left side (Fig.5.7b), and liver or right kidney on the
right side.

In the hiatus hernia the stomach herniates up
through the oesophageal hiatus of the diaphragm.
There are two types of hiatus hernia. In the sliding
type, the gastroesophageal junction and fundus of
stomach slide through the hiatus and are situated
above the diaphragm. It is associated with gastro-
esophageal reflux. In the rolling or para-oesophageal
type the gastroesophageal junction is in the abdo-
men, and the fundus of stomach herniates by the
side of the oesophagus. Many authors have described
the sonographic findings associated with the gastro-
esophageal reflux caused by the hiatus hernia in chil-
dren (NAIK and MOORE 1984; WESTRA et al. 1990; LE
DossEUR et al. 1992). Sonography is performed after
the usual feed of formula, milk, water or juice. The
transducer is placed in the midline under the xiphi-
sternum and the distal oesophagus is visualized, as
it comes out of the diaphragm. The transducer is
slightly rotated to obtain the longitudinal section of
the intraabdominal portion of the oesophagus and
observed for 10 min. The length of the oesophagus
is measured from the diaphragm to the cardia and
the thickness is measured between the serous layers.
The number of episodes of gastroesophageal reflux
is also noted. Normal values for these observations
have been described for the different age groups
of children (WESTRA et al. 1990; LE DOSSEUR et
al. 1992). ArioTTA et al. (1994) have described the
thickness of the hiatal portion of the oesophagus in
adults indicative of hiatus hernia as 16 mm or more
(Fig. 5.7¢).

5.2
Small Bowel Volvulus

Small bowel volvulus refers to rotation of the bowel
around the mesenteric axis, which often results in a
closed-loop obstruction,lymphatic,venous or arterial
occlusion (Fig. 5.8a). It is one of the conditions caus-
ing small bowel obstruction, which requires prompt
diagnosis and treatment to avoid poor outcome, as it
can progress rapidly to gangrene of bowel. It is a rare
but life-threatening emergency. It is more common
in Africa (24-60/100,000) and Asia, compared with
Western countries (1.7-5.7/100,000; GULATI et al.
1973; CATHCART et al. 1981; ScuwarTz and ErLLIS
1989; PARKES 1997). The small bowel volvulus can
be primary or secondary depending on whether a
predisposing factor is present or not. Predisposing
condition may be congenital or acquired. Malrota-
tion of midgut, a persistent omphalalomesenteric
duct and mesenteric cyst are some of the congeni-
tal conditions. Some of the acquired conditions are
adhesion, ascariasis and a mesenteric cyst or tumour.
In malrotation of midgut, there is arrest of the rota-
tion and fixation phase of embryonic development,
which results in developmental failure of peritoneal
fixation and a narrow mesenteric pedicle. The narrow
mesenteric pedicle predisposes to volvulus because
of increased mobility. Increase in the weight of the
distal aspect of mesentery due to a mesenteric cyst
or tumour, a mass of ascaris worms and dilated loop
of bowel in a closed-loop obstruction can predis-
pose to volvulus. The third factor, which predisposes
volvulus, is restriction of the bowel at a fixed point,
which acts as a fulcrum for rotation. The point of
fixation may be at the apex of the volvulus, as seen in
persistent omphalalomesenteric duct and adhesion
of bowel to abdominal wall or it may be at the base,
as seen in adhesions between two loops of bowel
with volvulus occurring at this site. Volvulus in mal-
rotation of midgut typically presents in the neonatal
period but can also occur at a later age and even in
adults. The volvulus due to other causes may occur at
any age. The clinical presentation of volvulus of small
bowel can be non-specific and includes bilious vom-
iting, abdominal pain and distension. Some patients
may have chronic or intermittent symptoms.

Early diagnosis of small bowel volvulus is cru-
cial for better outcome of management as it can
prevent complications. The vascular occlusion can
lead to ischaemia and gangrene of the bowel. The
closed-loop obstruction may lead to tense disten-
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([] sion of the bowel with secondary perforation and

L/ resulting peritonitis. Sonography has the advantages

of easy availability, relative lack of need for patient

preparation and absence of ionizing radiation. The

sonographic findings described previously, such as

dilated thick-walled bowel loops to the right of spine

with increased peritoneal fluid (LEONIDAS et al.

! 1991) and dilated duodenum (HAYDEN et al. 1984),
are non-specific. The “whirlpool” sign, proposed by

] Pracros et al. (1992), is specific for midgut volvulus,
as it directly indicates the anatomic alteration caused
®' by the volvulus and is not seen in other conditions.

F1sHER (1981) was the first to describe the whirlpool
sign as a CT finding of midgut volvulus. The twisted
loops of bowel and branching mesenteric vessels
create surrounding strands of soft tissue attenuation

Fig. 5.8a-e. Small bowel volvulus in malrotation of midgut. a Line diagram shows the rotation of vessels and planes of section.
b Transverse section through plane I shows the mass of whirlpool with its axis formed by superior mesenteric artery seen
as a hypoechoic dot. ¢ Similar section through plane II with color Doppler shows the mass of whirlpool with the superior
mesenteric vessels going around the central echogenic axis formed by wrapped-up omentum. d Longitudinal section through
superior mesenteric artery (plane III) shows the truncated superior mesenteric artery sign. e The same appearance on colour
Doppler study
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within the background of mesenteric fat attenua-
tion, giving the appearance of whirlpool or hurri-
cane on a weather map. On gray-scale sonography
the whirlpool sign, as it is classically described for
volvulus in malrotation, is seen as a round mass of
incomplete concentric rings of alternative echogenic
and hypoechoic bands in the transverse scan of the
epigastrium below the pancreas (Fig. 5.8b; PRACROS
et al. 1992). On real-time scanning, when the trans-
ducer is moved down, the characteristic whirlpool
appearance is seen where the echo-poor band of
superior mesenteric vessels is seen to wrap in the
clockwise direction, around the central axis. The
same findings are more definitively seen on colour
Doppler study (Fig. 5.8¢c). The size of the mass, the
number of concentric rings and number of turns on
downward movement of the transducer will depend
on the number of turns present in the volvulus. The
appearance of the central axis of the mass varies. In
the upper part of the mass, the central axis is formed
by the superior mesenteric artery, which appears as
a hypoechoic dot (Fig. 5.8b). In the lower part of the
mass, the axis appears as a brightly echogenic dot,
sometimes with a shadow (Fig.5.8¢c). This is pro-
duced by the wrapped-up mesentery. The superior
mesenteric artery is not seen in the lower part as
it deviates in its course, to wrap around the central
axis. The same feature is seen on longitudinal scan of
superior mesenteric artery as a truncated superior
mesenteric artery sign (SzE et al. 2002), with only
the proximal part of the superior mesenteric artery
being visible (Fig. 5.8d,e). This is because of the fact
that in volvulus, the superior mesenteric artery devi-
ates laterally after a varying length of straight course
proximally. This is in accordance with the cork-
screw appearance of the superior mesenteric artery
on angiography, which has been described as the
“barber pole” sign (BURANASIRI et al. 1973; GRISKA
and Popky 1980). In volvulus of malrotation, in addi-
tion to the whirlpool sign, there is alteration of the
relationship between the superior mesenteric artery
and the vein. The vein is normally to the right of the
artery. In malrotation the vein is seen either anterior
to, or to the left of, the artery.

In volvulus, due to other causes, the location and
axis of the mass with whirlpool appearance can vary.
In a mesenteric cyst with volvulus of most of the small
bowel, the mass is seen below the pancreas, as seen
in volvulus of malrotation (VIJAYARAGHAVAN et al.
2004). Alternatively, when the volvulus involves only
a segment of small bowel, the mass is located close to
the umbilicus, just above or to the right of it. The best

image of the mass is seen in slightly oblique scans and
not on true transverse scans, as the axis of volvulus
may be oblique. In a newborn, who had an atresia of
small bowel secondary to intrauterine volvulus due
to persistent omphalalomesenteric duct, the mass of
whirlpool was seen to the right of umbilicus. Rarely,
the mass may be very small and the concentric rings
are not well appreciated if the segment of bowel
involved is very small. In such a situation the move-
ment of the transducer along the axis brings about
the typical whirlpool sign. On CT scan the mass of
whirlpool sign has to be in the axial plane to be seen.
Since oblique scans are possible with ultrasound,
even obliquely placed masses of whirlpool are well
seen on sonography. This fact,along with the dynamic
study of movement of transducer to elicit the whirl-
pool sign, increases the sensitivity of ultrasound. The
causative lesions of the volvulus-like mesenteric cyst,
or ball of worms, will be seen. The complications of
volvulus, such as closed-loop obstruction, gangrene
of bowel or penumoperitoneum (VIJAYARAGHAVAN
et al. 2004), are seen, if present. In some patients the
closed-loop obstruction may be the only feature seen
on sonography to suggest a segmental volvulus. In the
closed-loop obstruction a loop of dilated small bowel
is seen filled with only fluid devoid of air (Fig.5.9;
CHo et al. 1989), whereas the proximal dilated loops
contain fluid and air.

5.3
Gastric Volvulus

Gastric volvulus is an abnormal degree of rotation
of one part of the stomach around another varying
from 180-360°, leading to a closed-loop obstruction
and possible strangulation (CAMERON and HOWARD
1987). It is a rare surgical emergency. It can be pri-
mary or secondary, depending upon the absence or
presence of predisposing conditions, such as con-
genital or traumatic diaphragmatic hernia (KoHLI et
al. 1997; PEL1ZZO et al. 2001), diaphragmatic eventra-
tion (OH et al.2000), wandering spleen (PELIZZO et al.
2001) or asplenia-polysplenia syndromes (AoyamA
and TATEISHI 1986). Four types of gastric volvulus
have been reported based on the axis of rotation of
the stomach:
1.In the more common organoaxial volvulus (59%),
the stomach rotates on its longitudinal axis con-
necting the cardia and the pylorus. There is rever-
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Fig. 5.9a,b. Closed-loop obstruction in segmental small bowel volvulus. a The proximal dilated loops of bowel show intraluminal
fluid with microbubbles of air seen as echogenic dots. b Section through the loops of closed loop show the lumen filled with
clear fluid devoid of air

sal of greater and lesser curvatures with two fluid-
filled closed compartments. This type is more
commonly associated with strangulation.

2.The second type is mesenteroaxial volvulus (29%),
where the stomach rotates about a vertical axis
perpendicular to the cardiopyloric line passing
through the middle of lesser and greater curva-
tures.

3.The third type shows features of both organoaxial
and mesenteroaxial volvulus (2%).

4.The last type is unclassified (10%; SHIVANAND et
al. 2003). The aetiology is unclear. It is believed
that the major factor leading to gastric volvulus
is the laxity of the four gastric ligaments: gastro-
phrenic, gastrohepatic, gastrosplenic, and gas-
trocolic, which anchor the stomach (WASTELL
and ErLis 1971; DEITEL 1973; CARTER et al. 1980;
LLANEzA and SALT 1986). The gastric volvulus may
be acute or chronic. Acute volvulus is often a surgi-
cal emergency. It presents a clinical triad of violent
retching with inability to vomit, acute severe epi-
gastric pain with upper abdominal distension and
inability to pass a nasogastric tube, as described by
BORCHARDT in 1904. On plain X-ray and barium
meal study, the stomach is seen as two fluid-filled
compartments. The stomach is thoracoabdominal
in position when the gastric volvulus is associated
with diaphragmatic hernia or eventration.

On sonography, there are two dilated fluid-filled
compartments of stomach which is thoracoabdomi-

nal in position, with a constriction between the upper
and lower parts resembling a “peanut”, henceforth
called the “peanut sign” (Fig.5.10a; MATSUZAKI et
al. 2001). The continuity of oesophagus with stom-
ach and stomach with duodenum cannot be demon-
strated (Fig.5.10b,c). The spleen is seen in the epi-
gastrium between the left lobe of liver and stomach
(Fig.5.10d), because it is carried with the rotating
stomach. Chronic gastric volvulus is usually asymp-
tomatic or produces non-specific abdominal symp-
toms. Most often it is discovered as an incidental
finding on barium study or CT scan (CHIECHI et al.
1992).

5.4
Caecal Volvulus

Volvulus of the caecum is torsion of the caecum
around its own mesentery, which often results in
a closed-loop obstruction. It can occur only in the
small percentage (11-25%) of the population who
have a developmental failure of peritoneal fixation
with resultant increased mobility of the caecum
(MonTEs and WoLF 1999). It accounts for 11% of
all intestinal volvulus. It usually occurs in patients
who are 30-60 years old. There may be history of
previous abdominal surgery, violent cough, atony of
the colon, extreme exertion, unpressurized air travel
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Fig.5.10a-d. Gastric volvulus. a Oblique scan through the left lower intercostal space shows the peanut sign with the stomach
seen as two fluid-filled compartments with a constriction between them (arrows). b Longitudinal scan shows lack of continuity
between fluid-filled lower oesophagus (ES) and stomach (ST). ¢ Oblique scan of epigastrium showing the blind ending lower
compartment of stomach with lack of continuity with duodenum (arrow). d Transverse scan of epigastrium shows the spleen
(SPL) located between left lobe of liver (LL) and body of pancreas (P) with some free fluid between. GB gallbladder

or third-trimester pregnancy. Patients usually pres-
ent with nausea, vomiting, constipation and acute
abdominal pain. In caecal volvulus, the caecum turns
in clockwise direction and also inverts, occupying
the left upper quadrant of the abdomen (FIELD 1994;
PERRET and KUNBERGER 1998). The terminal ileum is
usually twisted along with the caecum. This results in
closed loop obstruction, causing massive dilatation
of caecum and a small part of terminal ileum, which
lie in the left upper quadrant. There is also small
bowel obstruction. The CT signs of caecal volvulus
are well described (MOORE et al. 2001). Similar fea-
tures are seen on sonography. The small bowel loops
are dilated and show peristalsis indicating obstruc-
tion. The caecum, identified by its relation to the

appendix, is seen as a grossly dilated bowel in left
upper quadrant medial to the spleen (Fig.5.11). The
dilatation is disproportionately large compared with
the dilated small bowels. The ascending colon is seen
to be collapsed and normal.

5.5
Intussusception

Intussusception is defined as the invagination of a
proximal segment of bowel (intussusceptum) into
an adjacent distal segment (intussuscepiens). It is
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Fig.5.11a,b. Caecal volvulus. a Oblique scan of left hypochondrium shows a huge dilated caecum (CE) with cross section of
appendix close to it (arrow). b Transverse scan of left flank shows the location of dilated caecum (CE) medial to spleen (SPL).
LK left kidney

common in children and rare in adults. While there
is no cause or lead point in children, there is an iden-
tifiable lesion as the lead point in 75-85% of adults
with intussusception (YEH and RaBIiNowITZ 1982;
SwWISCHUK et al. 1985). The causative lesion of small
bowel is usually benign (52-61%), and 50% of those
of colon prove to be malignant (WEILBAECHER et al.
1971; WEISSBERG et al. 1977). Intussusception is the
most common cause of bowel obstruction in children.
The clinical presentation is usually acute in children.
They present with abdominal pain or incessant cry
in very young, vomiting and passage of blood and
mucus (red currant jelly) in stools (BOWERMAN et
al. 1982). On clinical examination, a mass is usually
located. Even though no identifiable causative lesion
is seen in most of the children, hypertrophied lymph
follicles in distal ileum are thought to initiate the
intussusception; hence, ileocolic intussusception is
the common type. In adults, the presentation is usu-
ally chronic and intermittent with abdominal pain
and vomiting. There are three types of intussuscep-
tion depending on the segment of bowel involved:
(a) enteroenteric or small bowel intussusception
(small bowel into small bowel); (b) ileocolic (ileum
into stationary ileoceacal valve); and (c) colocolic
(the colon into colon). As the intussusception pro-
gresses, the mesentery is caught between the entering
and returning bowels. This leads to a cycle of venous
obstruction,oedema and eventually ischaemic necro-
sis of the bowel.

On sonography intussusception is seen as a
mass showing the multiple concentric rings sign or
doughnut sign on short axis. The multiple concentric
rings sign is specific for this condition (SKAANE and
SKJENNALD 1989), with a reported accuracy of up to
100% (WANG and Liu 1988) and is not seen in any
other pathology (Fig.5.12a). The various layers of
the bowels forming the intussusception are seen well
differentiated when the oedema is less pronounced,
which results in the formation of this multiple con-
centric rings sign on transverse scan. In longitudi-
nal scan, these layers are seen as multiple parallel
hypoechoic and hyperechoic stripes resembling
a sandwich (Fig.5.12b). When the oedema of the
bowel becomes marked the differentiation of layers
is lost resulting in a doughnut sign (Fig. 5.12c). But
careful scan of the segment slightly proximal to the
oedematous portion may reveal the characteristic
concentric rings sign on transverse scan and multi-
ple stripes sign in longitudinal scan in most patients
(MoNTALI et al. 1983). This manoeuvre is significant
since the doughnut sign is a non-specific one, seen
in most of the pathological conditions of the bowel.
With improved resolution of the scanners most of
the intussusceptions show the characteristic mul-
tiple concentric rings sign. Even though there is no
differential diagnosis when the multiple concentric
rings sign and multiple stripes sign are seen, care
must be taken to exclude transient intussusception
of small bowel. This is more so when the patient is
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asymptomatic and the lesion is seen centrally as in
small bowel intussusception. The transient intussus-
ception is usually (a) of short segment, (b) of small
size, (c) lacking wall swelling, (d) located in central
abdomen, (e) non-obstructive, (f) with persistent
wall motion, and (g) without a lead point lesion
(Fig. 5.12d,e; Kim 2004). Classically, the lesion is seen
to move along the length of the bowel with peristalsis.
The most important feature is that it is transient and
arepeat scan after an interval of time fails to show the
lesion; however, it is known that spontaneous reduc-
tion of an intussusception with all classical features,
including oedematous walls, can happen (KORNECKI
et al. 2000). Rarely, small bowel intussusception can
be asymptomatic and the author has seen two masses
of small bowel intussusception in an asymptomatic
patient with Peutz-Jeghers syndrome. Even rarer is
the double intussusception (Kazez et al. 2004). On
sonography, the double intussusception shows three
circles, called the “triple-circle sign” (Fig. 5.12f).
Ileocolic intussusception, seen in children, is the
commonest type. It is idiopathic and seen in children
up to about 4 years. Enteroenteric or small bowel
intussusception is the next common type. Here the
mass of intussusception is seen in the centre of the
abdomen, whereas in the ileocolic and colocolic types,
it is along the periphery, where the colon is located.
If the small bowel intussusception starts in distal
ileum, it can become ileocolic. There is a lead-point
lesion in most of the small bowel intussusceptions.
This can be a polyp, lipoma, lymphoma, Meckel’s
diverticulum and haematoma of Henoch-Schonlein
purpura. In some patients the lead-point lesion can
be seen on sonography. One study has reported iden-
tification of a lead-point lesion in two-thirds and a
specific diagnosis in nearly one-third of the patients
(NAVARRO et al. 2000). The appearance of the lead-
point lesion varies from a pedunculated hypoechoic
mass in adenomatous polyp (Fig.5.13a), echogenic
mass in inflammatory polyp (Fig.5.13b), sessile
echogenic mass in lipoma, and a sessile echo-poor
wall thickening in lymphoma. Colour Doppler study
is useful in delineating the mass lesion at the tip of
the intussusception (Fig. 5.13b). A cystic mass is seen
as the lead point in an inverted Meckel’s diverticu-
lum (DANEMAN et al. 1997) or appendix (Fig.5.13c;

KouMaNIDOU et al. 2001). A similar cystic mass
may be seen as a false cystic lead point produced by
fluid trapped within the intussuscepted mesentery
(KENNEY 1990). A lead-point lesion is always seen
in colocolic intussusception and most of them are
malignant.

Sonography is also useful in the treatment of
childhood intussusception, the majority of which
are idiopathic. Even though barium enema and air
enema were used in the past to reduce intussuscep-
tion, hydrostatic reduction under sonographic con-
trol has evolved as the method of choice in recent
years. Very high success rates, up to 95.5%, have been
reported without any complications, in a large series
of 337 patients (WANG and L1u 1988). It has an added
advantage of lack of radiation exposure. In this tech-
nique after confirmation of presence of intussuscep-
tion, hydrostatic reduction is attempted with intro-
duction of an enema of tapwater (Woob et al. 1992),
saline (WANG and L1u 1988; Kim 2004 ), or Hartmann’s
solution (RIEBEL et al. 1993). The height of the enema
bag is raised gradually from 80 cm (60 mm Hg) to a
maximum of 155 cm (120 mm Hg). The progress of
reduction of intussusception is followed by sonogra-
phy. Complete reduction is confirmed by disappear-
ance of the mass, reflux of fluid into terminal ileum
and visualization of fluid-filled ileal loops. If com-
plete reduction is not achieved by maintaining the
pressure for 5 min, the colon is drained and the same
procedure is repeated after a rest of 3-5 min. When
complete reduction has been achieved, sonography
is repeated after an interval to rule out recurrence.
The hydrostatic reduction is not attempted if certain
risk factors are seen on initial sonography. These are
patients older than 12 years, patients in shock, in pres-
ence of peritonitis, bowel perforation, gross abdomi-
nal distension and sonographic features of small
bowel intussusception, and in recurrent intussuscep-
tion of more than two episodes. Colour Doppler signs
predicting the ischaemia of the intussusceptum have
been reported with contradictory results (LAGALLA
et al. 1994; KoNG et al. 1997; HANQUINET et al. 1998),
but absence of flow on colour Doppler study is not a
contraindication for hydrostatic reduction (LAGALLA
et al. 1994). The success rate of reduction is affected
by left-sided location of intussusception, presence of

\j

Fig. 5.12a-f. Intussusception. a Short-axis scan of the transverse colon shows the intussusception with the concentric rings sign.
b Long-axis scan shows the multiple stripes sign. ¢ Doughnut sign of intussusception in short axis scan of transverse colon.
d Transverse and e longitudinal scan of a transient intussusception. f Triple-ring sign of a double intussusception
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entrapped fluid in the intussusception and level of
experience of the sonologist (CRYSTAL et al. 2002).

5.5.1
Jejunogastric Intussusception

Jejunogastric intussusception is invagination of the
jejunum into stomach after a gastrojejunostomy. It
is usually seen 10-30 years after the initial surgery
(WHEATLEY 1989; Su et al. 2001). It results in effer-
ent loop obstruction producing epigastric pain and
vomiting. If treatment is delayed, it can produce
haemetemesis and necrosis of the invaginated loop
(BryNITZ and RUBINSTEIN 1986; HAMMOND et al.
2001). Sonography is the investigation of choice, as
it reveals with ease a dilated fluid-filled stomach and
the intussuscepted oedematous, typically sausage- or
banana-shaped mass of invaginated jejunum in the
lumen of stomach (Fig. 5.14).

Fig. 5.13. Lead-point lesion in
intussusception. a Adenomatous
polyp. b Inflammatory polyp.

c Inverted Meckel’s diverticulum
seen as cystic mass

[2D] G32
FA3 }

Fig.5.14. Oblique scan of left hypochondrium shows the fluid-
distended stomach (ST) with a banana-shaped mass of jejuno-
gastric intussusception (arrows)
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6.1
Introduction

Ischemic colitis is the most usual form of acute intes-
tinal ischemia and is most commonly associated with
a low mortality level, under 10% (MARTSON et al.1966;
BOLEY 1990; ROBERT et al. 1993; TOURSARKISSIAN and
THOMPSON 1997; DANSE et al. 2004; BALTHAZAR et al.
1999). Diagnosis is based on the association of clinical
data, endoscopic findings, radiological data, and his-
tology (MARTSON et al. 1966; BOLEY 1990; ROBERT et
al.1993; TOURSARKISSIAN and THOMPSON 1997). There
are mainly two distinct forms of ischemic colitis: the
transient form with spontaneous resolution, and the
severe form. Two types of severe forms of ischemic coli-
tis are to be considered: (a) ischemic colitis associated
with a delayed stenosis caused by colonic wall fibrosis;
and (b) ischemic colitis complicated by an early perfo-
ration caused by gangrenous evolution (MARTSON et al.
1966; BOLEY 1990; ROBERT et al. 1993; LoNGo et al. 1997).
Ischemic colitis is usually related to a good prognosis in
the transient form and when there is a delayed stenosis.
The gangrenous form, which is unusual, is frequently
associated with a fatal outcome. Any segment of the
colon can be affected, from the ileo-cecal valve to the

E. DANSE, MD, PhD

Dept. of Radiology, St-Luc University Hospital, Université
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rectum, but there is a predisposition for the left colon,
due to its reduced vascular network.

Early identification of prognostic factors is helpful
for an optimal therapy (MARTSON et al. 1966; LoNGO
et al. 1992; TOURSARKISSIAN and THOMPSON 1997;
LonGo et al. 1997). These factors are present in 50% of
the patients and include age, duration of the symptoms,
underlying diseases (cardiovascular diseases and dia-
betes mellitus), abdominal aortic surgery, and hypo-
volemic shock. These factors are frequently related to
the severe forms of ischemic colitis (LONGO et al. 1992;
LoNGo et al. 1997; DANSE et al. 2000a,b). It was also
demonstrated that lactate dehydrogenase (LDH) levels
and leukocyte count are significantly higher in severe
forms of ischemic colitis (DANSE et al. 2000a).

Endoscopy is helpful for the recognition of sugges-
tive findings for ischemic colitis; however, endoscopy
is not demonstrative for the identification of the sever-
ity of the ischemic colitis if we consider its limitation
for the correct delineation of the disease extension
along the colon. Indeed, endoscopy is classically lim-
ited to a recto-sigmoidoscopy in the emergency con-
text, in order to avoid perforation during the proce-
dure. Additionally, biopsy samples are limited to the
superficial layers of the colonic wall (the mucosa and
a part of the submucosa). For these reasons, sonogra-
phy and computed tomography (CT) can contribute to
the diagnosis of ischemic colitis. These techniques are
also helpful for the delineation of the disease extension
along the colon, and for recognition of severity factors
(BALTHAZAR et al. 1999; FEDERLE et al. 1984; JEFFREY
et al. 1994; BozKURT et al. 1994; PHILPOTTS et al. 1994;
RANSCHAERT et al. 1994; CHoU 2002).

6.2
Imaging Findings

Radiological findings suggestive of ischemic colitis
were initially described on contrast enema (BOLEY




56

E. Danse

1990; DANSE et al. 1997; DANSE et al. 2000a; DANSE et
al. 2001). The role of conventional radiology for the
recognition of severity factors is limited to its ability
to show the extension in length of the colonic wall
changes (MARTsON et al. 1966; ROBERT et al. 1993;
TOURSARKISSIAN 1997). Sonography and CT can be
useful for the recognition of intestinal wall changes
and insufficiency of the splanchnic arterial network.
Sonography is combined with a color flow imaging
of the colonic wall and the main splanchnic vessels
(DANSE et al. 1997; DANSE et al. 2001). CT is usually
performed with intravenous contrast iodine injec-
tion. This approach allows identification of the wall
vascularization and its alteration. Sonographic and
CT findings include evaluation of the wall thickening,
presence or absence of the wall stratification, detec-
tion of gas into the colonic wall (colonic pneumato-
sis) and the pericolic changes (BALTHAZAR et al. 1999;
DANSE et al. 2000a; FEDERLE et al. 1984; BozZKURT et al.
1994; PHILPOTTS et al. 1994; RANSCHAERT et al. 1994;
DANSE et al. 2004; TEEFEY et al. 1996). Sonography and
CT can also show signs for a prediction of the sever-
ity of ischemic colitis (DANSE et al. 2000a; CHOU 2002;
WIESNER et al. 2001; RIPOLLES et al. 2005).

6.3
Sonographic Findings

Sonography can contribute to the visualization of
colonic wall changes in cases of ischemic colitis. We
have to look for colonic wall thickening (>5 mm),
presence of stratification, identification of the mural
flow, as well as delimitation of the disease extension
along the colonic wall and its localization (most fre-
quently on the left colon; DANSE et al. 2004). The
wall thickening is easy to detect. In ischemic colitis,
it is usually slightly more pronounced that in inflam-
matory bowel disease, but it is in the same range
as in infectious colites (from 8 to 9 mm; DANSE et
al. 2000a; JEFFREY et al. 1994; BOZKURT et al. 1994;
TEEFEY et al. 1996). It can mimic the nodular thicken-
ing observed in pseudomembranous colitis (DANSE
et al. 2004; RANSCHAERT et al. 1994). The increased
mural thickness is caused by submucosal hematoma
due to reperfusion injuries. Disappearance of the wall
stratification is not systematic (dedifferentiation) but
more frequently noted than in other acute colonic
disease (Fig.6.1). If absence of mural flow is noted
with color Doppler, this is a clearly suggestive sign of

ischemia (DANSE et al. 2004; TEEFEY et al. 1996; QUIL-
LIN and SIEGEL 1994; HATA et al. 1992; SIEGEL et al.
1997; SHIRAHAMA et al. 1999). Nevertheless, absence
or reduced mural flow are reported only in 20-50% of
the patients with a final diagnosis of ischemic colitis
(Fig. 6.2; DANSE et al. 2000a; RIPOLLES et al. 2005).

When sonography is considered as the initial diag-
nostic method for ischemic colitis, it is associated
with a sensitivity of 93% for the adequate recogni-
tion of suggestive sonographic signs (RIPOLLES et al.
2005). Additionally, disappearance of the wall stratifi-
cation and absence of mural flow are indicators of the
severity of ischemic colitis with a sensitivity of 82%
and a specificity of 92% (DANSE et al. 2000a; JEFFREY
et al. 1994; DANSE et al. 2004; CHEUNG et al. 1992).
Hyperechogenicity of the pericolic fatty tissue can be
detected with sonography in patients with ischemic
colitis. This sign has to be considered as a severity
factor of ischemia as well as the absence of mural
flow (Fig. 6.3; RIPOLLES et al. 2005). Predisposing fac-
tors can be detected with sonography when stenoses
and/or occlusion of the main splanchnic arteries are
visualized (celiac trunk, superior and inferior mes-
enteric arteries; DANSE et al. 2001). Splanchnic vas-
cular insufficiency requires stenosis or occlusion of
at least two of the three splanchic arteries. Significant
stenosis of the celiac trunk is present when the maxi-
mal systolic velocity is higher than 1.5 m/s. Superior
and inferior mesenteric arteries are considered as
significantly stenosed if the maximal systolic veloc-
ity is higher than 2.75-3 m/s (BowERsOX et al. 1991).
Sonography has been recently reported as useful for
the follow-up of patients by showing disappearance
of the colonic wall changes (RIPOLLES et al. 2005).

6.4
Computed Tomography Findings

Thickening of the colonic wall related to ischemic
colitis is visible with CT, within the same values as
sonography (8-9 mm; HorRTON et al.2000; PHILPOTTS
et al. 1994). The CT findings observed in ischemic
colitis are of three types: (a) heterogeneous thicken-
ing with hypoperfused areas combined with pericolic
fat stranding (40-60% of the patients); (b) homoge-
neous thickening without any change of the perico-
lic fat tissue (33-37% of the cases); and (c) colonic
pneumatosis within a thin colonic wall (6-21% of
the cases; BALTHAZAR et al. 1999). Ascites is pres-
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Fig. 6.1a,b. Ischemic colitis in a young female (drug addict). a Sonogram of the left colon shows diffuse hypoechoic thickening
of the colonic wall, without stratification. b Preserved mural flow is demonstrated with color Doppler sonography

a

Fig. 6.2a,b. Ischemic colitis in an 82-year-old patient. a Transverse view of the sigmoid colon shows thickening of the colon, with
wall stratification and discrete mural flow detected with color Doppler sonography. The pericolic fat tissue is slightly infiltrated.
b A CT scan of the pelvis of the same patient shows diffuse thickening of the sigmoid colon (SC)

ent in <30% of the patients (BALTHAZAR et al. 1999;
PHILPOTTS et al. 1994). Severity factors of ischemic
colitis at CT are the presence of a thin colonic wall,
with pneumatosis and reduced or absent colonic wall
enhancement when iodine contrast injection is per-
formed (BALTHAZAR et al. 1999).

6.5
Proposed Strategy

When there is a strong suspicion of ischemic colitis,
recto-sigmoidoscopy is performed and can be com-

Fig.6.3. Ischemic colitis with preserved wall stratification
but without mural flow. Infiltration of the pericolic fat tissue. . ’
Resection was performed in emergency, revealing extended pleted with an abdominal color Doppler study. The
necrosis of the left colon role of sonography is to detect the extension of the
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colitis, and to detect suggestive signs of ischemic coli-
tis (colonic wall thickening of the left colon without
identifiable mural flow). Prognosis factors, including
wall stratification, pericolic fatty tissue hyperecho-
genicity, and ascites, are sought by means of sonog-
raphy. Suggestive predisposing factors, such as steno-
ses and/or occlusion of the main splanchnic arteries,
can also be detected with color Doppler sonography.
When sonography is normal or inconclusive, CT is
then performed, with intravenous contrast injection,
if possible; however, ischemic colitis is a frequent,
initially unsuspected, condition. The radiologist is
often the first physician to suggest intestinal ischemia
when he/she identifies a segmental or diffuse colonic
wall thickening with sonography or CT,in patients for
whom cross-sectional imaging studies are required
for acute non-specific abdominal pain. In these cases,
when a colonic wall change is noted with sonography
or CT, the radiologist can suggest ischemic colitis on
the basis of the localization of the affected segment,
the absence of mural flow or enhancement, visualiza-
tion of an infiltration of the pericolic fat tissue, pneu-
matosis, and stenoses or occlusions of the splanchnic
arteries. In these initially unsuspected cases, endos-
copy is needed to confirm the ischemic changes of
the colonic wall (DANSE et al. 2005).
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7.1
Introduction

Abdominal ultrasound (US), thanks to its accuracy,
good repeatability and non-invasiveness is currently
employed in many chronic inflammatory conditions,
not only for purely diagnostic purposes, but also for
management of the disease. In Crohn’s disease (CD)
patients, US has become the first-line imaging pro-
cedure for early diagnosis of the disease (PARENTE
et al. 2004a), and more frequently for the follow-up,
to detect intra-abdominal complications (strictures,
fistulae and abscesses), to assess activity and monitor
the course of disease, as a prognostic index of recur-
rence (Table 7.1).
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Table 7.1. Indications for bowel US in CD

* Early evaluation of patients with suspected CD
* Evaluation of site and extension of CD
* Differential diagnosis between chronic inflammatory colitis
* Diagnosis of CD abdominal complications
* Stenosis and intestinal occlusion
* Internal and external fistulae
* Intra-abdominal abscesses
* Perforation and toxic megacolon
* Assessment of CD activity

* Post-operative follow-up and prediction of CD recurrence

7.2
Pathological Features

Crohn’s disease is a chronic granulomatous inflam-
matory condition of the alimentary tract of unknown
origin. Although there are no pathognomonic fea-
tures of the disease, it is characterised by a segmen-
tal and transmural inflammation of the intestinal
wall, particularly ileum (30%), colon (20%) or both
the large and small bowel (50%). Macroscopically,
the bowel wall often appears greatly thickened,
and hypo-elastic or stiff with luminal narrowing
(Fig.7.1).

Mucosal abnormalities consist of longitudinal and
aphthous ulcerations,which,in advanced disease,may
penetrate into the submucosa and muscularis leading
the serosa and outside, creating fissures and fistulas.
These may invade the adjacent loops, organs, skin or
end blindly in the mesentery, sometimes resulting in
intra-abdominal or retroperitoneal abscesses. The
mesentery is often thickened and fatty, surrounding
the thickened walls and containing enlarged lymph
nodes.
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Fig.7.1a-d. Opened transverse sections of a normal ileal wall (a); thickened bowel wall in a CD patient with loose (left side)
and markedly inflamed (right side) submucosa (b); markedly thickened bowel wall with fibrosis and loss of stratification (c,d).
(Courtesy of Dr. Paolo Fociani, Department of Pathology, ‘L.Sacco’ University Hospital, Milan)

7.3
Ultrasonographic Features of Bowel Walls

The US manifestations of CD reflect the pathological
features, consisting of abnormalities of bowel wall or
representing its intra-abdominal complications. The
abnormalities of bowel wall include bowel wall thick-
ening, alterations of bowel wall echo pattern, hyper-
aemia, loss of elasticity and peristalsis, mesentering
hypertrophy and mesenteric lymph nodes. Intra-
abdominal complications of CD typically include ste-
noses and obstruction, fissures and fistulae, as well as
inflammatory masses (phlegmon or abscesses).

7.3.1
Bowel Wall Thickening

US examination in CD patients frequently reveals stiff
and thickened bowel walls, usually >4 mm (which is

considered the limit of normal bowel wall for the
ileum and colon) up to 15 mm. The wall thickness of
a diseased segment is measured in a transverse sec-
tion from the central hyperechoic line of the lumen
(representing interface between content of the lumen
and the mucosa) to the outer hyperechoic margin of
the wall (representing the serosa) (Fig. 7.2). Literature
usually considers the maximum bowel wall thickness
that can be reproduced along the bowel wall for at
least 2-4 cm.

The abnormal thickening of bowel walls is the most
widely and commonly US finding reported in the liter-
ature to diagnose CD. In a recent meta-analysis aiming
at evaluating the impact of different cut-off values of
bowel wall thickening (3 mm vs 4 mm) in determining
the presence of CD, FRAQUELLI et al. (2005) showed
that when a >3-mm cut-off level was observed for
abnormality, sensitivity and specificity were 88% and
93%, respectively, whilst when a cut-off level of >4 mm
was used, sensitivity was 75% and specificity 97%.
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Fig.7.2a,b. Longitudinal (left) and transverse (right) sections of a thickened bowel wall characterised by stratified echo pattern
showing the markers (+) on the inner hyperechoic line (lumen) and outer hyperechoic margin (serosa) of the thickened wall.
(Asterisk, gross nodularity of the mucosa)

However, these remarkable data also show that
intestinal US, even in expert hands, may result in
false negative and false positive findings. False negat-
ive findings may occur in obese patients or when CD
is characterized by only superficial lesions, such as
rare aphthous ulcers or mucosal erosions (MACONI
et al. 1996a). False positive findings rely on the fact
that thickening of the bowel walls is not specific for
CD, being present also in infectious, neoplastic and
other inflammatory diseases (TRUONG et al. 1998).
Therefore, when US is used as a first imaging diag-
nostic procedure, the diagnosis of CD is suggested
when wall thickening involves the terminal ileum, is
circumferential and segmental. However, the defini-
tive diagnosis - when possible, and always for colonic
lesions - should rely on endoscopic and histological
examinations of pathological tissues. US may repre-
sent a useful tool, prior to other invasive or expensive
diagnostic investigations, which can be postponed in
the case of negative US findings.

However,in known CD patients the accuracy of US
in detecting bowel wall thickness has been usefully
employed in localizing CD lesions within the bowel
(particularly ileal lesions, which can be detected in
more than 90%) and in assessing the length of small
bowel involvement (BRIGNOLA et al. 1993; MACONI et
al. 1996a; PARENTE et al. 2003, 2004a).

The clinical significance of the degree of bowel
wall thickening in known CD patients is controversial.
Several studies attempted to establish a relationship
between maximum bowel wall thickness and clini-
cal (Crohn’s disease activity index, CDAI) and bio-
chemical (erythrocyte sedimentation rate, C reactive
protein) parameters of CD activity. However, almost
all the results of these studies produced weak corre-

lations, although somewhat significant, thus leaving
the role of bowel US in the assessment of CD activity,
in clinical practice, still controversial (MACONTI et al.
1996a; FutacaMI et al. 1999; HABER et al. 2000, 2002;
MAYER et al. 2000).

In known CD patients, the US assessment of
bowel wall thickening has been used to identify post-
operative recurrences following resection, to assess
the efficacy of conservative surgical treatment, and
to obtain predictive data on the risk of recurrences
in these patients. Post-operative endoscopic recur-
rences of CD may be correctly identified using bowel
US in more than 80% of patients (D1 CANDIO et al.
1986; ANDREOLI et al. 1998). Moreover, the potential
of US to accurately define transmural inflammatory
changes during the course of CD, offers the possibil-
ity to assess the behaviour of diseased bowel walls
following conservative surgery (namely stricture-
plasty and miniresection), which has become the
new standard surgery of intestinal stenoses in CD
patients. It has been shown that the behaviour of US
thickening of bowel walls 6-12 months after conser-
vative surgery is a strong predictor of the outcome of
the disease. In fact, in patients showing an improve-
ment or return to normality of the bowel wall thick-
ening, the clinical and surgical recurrence rate have
been significantly lower than in those maintaining
the same level of bowel wall thickening (MAcoNTI et
al. 2001). Likewise, it has been shown in a series of
174 unselected CD patients, that bowel wall thickness
>7 mm at US was the major risk factor (OR=19) for
intestinal resection within the following 12 months
(CASTIGLIONE et al. 2004).

Therefore, bowel US appears to offer a useful
alternative to invasive procedures, such as ileo-colo-
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noscopy or contrast radiology, in the post-surgical
follow-up of CD patients, in particular for those CD
patients who have undergone conservative surgery
in whom endoscopy is not suitable to identify CD
patients at high risk of clinical and surgical relapse,
thus offering the opportunity to tailor the appropri-
ate post-surgical medical treatment.

7.3.2
Bowel Wall Echo Pattern

The affected segment in CD should be analysed with
respect not only to wall thickness but also to bowel
wall echo pattern. The bowel wall may maintain the
regular stratification (Fig.7.2) or may be character-
ised by a partial or complete loss of layering. Some-
times, bowel segments with alternate persistence and
loss of stratification, may be observed.

In stratified echo pattern, the thickened walls
display a variable enlargement of the mucosal, sub-
mucosal or muscular layers. Often the layer corre-
sponding to the submucosa is thicker than others
(Fig.7.3a). The echo-stratification may be interrupted
by hypoechoic areas (some with hyperechoic spots)

Fig.7.3a-c. Echo pattern of thickened bowel walls. a Longitu-
dinal (left) and transverse (right) sections of thickened bowel
walls characterized by stratified echo pattern with thickening
of mucosal (m) and submucosal (sm) layers. b Longitudinal
(left) and transverse (right) sections of thickened bowel
walls characterized by stratified echo pattern interrupted
by hypoechoic areas (arrows) corresponding to deep ulcer.
¢ Longitudinal (left) and transverse (right) sections of thick-
ened bowel walls characterized by hypoechoic echo pattern
with disappearance of wall stratification

corresponding to deep ulcers (Fig. 7.3b), or may com-
pletely disappear (Fig. 7.3c). In this case, the walls are
often characterized by large, deep longitudinal ulcers
associated with intense inflammation and neovascu-
larization (KUNIHIRO et al. 2004).

The clinical and pathological significance of
bowel echo pattern and, in particular, its importance
in defining CD activity has been investigated in two
studies, one of which was in patients with stenosis.
Both these studies, where in vivo US images were
compared with the in vitro histopathological findings
of related resected specimens of the bowel, showed
that the loss of stratification (hypoechoic echo pat-
tern) correlated with the severity of inflammation
and that persistence of stratification in bowel wall of
strictures suggested a high degree of fibrosis within
the submucosa and muscularis mucosae (HATA et al.
1994; MACONI et al. 2003a).

7.3.3
Bowel Wall Vascularity

The increased vascularity is often observed in bowel
wall with decreased echogenicity. This is likely due
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to hyperaemia and neovascularization related to the
increased inflammatory response (MacoNI et al.
2003a; D1 SABATINO et al. 2004). Therefore, vascu-
larity within the thickened bowel walls, assessed by
power colour Doppler US, has been used as an index
of CD activity (Fig.7.4).

Fig.7.4. The increased vascularity within the bowel wall shown
by colour Doppler US

Vascularity has been evaluated using a simple
scoring system according to the semi-quantitative
(and subjective) intensity of colour signals and/or by
analysis of Doppler curves (measurement of resis-
tive index) obtained from vessels detected within the
bowel walls. However, neither of these parameters
correlated well with clinical or biochemical activity
in most studies, whereas a significant correlation was
often found between vascularity and endoscopic/
radiological activity (SPALINGER et al. 2000; ESTE-
BAN et al. 2001; HABER et al. 2002; HEYNE et al. 2002;
SCHOLBACH et al. 2004; NEYE et al. 2004; YEKELER et
al. 2005).

To increase the sensitivity of Doppler US in detect-
ing vascularity of diseased bowel walls, US contrast
agents have been introduced. This issue will be widely
discussed elsewhere (see Ch. 20).

7.3.4
Elasticity and Peristalsis

Thickened bowel walls in CD are variably associated
with reduction or absence of peristalsis in the small
bowel and loss of haustra coli in the colon (SARRAZIN

and WILsON 1996; D1 M1z1o0 et al. 2004). Although this
manifestation is quite subjective and difficult to quan-
titatively assess, it has been regarded as a relevant sign
in most US studies, probably because it is associated
with intestinal stenosis. To date, small bowel entero-
clysis is considered the most reliable diagnostic tool
to show elasticity of the diseased intestinal loops and
to accurately detect intestinal strictures. The use of
oral contrast agents may be useful for a more accurate
US assessment of this feature.

7.3.5
Mesenteric Hypertrophy and
Mesenteric Lymph Nodes

This abnormality, also commonly termed as creep-
ing fat or fibrofatty proliferation in the mesentery,
appears at US as a hyperechoic, sometimes inho-
mogeneous area surrounding thickened bowel walls
(Fig.7.5). It is found in up to 40% of CD patients
(GOLDBERG et al. 1983) and has been regarded as a
frequent cause of bowel loop separation at conven-
tional X-ray studies. Accuracy, prevalence, and clini-
cal significance of US assessment of this condition
remain largely unknown.

Enlarged mesenteric lymph nodes appear at US as
oval,homogeneous, hypoechoic nodules with regular

Fig.7.5. Mesenteric hypertrophy, appearing at
US as hyperechoic, sometimes inhomogeneous
area surrounding thickened bowel walls
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margins (Fig.7.6). This is a frequent finding in CD
patients. Its prevalence and clinical significance is
discussed elsewhere (see Ch. 2).

+14. lmm

Fig.7.6. Enlarged mesenteric lymph node (I) appearing at US as
oval, homogeneous hypoechoic nodule with regular margin

7.4
Abdominal Complications of
Crohn’s Disease

The clinical course of CD is often characterized by
abdominal complications such as stenosis, fistulae or
abscesses, and rarely by free perforation.

7.4.1
Stenosis and Intestinal Occlusion

Stenosis develops in 21% of patients with ileal CD
and in 8% of those with ileocolic disease (FENOGLIO-
PREISER et al. 1989; SIMPKINS and GORE 1994). It is
the most frequent cause of surgery. The diagnostic
gold standard of this complication is contrast radio-
graphy, which reveals all the occluded sites, the degree
of intestinal narrowing and the length of the stenotic
segments.

Bowel stenosis can be revealed by US as thickened
bowel walls, associated with narrowed lumen and
increased diameter of the proximal loop >2.5-3 cm.
Acute stenoses are often associated with a vari-
able amount of liquid and gas within the lumen of
the proximal loop and with increased peristalsis
(Fig.7.7a) (Ko et al. 1993). In chronic, incomplete,

stenoses the amount of air within the proximal loop
prevails, and peristalsis is usually weak (Fig. 7.7b).

Using this definition, US correctly diagnoses ste-
nosis in 70%-79% of unselected CD patients and
in >90% of patients with severe intestinal stenoses
requiring surgery, with false-positive diagnoses lim-
ited to 7% (MAacoNTI et al. 1996b; GASCHE et al. 1999;
PARENTE et al. 2002, 2004b). Results may be even
better using an oral contrast agent (see Ch. 21).

US assessment of the echo pattern of the bowel
wall of the strictures may also offer an insight into
the histological features, discriminating between
fibrotic and inflammatory strictures (MACONTI et al.
2003a). Loss of stratification of the bowel wall at the
level of the stricture suggests its inflammatory nature
with a low degree of fibrosis, whilst the presence of
stratification suggests a higher degree of fibrosis of
the stenosis (Fig. 7.8).

7.4.2
Sinus Tracks and Fistulae

Fistulae occur in 17%-82% of CD patients. They are
a transmural extension of the disease, often result-
ing from intestinal stenosis (OBERHUBER et al. 2000),
which ends blindly in the surrounding mesentery or
connects intestinal loops or adjacent organs. Depend-
ing on their site and extension, abdominal fistulae
are commonly subdivided into external or internal
(enteroenteric, enteromesenteric).

Fistulae may appear on US as hypoechoic ducts
or hypoechoic areas between intestinal loops or
between loops and other structures such as the blad-
der (enterovesical fistula) or the skin (enterocutane-
ous fistulae) (Fig.7.9). Sometimes, fistulae display
internal echoic spots due to the presence of air, debris
or intestinal material (MACONI et al. 1996b; GASCHE
et al. 1999).

At present, there is no reliable technique for the
diagnosis of this complication. Using surgical find-
ings as a reference standard, we showed that the accu-
racy of US and X-ray studies in detecting internal fis-
tulae was comparable with a sensitivity of 71.4% for
US and 69.6% for X-ray studies, and a specificity of
95.8% for both. We also showed that the combination
of these two techniques significantly improved pre-
operative diagnostic performance (sensitivity 97.4%
and specificity 90%) and that in selected severe cases
of CD, with clinical suspicion of septic complications
(i.e., abdominal mass or fever), sensitivity of US is
even higher (88.5%), thus confirming the high sen-




Crohn’s Disease 67

_R12 G58 C&

Fig.7.7a,b. Stenosis at US presented as thickened bowel wall, with narrowing of lumen associ-
ated with pre-stenotic dilatation > 3 cm in diameter, and often associated with liquid content
and air in the lumen. a Acute stenosis associated with a variable amount of liquid and gas
within the lumen (J) of the proximal loop and with increased peristalsis. b Chronic, incomplete
stenosis characterised by stratified bowel wall echo pattern, showing of gas within the proximal
loop and weak peristalsis (bw, bowel wall; [, lumen)

196-2043
19Hz

Fig.7.8.a-c Longitudinal section of the bowel wall (bw) show-
ing hypoechoic echo pattern at level of the stenosis and pre-
stenotic dilatation (psd). ¢ Corresponding radiographic image
of the same stricture (arrows) at contrast CT enteroclysis
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Fig.7.9a-c. Ultrasonographic appearance of internal fistulae.
Entero-mesenteric (a), entero-enteric (b), and entero-vesical
(c) fistulae (F) revealed at US as hypoechoic area deforming the
margins of bowel wall (arrows), as hypoechoic ducts between
the intestinal loops (I), and as hypoechoic areas between intes-
tinal loops and bladder (B), respectively. F, Fistula; [, intestinal
loop; M, inflammatory mass; B, bladder

sitivity of a previous US study (GAScHE et al. 1999;
MACONI et al. 2003Db).

Since fistula wall is characterized by granulation
tissue and neoangiogenesis, it may be easily recog-
nized at US by detecting intramural blood flow using
power Doppler or i.v. contrast enhanced US (MACONI
et al. 2002).

US may also be usefully employed to define the
features of external fistulae, particularly if US is com-
bined with the injection of echoic contrast medium
composed of hydrogen peroxide and povidone
iodine into the fistula. This type of US fistulography
defines the extension and the configuration (linear
or with ramifications) of the entero-cutaneous fistu-
lae (Fig.7.10), is well tolerated and does not expose
the patient to the risk of septic dissemination during
the injection of the contrast medium (MAcoONT et al.
1999).

7.4.3
Intra-abdominal Abscesses and
Inflammatory Masses

Intra-abdominal abscesses occur in 12%-30% of CD
patients, usually as a consequence of fistulising dis-
ease or as a post-surgical complication (STEINBERG et
al. 1973; NAGLER et al. 1979). Although CT and mag-
netic resonance imaging (MRI) are considered the
gold standard for the diagnosis of CD-related masses,
US is usually employed as a first level procedure.

At US, abscesses appear as hypo-anechoic lesions
with fluid collection and irregular thickened walls,
sometimes containing internal echoes due to the pres-
ence of debris or air, and characterized by a posterior
echo-enhancement (Fig.7.11). Hypoechoic masses,
especially those of small size and located close to the
intestine, may be missed or mistaken for large sinus
track, hypoechoic lymph nodes or phlegmon. Con-
ventionally these lesions are diagnosed when char-
acterised by irregular borders, non-identifiable wall
or liquefaction. Inflammatory masses, phlegmon and
intra-abdominal abscesses, identified or suspected at
US, may be confirmed and distinguished detecting
vascular signals by colour power Doppler US or, better,
by i.v. contrast-enhanced US, around and/or within the
lesions. Phlegmon and inflammatory masses, in fact,
show increased colour signals within, whilst abscesses
present fluid collections with a peripheral flow
(Fig.7.12) (TARJAN et al. 2000; MACONI et al. 2002).

US detection of intra-abdominal abscesses shows
a mean sensitivity and specificity of 91.5% and 93%,
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Fig.7.10a-c. Assessment of enterocutaneous
fistula by US fistulography. a US assessment
of the enterocutaneous fistula and (b) evalua-
tion of the same lesion following the injection
of contrast agent within the fistula (f) reveal-
ing its openness (arrow), previously not clear,
and defines the extension and the configura-
tion of the lesion. ¢ The presence of blood
flow detected within the fistula wall can also
suggest the activity of the fistula, despite the
absence of conspicuous drainage. f, Fistula;
I, intestinal loop
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Fig.7.11a,b. Intra-abdominal abscesses (A) appearing as hypo-anechoic lesions, often originating from a fistula (arrows),
with irregular wall, internal echoes due to presence of debris or air, and characterised by posterior echo-enhancement




70

G. Maconi, E. Radice, and G. Bianchi Porro

respectively (SCHWERK et al. 1992; MACONI et al.
1996b, 2003b; GAscHE et al. 1999). US shows a higher
sensitivity in the detection of superficial intraperi-
toneal abscesses, while the diagnosis of deep pelvic
or retroperitoneal abscesses is more difficult due to
the presence of overlying bowel gas and the difficulty
in differentiating an abscess from an intestinal loop
with stagnating fluid.

7.4.4
Perforation

Perforation is a potentially lethal complication of CD.
It occurs in 1-2% of patients as a consequence of deep
fissures in the intestinal wall. Perforation should be
suspected when US shows the presence of intraperi-
toneal liquid and air, indicative of purulent peritoni-
tis, or the presence of free air under the diaphragm.

Fig.7.12a-c. Inflammatory mass detected by US (a) and char-
acterised by i.v. contrast agent (b) showing the absence of
fluid within the mass. ¢ Corresponding i.v. contrast CT imag-
ing of the same lesion

Focal perforations are more frequent than free
perforations and may be diagnosed by US as areas of
asymmetric and focal thickening of the wall associated
with small periparietal collections of liquid and air.
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8.1
Introduction

The role of abdominal ultrasound (US) has been less
extensively investigated in ulcerative colitis (UC) than
in Crohn’s disease (CD). This is due to the different
features between these two intestinal diseases. In fact,
in UC, unlike in CD, inflammatory lesions are con-
fined to the colon, have a predictable spread involving
mainly the rectum, which is considered difficult to
image by transabdominal US, and affects only the
inner wall layer of the colon. Therefore, endoscopy is
considered the method of choice in the diagnosis and
in assessing extent and severity of the disease.
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However, transabdominal US has been demon-
strated to be a reliable diagnostic tool both for diag-
nostic purposes and to detect disease extension and
activity in UC, thus providing important information
if endoscopy is incomplete (due to tight strictures) or
contraindicated (severe active disease) (Table 8.1).

Table 8.1. Potential indications for bowel ultrasound in ulcer-
ative colitis

* Early evaluation of patients with suspected UC
* Evaluation of extension of UC
* Differential diagnosis in chronic inflammatory colitis
* Diagnosis of CD abdominal complications
* Toxic megacolon
* Massive pseudopolyposis
¢ Assessment of UC activity

¢ Prediction of UC recurrence

8.2
Clinical and Pathological Features

Ulcerative colitis is a chronic idiopathic inflamma-
tory disease of unknown origin. Depending on exten-
sion and activity, the presence and severity of leading
symptoms of the disease such as diarrhoea, rectal
blood loss, abdominal pain and fever can vary and
laboratory parameters of the acute phase response
(e.g., C-reactive protein, erythrocyte sedimentation
rate) may be normal or abnormal. These findings
usually depend on the severity and extent of colonic
involvement.

Ulcerative colitis involves the rectum and extends
proximally to all or different portions of the colon
(ulcerative proctitis, sigmoiditis, left-sided colitis or
pancolitis). Rectosigmoid involvement is present in
almost all patients at endoscopy, with approximately
40-50%of patientshavingdiseaselimitedtotherectum
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and rectosigmoid, 30-40% disease extending beyond
the sigmoid colon but not involving the entire colon,
and 20% total colitis. Mucosal inflammation of the
terminal ileum, the so-called backwash ileitis, is rare.
Proximal spread of the disease occurs in continuity,
without areas of uninvolved mucosa, and although
macroscopic activity may suggest skip areas, endo-
scopic biopsies from mucosa with a normal appear-
ance are usually abnormal.

Indeed, the mucosa may appear normal when dis-
ease is in remission, whereas with mild and moder-
ate inflammation it is erythematous and of granular
appearance. In more severe cases, the mucosa is ulcer-
ated and haemorrhagic (Fig.8.1). In long-standing
disease, the mucosa may appear atrophic and inflam-
matory polyps, or pseudopolyps, may be present as a
result of epithelial regeneration.

In UC, histological changes are limited to the
mucosa and superficial submucosa with deeper
layers being unaffected, except in fulminant colitis.
The major changes are distortion of crypt architec-
ture and basal plasma cells and basal lymphoid cell
infiltrate. Mucosal vascular congestion with oedema,
focal haemorrhage and inflammatory cell infiltration
may also be present (Fig. 8.2).

These histological changes, as well as endoscopic
features, correlate well with sonographic images.
However, since the disease is confined to the inner
layers of the colon, endoscopy alone may be sufficient
to detect and assess the extent and activity of the dis-
ease in UC, unlike in CD. In this context the role of
cross sectional imaging, US included, may be mar-
ginal although useful, in some instances, since it can
be repeated and is non-invasive.

Fig. 8.1a-c. Different endoscopic aspects of colon in ulcer-
ative colitis. a Inactive disease: presence of distorted mucosal
vascular pattern without ulcerations, friability or spontane-
ous bleeding. b Moderate disease: marked erythema, absent
vascular pattern, friability, coarse granularity with small
erosions. ¢ Severe disease: gross ulceration and spontaneous

bleeding
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Fig.8.2. Histological feature of ulcerative colitis.
Changes are limited to mucosa (muscularis muco-
sae is normal) and consist in distortion of crypt
architecture, vascular congestion of mucosa,
oedema, and basal inflammatory cell infiltrate

434408
19Hz

8.3
Ultrasonographic Features of Bowel Walls

The US features of UC reflect the pathological aspects
of the bowel wall. The main abnormalities of the
bowel wall include thickening, alterations of bowel
wall echo pattern, hyperaemia and loss of haustra
coli. Occasionally mesenteric hypertrophy and mes-
enteric nodes, or complications such as stenosis or
toxic megacolon, can be found.

US features of bowel wall, and particularly bowel
wall thickening, largely depend on the activity of the
disease. In active UC patients, US frequently reveals
thickened bowel walls, usually >4 mm (which is con-
sidered the limit of normal bowel wall in the ileum
and colon), frequently ranging from 5 to 7 mm, and
only rarely reaching 10 mm, in the most severe dis-
ease (WORLICEK et al. 1987; VALLETTE et al. 2001)
(Fig. 8.3).

However, as mentioned elsewhere in this volume,
the abnormal thickening of bowel walls at US (bowel

Fig. 8.3a-d. Ultrasonographic features
of bowel wall in a patient with ulcer-
ative colitis. Transverse (a) and lon-
gitudinal (b) sections of descending
colon in patient with left-sided active
ulcerative colitis. Thickened bowel
walls characterised by stratified echo
pattern and absence of haustra coli
(c) in the left colon. The presence of
haustra coli (arrows) in the transverse
colon (d) clearly define the extension
of the disease

88-89&
18H=z
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wall thickness >4 mm) is not specific since several
intestinal disorders, including UC, are character-
ised by US thickening of bowel walls. The degree of
thickness depends on disease activity, being greater
in active disease, and normal in the quiescent phases
(Fig. 8.4).

For this reason, sonographic diagnosis of UC
relies on different features of the bowel wall. In UC,
the thickness of the bowel wall is continuous, pre-
dominates in the left colon and is, therefore, usually
found in left iliaca fossa and in hypogastric regions
and extends throughout the entire colon in pancoli-
tis (Fig. 8.5). Loss of haustration is a frequent finding
in active and extensive disease. The thickness of the
bowel wall is circumferential and symmetrical.

Since inflammation involves the mucosa and the
superficial submucosa, the stratified echo pattern of
the bowel wall is usually preserved (Fig.8.5). How-
ever, in cases of acute inflammation, the thickening
involves the submucosa which may appear slightly
hypoechoic and dyshomogeneous, sometimes giving
the bowel wall the US appearance of pathological wall
thickening with loss of stratification and increased
bowel wall vascularity (Fig. 8.6).

The muscularis propria, which is imaged at US as
an external hypoechoic line is preserved; therefore,
external profiles of the bowel walls, in UC, are usually
linear and regular (Figs. 8.4 and 8.5).

Unlike Crohn’s disease, ulcerations are superficial
and, therefore, not usually revealed by US. No deep
or penetrating ulcers are present, except in severe UC
in which a pre-perforative laceration of the submu-
cosa is found. Therefore, in mild to moderate active
UG, the inner layers of the colonic wall are usually

Fig. 8.5. Frequent US feature of ulcerative colitis. Thickness
of bowel wall is continuous, symmetrical, regular and usually
found in the left iliaca fossa when it affects the left colon

regular. On the contrary, in severe active disease, the
inner layer may be regular or even irregular with fine
multiple hyperechoic spots, representing deep pen-
etrating ulcers, but within a severely thickened and
hypoechoic bowel wall (Fig. 8.7).

Since the colon returns, at endoscopy, to a normal
appearance after resolution of inflammation, also
US reveals a normal colonic wall. Indeed, after sev-
eral recurrences, in quiescent disease, as well as in
some cases with mild inflammation, the colonic wall
shows normal or only slight thickening with a pre-
dominant echogenic submucosa contrasting with the
hypoechoic inner mucosa and outer muscularis pro-
pria (Fig. 8.8).

Particular US findings may be observed in UC
patients with extensive pseudopolyposis (Fig.8.9).

Fig. 8.4a,b. Longitudinal ultrasonographic sections of descending colon in patients with active (a) and non-active (b) ulcerative
colitis. Note increased wall thickness and hypoechoic echo pattern in a patient with active disease and normal aspect of bowel
wall (arrows) in a patient with quiescent disease
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Pseudopolyps have been described as small echo-
genic nodules visible at the surface of the mucosa
or echogenic indentations into the fluid-filled intes-
tinal lumen. However, while a few isolated inflam-
matory polyps can be imaged only by hydrocolonic
sonography, extensive pseudopolyposis appears as
an increased and dyshomogeneous thickness of the
bowel wall (up to 15 mm) without the typical wall
stratification (at least in inactive UC), markedly irreg-
ular internal margins and/or as dilated incompress-
ible bowel with echogenic dyshomogeneous content

Fig. 8.6a,b. Ultrasonographic aspect of bowel wall in patient
with active ulcerative colitis. The thickening involves submu-
cosa which may appear slightly hypoechoic (a), with increased
bowel wall vascularity (b)

Fig. 8.7. Severe active ulcerative colitis showing severely thick-
ened and hypoechoic bowel walls, with irregular inner layer
due to fine multiple hyperechoic spots, representing deep pen-
etrating ulcers (arrows)

Fig. 8.8. Quiescent ulcerative colitis, showing colonic wall pre-
senting normal or slight thickening, with a predominant echo-
genic submucosa (asterisks) contrasting with the hypoechoic
inner mucosa and outer muscularis propria

[

Fig. 8.9a-c. Ultrasonographic (a,b) and endoscopic (c) findings in an ulcerative colitis patient with extensive pseudopolyposis.
Note dyshomogeneous thickness of distal descending colon at US without typical wall stratification. Bowel was also incompress-

ible with echogenic dyshomogeneous content (a)
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(Fig. 8.9). To obtain confirmation of the pseudopol-
ypoid nature of the intestinal content, colour-power
Doppler can be used to assess the blood flow within
the echogenic material.

8.4
Detection and Determination of Extension

The US diagnosis of UC relies upon the above-men-
tioned findings, but mainly upon visualisation of
bowel wall thickening greater than 4 mm.

So far, few studies have focused on the accuracy of
bowel US in diagnosing UC and in assessing the extent
of inflammation (ARIENTI et al. 1996; MACONT et al.
1999). When bowel wall thickness >4 mm was used
for abnormality in adults, the sensitivity of conven-
tional transabdominal US in detecting bowel inflam-
mation in UC showed a mean of 74% and a median
of 76% (range: 53-89%) (LIMBERG 1989; Pascu et al.
2004; HOLLERBACH et al. 1998; SCHWERK et al. 1992;
WORLICEK et al. 1987; HATA et al. 1994; PARENTE et
al. 2003; ASTEGIANO et al. 2001; SONNENBERG et al.
1982). As demonstrated by these authors, these results
are inferior to those observed in Crohn’s disease. The
lower accuracy of USin detecting UC may be explained
by the superficial mucosal involvement of the disease,
the less marked bowel wall thickening in UC and, in
particular, by the distal localisation of the disease.
In fact, inactive disease or UC characterised by mild
inflammation have, or may have, a normal bowel wall
thickening (<4 mm) and, therefore, can be missed by
US.However, the main problem in detecting UC is that
distal localisation of the disease is difficult to reveal by
US and, therefore, proctitis or diseases confined to the
rectum and distal part of the sigmoid colon cannot
usually be identified with this technique.

In fact, studies assessing the accuracy of bowel
US in evaluating the anatomical extension of the
inflammatory process, during disease flare-up, have
shown that the technique has a very high sensitiv-
ity in detecting left-sided colitis and a very low sen-
sitivity in identifying proctitis. In particular, in our
experience, the involvement of the rectum was the
most difficult location to identify by US, sensitivity
being only 15% (PARENTE et al. 2003). In contrast, UC
involvement of other colonic diseased segments can
be correctly detected in >70% of patients.

These findings suggest that bowel US may be a
valid alternative to invasive procedures in assess-

ing the extension of UC, provided that the disease is
active (e.g. bowel examination should be performed
only during flare-up of the disease) and not limited to
the rectum (e.g. bowel examination may be negative
in patients presenting without diarrhoea and only
with rectal bleeding).

8.5
Assessment of Disease Activity

Assessment of bowel wall features, namely the degree
of wall thickening in diseased segments and their echo
pattern, together with bowel wall and mesenteric vas-
cularity, can provide useful information to evaluate
the activity in UC. Unlike Crohn’s disease, where the
role of these US features in assessing disease activ-
ity are still controversial, in UC, most studies have
demonstrated a significant correlation between the
degree of bowel wall thickening, hypoechoic echo
pattern and increased mesenteric and bowel wall vas-
cularity, and active disease.

Indeed, several studies have shown that the degree
of bowel wall thickening correlates well with clinical
activity (WORLICEK et al. 1987; SCHWERK et al. 1992;
ARIENTI et al. 1996; MacoNI et al. 1999; RUESS et al.
2000; Bru et al. 2001; HABER et al. 2002), biochemi-
cal (namely C-reactive protein and erythrocyte sedi-
mentation rate values) (MACONT et al. 1999; RUESS et
al. 2000), endoscopic (MAcoNT et al. 1999; Bru et al.
2001) and scintigraphic (ARIENTI et al. 1996) activity
of UC. Indeed, other studies have shown that the loss
of bowel wall stratification (hypoechoic echo pattern)
(HaTA et al. 1994) and increased bowel wall vascular-
ity (HEYNE et al. 2002) strongly suggest the presence
of active UC. On the contrary, very few studies fail to
show any correlation between US features of bowel
wall (e.g. bowel wall thickening) and disease activity
in UC (MAYER et al. 2000).

Following these results, bowel US has been proved
useful to evaluate the response to medical treatment
in active UC (MAcCONI et al. 1999; ARIENTI et al. 1996)
and, in particular, to depict the absence of response
and predict the failure of treatment and future
relapses of the disease.

In this regard, mesenteric vascularity, unlike CD,
has been shown to be well correlated with disease
activity. Doppler sonography of the inferior mesen-
teric artery and superior mesenteric artery are closely
related to clinical and endoscopic activity in patients
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with UC.Indeed, several studies have shown that mean
velocity is significantly reduced, and pulsatility and
resistance indexes of these arteries are increased com-
pared to those in control subjects (Pascu et al. 2004;
KaranTzIs et al. 2002; S1GIRCI et al. 2001; LUDWIG et
al. 1999; MIrK et al. 1999; MAcoNI et al. 1996; BOLONDI
et al. 1992), thus suggesting their potential usefulness
in the evaluation of inflammation of the colon and to
document response to therapy.

8.6
Toxic Megacolon

The presence of toxic megacolon should be suspected
when, at US, marked decrease in thickness (< 2 mm)
of the colonic wall is found associated with dilata-
tion (> 6 cm) of the trasverse colon and presence
of increased fluid and dilatation of the ileal loops
(Fig. 8.10) (MaconI et al.2004). US plays a supportive

role in the event of clinical suspicion of this type of
complication. Despite the advantage of rapid diag-
nostic and therapeutic interventions, its role is mar-
ginal in comparison to the reference investigation of
plain abdominal radiography.

8.7

Differential Diagnosis Between
Ulcerative Colitis, Crohn’s Disease and
Other Inflammatory Diseases

Unfortunately, there are no specific US features of the
intestinal walls that can be usefully employed in the
differential diagnosis between UC and Crohn’s dis-
ease or other inflammatory bowel diseases. However,
the site and degree of bowel wall thickness and other
features of the bowel wall may be helpful in differen-
tiating between UC and CD (Table 8.2). Indeed, the
diagnosis of Crohn’s disease seems to be easier than

Fig.8.10a-c. Ultrasonographic (a,b) and radio-
graphic (c) findings in an ulcerative colitis patient
with toxic megacolon. Note the thin bowel wall
(arrows) without haustration (a) and dilated trans-
verse colon (b). Plain X-ray of the abdomen shows
the typical dilated transverse colon (c)
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Table 8.2. Main ultrasonographic features in differential diagnosis between ulcerative colitis

and Crohn’s disease

Ulcerative colitis Crohn’s disease

Bowel wall
« Thickness 5-7 mm
« Echo pattern Variable
« Vascularity Variable
- Contour Well defined
- Stiffness Absent
» Haustra coli Absent

« Peristalsis

Location and extension

- Site Recto-sigmoid and colon

- Bowel involvement Continuous
Extra-intestinal alterations

* Mesenteric hypertrophy Rare

* Enlarged lymph nodes Uncommon

» Fistulae and abscesses Rare

5-14 mm
Variable
Variable
Variable
Often present
Absent

Often weak or absent

Ileum (70%), colon (60%)

Often divided in segments

Common
Common

Common

that of UC due to specific features that are not usually
present in this disease: namely, abdominal complica-
tions (e.g. strictures and fistulae), skip areas, ileal
localisation, and deep ulcerations with transmural
involvement. The assessment of these signs may be
useful to differentiate chronic inflammatory bowel
diseases, in particular in patients who, for various
reasons (e.g. colonic stricture, lack of tolerance to
radiographic examinations, pregnancy) are not ame-
nable to adequate endoscopic or radiological evalua-
tion of the bowel. The US features of the colonic wall
may discriminate between UC and Crohn’s disease in
approximately 80% of cases, relying only on features
of the bowel walls (PERA et al. 1988; LIMBERG 1989;
LiMBERG and OSSWALD 1994).

The differential diagnosis is more difficult between
UC and acute inflammatory conditions such as infec-
tious colitis, diverticular sigmoiditis and ischaemic
lesions. Infectious colitis shows a similar echo pat-
tern to that of UC, although the more frequent right
localisation of infectious colitis may help in differen-
tiating these entities.

Diverticular sigmoiditis is different from UC since
the thickening is classically segmental and eccentric,
the bowel wall echo pattern is different and frequently
diverticula can be observed on the outer border of
the colon. The differential diagnosis between UC and

ischaemic colitis may be very difficult. Bowel wall
thickening and echo pattern may vary depending on
the extent of devascularisation and type of vascular
obstruction, and, in this context, study of mesenteric
circulation may be significant.
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9.1
Introduction

Coeliac disease (CD) is a chronic disorder in which
the small bowel mucosa of susceptible subjects is
damaged by dietary gluten. The aetiology of the
disease is unknown, but enviromental, genetic and
immunological factors all seem to contribute to its
development. Its prevalence is now known to be far
greater than previously reported, with an increasing
number of silent cases being diagnosed: according to
population-based studies of Caucasians using sero-
logical screening, it ranges from 0.2 to about 1%. The
incidence pattern of the disease is also changing, and
a larger number of cases are now diagnosed during
adulthood (FARRELL and KeELLY 2002; REWERS 2005).

Absorption is impaired to varying degrees, and
patients can experience gastrointestinal symptoms
and malabsorption leading to the development of
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diarrhoea, anaemia, osteoporosis or other complica-
tions; however, the clinical picture is highly variable,
and can range from pauci-symptomatic to severe
forms. The diagnosis is supported by the determi-
nation of endomysial (EmA) and transglutaminase
(tTG) antibodies, which is characterised by >85%
sensitivity and nearly 100% specificity, and con-
firmed by consistent histological duodenal findings
(RosToM et al. 2005). Overt disease is pathologically
characterised by a flattened small intestine mucosa,
with lymphocytic infiltrate, crypt hyperplasia and
villous atrophy (FARRELL and KELLY 2002).

Untreated CD is associated with significant mor-
bidity and increased mortality, largely related to the
development of enteropathy-associated T-cell lym-
phomas (EATL). Other less common complications
include refractory sprue, carcinomas of the orophar-
ynx, oesophagus and small bowel, and ulcerative
jejuno-ileitis and its collagenous variant (LOGAN et
al. 1989; HoLMEs et al. 1976; CAaTAssI et al. 2005).

Patients with gastrointestinal symptoms normally
first undergo abdominal ultrasonography (US), the
accuracy of which has been markedly improved by
the widespread availability of high-resolution trans-
ducers, and a number of US signs have proved to be
valuable in supporting or ruling out a diagnosis of
CD. In addition, several US studies have reported
impaired gallbladder and gastric motility in associa-
tion with gastrointestinal hormone abnormalities in
patients with untreated CD.

9.2
Abdominal Ultrasound in the Diagnosis of
Coeliac Disease

Different US signs have been reported in associa-
tion with CD in scattered case reports, a paediat-
ric series, and a retrospective case-control study of
adults (PEcK et al. 1997; RiccaABoNA and ROSSIPAL
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1993; RETTENBACHER et al. 1999; FRAQUELLI et al.
2004).

In a case series of 39 children with overt malab-
sorption and a definite, histology-based CD diagnosis
(Table 9.1), RiccaBoNA and RossipaL (1993) found
that 36 (92%) had an “abnormal-looking” small intes-
tine, 32 (82%) showed increased peristalsis, and 30
(76%) the presence of free abdominal fluid. Interest-
ingly, half of the cases also presented pericardial effu-
sion. On the basis of these findings, the authors con-
cluded that, although intestinal biopsy remains the
reference standard for diagnosing CD, an awareness
of CD-associated US abnormalities can accelerate the
diagnostic work-up and allow the earlier introduc-
tion of a gluten-free diet (GFD) (RiccaBoNa and
RoOSSIPAL 1993).

In a case-control study of 11 adults with histologi-
cally proven CD and 20 healthy subjects (Table 9.2),
RETTENBACHER et al. (1999) found that the controls
were negative, whereas the cases showed an increase
in intraluminal fluid content, the presence of moder-
ate small bowel dilatation, increased peristalsis and
moderate bowel wall thickness. Further extra-intes-
tinal signs, such as mesenteric lymph node enlarge-
ment, free abdominal fluid, a dilated superior mesen-
teric artery or portal vein, and hepatic steatosis, were
also identified with overall frequencies of 52-84%
(RETTENBACHER et al. 1999).

A recent prospective study (FRAQUELLI et al. 2004)
evaluated the diagnostic accuracy of various US
signs in predicting CD in a cohort of 162 consecu-
tive patients examined because of chronic diarrhoea,
iron-deficiency anaemia and dyspepsia (all frequent
manifestations of CD):a population with a pre-test CD
probability of about 10%, as estimated from previous
series (HIN et al. 1999). All of the patients underwent
anti-endomysial IgA antibody determinations and a
duodenal biopsy. Two operators unaware of the clini-
cal, serological and histological findings evaluated six
US signs: the increased transverse diameter of small
bowel loops containing increased fluid (Fig.9.1a,b),
increased small bowel wall thickness with hyper-
trophic valvulae conniventes (Fig.9.1c), the pattern
of peristalsis, the presence of free abdominal fluid
within the abdominal cavity (Fig.9.2a,b), and the
enlarged mesenteric lymph nodes (Fig. 9.3) as well as
the enlarged fasting gallbladder volume (Fig. 9.4).

Twelve patients (7%) were diagnosed as having
CD on the basis of EmA positivity and histological
duodenal findings consistent with Marsh grade-III
(11 cases) or IV (1 case). Of the 150 EmA-negative
cases, all of whom had normal duodenal histology,

Table 9.1. Ultrasound findings in a series of 39 paediatric
patients with histologically proven coeliac disease (From
RiccaBoNA and RossipAL 1993)
Ultrasonographic findings No. of patients with a
positive sign

Abnormal aspect of the small 36

intestine

Increased peristalsis 32
Abdominal fluid 30
Pericardial effusion 18

Table 9.2. Ultrasound findings in a series of 11 adult
patients with histologically proven coeliac disease (From
RETTENBACHER et al. 1999)
Ultrasonographic findings No. of patients with a
positive sign

Moderate small bowel dilatation 8
Increased intraluminal fluid 11
content

Small bowel wall thickness 7
Increased peristalsis 8
Mesenteric lymph node hyper- 9
trophy

Free abdominal fluid 5
Dilated superior mesenteric 7

artery or portal vein

Hepatic stenosis 6

72 (48%) were eventually diagnosed as having func-
tional disease, and 78 (52%) as having organic dis-
ease, including nine showing ileal involvement (six
with Crohn’s disease and three with final diagnoses of
giardiasis and common variable immunodeficiency,
primary lymphangiectasia, and ileal carcinoid).
Interestingly, the US pattern in the patients with ileal
Crohn’s disease, showing a localised and marked
bowel wall thickening, was completely different from
that observed in CD patients. The details concerning
the diagnostic accuracy of the six US signs are shown
in Table 9.3.

Interestingly, the positive likelihood ratios (LR+)
of >10 observed for increased gallbladder volume,
free abdominal fluid and enlarged mesenteric lymph
nodes allowed a confirmatory strategy, whereas the
negative likelihood ratios (LR-) of 0.1 observed for
dilated small bowel loops and increased peristal-
sis supported an exclusion strategy (SACKETT and
HAYNES 2002).
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Fig.9.1.a,b Dilated small bowel loops with anechoic liquid content in coeliac disease. ¢ Moderately dilated small bowel loops with hyper-

trophic valvulae conniventes (arrow) in coeliac disease

Fig.9.2a,b. Ultrasound images show a small amount of anechoic free fluid (f) within the abdominal cavity in
coeliac disease. Free fluid (white arrow), bowel loop (black arrow)

The k values (i.e. the percentage agreement
between US sign and duodenal histologic findings)
ranged from 0.76 for increased peristalsis to 0.95 for
dilated small bowel loops, and were consistent with
the good inter-observer agreement in evaluating the
US signs. It is interesting to note that a strict GFD led
to EmA negativity and the complete reversal of the
US abnormalities after 1 year.

Overall, increased gallbladder volume, abdominal
free fluid and mesenteric lymph node enlargement
reliably and accurately predict CD,whereas the lack of
intestinal dilatation and increased peristalsis makes
it possible to rule out the diagnosis. The specificity of
US was 99% in the presence of all six signs, with an
obvious decrease in sensitivity (33%); moreover, an
LR+ value of 50 allowed a confirmatory strategy and
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Fig.9.3. Enlarged mesenteric lymph node in coeliac
disease

Fig. 9.4. Enlarged gallbladder in coeliac disease

Table 9.3. Sensitivity, specificity, positive and negative likelihood ratio (LR+ and LR-), and positive and negative predictive
value (PPV, NPV) of six ultrasound signs in predicting coeliac disease. The corresponding 95% confidence intervals are given

in parentheses

Ultrasound parameters Sensitivity Specificity LR+ LR- PPV NPV

(%) (%) (%) (%)
Increased gallbladder volume 73 (46-99) 96 (92-99) 17.0 (7.3-41.0)  0.28 (0.1-0.7) 57 (31-83) 98 (95-100)
(reference value: <20 ml)
Dilated small bowel loops + 92 (76-100) 77 (70-84) 4.0 (2.8-5.5) 0.10 (0.1-0.7) 24 (11-36) 99 (97-100)
increased fluid content
(reference value: <2.5 cm)
Thickened small bowel wall 75 (50-99) 91 (86-95) 8.0 (4.4-14.5) 0.27 (0.1-0.7) 39 (19-59) 98 (95-100)
(reference value: <3mm)
Increased peristalsis 83 (62-100) 87 (82-92) 6.6 (4.0-10.7) 0.10 (0.05-0.7) 34 (17-51) 98 (96-100)
Free abdominal fluid 50 (22-78) 96 (93-99) 12.5 (4.7-33) 0.52 (0.3-0.9) 50 (22-78) 96 (92-99)
Enlarged mesenteric lymph 42 (14-69) 97 (95-99)  15.6 (6.8-50.6) 0.59 (0.4-0.9) 55 (23-88) 95 (92-99)

nodes
(reference value: =5 mm)

a predictive positive value (PPV) of 80%. Conversely,
in the presence of at least one US sign, sensitivity was
92% with an LR- value of 0.10 and an NPV of 99%, a
diagnostic performance that was comparable to that
of dilated small bowel loops.

The above findings support the role of US in pre-
dicting CD; however, its role in a diagnostic algorithm
should be varied on the basis of the probability of the
disease in a given population.

9.2.1
Rare Manifestations of Coeliac Disease

Other less common manifestations of CD that can be
revealed by abdominal US are the presence of mes-
enteric lymph node cavitation and transient small
bowel intussusception.

The cavitation of mesenteric lymph nodes is a
rare complication of CD the pathogenesis which




Coeliac Disease

is remains to be clarified. It has been described as
being revealed by US or computed tomography (CT)
in a few cases, and was sometimes associated with
hyposplenism (BURRELL et al. 1994; BAHLOULI et al.
1998; BARDELLA et al. 1999; REDDY et al. 2002).
Transient small bowel intussusception is a rare
event that has been described in case reports of both
paediatric and adult patients, in some of whom it
was demonstrated by US (CoHEN and LINTOTT 1978;
GONZALES et al. 1998; MUSHRAQ et al. 1999).

9.3
Splanchnic Circulation in Coeliac Disease

Basal and post-prandial splanchnic blood flow (i.e.,
in the superior mesenteric artery and portal vein)
has been evaluated in CD patients by means of Dop-
pler US. Under fasting conditions, increased supe-
rior mesenteric artery velocity and flow with a lower
resistance index, and greater portal vein velocity and
flow have been uniformly observed in comparison
with controls (ARIENTI et al. 1996; ALIOTTA et al.
1997; GIOVAGNORIO et al. 1998; MAGALOTTI et al.
2003).

Interestingly, in addition, in the post-prandial
phase all of these parameters vary significantly less
than in healthy subjects.

Once again, the use of a long-term GFD reverses all
of these abnormalities.

9.4
Role of Ultrasonography in Diagnosing the
Complications of Coeliac Disease

9.4.1
Intestinal Lymphoma and
Small Bowel Adenocarcinoma

Enteropathy-associated, T-cell non-Hodgkin’s lym-
phoma (EATL-NHL), the annual incidence of which
is 0.5-1 per million people, is confined to patients
with previously or concomitantly diagnosed CD and
also complicates the refractory form of the enteropa-
thy (SwiNsoN et al. 1983). An increased risk of small
bowel adenocarcinoma (an exceedingly rare malig-
nancy with an annual incidence of 0.6-0.7 per 100,000
of the general population) has also been reported.
The typical US pattern is similar in the presence of
both of these neoplasms, with evidence of the “bull’s
eye”,“target” or “pseudokidney”sign related to eccen-
tric and localised bowel wall thickening (Fig. 9.5).
Under the above-mentioned conditions, US is
useful in locating and staging the disease, and also
allows the detailed characterisation of adjacent or

Fig.9.5a,b. Ultrasound images show a target lesion in the small bowel due to the presence enteropathy-associated,
T-cell non-Hodgkin’s lymphoma
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distant lymph nodes and, when indicated, their sam-
pling for histological purposes; however, US should
not generally be considered the reference technique
in diagnosing an intestinal lymphoma superimposed
on CD because of its poor sensitivity even when per-
formed by well-trained operators. It should therefore
be considered an ancillary technique to endoscopy in
identifying and staging EATL in CD patients.

9.5
Gallbladder Motility and Gastric Emptying
in Coeliac Disease: Ultrasonographic Studies

Impaired gallbladder (GB), stomach and small
bowel motility have been reported in patients with
untreated CD, and attributed to the impaired secre-
tion of enteric hormones or decreased sensitivity
to them (BRowN et al. 1987; BARDELLA et al. 2000;
FRAQUELLI et al. 1999; Turs1 2004).

As shown in Table 9.4, a number of studies of
untreated CD patients have reported a reduction in
absolute and net GB emptying in response to vari-
ous stimuli, which could be attributed mainly to
reduced cholecystokinin (CCK) secretion by the spe-
cialised cells located in the upper tract of the duode-
num (Low-BEER et al. 1975; DELAMARRE et al. 1984;
MATON et al. 1985; MASCLEE et al. 1991; BROWN et al.
1987; FRAQUELLI et al. 1999).

Some authors have reported decreased post-pran-
dial CCK levels in untreated CD patients despite a
concomitant increase in the number of CCK-secret-
ing duodenal cells, which are not adequately stimu-
lated to release the hormone because of the impaired
lipolysis of exogenous fat (Low-BEER et al. 1975;
MATON et al. 1985; MASCLEE et al. 1991; HOPMAN et
al. 1995; FRAQUELLI et al. 2003). The resulting gall-

bladder inertia also contributes to impairing small
bowel transit time and the enterohepatic circulation
of bile salts.

In addition, somatostatin (SS) secretion is also
altered in CD patients at diagnosis, and fasting SS
levels are significantly higher than in controls. This
could be due to an increased number of SS-secret-
ing cells accounting for increased basal gallblad-
der volume, as a correlation between SS levels and
gallbladder size under fasting conditions has been
clearly confirmed in patients with somatostatinomas
and those treated with SS or SS analogues.

Gallbladder ultrasonography is reliable to estimate
volume in fasting state and in response to test meal
or exogenous stimulus. Figure 9.6 shows a simple and
reliable method, the ellipsoid one (DopDs et al. 1985),
to determine GB volume by measuring the longitu-
dinal (a), transverse (b) and anteroposterior (c) GB
diameters, applying the following formula:

GB volume = 1/6 © (a x b X ¢).

Fig.9.6. The gallbladder (GB). The lines represent the longitu-
dinal, transverse and anteroposterior GB diameters which are
used to calculate GB volume using the ellipsoid formula

Table 9.4. Main data from studies evaluating gallbladder (GB) motility in coeliac disease patients

Reference No. of Technique

patients

Type of stimulus

Post-prandial
GB motility

Low-BEER et al. (1975) 18 Scintigraphy CCK analogue {
BROWN et al. (1987) 8 Scintigraphy CCK analogue {
FRAQUELLI et al. (1999) 10 Us Liquid 4
MATON et al. (1985) 8 UsS Liquid d
DELAMARRE et al. (1984) 4 UsS Solid d

CCK cholecystokinin
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Untreated CD patients also have increased serum
levels of neurotensin (NT), a hormone, the physi-
ological post-prandial increase of which, is a reliable
index of nutrient delivery to the ileum,and which may
impair GB motility directly and indirectly by delay-
ing gastric emptying. Interestingly, the abnormalities
in GI hormone release and their effects on GB, gastric
and small bowel motility completely revert after suc-
cessful treatment with a GFD.

Various scintigraphic and US studies have assessed
gastric emptying in patients with untreated CD, and
the results of most of them are consistent with a
marked delay in gastric emptying that returned to
normal after gluten withdrawal (BENINT et al. 2001;
BARDELLA et al. 2000).
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10.1
Primary Intestinal Lymphangiectasia

Primary intestinal lymphangiectasia is a rare disor-
der characterised by a protein-losing gastroentero-
pathy leading to secondary hypoproteinaemia due
to lymphatic vessel obstruction and the loss of lym-
phatic fluid in the gastrointestinal tract. It is believed
to be a congenital disorder, although the time of its
clinical onset can vary widely.

Clinically,the most relevant symptoms are oedema,
diarrhoea and lymphocytopenia due to both lym-
phatic leakage and rupture. The small bowel biopsy
finding of numerous dilated lymphatic vessels con-
sistent with diffuse or focal lymphangiectasia defi-
nitely support the diagnosis.

M. FRAQUELLI, MD, PhD

Department of Gastroenterology and Endocrinology, IRCCS
Fondazione Ospedale Maggiore, Mangiagalli e Regina Elena,
Pad. Granelli 3 piano, Via F. Sforza 35, 20122 Milano, Italy

A strict dietary regimen including only medium-
chain triglycerides (MCT) is recommended as the
initial treatment. It has been reported that tissue
fibrinolytic activity in the mucosa of intestinal
lymphangiectasia is increased, and there are some
reports indicating that antiplasmin therapy can dra-
matically reduce protein loss by inhibiting lymphatic
permeability; some authors have recently observed
that octreotide, a somatostatin analogue, may play a
therapeutic role.

There are only a few published case reports
concerning the ultrasonography (US) findings
observed in association with primary intestinal
lymphangiectasia. Although diagnosis still relies on
intestinal histology, the US picture is fairly indica-
tive of the disease, especially in patients with pro-
tein-losing enteropathy. In the first study of three
paediatric patients, DORNE and JEQUIER (1986)
most frequently observed ascites, diffuse bowel wall
thickening, mesenteric oedema, dilated mesenteric
lymphatic vessels, and thickening of the gallbladder
and urine bladder wall.

In 1998, MAcoNI et al. described the case of a 20-
year-old female patient with histologically proven
primary intestinal lymphangiectasia present-
ing with protein-losing enteropathy and right leg
lymphoedema. The US findings showed dilatation of
the intestinal loops with regular and diffuse thick-
ening of the bowel wall, plical hypertrophy and con-
siderable mesenteric oedema (MACONTI et al. 1998).
Similar findings were also reported by LoRETI et al.
(2003) in a 26-year-old female presenting with pro-
tein-losing enteropathy, lymphedema, severe steat-
orrhoea and malabsorption.

Frequent US findings of primary intestinal lym-
phangiectasia are a markedly dilated small intestinal
loop with increased (mixed but mainly echogenic)
fluid content (Fig. 10.1), and small bowel tract with
regular and diffuse bowel wall thickening and mes-
enteric oedema (Fig. 10.2).
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Fig.10.2. US image showing a dilated small bowel loop with
a thickened bowel wall with plical hypertrophy (arrow), and
mesenteric oedema

Fig. 10.1a,b. US images showing dilated small bowel loops (a) with
increased mixed, mainly echogenic intraluminal fluid content and
(b) diffuse bowel wall thickening (asterisk) with ascites (A)

10.2
Whipple’s Disease

Whipple’s disease is a chronic disorder character-
ised by diarrhea, weight loss, arthralgias, and cardiac
and neurological involvement. It is caused by a small
gram-positive bacillus, Tropheryma whippelii, a low-
virulence but highly infectious actinobacterium. The
onset can be very insidious and is characterised by
GI symptoms such as diarrhoea, steatorrhoea and
abdominal pain, associated with migratory large
joint arthropathy, fever, and ophthalmological and
neurological manifestations (Bar et al. 2004).
Whipple’s disease occurs most frequently in
middle-aged Caucasian men. Its diagnosis is sug-
gested by the clinical findings, and confirmed by
tissue sampling from the small intestine and/or
other involved organs (lymph nodes, liver, central
nervous system, etc.). The presence of PAS-positive
(periodic acid Schiff stain) macrophages containing
small bacilli definitely support the diagnosis. The
treatment is based on a prolonged antibiotic course,
with the first-choice regimen being 1 year of trim-
ethoprim/sulphamethoxazole, and the second choice
chloramphenicol. PAS-positive bacilli can persist
after successful treatment, and their presence outside
macrophages is indicative of persistent infection. The
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recurrence of the disease, especially with dementia,
carries an extremely poor prognosis and, in this case,
the use of antibiotics crossing the blood-brain bar-
rier can be very useful.

A number of reports of individual cases and a
few case series have described the US abdominal
findings, which can suggest the presence of the dis-
ease even if they are not very specific (ALBANO et
al. 1984; BRUGGEMANN et al. 1992; CARROCCIO et al.
1996; CASTAGNONE et al. 1991). In particular, most
of these studies have identified a moderately dilated
and thickened small bowel wall, with the disappear-
ance of normal bowel wall stratification and bril-
liant, hyperechoic luminal contents mixed with a
few hypoechogenic parts (Fig.10.3), as well as an
unusual, distinctive and diffusely echogenic ret-
roperitoneal lymphadenopathy (Davis and PATEL
1990), sometimes with concomitant free abdominal
fluid. It is interesting to note that the US abnormali-
ties revert with appropriate long-term antibiotic
therapy.

10.3
Ultrasonography in the Diagnosis and
Follow-Up of Eosinophilic Enteritis

Eosinophilic gastroenteritis is an uncommon con-
dition of unknown aetiology, although it is generally
believed to be due to intestinal allergy. Its clinical
manifestations can be very heterogeneous, and the
disease may mimic peptic ulcer, subacute (or chronic)
intestinal obstruction, gastroenteritis, irritable bowel
syndrome, or inflammatory bowel disease.

It is characterised by a selective eosinophilic infil-
tration of the stomach and/or small intestine. Pri-
mary eosinophilic gastroenteritis includes multiple
disease entities depending on the level of histological
involvement, and may be mucosal, muscular or sero-
sal (LEE et al. 1993).

The mucosal form (the most common variant)
is characterised by vomiting, abdominal pain, diar-
rhoea, blood loss, iron deficiency anaemia, malab-
sorption,and protein-losing enteropathy. The muscu-
lar form is characterised by eosinophilic infiltration
in the muscular layer leading to a thickening of the
bowel wall that may cause bowel obstruction. The
serological form occurs in only a minority of cases,
and is characterised by exudative ascites and a higher
peripheral eosinophil count than that associated with

Fig. 10.3.US image showing dilated and thickened small bowel
loops with the disappearance of normal bowel wall stratifica-
tion and brilliant, hyperechoic luminal contents

the other forms (TALLEY et al. 1990; LEE et al. 1993;
ROTHENBERG 2004).

Diagnosis is often difficult, and most cases are
only diagnosed after a surgical procedure and his-
tological sampling. The withdrawal of the food the
involvement of which is suggested by means of skin
prick testing (or RASTs: radio-allergo-sorbent test)
has variable effects. The treatment of choice is the
administration of anti-inflammatory drugs, such as
systemic or topical steroids. In severe cases, when
dietary restriction fails, intravenous feeding or
immunosuppressive antimetabolite therapy (aza-
thioprine or 6-mercaptopurine) should be consid-
ered (TALLEY et al. 1990).

The most frequently reported US finding is a
moderate thickening of the part of the gastrointes-
tinal wall running from the stomach to the terminal
ileum. Normal bowel wall stratification is lost,and the
wall is hyperechoic with hypertrophic valvulae con-
niventes; the contents of the lumen may be anechoic
(completely liquid) or slightly brilliant (in the case
of a corpusculate content) (Fig.10.4). (BULJEVAC et
al. 2005). Abundant ascitic fluid is sometimes present,
and should be sampled as it may reveal a diagnostic
increase in the proportion of eosinophilic cells.

The pancreas is sometimes swollen, and the mes-
enteric lymph nodes (Fig.10.5) may be enlarged.
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Fig.10.4a,b. US images showing moderately dilated small bowel loops with a slightly thickened bowel wall

and increased, prevalently anechoic intraluminal contents

Fig.10.5. US image showing some mesenteric lymph nodes

slightly enlarged

Similar US findings have been reported also in a case
of eosinophilic enteritis presenting as acute abdo-
men (SEELEN et al. 1992).

BULJEVAC et al. (2005) have recently published a
case report concerning an 18-year-old patient with
the serosal form of the disease. Basal US visualised
nodular peritoneal deposits associated with ascites,
whose cytological sampling revealed the presence of
numerous eosinophils. After 2 weeks of corticoste-
roid treatment, the clinical, laboratory and US find-
ings normalised (BULJEVAC et al. 2005).
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Clinical Features

Bacterial infectious enteritis is one of the most fre-
quent causes of morbidity worldwide. Major causes
are Salmonellosis, Shigellosis and infections due to
Yersina enterocolitis, Yersinia paratuberculosis and
Campylobacter jejuni. In otherwise healthy adults,
infections due to these agents are frequently of short
course and self-limiting. However, morbidity and
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mortality due to these infections are highest among
the elderly, infants and children, as well as immuno-
compromised individuals.

Enteric infections result in gastroenteritis occur-
ring 6-48 h after ingestion of contaminated food or
water. The most common symptoms are diarrhoea,
fever, nausea and vomiting, as well as abdominal
pain. Abdominal pain usually consists of cramp-
ing and may be, in most cases, the most promi-
nent symptom. It may be generalised but, in some
instances, may be localised and cause a syndrome or
disorder that mimics appendicitis or inflammatory
bowel disease.

Indeed, symptoms of pathogen-specific enteritis
are not sufficiently unusual to distinguish a disorder
form those due to Salmonella, Shigella, Campylo-
bacter or Yersinia or other pathogens. The combina-
tion of fever and faecal leukocytes or erythrocytes is
indicative of inflammatory diarrhoea, but the definite
diagnosis is based on culture or demonstration of
specific organisms on stained faecal smears.

For this reason, the importance of radiographic
and sonographic imaging in the diagnosis of infec-
tious enteritis is limited. However, since ultrasound
is a rapid, simple, cheap and non-invasive diag-
nostic tool, it may be usefully employed, in some
instances, to discriminate between self-limiting
infectious conditions and severe enterocolitic syn-
dromes, such as inflammatory bowel diseases or
appendicitis and their complications, or other con-
ditions requiring surgery or specific medical treat-
ment. Therefore, in individuals presenting with
abdominal pain, diarrhoea and fever, or patients
with acute or atypical symptoms and infants, as
well as immunocompromised and elderly patients
where a differential diagnosis between bacterial
infectious enteritis and other acute abdominal con-
ditions is mandatory, ultrasound can be usefully
employed to avoid unnecessary laparotomy or, on
the other hand, to avoid delay of surgery or specific
therapy (Fig. 11.1) (PUYLAERT 1994; TARANTINO et
al. 2003).
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High fever

Systemic illness

Tenesmus

Bloody diarrhoea
Prolonged course >2 weeks
Dehydration

No Yes

A\

I Consider:

- Non-infectious causes

| Oral fluids

Presumptive antimicrobial therapy
Hospitalisation

Symptomatic therapy:

Oral fluid, if necessary
No cultures or studies

—| Intestinal ultrasound?

No antimicrobial drugs v

Obtain faecal specimen

Fig.11.1. Algorithm in patients presenting with suspicious infectious gastroenteritis

11.2
Infectious Enteritis and Colitis

11.21
Salmonellosis

Gastroenteritis infection with non-typhoidal salmo-
nella often results in gastroenteritis indistinguish-
able from that caused by other bacterial or viral
pathogens. It is usually self-limited, and fever and
diarrhoea resolve within 3 and 7 days, respectively.In
a minority of patients (<5%), particularly neonates,
infants, elderly and immunocompromised patients,
carriage of the pathogen and/or a bacteraemia is
prolonged with endovascular or localised (intra-
abdominal, central nervous system, pulmonary)
infections.

Sonographic features of Salmonella enterocolitis
have been described both in children and in adults.
The first report described ileocaecal wall thickening
and lymph node enlargement in a single case report
of a patient with typhoid fever (PUYLAERT 1989). In
a series of 27 patients, a concentric thickening (up to
7 mm; range 5-11 mm) of the left side of the colonic
wall was observed in 81% of cases and in individual
cases enlarged mesenteric lymph nodes and ascites
were seen (MATHIS and METZLER 1992). In a large
series of adult patients with typhoid fever, wall thick-

ening of the ileum (Fig.11.2a) and/or ascending
colon was reported in 36% and mesenteric lymph
node enlargement (Fig.11.2 b) in 56% of patients
(TARANTINO et al. 1997).

In a more recent study carried out in children,
increased colonic wall thickening has been observed
in up to 40% of cases. The mean thickness was
6.2 mm, resulting predominantly from a gross sub-
mucosa oedema. Peristalsis has been described as
either increased or attenuated. Ascites has been
observed in 60% of patients and enlarged mesenteric
lymph nodes in less than 10% of patients (UEDA et
al. 1999). In children, the sonographic detection of
ascites and the increased colonic wall thickening
correlated well with serum levels of C-reactive pro-
tein and stool occult blood and, therefore, these may
be useful signs by which to determine the severity
of Salmonella enterocolitis. However, whether they
also represent a significant prognostic factor is still
unknown. In this regard, the persistence of positive
stool culture 3 months after infection may result in
the persistence of slight bowel wall thickening and
in enlarged intra-abdominal lymph nodes (Fig. 11.3).
Sonographic detection of ascites or intra-abdominal
fluid in children with infectious enteritis can distin-
guish Salmonella enteritis from colitis due to Rota-
virus. In fact, ascites is usually absent in Rotavirus
colitis (UEDA et al. 1999; Bass et al. 2004).
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Fig. 11.2a-c. Sonographic features of gastroenteritis
infection with non-typhoidal salmonella in a 16-
year-old female. Ultrasound showed marked wall
thickening of ileum (a,c) and caecum, confined
to mucosa (m) and submucosa (sm) and multiple
enlarged mesenteric lymph nodes (I) distributed in
“rosary-like” appearance (b). Ascites was also pres-
ent
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Fig. 11.3a,b. Presence of (a) slight
bowel wall thickening (arrows) and (b)
enlarged intra-abdominal lymph nodes
() in a 10-year-old patient with persis-
tence of positive stool culture 3 months
after infection with Salmonella
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11.2.2
Shigellosis

Shigellosis is the main bacterial cause of dysentery
and should be taken into consideration in patients
presenting with bloody diarrhoea. It is an acute bacte-
rial infection caused by Shigella species (S. dysenterie,
S. flexneri, S. sonnei) usually involving the distal colon
and progressively decreasing in the more proximal
segments of the large bowel. Sporadic case reports
have depicted the sonographic features of Shigellosis.
A diffuse wall thickening (8 mm) with distinct layer
stratification in the descending and sigmoid colon in
an 81-year-old female was observed, ruling out the
presence of ischaemic colitis on the basis of clinical
history and sonographic findings (FujI et al. 2001).

11.3
Infectious Bacterial lleocecitis

Infectious ileocecitis is an infection of the terminal
ileum and caecum that is caused by Yersinia entero-
colitica, Campylobacter jejuni or Salmonella enter-
itidis. The clinical features of infectious ileocecitis
are very similar to those commonly found in acute
appendicitis, with localized pain in the right lower
quadrant being the main symptom, whereas diar-
rhoea is absent or mild. Local tenderness may be less
prominent and acute phase reactants more elevated
than in appendicitis. Due to these symptoms, infec-

tious ileocecitis may lead to unnecessary laparotomy
for suspected appendicitis.

At laparotomy, the appendix is normal, whereas
the wall of the ileum and caecum is thickened and
surrounded by enlarged mesenteric lymph nodes.
However, these findings may be subtle and under-
estimated at laparotomy. Stool cultures are rarely
requested since diarrhoea is absent and, therefore,
the diagnosis is rarely made.

It has been widely shown that ultrasound may
reveal a high incidence of infectious ileocecitis in
patients with acute right lower quadrant pain suspi-
cious for appendicitis (PUYLAERT et al. 1988, 1989,
1997; TARANTINO et al. 2003). Sonography may also
reveal the features of the bowel wall useful in the
differential diagnosis between infectious ileocolitis,
Crohn’s disease and appendicitis (Table 11.1).

According to PUYLAERT et al. (1997) the sono-
graphic involvement of the terminal ileum, caecum,
ascending colon and mesenteric lymph nodes in
infectious ileocecitis caused by different micro-
organisms may be different, thus suggesting a pos-
sible aetiological diagnosis.

The sonographic features of infectious enterocoli-
tis are characteristic, consisting of thickening of the
mucosa and (less frequently) submucosa of the ileum,
caecum and ascending colon together with enlarged
regional mesenteric lymph nodes (Fig. 11.4). Usually,
the thickened ileo-caecal valve can be seen in these
cases (Fig. 11.5). The appendix is normal.

In the differential diagnosis between infectious
ileocecitis and Crohn’s disease, the latter is character-
ized by transmural inflammation and intestinal com-

Table 11.1. Main differences in sonographic features of infectious ileocecitis caused by Yersinia, Campylobacter or Salmonella,

Crohn’s disease and appendicitis

Infectious ileocecitis

Bowel Wall Thickening

layers
Echo Pattern Preserved
Compressibility of ileum Preserved

Mesenteric hypertrophy Sometimes present

Haustration of right colon Preserved

Appendix Normal

Regional lymph nodes Moderately to grossly enlarged
Abscess Absent

Fistula Absent

Pre-stenotic dilatation Absent

Mild and confined to superficial

Crohn’s disease Appendicitis
Moderate and involving all Absent or Mild
layers (ileum)

Preserved, altered or loss Preserved (ileum)

Usually not preserved Preserved
Often present Often present
Often lost (in diseased tract) Preserved
Normal or enlarged Enlarged
Often present Often present
Often present Sometimes present
Absent

Absent

Often present
Often present
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Fig. 11.4a-c. Infectious ileocecitis in a 20-year-old male with
clinical signs of appendicitis. a Ultrasound showed marked
wall thickening of ileum confined to mucosa and submucosa.
b Marked thickening of the caecal wall mainly confined to
submucosa (sm). ¢ Wall thickening of the ascending colon
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Fig. 11.5a,b. Sagittal view of caecum, ileocaecal valve and ascending colon (a), and axial view of the ileum ileocaecal valve and
caecum (b) are the most typical US features of infectious ileocecitis
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plications. Therefore, the bowel wall is usually thicker
than in infectious ileocecitis, and may be non-com-
pressible with transmural inflammation involving
the muscularis layer and resulting in disappearance
of the normal stratified echo pattern. The thickened
bowel wall may be surrounded by mesenteric hyper-
trophy and complications such as abscess or fistula
and prestenotic dilatation can be found. None of
these features are present in infectious ileocecitis.
Nevertheless, when sonographic features suggest the
presence of an inflammatory/infectious ileocecitis,
bacteriological tests are mandatory to differentiate
between Crohn’s disease and infectious ileocecitis.

1.4
Neutropenic Enterocolitis

Neutropenic enterocolitis is a life-threatening com-
plication in neutropenic patients with acute leukae-
mia undergoing aggressive myelosuppressive chemo-
therapy (GORSCHLUTER et al. 2001), the incidence
varying between 1.8% and 32.5% (highest frequency
in children) with a mortality of at least 50% (WADE
et al. 1992; GORSCHLUTER et al. 2001).

It is difficult to differentiate between infectious
and non-infectious causes of abdominal symptoms
in these patients. In fact, symptoms suggesting an

abdominal infection, such as diarrhoea, abdominal
pain, nausea and vomiting may also be caused by
intestinal mucositis or other toxic effects of chemo-
therapy. The diagnosis of abdominal infections is
usually based on a combination of clinical findings
(fever,abdominal pain, diarrhoea) and abnormalities
in imaging studies. Bowel wall thickening reflects the
pathology of neutropenic enterocolitis characterized
by marked mucosal and submucosal oedema and
occasionally haemorrhage (Fig.11.6) (CARTONI et
al. 2001; GORSCHLUTER et al. 2002). Therefore, it has
been proposed as the main criterion to establish the
diagnosis of neutropenic enterocolitis (PICARDI et al.
1999) and it has been demonstrated that the degree
of thickening is a valuable prognostic factor that
adversely affects the outcome (CARTONI et al. 2001).

The sonographic detection of increased colonic wall
thickening (>4 mm) 2-4 days after the end of inten-
sive chemotherapy, in neutropenic (neutrophils below
0.5 x 10°/1) patients with a clinical syndrome charac-
terized by fever, diarrhoea and abdominal pain con-
firms the clinical diagnosis of infectious neutropenic
enterocolitis and should not be considered as a sign of
chemotherapy-induced mucositis. These patients have
a higher mortality rate than patients not presenting
colonic wall thickening and require, particularly those
with a thicker bowel wall (>10 mm), intensive sup-
portive treatment consisting of bowel rest with total
parenteral nutrition and antibiotic and antimycotic
therapy, as they have a very poor prognosis.

et O

Fig. 11.6a,b. Transverse (a) and axial (b) views of ascending colon wall thickening, reflecting neutropenic enterocolitis charac-
terized by marked mucosal and submucosal oedema and occasional haemorrhage
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Introduction

Sonography may be used in patients with intesti-
nal tuberculosis to document its classic features,
i.e., bowel wall thickening, hyperemia, stricture, and
mesenteric lymphadenopathy. When tuberculous
peritonitis coexists, sonography shows ascites, omen-
tal cake, and thickened mesentery with an adherent
small bowel loop; thus, ultrasonography may be used
as a primary investigative tool in patients with sus-
pected or recurrent tuberculosis.
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12.2
Pathology

Intestinal tuberculosis is a chronic inflammation of
the bowel caused by Mycobacterium tuberculosis. The
ileocecal area is the most common site. The classic
radiographic appearance of ileocecal tuberculosis
on barium enema has been described as a conical,
shrunken, retracted cecum associated with a narrow
ulcerated terminal ileum (REEDER and PALMER 1989).
This cecal deformity is the result of spasm early in
the disease and transmural infiltration with fibrosis
in advanced phases. Narrowing of the terminal ileum
may be caused by persistent irritability with rapid
emptying of the narrowed segment, corresponding to
the acute inflammatory phase, or it may be the result
of stricture with thickening and ulceration.

Grossly, there is ulceration with diffuse fibrosis
extending through the bowel wall, causing stenosis
and obstruction (Rosar 2004). Coexisting tubercu-
lous peritonitis is observed in relatively few cases.
Microscopically, typical granulomas are usually
present accompanied by ulceration and extensive
desmoplasia. These granulomas can be caseating
or non-caseating, suppurative, or fibrous. Features
favoring tuberculosis are caseation and granuloma
coalescence.

12.3
Sonographic Findings of
Intestinal Tuberculosis

12.3.1
Bowel Wall Thickening

The normal bowel wall is visualized as a single, cir-
cular, hypoechoic layer surrounding hyperechoic
bowel contents, such as gas, foodstuffs, or feces. The
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hypoechoic layer is considered to be the muscle layer
(Lim 2000). The normal bowel wall is uniform with
an average thickness of 2-3 mm if distended and
3—5 mm if not (WiLsoN 1998). When the wall thick-
ness in the transverse section is more than 5 mm,
the bowel wall is regarded as being pathologically
thickened (MALIK and SAXENA 2003).

The ileocecal region is most commonly involved
in tuberculosis. The principal sonographic features
of intestinal tuberculosis are diffuse, uniform, con-
centric, and circumferential wall thickenings of
the terminal ileum, cecum, and ascending colon
(Figs. 12.1-12.3; LEE et al 1993; KEDAR et al 1994).
These wall thickenings are continuous without skip
lesions. Concentric involvement is more common
than eccentric involvement (Fig. 12.4; LEE et al 1993).
The detection of bowel wall thickening is important
when making a diagnosis of intestinal tuberculo-
sis and the detection rates range from 86% to 96%
(MALIK and SAXENA 2003; LEE et al 1993; LiM et al
1994). Mild wall thickening of small bowel may be
overlooked (Fig. 12.5),and it is difficult to distinguish
individual loops when they adhere to each other (LEE
etal 1991).

Fig. 12.1.Tleocecal tuberculosis. Transverse sonogram
of the right lower abdomen shows diffuse thickening
of the terminal ileum (TT) and cecum (C)

Fig. 12.2a-c. Ileocecal tuberculosis and associated mesenteric lymphadenitis. a Transverse sonogram of ileocecal region shows thicken-
ing of the wall of the cecum (short arrow) and terminal part of the ileum (long arrow). Note enlarged mesenteric lymph nodes (N) and
thickened mesentery around lymph nodes. b Longitudinal sonogram shows thickening of the cecum (solid arrows) and terminal part of
the ileum (open arrows) and enlarged lymph nodes (N). ¢ Barium examination shows irregular narrowing of the terminal part of the ileum
and cecum. Note longitudinal ulcer (arrow) at the terminal part of the ileum. Mucosal folds are markedly thickened and irregular
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Fig. 12.4. Ileal tuberculosis. Transverse sonogram of the right
lower quadrant abdomen discloses eccentric thickening of the
posterior wall of the terminal ileum

Ultrasonography detects ulceration within the
thickened wall in only a few cases, whereas it is
seen frequently during small bowel follow through
examination or barium enema studies. This low
sensitivity for the detection of ulcers on sonogra-
phy may be due to the associated spasm (KEDAR
1994). Lymphoid tissue involvement in the ileal wall
with ulceration, necrosis, fibrosis, and often with
extensive granulomatous infiltrate can be observed
(Kaaw 1991). In a few cases of intestinal tuberculo-
sis, a spasm of the cecum is identified by a collapsed
lumen and irritability of the thickened wall (LEE et
al. 1993).

Fig. 12.3a,b. Ileal tuberculosis. a Transverse sonogram of right
lower quadrant abdomen shows diffuse mural thickening of
the terminal ileum. The terminal ileum shows concentric

thickening (arrows). The thickness of the anterior and poste-
rior walls is the same. b Transverse color Doppler sonogram of
the terminal ileum shows numerous color signals

12.3.2
Hyperemia

Although subjective, color Doppler imaging is helpful
in distinguishing active inflammatory changes in the
thickened bowel wall from other disorders (Fig. 12.3;
WILSON 1998; TEEFEY et al 1996). Power Doppler imag-
ing may improve the visualization of intramural gas-
trointestinal vascularity (CLAUTICE-ENGLE et al 1996);
thus, recent advances in color Doppler and power Dop-
pler imaging improve the accuracy of sonography by
allowing the detection of hyperemia of the inflamed
bowel wall and of adjacent inflamed fat.

12.3.3
Stricture

In the active stage of intestinal tuberculosis,bowel wall
thickening is usually accompanied by luminal narrow-
ing, which results from spasm and edema. Later, fibro-
sisand scarringlead to permanent stricture (Fig. 12.5);
however, it is difficult to detect stricture during sono-
graphic examinations (KEDAR et al 1994).

12.3.4
Mesenteric Lymphadenitis

In active tuberculosis, enlarged mesenteric nodes are
frequent. Lymphadenopathy is located mainly at the
mesentery around the ileum (Fig. 12.2; LEE 1993), but
is sometimes found at the periportal (Fig. 12.6), peri-
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Fig. 12.5a,b. Jejunal tuberculosis. a Transverse sonogram of the right upper abdomen shows a short segmental wall thickening
of the jejunum (arrows). b Small bowel follow-through examination shows a segmental stricture of the jejunum (arrow). Note

thickening of the mucosal folds at the proximal loop

Fig. 12.6a,b. Tuberculous lymphadenitis. a Transverse sonogram of the right upper quadrant abdomen shows hypoechoic lymph
node enlargement at porta hepatis (arrows). b Abdominal CT shows multiple peripancreatic lymph nodes (/) enlargement. The
enlarged lymph nodes show central low attenuation with marginal rim enhancement due to central caseous necrosis

pancreatic, mesenteric, and upper periaortic regions
(MALIK and SAXENA 2003); however, the retroperi-
toneal lymph node is rarely involved, which can be
explained by the fact that mesenteric lymph nodes
drain directly into the thoracic duct via the cisterna
chyli (JaIn et al. 1995). Enlarged lymph nodes are
hypoechoic, round to ovoid, and variable in size.
Sometimes the nodes may be calcified (MaLIK and
SAXENA 2003; KEDAR et al. 1994). Calcification in
healing tuberculosis is seen as a discrete reflective
arc with posterior shadowing.

12.4
Sonographic Findings of
Tuberculous Peritonitis

12.4.1
Ascites

Three types of tuberculous peritonitis are generally
recognized: the wet-ascitic type; the dry-plastic type;
and the fibrotic-fixed type (MALIK and SAXENA 2003;
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LEE et al. 1991). The wet-ascitic type is characterized
by ascites that may be free or loculated, whereas the
dry-plastic type presents with enlarged lymph nodes
with central caseation necrosis and adhesion,and the
fibrotic-fixed type is observed as an omental mass
and matted loops of bowel and mesentery. Combi-
nations of these three forms are also found (KEDAR
et al. 1994). The characteristic sonographic finding
of tuberculous peritonitis of the wet-ascitic type is
ascites. The most common pattern of ascites is clear
fluid, though sometimes ascites is associated with
membranes, septa, fine mobile strands, or floating
debris (Fig. 12.7).

Fig.12.7. Tuberculous peritonitis. Longitudinal sonogram of
low abdomen shows a large amount of ascites with multiple,
interlacing, thin septae

12.4.2
Omental Cake

About 20-30% of patients with tuberculous peritoni-
tis have omental cake (LEE et al. 1991). Omental cake
is defined as a pancake-like diffuse thickening of the
greater omentum, stretching from the greater cur-
vature of the stomach down to the lower abdomen.
Omental cakes are depicted as diffuse, hyperechoic,
or heterogeneously echogenic thickening on sono-
graphic examination (LEE et al. 1991). They may be
seen in cancer peritonitis, and thus, it is impossible
to differentiate by means of sonography.

12.4.3
Thickened Mesentery with
Matted Small Bowel Loops

The important sonographic features of early abdomi-
nal tuberculosis are a mesenteric thickness of 15 mm
or more, and an increase in mesenteric echogenicity
(JaiN et al. 1995), which increases markedly, pre-
sumably because of fat deposition due to lymphatic
obstruction. Pathologically,this mesenteric thickening
results from edema, lymphadenopathy, and fat depo-
sition. Another sonographic finding is matted, fixed
small bowel loops and mesenteric strands, resembling
spokes radiating from the mesenteric root, i.e., the
sonographic “stellate” sign (KEDAR et al. 1994).

12.5
Differential Diagnosis

The principal sonographic features of intestinal tuber-
culosis are diffuse wall thickening of the terminal ileum
and ascending colon with mesenteric lymphadenopa-
thy. Other diseases that show wall thickening of the
terminal ileum and colon are Crohn’s disease, bacterial
ileocolitis, and lymphoma (LEE et al. 1993). In Crohn’s
disease, bowel wall thickening is more severe and
lymphadenopathy is rare (LIMBERG 1990; WORLICEK
et al. 1987). Frequently, the normal stratification of the
bowel wall is no longer evident in involved areas due
to transmural inflammation (LIMBERG 1990). Abscess,
fistula, and skip lesions are often seen in Crohn’s dis-
ease, but they are rare in tuberculosis (SARRAZIN and
WILSON 1996). In Yersinia ileitis, thickening of the ileal
wall and mesenteric lymphadenopathy are the main
findings, but the cecum and the ascending colon are
usually spared (MaTsumoToO et al. 1991). In neutrope-
nic typhlitis, wall thickening is confined to the right
colonic wall and patients are usually in an immuno-
suppressed state (TEEFEY et al. 1987). In typhoid fever,
there may be mural thickening of the terminal ileum
and cecum and enlarged mesenteric lymph nodes
(PUYLAERT et al. 1989). Clinical symptoms and course
are usually different in Campylobacter ileocolitis from
those in tuberculosis (PUYLAERT et al. 1988). In lym-
phoma, bowel wall thickening is severe. However, the
sonographic findings of all these diseases are some-
times similar; therefore, it is necessary to confirm the
nature of bowel pathology by barium studies, CT, or
colonoscopic biopsy.
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13.1
Introduction

Pseudomembranous colitis (PMC) is a severe form
of colitis characterized by a wide spectrum of clini-
cal manifestations, observed in poorly symptomatic
or critically ill patients. The PMC is included in the
group of pseudomembranous enterocolites (PMEC).
This condition is defined as an affection of the intes-
tine related to the presence of pseudomembranes
covering the colic or the small bowel mucosal sur-
face. The colon is the most frequent affected site,
but small bowel involvement is described, alone or
in association with the colon (Ros et al. 1996). The
PMC is most frequently due to the mucosal effect of
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Belgium
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the toxins produced by Clostridium difficile. Other
unusual infectious agents have been considered as
cause for a similar condition (Staphylococcus aureus).
The proliferation of Clostridium is due to antibiotic
therapy, most frequently ampicillins, clindamycin,
and cephalosporins. Erythromycin and tetracyclines
have also been reported as causes of PMC. Diarrhoea
appears between 2 and 10 weeks after the beginning
of the antibiotic treatment (MEGIBOW et al. 1984).The
PMC is so-called antibiotic-associated diarrhoea. The
PMC can also develop without Clostridium difficile
infection. In this setting, similar macroscopic colic
wall changes are due to mucosal ischaemia related to
ischemic colitis, mechanical bowel obstruction, intes-
tinal surgery, or chemotherapy (Ros et al. 1996).

Risk factors contributing to the development of
PMC are: age (>60 years); previous surgical interven-
tion; non-surgical gastrointestinal procedures; pres-
ence of a nasogastric tube and enteral feeding; anti-
ulcer medication, hospitalisation in an intensive care
unit; malignancies (lymphoma, leukaemia); immu-
nosuppression; transplantation; irradiation; pulmo-
nary disease; severe cardiac disease; and heavy-metal
exposure (Ros et al. 1996; CLEARY 1998; DALLAL et
al. 2002).

The mortality rate in patients with Clostridium
difficile colitis is reported to be 1.6-3.2%, but these
percentages can increase to 13.5% when we take into
account all causes of death for patients with the diag-
nosis of Clostridium difficile colitis (DALLAL et al.
2002).

The role of radiology in the management of PMC
hastobe consideredin two fields.Firstly,acute abdom-
inal pain, fever, and leucocytosis are initial symptoms
in patients with pseudomembranous colitis. These
clinical data may require imaging studies, usually
including sonography and/or computed tomography
(CT). These imaging procedures are mandatory to
rule out acute abdominal diseases needing prompt
therapy. Acute intestinal disorders are on the list of
the diagnostic conditions that the radiologist has to
look for during these imaging procedures performed
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in emergency situations (Ros et al. 1996); therefore,
the radiologist has to be prepared to detect sugges-
tive radiological signs of PMC. Secondly, in patients
with a confirmed diagnosis of PMC, cross-sectional
imaging studies can contribute to the evaluation of
the extension of the disease initially demonstrated
with rectosigmoidoscopy. Sonography and/or CT can
also be helpful for the recognition of complications
including toxic megacolon, ischaemia, abscesses, and
perforation (MERINE et al. 1987; Ros et al. 1996).

13.2
Microbiology

Clostridium difficile is a Gram-positive bacteria,
spore-forming, responsible for 15-20% of the anti-
biotic-associated diarrhoeas (HAMRICK et al. 1989;
EckeL et al. 2002). The gold-standard technique
for the detection of Clostridium difficile is the stool
cytotoxin assay. The microbiological mechanism is
related to the production of two toxins (toxins A
and B) by Clostridium difficile (KYNE et al. 2000). Dis-
turbance of the normal bacterial flora in the colonic
lumen is an important factor for the development of
PMC (Ros et al. 1996). Children younger than 1 year
develop symptomatic disease probably because of
immature enterocytic membrane receptors for the
toxin (Ros et al. 1996).

13.3
Clinical Manifestations

Clinical manifestations of PMC classically include
watery or bloody diarrhoea (Ros et al. 1996). The
patients have moderate fever, abdominal cramps,
leukocytosis, and hypoalbuminaemia. Severe forms
can cause electrolyte disturbances, dehydratation,
hypoalbuminaemia (with anasarca), and even life-
threatening conditions such as toxic megacolon and
perforation of the colon. Hypoalbuminaemia is due
to the rapid loss of protein in the gastrointestinal
tract (MERINE et al. 1987).

The diagnosis of PMC is based on endoscopy and
stool assays. When the endoscopic findings are non-
specific, sonography or CT can show signs suggesting
PMC.

13.4
Endoscopy

Endoscopy is helpful for the diagnosis of PMC by
showing typical raised yellowish-white plaques sepa-
rated by areas of normal mucosa, oedema or erythema
(MEGIBOW etal.1984). The plaques usually have a thick-
ness of 2—10 mm. These plaques can be larger, extended,
and are adherent to the mucosa (Ros et al. 1996). Epi-
thelial necrosis, infiltration of the lamina propria with
polymorphonuclear cells, and eosinophilic exudates
are histologically demonstrated. The “pseudomem-
brane” is composed of cellular debris, fibrin, mucous,
and polymorphonuclear cells (HAMRICK et al. 1989).

13.5
Imaging Study

13.5.1
Plain Films

Non-specific abnormalities can be seen on plain films
in patients with PMC. These findings include bowel
dilatation, haustral fold thickening, thumbprinting,
small bowel and colonic ileus. Rare complications of
the disease can be seen and include toxic megacolon
and perforation (MERINE et al. 1987; Ros et al. 1996).

13.5.2
Sonography

Finding suggesting of acute colitis can be detected
during this examination by showing modification of
colic wall thickness, which is considered as thick-
ened when the colic wall is thicker than 5 mm. Other
colonic wall changes due to acute colitis and detected
with sonography include disappearance of the wall
stratification (related to the severity of the disease
regardless off the type of colitis, whether infectious,
ischaemic or inflammatory), increasing or absence of
mural flow (in relation to colonic wall vascularisation
and oedema) and mural gas indicating pneumatosis
(Fig. 13.1; DANSE et al. 2004; DANSE et al. 2005). Asci-
tes is also visible with sonography.

Specific sonographic findings related to PMC
include pronounced colic wall thickening related to
oedema of the haustral folds and giving the “accor-
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Fig. 13.1a,b. Sagittal views of the left colon in a severe form of
pseudomembranous colitis. a B-mode sonogram shows hyp-
oechoic, nodular, and diffuse thickening of the haustral relief
of the colonic wall. b Discrete mural flow of the thickened co-
lonic wall is observed in the same patient when colour Dop-
pler evaluation is performed. On both images, there is a mild
hyperechogenicity of the pericolic fat tissue

dion sign” or a “gyral” pattern (Fig.13.2; O'MALLEY
and WiLsoN 2003). The lumen of the colon is nar-
rowed and the submucosa appears as congestive due
to the acute inflammation of the colonic wall (Fr1soLI
et al. 2000; O'MALLEY and WiLsoN 2003). The wall
thickness ranges from 10 to 30 mm (mean 11 mmy;
DowNEY and WILSON 1991; TRUONG et al. 1998).
Despite the increased wall thickness, the colonic wall
stratification is usually preserved (Fig. 13.3; TRUONG
etal. 1998).Reduced or absent mural flow is noted and
ascitis is present in 30—-77% of the cases (DOWNEY
and WILSON 1991; TRUONG et al. 1998; LEDERMANN
et al. 2000). Infiltration of the pericolic fatty tissue is
noted in 50% of the cases (TRUONG et al. 1998).

A prospective study evaluating sonography as a
first-line method for the detection of PMC has shown
a sensitivity of this technique of 78% for the diagnosis
of PMC and a specificity of 94% (GALLIX et al. 1997).
In this setting, relevant sonographic signs were the
increased wall thickness, the hyperechoic thickening
of the submucosa and the presence of the “accordion

Fig. 13.2. Pseudomembranous colitis affecting the right colon.
Transverse view on B-mode imaging shows the “accordion
sign” related to oedema of the haustral folds

Fig. 13.3. Pseudomembranous colitis of the right colon. Thick-
ening of the colonic wall with preserved wall stratification

sign”. On the other hand, mural vascularisation, peri-
colic wall changes and presence of ascites were not
demonstrated to significantly contribute to the posi-
tive sonographic diagnosis of PMC.

The PMC can be differentiated from other coliti-
des (ischaemic colitis and inflammatory colitis) when
colonic wall changes are evaluated. These sonographic
colonic wall changes include the wall thickness, the
presence of wall stratification, detection of mural flow,
the visualisation of the haustration and the localisa-
tion of the disease along the colon (Table 13.1; TRUONG
et al. 1998; DANSE et al. 2004; DANSE et al. 2005).

In comparison with PMC, which is more fre-
quently seen on the left colon, acute forms of Crohn’s
disease have a predisposition for the right colon, are
associated with a wall thickness less than 13 mm,
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Table 13.1. Synoptic view of the main sonographic findings used for the differential diagnosis of acute diseases

of the colon (PMC, pseudomembranous colitis)

Thickness
(mm)

Localisation

Crohn’s colitis Right colon <13
Ulcerative colitis ~ Left colon <9
PMC Left colon 11
Infection Right colon 9
Ischaemic colitis ~ Left colon >right colon 9
Malignancy Anywhere 12

Stratification Mural flow
(%)

Preserved 100

Preserved 100

Preserved or Absent =

Preserved 90

(apart from neutropaenic colitis)

50% 60

20% 80

have a preserved stratification with visualisation of
the haustral folds and present an increased mural
flow when colour Doppler study of the colonic wall
is performed.

Acute forms of ulcerative colitis are more fre-
quently observed on the left side of the colon, with a
mild wall thickness (<9 mm), a preserved stratifica-
tion and an increased mural flow. Infectious colitis is
more frequently detected in the right colon together
with limited or extended involvement of the distal
small bowel. The colonic thickness is usually <9 mm.
Preserved stratification is noted as well as the persis-
tence of the haustral relief. Mural flow is present in
90% of the cases. Ischaemic colitis is most frequently
detected on the left colon but can affect any part of
the colon. Wall thickness of ischaemic colitis is in the
same range as in PMC (11-12 mm; TRUONG et al. 1998;
DANSE et al. 2000; DANSE et al. 2004). Stratification is
present in 50% of patients; disappearance of haustral
folds is the rule. Absence of mural flow is noted in
60% of cases. Disappearance of the stratification and
absence of flow in the colonic wall are related to the
severity of the disease (DANSE et al. 2000; DANSE et
al. 2004). Malignancy of the colon are related to pro-
nounced colonic wall thickening (>12 mm; TRUONG
et al. 1998; DANSE et al. 2004). The wall thickening
has a limited extension (length <10 cm). Preserva-
tion of the stratification is noted in only 20% of cases
and mural flow is visible in 80% of cases (DANSE et
al. 2004).

13.5.3
Computed Tomography

The diagnosis of PMC can be suggested with CT. As
with sonography, there is a need for further examina-

tions to confirm the diagnosis (MEGIBOW et al. 1984;
MERINE et al. 1987; HAMRICK et al. 1989; BLICKMAN
et al. 1995; WiLcox et al. 1995). The CT signs of PMC
include pronounced hypodense or heterogeneous
colic wall thickening (ranging from 3 to 32 mm;
Ros et al. 1996). Wall nodularity combined with the
entrapment of contrast medium within the thick-
ened haustra leads to the “accordion sign” (Fig. 13.4;
Ros et al. 1996). This latter CT sign was presented
as specific for PMC, but it has been described as a
non-specific colonic wall oedema, observed in severe
Crohn’s disease, infectious or ischaemic colitis, or in

Fig.13.4. A CT scan of the abdomen in a case of pseudomem-
branous colitis shows the “accordion sign”, due to contrast
trapping between thickened haustral folds. In this case, peri-
colic fat stranding and ascites are also visible
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colic wall congestion related to cirrhosis (MACARI
et al. 1999; MouNTANOS and MANOLAKAKIS 2001).
Ascites is noted in 20-57% of the patients, as well as
pericolic stranding.
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Amoebiasis

Amoebiasis is a disease caused by infection with a
unicellular parasite Entamoeba histolytica. It is most
common in people living in developing counties of
tropical and subtropical regions in areas with poor
sanitary conditions. The main source of infection is
the cyst-passing chronic patient or asymptomatic car-
rier. The cyst reaches humans through contaminated
water and vegetables. The cyst, which is resistant to
the acidic digestive juices of the stomach, passes to
the lower part of the small intestine. There, under the
influence of the neutral or alkaline juices, the cyst wall
disintegrates, releasing a metacystic amoeba, which
moves downwards to the large intestine. The lesions
produced are primary intestinal and secondary extra-
intestinal. The most frequent primary sites are the
caecal and sigmoidorectal regions (NEva and BROWN
1994). As the infection progresses, additional colonic
sites of invasion develop. The severity of the disease
depends on (a) the resistance of the host, (b) the viru-
lence and invasiveness of the amoebic strain and (c)
the condition of the intestinal tract. The early lesion
is a tiny area of necrosis in the superficial mucosa
or a small nodular elevation with a minute opening
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that leads to a flask-shaped cavity containing cyto-
lysed cells, mucus and amoebas. There is rapid lateral
and downward extension of the ulcerative process
to both superficial and deep layers of the intestine.
Eventually, the mucosa may slough off, exposing large
necrotic areas (NEva and BRowN 1994). The compli-
cations of intestinal amoebiasis include granuloma,
appendicitis, perforation, haemorrhage and stricture.
Amoebic granulomas (amoeboma) are firm, painful,
nodular, inflammatory thickening of the intestinal
wall around ulcers. It occurs most commonly in the
caecum and rarely in the sigmoid colon. Perforation
occurs most frequently in the caecum. Erosion of a
large blood vessel may produce a massive haemor-
rhage. Very occasionally, rectal amoebiasis can lead
to anorectal abscesses or perianal fistulas. In acute
intestinal amoebiasis, there is severe dysentery with
numerous small stools containing blood, mucus and
necrotic mucosa, accompanied by acute abdominal
pain, tenderness and fever. Chronic amoebiasis is
characterised by recurrent attacks of dysentery.

The diagnosis of amoebiasis rests upon the
identification of the parasite in the faeces or tis-
sues and upon serological studies. On sonography,
acute amoebic dysentery is seen as a tender asym-
metrically thick-walled caecum. Non-visualisation
of a thickened appendix differentiates it from acute
appendicitis. Amoebic granuloma (amoeboma) of
the caecum or colon is seen as an asymmetrically
thick-walled segment of bowel measuring about
8—17mm in thickness (HussAIN and DINSHAW
1990). On transverse scan, there is target, doughnut
or pseudo-kidney appearance (Fig.14.1a,b). This
appearance is non-specific. There are no distinctive
sonographic features to differentiate amoeboma
from Crohn’s disease or ulcerative colitis. A concomi-
tant liver abscess strongly suggests an amoebic aeti-
ology. Very occasionally, amoebiasis of the appendix
is seen as an enlarged non-tender appendix, either
as an isolated finding or along with amoeboma of
the caecum (Fig. 14.1c; ORAN 2000). Perforation of
bowel, essentially the caecum, occurs occasionally in
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virulent amoebiasis. This results in a retroperitoneal
abscess containing air in relation to the caecum and
ascending colon that is similar to an appendicular
abscess in the same location.

14.2
Ascariasis

Ascariasis is the infestation of humans with the
round worm, Ascaris lumbricoides. The adult worms
normally live in the lumen of the small bowel of
an infected individual. The eggs of the worm are
passed in the faeces of these individuals and can
contaminate water or food. Humans become infected
when they ingest contaminated water or food. Gastric
juices cause the eggs to hatch in the small bowel.
The larvae penetrate the intestinal wall to enter the
blood stream and reach the lungs. They migrate, or
are carried by the bronchioles to bronchi, ascend the
trachea to the glottis and pass down the oesopha-

Fig.14.1. a Longitudinal and b transverse scans of right iliac
fossa show asymmetric thickening of walls of the caecum,
suggesting amoeboma in a patient with amoebic liver abscess.
¢ Non-tender thickening of appendix (A) in amoebiasis. Cae-
cal walls (CE) are also slightly thickened

gus to the small intestine (NEva and BRowN 1994).
Ascariasis is worldwide in distribution and is more
common in tropical countries and is most prevalent
where sanitation is poor. It occurs at all ages, but it
is most prevalent in children aged 5-9 years. The
incidence is approximately the same in both sexes.
The usual infection consists of 5-10 worms and often
goes unnoticed by the host. The most frequent com-
plaint of patients with ascariasis is vague abdominal
pain. When the infestation is heavy, a bolus of worms
may cause serious complications such as intestinal
obstruction (MALDE and CHADHA 1993; WASADIKAR
and KULKARNI 1997; MAHMOOD et al. 2001), perfo-
ration (HANGLOO et al. 1990; CHAWLA et al. 2003),
intussusception (VILLAMIZAR et al. 1996) or volvulus
(RODRIGUEZ et al. 2003). The prognosis of these com-
plications depends on prompt diagnosis and treat-
ment. Delay in diagnosis may give rise to small bowel
gangrene. Clinical findings in such cases are those of
the complications, which are acute pain in the abdo-
men, vomiting or signs of peritonitis.

On sonography, the appearance of the round
worms varies with the frequency of the transducer
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used. When the recent high-resolution probes are
used, the ascaris worm is seen as a chord of four echo-
genic lines in longitudinal scans (Fig, 14.2a,b). These
lines represent the reflections from the external walls
of the worm and the walls of the alimentary tract of
the worm (MAHMOOD et al. 2001). Sometimes, the
alimentary canal appears echogenic when it is filled
with air (Fig. 14.2c). On cross section, it appears like

Fig. 14.2a-e. Sonographic appearance of the ascaris worm.
Longitudinal scan of the worm shows the four-line appear-
ance in a, hypoechoic fluid-filled alimentary tract of the
worm in b and air-filled echogenic alimentary tract in c.
d Transverse scan of multiple worms shows the small dough-
nut appearance. e On low-frequency scan the worm is seen
as two parallel lines

a small doughnut (Fig. 14.2d). It is clearly visible if
there is fluid around the worm. On low-frequency
scans, it is seen as two parallel lines on longitudinal
scan (Fig. 14.2e) and a circle on transverse scan. On
real-time scan, the worm shows a non-directed curl-
ing movement.

In the presence of small bowel obstruction due
to a ball of worms, sonography shows signs of small
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bowel obstruction, namely, dilated small bowel loops
with peristalsis. At the site of obstruction, the ball of
worms, or helminthoma, appears like spaghetti on
longitudinal scan (Fig. 14.3a) and a “shack of cigars”
on transverse scan (Fig. 14.3b; MALDE and CHADHA
1993; WasADIKAR and KULKARNI 1997). Sonography
is useful in the follow-up of these patients after ini-
tiating the treatment. It can reveal resolution of the
obstruction or occurrence of other complications
such as volvulus or ischaemia ofthe bowel. In vol-
vulus and ischaemia of the small bowel due to asca-
riasis, sonography shows multiple loops of unusually
dilated, aperistaltic small bowel, containing the asca-
ris worms with the classical appearance and move-
ment. There is free fluid in the peritoneal cavity. The

Fig. 14.3a,b. a Longitudinal scan of the site of bowel obstruc-
tion shows spaghetti appearance (arrows) of the curled-up
worms. b Transverse scan of the same region shows the ,,shack
of cigars“ appearance of cross section of multiple worms
(Courtesy of R.Subramanian, Sreenivas Ultrasound Scan Cen-
tre, Salem,India).

walls of the bowel are thickened (RODRIGUEZ et al.
2003). Perforation of the bowel due to ascariasis can
very occasionally occur because of direct pressure
and irritation of the bowel wall by impacted ascarid-
ial masses, leading to ulceration, necrosis and perfo-
ration. Lytic secretion from ascarides also probably
plays a role (HANGLOO et al. 1990). In perforation,
sonography reveals live ascaris worms moving freely
within the extraluminal fluid (CHAwWLA et al. 2003).
Very rarely, the ascariasis worm can enter the appen-
dix and cause appendicitis (M1sra et al. 1999).

14.3
Trichuriasis

Trichuriasis is infestation with the whipworm Trich-
uris trichiura. Man is the principal host. Infection
results from ingestion of embryonated eggs via
hands, food or drink that have been contaminated by
infested soil. When humans ingest the embryonated
egg, the activated larva escapes into the upper small
bowel. It penetrates a villus and remains there for
3—10 days. Then it passes downward to the caecum,
where it usually remains. The worms are also found
in the terminal ileum and appendix. Patients with
light infection are asymptomatic. Patients with very
heavy chronic infection present a characteristic clini-
cal picture consisting of: (a) frequent, small, blood-
streaked diarrhoeal stools, (b) abdominal pain, (c)
nausea and vomiting, (d) anaemia, and (e) weight
loss. Trichuris worm may attach itself to the appen-
diceal mucosa and provide a ground for secondary
bacterial infection resulting in acute and sub-acute
appendicitis (NEvVA and BRowN 1994). On sonogra-
phy, a thick-walled fluid-distended appendix is seen
with the motile worms in the lumen.

14.4
Oesophagostomiasis

Oesophagostomiasis is infestation with Oesopha-
gostomum bifurcum, a human parasitic intesti-
nal helminth. It is endemic in parts of West Africa
(POLDERMAN et al. 1991; POLDERMAN et al. 1999).
Oesophagostomum bifurcum juveniles develop in the
colonic wall causing pus-filled granulomas (STOREY
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et al. 2000). Many people appear to tolerate this his-
totropic developmental phase of the worm’s life cycle;
however, there are two distinct clinical presentations
of the pathology. Multinodular Oesophagostomiasis
bifurcum comprises hundreds of pea-sized nodules
in the thickened oedematous sub-mucosa and sub-
serosa of the colonic wall. These patients present
with weight loss, persistent mucosal diarrhoea, dif-
fuse abdominal pain and occasionally rectal bleeding.
Urgent surgery may be required for luminal narrow-
ing of the colon or bowel obstructions secondary
to inflammatory additions (ANTHONY and MCADAM
1972).

The Dapaong tumour, the uninodular form of
the disease, presents as a painful ligneous mass of
30—60 mmintheabdominal wall orwithintheabdom-
inal cavity (PAGEs et al. 1988). It is usually associated
with fever. This can lead to cutaneous abscess and
fistula, peritonitis due to rupture of nodule, obstruc-
tion of bowel due to adhesion and volvulus. Clinical
symptoms are often vague and indeterminate. They
mimic a lot of other conditions (STOREY et al. 2001).

Sonography shows a long segment of thick-walled
right colon displaying target or pseudo-kidney
appearance. This is a non-specific appearance seen
in most of the colonic pathologies; however, the pres-
ence of a distinct nodularity within the thick wall of
the colon helps to differentiate it from other condi-
tions in a patient in an endemic area. The Dapaong
tumour is seen on sonography as a hypoechoic oval
lesion with a well-defined poorly reflective wall in the
abdominal wall, or within the abdomen (STOREY et
al. 2000).

References

Anthony PP,McAdam IW (1972) Helminthic pseudotumours of
the bowel: thirty-four cases of helminthoma. Gut 13:8—16

Chawla A, Patwardhan V, Maheshwari M, Wasnik A (2003) Pri-
mary ascaridial perforation of the small intestine: sono-
graphic diagnosis. J Clin Ultrasound 31:211-213

Hangloo VK, Koul I, Safaya R et al (1990) Primary ascaridial
perforations of small intestine and Meckel’s diverticulum.
Indian J Gastroenterol 9:287—288

Hussain S, Dinshaw H (1990) Ultrasonography in amebic coli-
tis. ] Ultrasound Med 9:385—388

Mahmood T, Mansoor N, Quraishy S, Ilyas M, Hussain S (2001)
Ultrasonographic appearance of Ascaris lumbricoides in
the small bowel. ] Ultrasound Med 20:269-274

Malde HM, Chadha D (1993) Roundworm obstruction: sono-
graphic diagnosis. Abdom Imaging 18:274-276

Misra SP, Dwivedi M, Misra V, Singh PA, Agarwal VK (1999)
Preoperative sonographic diagnosis of acute appendi-
citis caused by Ascaris lumbricoides. J Clin Ultrasound
27:96-97

Neva FA, Brown HW (1994) Basic clinical parasitology, 6th
edn. Appleton and Lange, Norwalk, Connecticut

Oran I (2000) Transient appendiceal enlargement in a patient
with colonic amebiasis: sonographic detection and follow-
up. J Clin Ultrasound 28:368—370

Pages A, Kpodzro K, Boeta S, Akpo-Allavo K (1988) Dapaong
“tumor”. Helminthiasis caused by oesophagostomum. Ann
Pathol 8:332-335

Polderman AM, Krepel HP, Baeta S, Blotkamp J, Gigase P (1991)
Oesophagostomiasis, a common infection of man in north-
ern Togo and Ghana. Am ] Trop Med Hyg 44:336—344

Polderman AM, Anemana SD, Asigri V (1999) Human oesoph-
agostomiasis: a regional public health problem in Africa.
Parasitol Today 15:129—130

Rodriguez EJ, Gama MA, Ornstein SM, Anderson WD (2003)
Ascariasis causing small bowel volvulus. Radiographics
23:1291-1293

Storey PA, Anemana S, van Oostayen JA, Polderman AM, Mag-
nussen P (2000) Ultrasound diagnosis of oesophagostomi-
asis. Br ] Radiol 73:328—-332

Storey PA, Faile G, Crawley D et al (2001) Ultrasound appear-
ance of preclinical oesophagostomum bifurcum induced
colonic pathology. Gut 48:565—566

Villamizar E,Mendez M, Bonilla E, Varon H, de Onatra S (1996)
Ascaris lumbricoides infestation as a cause of intestinal
obstruction in children: experience with 87 cases. J Pedi-
atr Surg 31:201-205

Wasadikar PP, Kulkarni AB (1997) Intestinal obstruction due
to ascariasis. Br J Surg 84:410—412




Neoplasm



Colorectal Cancer

JaE HooN Lim

CONTENTS
—

15.1 Introduction 129

15.2 Pathology 129

153 Transabdominal Sonographic Technique 130

15.4 Transabdominal Sonographic Findings of
Colon Cancer 130
15.5 Transrectal Sonography 131
References 134
15.1
Introduction

Double-contrast barium enema, colonoscopy, and
computed tomography (CT) colonography are the
procedures of choice for the detection and diagnosis
of colorectal cancer; however,abdominal sonography
may be the first test that patients with colon cancer
undergo because they may present with nonspecific
gastrointestinal symptoms and signs (SCHWERK et al.
1979). Careful sonographic examination of the colon
and rectum may disclose a focal mass or mural thick-
ening, and this may lead a physician to investigate for
the diagnosis of colorectal cancer.

Increasing use of sonography in the initial evalu-
ation of patients with abdominal disease may allow
detection of unexpected tumors within the abdominal
cavity (SCHWERK et al. 1979; PRICE and METREWELI
1988; RUTGEERTS et al. 1991). Absence of luminal
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content in abnormal areas of the colon enabled us
to detect a mass or mural thickening by sonographic
examination. Sonographic detectability of colorectal
cancer, intentionally or unexpectedly, warrants the
inclusion of the bowel loops in the abdominal sono-
graphic examination when a patient complains of
symptoms suggesting colorectal cancer. In cases with
incidentally detected masses or wall thickening of the
colon or rectum, an appropriate diagnosis should be
made by performing a barium enema, colonoscopy,
or CT colonography.

15.2
Pathology

Colorectal cancer creates mass or segmental thicken-
ing of the wall (Fig. 15.1). Short segmental thickening
is much more common than mass formation. Mass

a

Fig. 15.1a,b. Two types of colorectal cancer. a Mass-form-
ing colorectal cancer. b Short segmental wall thickening
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formation is frequent in the right-side colon. Mass
may be fungating, intraluminal, or extend outside
the colon since it does not cause obstruction. Bowel
wall thickening is abrupt and may be symmetrical
or asymmetrical, and is usually <5cm in length.
Obstruction and adjacent lymph node involvement
are frequent and the liver is the most frequent site
of distant metastasis.

15.3
Transabdominal Sonographic Technique

Sonography is performed with 3.5- or 5.0-MHz sector
or linear transducers. Sonography of the abdomen
and pelvis is performed by moving the transducer
slowly over the abdomen with gentle compression
to displace adjacent bowel loops. Scanning through
the course of the colon proceeds along the length of
both flanks of the ascending and descending colon,
across the midline of the upper part of the abdo-
men for the transverse colon, along the left side of
the lower part of the abdomen from the descending
colon toward the pelvic cavity for the sigmoid colon,
and across the midline of the pelvic cavity for the
rectum. The colon is differentiated from small bowel
loops by the location and course of the bowel loops
(Lim et al. 1994a,b).

15.4
Transabdominal Sonographic Findings of
Colon Cancer

The normal thickness during the contraction stage
is 2-3 mm, and wall thickness >5 mm is considered
abnormal. Sonographic appearances of colorectal
cancer reflect the pathology, i.e., either a bulky mass
or segmental thickening of the colonic wall (Lim
1996). A mass may be small or relatively large, and is
usually irregular or lobulated in contour (Fig. 15.2).
A large mass can be easily detected using sonogra-
phy. The cluster of high-amplitude echoes denoting
intraluminal gas and fecal content may be visible,
centrally or eccentrically located in the mass (PRICE
and METREWELI 1988).

The other common sonographic appearance of
colorectal cancer is segmental (Fig. 15.3), eccentric,

or circumferential thickening of the colonic wall
(Fig.15.4). The pathological segment usually does
not contain feces or gas, making sonographic visu-
alization relatively easy. The mural thickening may
be irregular, but not as severe as in a fungating type
of carcinoma. The central echo clusters are small
(target sign, Figs. 15.3, 15.4), because the pathologi-
cal lumen is unusually narrow. This type of carci-
noma may frequently result in colonic obstruction,
and thus the tumor mass can be detected on sono-
graphy as a cause of colonic obstruction (Fig. 15.5;
Lim et al. 1994a). Adjacent lymph node metastasis
can be detected (Fig. 15.4). Sonography of the liver

___.-‘b

Fig.15.2a,b. Mass-forming colon cancer. a Transverse sono-
gram of the right mid-abdomen shows a well-defined, irregu-
lar, large mass, representing adenocarcinoma of the ascend-
ing colon. Note high-amplitude echoes denoting gas and fecal
content in the lumen ([). b The CT image shows a large mass
with air-containing lumen (I)
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Fig. 15.3a,b. Colon cancer with segmental wall thickening. a Sonogram
of the left lower abdomen shows circumferential thickening of the co-
lon wall, showing target sign (arrow). b Reformatted CT image of ab-
domen with a short segmental, symmetrical thickening (arrow) of the

wall of the sigmoid colon

Fig. 15.4a,b. Rectal cancer with circumferential thickening of the wall. a Transverse sonogram of the pelvis shows circumferential
thickening of the rectal wall. Note adjacent small metastatic lymph nodes (arrows). b Sagittal sonogram of the liver shows a

well-defined hepatic mass representing metastasis (arrow)

should be performed for the detection of metastasis
when a cancer is detected (Fig. 15.4). Inflammatory
disease may present with a typical target appear-
ance, but mural thickening in inflammatory disease
is usually thinner and more uniform in thickness
and involves a longer segment (LIM et al. 1994b).
Colon cancer may be detected during the work-up of
anemia (Fig. 15.6), nonspecific abdominal symptoms,
or in patients with liver metastasis (Fig. 15.4).

15.5
Transrectal Sonography

For treatment of rectal cancer, minimally invasive
surgery, such as transanal excision, transanal endo-
scopic microsurgery, total mesorectal excision, or
abdominoperineal resection, are available depending
on the location, size, and stage of the tumor (PrR1COLO




132

J.H.Lim

Fig. 15.5a,b. Colon cancer with obstruction. a Transverse sonogram of the left mid-abdomen shows thickening of the wall of
the descending colon (arrows) in patient with partial obstruction of the colon. b The CT image shows symmetric thickening of
the wall of the descending colon (arrow) and dilated small bowel loops

Fig. 15.6. Colon cancer detected during the work-up
of iron-deficiency anemia. Oblique sagittal sonogram
of the right upper abdomen shows a large mass in the
hepatic flexure of colon, presenting as a “pseudokid-
ney sign.” Note right kidney posterior to the lesion

and PoTENTI 2001; ZAGORIA et al. 1997). A sensitive
technique for preoperative staging helps in deciding
the type of surgery that can be effectively imple-
mented with minimally invasive procedure; there-
fore, accurate preoperative staging is essential for
determining optimal treatment.

Endoscopy and double-contrast enema can dem-
onstrate the intraluminal component of rectal cancer.
The extent of the tumor in the bowel layers and the
extraluminal component of the tumor can be evalu-
ated with transrectal sonography, CT, and magnetic
resonance imaging (MRI). Although CT has been the
most widely used method for staging, it has limita-
tions in the evaluation of depth of tumor invasion
because of inherent resolution limitation. Transrectal
sonography and endorectal coil MRI are known to
be superior to CT in assessing tumor depth through
the wall, local extension of tumor, and lymph node
involvement. The diagnostic accuracy of transrectal
sonography was reported to be similar to endorectal
coil MRI for determining depth of invasion of rectal
carcinoma (ZAGORIA et al. 1997; GUALDI et al. 2000).
The major advantages of transrectal sonography, as
opposed to MRI, are convenience and shorter exami-
nation time.

Transrectal sonographic examination for rectal
cancer is performed with a 7- to 10-MHz rigid radial
transducer. Patients are asked to perform rectal
cleansing 2-3 h prior to the examination with rectal
repository pills. Sonographic examination is per-
formed with the patient in the left lateral decubitus
position. Before introduction of transducer, 50-
150 ml of degassed water is instilled into the rectal
lumen by using an enema syringe to improve depic-
tion of the tumor and local staging. As the transducer
is slowly pulled back, serial images of the entirelength
of rectum and anal canal are obtained.
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Fig.15.7. Normal rectal wall. Transrectal
sonographic appearances of the normal
rectal wall and schematic drawing of
histological anatomy and sonographic
appearances of the rectal wall. 1 hyper-
echoic: lumen/mucosal interface and
superficial mucosa; 2 hypoechoic: deep
mucosa including muscularis mucosa;
3 hyperechoic: submucosa plus sub-
mucosa/muscularis propria interface;
4 hypoechoic: muscularis propria mi-
nus interface with submucosa; 5 hyper-
echoic: muscularis propria/perirectal
interface and perirectal fat

Fig. 15.8. a Rectal cancer confined to the mucosa (T1 cancer).
Transrectal sonogram shows a hypoechoic mass (arrows)
with thinning of the submucosal layer. b Rectal cancer ex-
tended to the submucosa (T2 cancer). Transrectal sonogram
shows an irregular hypoechoic mass with interruption of the
submucosal layer and thickening of the hypoechoic musclola-
ris propria layer (arrows). ¢ Rectal cancer involving the en-
tire wall and perirectal fat (T3 cancer). Transrectal sonogram
shows an irregular hypoechoic mass with interruption of the
submucosa and muscle layers and serrated hypoechoic lesion
in the hyperechoic perirectal fat space (arrows)
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Transrectal sonography can directly demonstrate
whole layers of the rectal wall (Fig.15.7) and thus
make it possible to assess the depth of tumor infiltra-
tion. A tumor mass can be imaged clearly by water
instillation (KiM et al. 2004). Tumor infiltration onto
the muscularis mucosae, submucosa, proper muscle
layer, and infiltration onto the perirectal fat can be
assessed (Fig. 15.8). The accuracy has been reported
as being 81-91% (KiM et al. 2004; MARUSCH et al.
2002; BipaT et al. 2004). Locoregional lymph node
metastasis can be depicted; the accuracy was reported
as being 64-88% (SCHAFFZIN and WoONG 2004).

Transrectal sonography has limitations in the
imaging of tumor located 8-10 cm or above the anal
verge when rigid probe is used, in the imaging of
stenosing tumor, in depicting lymph nodes that are
outside the range of transducer, and the technique is
operator dependent.
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16.1
Introduction

Gastric cancer is still of major importance world-
wide despite declining incidence. Endoscopy, radio-
logical examination, and computed tomography are
the diagnostic imaging modalities employed for
gastric cancer. For early gastric cancers, in particu-
lar, endoscopy is the essential diagnostic method of
choice; however, with the remarkable improvements
in sonographic equipment, transabdominal ultraso-
nography has recently been reported to be useful in
the assessment of gastric cancer. Endoscopic ultra-
sound is another imaging modality using ultrasound
which has not necessarily been as widely used as
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transabdominal ultrasound due to its invasiveness. In
this chapter, sonographic imaging of gastric cancer,
mainly transabdominal, is described.

16.2
Sonographic Assessment of
the Gastric Wall

16.2.1
Preparation and Equipment

For the screening of advanced gastric cancers, special
preparations, such as the ingestion of water, and the
injection of anticholinergic agents, are not necessary
in most cases; however,such preparations are required
to visualize smaller lesions. After an overnight fast,
the ingestion of approximately 200-400 ml of water
makes it easier to detect smaller lesions located in the
posterior wall of the gastric circumflex. The injection
of spasmolytic agents is seldom necessary.

While a 3-4 MHz curved array scanner is used for
routine screening for gastric cancers, detailed exami-
nation including the evaluation of wall stratification
should be performed with a high-frequency (5-
9 MHz) linear probe for its superior spatial resolu-
tion. Tissue harmonic imaging is also recommended
to reduce noises such as side lobe artifacts (LAING
and KurTz 1982).

16.2.2
Sonographic Image of the Normal Gastric Wall

The abdominal esophagus is visualized between the
abdominal aorta and the left lobe of the liver by a left
middle subcostal scan. Below the abdominal esopha-
gus lies the gastric fundus. The gastric body is usually
located in the left middle upper abdomen. The gastric
fold is often observed at the greater curvature of
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the gastric body (Fig. 16.1). Gastric antrum is located
in the right middle upper abdomen. The pylorus is
identified as the segmental thickening of the proper
muscle (Fig. 16.2). The thickness of the normal gas-
tric wall is usually <5 mm, and wall thickening of
>6 mm is considered pathological.

The normal gastric wall is demonstrated as a five-
layer structure. The first layer is hyperechoic, and
corresponds to the luminal boundary and part of the
mucosal layer. The second layer is hypoechoic and
includes the remaining part of the mucosa and muco-
sal muscle layer. The third layer is hyperechoic and
corresponds to the submucosal layer. The fourth layer
is hypoechoic and corresponds to the proper muscle
layer. The fifth layer is hyperechoic and corresponds
to the serosa and the extramural boundary.

Fig.16.1. Transverse scan of the gastric body. The five-layer
structure of the gastric wall and the gastric fold are demon-
strated
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16.3
Sonographic Features of Gastric Cancer

16.3.1
Early Gastric Cancer

Itis not always easy,and often rather difficult, to detect
early gastric cancer by means of routine ultrasono-
graphic screening, because both the wall thickening
and alteration of wall stratification are too subtle to
be detected with transabdominal ultrasound. In this
respect, ingestion of water is useful to obtain a clear
image of such subtle changes.

Early gastric cancer is usually expressed as focal
wall thickening originating in the second layer. No
changes of the submucosal layer are shown with
intramucosal cancer (Fig.16.3). When the tumor
invades the submucosal layer, the shape and the
width of that layer changes (Fig. 16.4) and it finally
disappears as the tumor invades the proper muscle;
however, the evaluation of cancer invasion becomes
difficult when it is complicated by an ulcer, because
the fibrosis accompanying ulcer healing is expressed
as a hypoechoic area which resembles cancer. The
diagnostic accuracy of determination of cancer
depth with transabdominal ultrasound is gener-
ally thought to be inferior to that with endoscopic
ultrasound, which provides a clear image with fewer
artifacts and high resolution, although there are
several contradictory reports (ISHIGAMI et al. 2004;
MEINING et al. 2002). Even with endoscopic ultra-
sound, however, it is difficult to differentiate fibrotic
tissue from cancer.

Fig.16.2. Longitudinal scan of the
gastric antrum and the duodenal
bulb. The gastric lumen is filled
with water




Gastric Cancer

137

Fig. 16.3. a Sonographic image of an early (intramucosal) gastric cancer. Focal wall thickening, which is limited to the mucosal
layer, is demonstrated. b Endoscopic feature of the same patient as shown in a. A focally elevated lesion with an ulcer at the
center is visualized. ¢ Sonographic image of an early (intramucosal) gastric cancer. Focal wall thickening with an indentation
at the center is demonstrated. No narrowing of submucosal layer is observed

Fig.16.4. a Sonographic image of an early (submucosal invasion) gastric cancer. Narrowing of the submucosal layer is dem-
onstrated. b Endoscopic sonography of an early gastric cancer (submucosal invasion). There is narrowing of the submucosal
layer beneath the tumor
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16.3.2
Advanced Gastric Cancer

Advanced gastric cancer is demonstrated as focal
wall thickening without wall stratification (Figs. 16.5,
16.6). The typical sonographic figure is a “pseudokid-
ney sign,” i.e., an echogenic area surrounded by a
hypoechoic rim that resembles the image of kidney.
Exceptionally, in scirrhous cancers, wall stratification
is demonstrated, although it is somewhat blurred
(Figs. 16.7, 16.8). The lesions of advanced gastric
cancer show poor compliance and compressibility,
as well as reduced peristalsis or even loss of it. The
vascularity on color/power Doppler depends on the
nature of cancer and may not necessarily be useful
for differentiation between benign and malignant
conditions.

Differential diagnoses should be decided among
the following: benign gastric ulcer, malignant lym-
phoma, acute gastric mucosal lesion, and anisakiasis,
and ultrasound is useful for this purpose (OKANOBU
et al. 2003). Benign gastric ulcers show focal wall
thickening with a wall defect at the center. Since the
wall thickening around the ulcer is due to submuco-
sal edema, wall stratification is basically preserved.
Malignant lymphoma also shows focal wall thicken-
ing without stratification which resembles advanced
gastric cancer, but the thickened wall is character-
ized by very low echogenicity, often lower than that
of gastric carcinoma. Acute gastric mucosal lesions
and gastric anisakiasis are characterized by diffuse
wall thickening with wall stratification, brought on
mainly by submucosal edema, which occasionally
resembles scirrhous cancer. In scirrhous cancers, the
width of every layer is irregular, and the boundary
of each layer is often blurred. Furthermore, the com-
pressibility/compliance is poor and the peristalsis is
remarkably reduced.

ANTRUM

\

Fig.16.5. a Advanced gastric cancer. Wall stratification has
been totally destroyed and the extramural margin is irregular.
b Endoscopic image of the same case as shown in Fig. 16.5a.
¢ Endoscopic ultrasound image of an advanced gastric cancer.
Focal wall thickening without wall stratification is observed




Fig. 16.6. a Transverse scan of advanced gastric cancer at the
cardia. Wall thickening without stratification is seen in almost
all circumferences, accompanied by luminal narrowing. b Lon-
gitudinal scan of the same lesion as shown in Fig. 16.6a. c En-
doscopic view of the same case
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Fig.16.7. a Longitudinal scan of pyloric stenosis due to an advanced
gastric cancer. Diffuse wall thickening of the antrum is demonstrated.
b Close-up view of the posterior wall of the antrum with a 7-MHz linear
probe. Wall stratification has not been completely destroyed. ¢ Endos-
copy reveals marked luminal narrowing
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Fig. 16.8. a Schirrous-type gastric cancer in the gastric body. Note the difference in gastric compliance at the antrum and the le-
sion. b Close-up view of the lesion with a 7-MHz linear probe. Wall stratification is demonstrated. ¢ Schirrous-type gastric cancer
at the fornix. Diffuse wall thickening at the fornix and ascites (asterisk) are demonstrated. d Endoscopic image of giant rugae

16.4
Staging of Gastric Cancer

For the staging of gastric cancer, cancer depth and
metastases (to remote organs, lymph nodes, the peri-
toneum) must be assessed. There have been a few
reports on the cancer staging with ultrasound show-
ing high diagnostic ability (L1ao et al. 2004; Lim et
al. 1994).

The depth of cancer for an early gastric cancer is
decided by assessment of alteration of wall stratifica-
tion. The extension of an advanced gastric cancer is
decided by careful evaluation of the tumor margin.
When the outer margin of the tumor is smooth and a

fat pad or boundary echo is observed between every
other contiguous organ and the tumor, the cancer
is considered to be within the serosa. Irregularity
of the outer margin suggests high risk of the tumor
exceeding the serosa. Loss of the boundary echo
accompanied by loss of sliding movement between
other organs are important findings suspicious of
minimal invasion into an adjacent organ. The inva-
sion is obvious when the tumor boundary lies in the
contiguous organ and deforms the contour of the
organ (Fig. 16.9).
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Fig.16.9. a Gastric cancer invasion into the tail of the pan-
creas is demonstrated. The hypoechoic tumor has altered the
contour of the pancreas tail. b Gastric cancer invasion into the
transverse colon. This hypoechoic tumor is compressing the
upper circumference of the transverse colon and the boundary
echo between them has disappeared

Typical metastatic liver tumors have a thick
hypoechoic rim with a relatively hyperechoic center,
known as the “bull’s-eye” sign (Fig. 16.10a); however,
this finding cannot be applied to all metastatic liver
tumors. Penetration of the normal vascular structure
through the tumor proven by color/power Doppler,
ring-shaped enhancement in the arterial phase, and
loss of enhancement in the postvascular phase as
determined by contrast ultrasound, are helpful find-
ings for the diagnosis of metastatic liver tumors.

Lymph node metastases are characterized by the
round-shaped swelling of lymph nodes (Fig. 16.10b).
One must be careful in the differentiation from
inflammatory swelling of lymph nodes caused by a
benign gastric ulcer, which is more elliptical in shape
than that of metastatic lymph nodes.

Tumor seeding is demonstrated as a hypoechoic
nodule on the visceral or parietal peritoneum
(Fig.16.10c). Often ascites with floating echogenic
particles accompanies tumor seedings, indicating
peritonitis carcinomatosa.

Fig.16.10. a Metastatic liver tumors are demonstrated.
b Metastatic lymph nodes (In) around the superior mesenteric
artery (sma) are demonstrated. ¢ A seeding nodule (asterisks)
seen in a patient with advanced gastric cancer

16.5
Conclusion

Although influenced by the patients’ constitution and
the skill of the operator, transabdominal ultrasound
can be a useful diagnostic tool for the evaluation of
gastric cancer.
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Introduction

The incidence of gastrointestinal non-Hodgkin
lymphoma (NHL) is about 1.1/100,000, which is
low in comparison to other gastrointestinal malig-
nancies, such as colorectal carcinoma with about
14-17/100,000 (D’AMORE et al. 1994; SCHEIDEN et
al. 2005). Because of this low incidence and the fact
that small intestinal NHL often presents as an emer-
gency, there are no prospective studies dealing with
primary diagnosis by transabdominal ultrasound.
Transabdominal ultrasound was considered less
sensitive than computed tomography for the diag-
nosis of abdominal malignancies in the 1970s. How-
ever ultrasound techniques are now essential for the

S. Daum, MD

]J. C. HOFFMANN, MD

M. Ze1tz, MD

Medizinische Klinik und Poliklinik I, Gastroenterologie, Infek-
tiologie und Rheumatologie, Charité - Universititsmedizin
Berlin, Campus Benjamin Franklin, Hindenburgdamm 30,
12200 Berlin, Germany

accurate diagnosis and follow-up of mainly gastric
malignancies following the introduction of endo-
scopic ultrasound (EUS) in 1976 (Lutz and RoscH
1976). Today, EUS forms the main diagnostic tool in
early cancer of the upper gastrointestinal tract, as
well as in early stages of mucosa-associated lymphoid
tissue (MALT)-NHL of the stomach. Based on the
diagnostic accuracy of EUS, the concepts of endo-
scopic treatment in early malignancies have been
delineated. Data on transabdominal ultrasound in
gastrointestinal NHL are still based on case reports.
Differentiation of underlying diseases is not possible
without histology (Table 17.1).

Table 17.1. Differential diagnosis to intestinal NHL

Crohn’s disease
(Ulcerative) colitis
Intestinal ischaemia
Intestinal tuberculosis
Intestinal invagination
Diverticulitis
Post-radiation enteritis
Adenocarcinoma
Gastrointestinal stromal tumour
Intestinal metastases
Appendicitis

Intramural haematoma

17.2
Endoscopic Ultrasound

17.2.1
Gastric Non-Hodgkin Lymphoma

The stomach is the most common site of gastrointesti-
nal NHL and is seen in 70-80% of patients (DoM1z1o
et al. 1993; D’AMORE et al. 1994; RADASZKIEWICZ
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et al. 1992). MALT-NHL without aggressive histol-
ogy comprises about 40-50% of gastric NHL, while
aggressive subtypes are found in about 50-60%, but
show low-grade components simultaneously in about
30% (KocH et al. 2001). Stage is the most important
prognostic factor in both low- and high-grade NHL
(RADASZKIEWICZ et al. 1992; D’AMORE et al. 1994;
RUSKONE-FOURMESTRAUX et al. 2001). In the case of
Helicobacter pylori-associated gastric MALT-NHL, dis-
tinction between stage I,,, and II, is of utmost impor-
tance, as stage predicts response to antibiotic treat-
ment (RUSKONE-FOURMESTRAUX et al. 2001; CHEN et
al.2001; SACKMANN et al. 1997; NAKAMURA et al. 2001;
CALETTI et al. 2002). For this purpose, EUS has proven
to be a simple and highly valuable investigation.

17.2.2
Differentiation from Gastric Cancer

Involvement of the gastric wall in lymphomatous dis-
ease is similar to gastric cancer: disruption of the
normal layer pattern by diffuse thickening of thelayers
or a change in echogenicity of the layers indicate infil-
tration (KIMMEY et al. 1989); echo-poor lesions being
most commonly described (PUspOK et al. 2002), but
also echo-intense lesions may be seen (Fig.17.1). In
contrast to gastric cancer,lymphomatous involvement
is preceded mainly by longitudinal infiltration within
the wall instead of vertical growth (BoLoNDI et al.
1987; CALETTI and BARBARA 1993). Also, wall infiltra-

tion may be seen far distal to endoscopic alterations
like ulcerations (BOLONDI et al. 1987). BOLONDI et al.
(1987) also reported that gastric cancer appears more
echogenic, infiltration of the gastric wall is more often
transmural and involvement of extramural structures
and perigastric lymph nodes are more frequent than
in gastric lymphoma. However, the diagnosis of an
infiltrative lesion may not be based on EUS alone and
is often inconclusive.

17.2.3
Primary Staging

Most studies have used the Ann Arbor classification
modified by Musshoff and Radaszkiewicz,which sum-
marizes infiltration of mucosa and submucosa into
I1 and further involvement into stage 12 (Table 17.2,
Fig.17.2) (MussHOFF and SCHMIDT-VOLLMER 1975;
RADASZKIEWICZ et al. 1992; SACKMANN et al. 1997;
KocH et al. 2001). Lymph node involvement has
been further subdivided into regional (II1) and non-
regional (I12) infiltration (Fig. 17.3) (RADASZKIEWICZ
et al. 1992).

The modified Ann Arbor classification has proved
to berelevant for prognosis and feasible.In the Lugano
classification stage I is not divided into stages I1 and
I2 and stage III has been omitted and included in
stage IV (Table 17.3). The Lugano classification may
bring sufficient information, but, in most studies,
the modified Ann Arbor classification has been used

Fig.17.1. a Disruption of the normal layer pattern by diffuse thickening of the layers (arrow) and an increased
echogenicity in a patient with low grade gastric MALT-NHL stage 12. b Endoscopic loss of gastric folds and an
ulceration was detected (arrow), harbouring the NHL
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Table 17.2. Staging of primary gastrointestinal lymphoma.
[According to the staging system of Ann Arbor (1971)
modified by MussHOFF and SCHMIDT-VOLLMER (1975) and
RADASZKIEWICZ et al. (1992)]

I Localized or non-localized involvement of the GI-
tract without involvement of lymph nodes and
without infiltration of other organs

I1 Involvement of mucosa and submucosa

12 Infiltration beyond submucosa

I Localized or non-localized involvement of the GI-
tract of every depth and involvement of infradia-
phragmal lymph nodes

111 Regional infradiaphragmal lymph nodes

112 Non-regional infradiaphragmal lymph nodes

111 Localized or non-localized involvement of the GI-
tract of every depth. Additional involvement of
infra- und supradiaphragmal lymph nodes includ-
ing further localized GI organ involvement, spleen
(II1S) or both

v Disseminated involvement of extra GI organs with
or without lymph node involvement

Fig. 17.2. Thickening of the submucosa with preserved layers
of the gastric wall in a patient with MALT-NHL stage I1

(SACKMANN et al. 1997; RADASZKIEWICZ et al. 1992;
KocH et al.2001). Unresolved problems are that a dis-
seminated and incurable infiltration of the gastroin-
testinal tract can be staged as stage I or II according
to the modified Ann Arbor staging (Table 17.2).

Fig. 17.3. Thickening of the gastric layers up to 7 mm with-
out disruption of the layers (arrows) and paragastric lymph
node with a diameter of 9 mm with normal echogenic pattern
(crosses) seen in a patient with low-grade gastric MALT-NHL

To address these problems, several different rec-
ommendations for the staging system have been
made. The Paris staging system published in 2003,
presented by several European specialists, introduced
a differentiation of distant lymphoma manifestations
depending on the involved organ, as well as a further
subdivision of lymph node involvement (Table 17.4)
(RUSKONE-FOURMESTRAUX et al. 2003). In this clas-
sification further non-continuous gastrointestinal
tract involvement is stated separately. It also made
further distinction of early stages of gastric NHL into
Tlm and Tlsm similar to gastric cancer which had
been proposed by CALETTI et al. (1996) (RUSKONE-
FOURMESTRAUX et al. 2003).

In spite of new and more differentiated stag-
ing systems, questions in clinical daily work are in
most cases sufficiently answered by the Ann Arbor
staging system modified by Musshoff and Radasz-
kiewicz (MussHOFF and SCHMIDT-VOLLMER 1975;
RapaszkIEwIcz et al. 1992). The Paris staging
system may be used in forthcoming studies to permit
accurate staging and comparison of patient cohorts
(RUSKONE-FOURMESTRAUX et al. 2003).

In clinical gastrointestinal practice, relevant ques-
tions to be answered in primary staging include
depth of wall infiltration and involvement of the
paragastric lymph nodes (RADASZKIEWICZ et al.
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Table 17.3. Staging of primary gastrointestinal lymphoma
according to the Lugano conference (ROHATINER et al. 1994)

I Tumor confined to GI tract
II Tumor extending into abdomen from primary GI
site

Nodal involvement

111 Local (paragastric in cases of gastric lymphoma
and para-intestinal for intestinal lymphoma)

112 Distant (mesenteric in the case of an intestinal
primary, otherwise: para-aortic, paracaval, pelvic,
inguinal)

IIE Penetration of serosa to involve adjacent organs or

tissues (enumerate actual site of involvement, e.g.
IIE (pancreas), IIE (large intestine) or IIE (post-
abdominal wall)

v Disseminated extranodal involvement, or a GI tract
lesion with supra-diaphragmatic nodal involvement

E, infiltrative (per continuitatem) growth into neighboring
structures

1992; D’AMORE et al. 1994). Only two studies com-
paring computed tomography with EUS in primary
local staging have been conducted. T1o et al. (1986)
tested EUS versus non-helical computed tomogra-
phy, whereas VOrRBECK et al. (2002) applied an up-to-
date computed tomography technique. VORBECK et
al. (2002) demonstrated superiority in the detection
rate of mucosal wall thickening for EUS compared to
hydro-spiral computed tomography; the detection of
enlarged lymph nodes was comparable for both tech-
niques (TI0 et al. 1986; VORBECK et al.2002). Thus, the
only indication for computed tomography in gastric
NHL is assessment of the more distant lymph node
status. However, a report in 1999 revealed that EUS
was applied in only about 50% of centres treating gas-
tric-NHL and results seemed strongly dependent on
the investigator’s experience (DE JoNG et al. 1999).
Accurate estimation of staging depends on con-
secutive operation as the “gold standard” for staging
and has been conducted in only a limited number
of studies. In the prospective multicenter study with
the largest patient numbers, preoperative EUS stag-
ing showed only a 67% sensitivity in stage I1, 83% in
stage 12 and 71% in stage II1 (FIsCHBACH et al. 2002).
This study mirrors the reality in clinical practice as
34 centres took part with differing experience in EUS.
Standardized regimens for staging are missing as
demonstrated by a high interobserver disagreement
for early lesions (T1 submucosa) and T2 lesions, but

Table 17.4. Paris staging system for primary gastrointestinal
lymphomas. [See also RUSKONE-FOURMESTRAUX et al. (2003)]

TX Lymphoma extent not specified

TO No evidence of lymphoma

T1 Lymphoma confined to the mucosa/submucosa

Tlm Lymphoma confined to mucosa

Tlsm  Lymphoma confined to submucosa

T2 Lymphoma infiltrates muscularis propria or sub-
serosa

T3 Lymphoma penetrates serosa (visceral perito-
neum) without invasion of adjacent structures

T4 Lymphoma invades adjacent structures or organs

NX Involvement of lymph nodes not assessed

NO No evidence of lymph node involvement

N1 Involvement of regional lymph nodes

N2 Involvement of intra-abdominal lymph nodes
beyond the regional area

N3 Spread to extra-abdominal lymph nodes

MX Dissemination of lymphoma not assessed

MO No evidence of extranodal dissemination

M1 Non-continuous involvement of separate site in
gastrointestinal tract (e.g. stomach and rectum)

M2 Non-continuous involvement of other tissues (e.g.
peritoneum, pleura) or organs (e.g. tonsils, parotid
gland, ocular, adnexa, lung, liver, spleen, kidney,
breast, etc.)

BX Involvement of bone marrow not assessed

BO No evidence of bone marrow involvement

Bl Lymphomatous infiltration of bone marrow

TNM  Clinical staging: status of tumour, node, metasta-
sis, bone marrow

pTNMB Histopathological staging: status of tumour, node
metastasis, bone marrow

pN The histological examination will ordinarily

include six or more lymph nodes

good results in staging of local lymph nodes before
Helicobacter pylori eradication (FusaroLI et al
2002).

As Helicobacter pylori eradication is the treatment
of choice in early stagesI1 and 12 and even under
regular control in stage II1, sensitivity of EUS seems
to be sufficient. Local response controls in short term
intervals are mandatory and 3-month intervals are
recommended initially (FISCHBACH et al. 2004).
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In single cases, EUS-guided needle aspiration for
differentiation of lymph node involvement, for exam-
ple of coeliac lymph nodes, may be necessary. In these
cases, a linear scanner is used (ELOUBEIDI et al. 2004).

17.2.4
Follow-Up

In spite of its high accuracy in primary staging of
gastric MALT-NHL, EUS has limitations with regard
to predicting treatment response during follow-up.
In comparison to histological response, changes
seen by EUS occur later than histological changes:
in a study by PUspox et al. (2002), endosonographic
remission was reached after 41.7 weeks in compari-
son to 29.1 weeks using histological criteria (PsPOK
et al. 2002). Endosonographic remission was defined
as restoration of a five-layer structure of the gas-
tric wall, measuring < 4 mm in thickness without
enlarged lymph nodes. This prolonged response to
treatment can be understood in view of the corre-
sponding histology: here gastric layers often remain
thickened with increased fibrous tissue after eradica-
tion of lymphoma (Fig.17.4). PUsPOK et al. (2002)
also tested prediction of histological remission by
endosonographic criteria: neither decrease in gastric
wall thickness nor increase in echogenicity correlated
with complete histological remission (PUspOK et al.
2002).

In several studies, hypoechoic wall changes have
been attributed to preceding radiotherapy and might
correspond to inflammatory changes (NATTERMANN
et al. 1993; ToyoDpa et al. 2001a). These changes were
mainly found in the third wall layer, but may also
occur in other regions.

In case of histological relapse, EUS often does not
demonstrate the recurrence of lymphoma: in a case
report by NOBRE-LEITAO et al. (1998) and in the study
by PUsPOK et al. (2002) only one out of five patients
with histological relapse also had EUS changes indic-
ative of recurrent lymphoma. Occasionally, however,
EUS changes can, indeed, precede histological fea-
tures: HOEPFENER et al. (2003) detected two patients
presenting with an endosonographically demonstra-
ble relapse before histological detection.

EUS may be useful in detecting lymphoma tissue
in deeper layers of the gastric wall not responding
to treatment; however, EUS is quite inaccurate in
demonstrating early response or detecting minimal
residual disease (PUSPOK et al. 2002; BAYERDORFFER
et al. 1995). EUS. nevertheless. should remain part of

Fig.17.4. Preserved gastric wall layers with an echo-intense
thickening of the submucosal layer measuring 5.2 mm (crosses)
after antibiotic treatment for Helicobacter pylori in a patient
with low-grade gastric MALT-NHL

the follow-up investigation for gastric MALT-NHL
patients, as it may detect relapse earlier than histol-
ogy in certain patients.

17.2.5
Other Locations of
Gastrointestinal Non-Hodgkin Lymphoma

EUS has been applied in patients with NHL of the
duodenum, the ampulla of Vater and rectum (Hor1
et al. 2002; Toyopa et al. 2001b). One case report
describes primary diagnosis and follow-up staging
of a NHL of the ampulla of Vater with endoscopic
ultrasound (Toyopa et al. 2001b). In this patient,
computed tomography was unable to detect the lym-
phoma. In rectal disease, endoscopic ultrasound may
be employed just as in gastric disease. Incidence data
on rectal lymphoma are limited: in a letter, Gavi-
oLI et al. (2000) describe a 45-year-old patient with
rectal low-grade NHL, in whom local staging was
well established by endoscopic ultrasound. Due to the
limited number of rectal lymphoma cases, there are
no prospective studies on comparison of EUS versus
computed tomography or magnetic resonance imag-
ing. However, local wall involvement may be assessed
more precisely with EUS and may be easily followed

up.




148

S. Daum, J. C. Hoffmann, and M. Zeitz

17.2.6
Ultrasonic Miniprobes and
New Generation Radial Ultrasound Probes

In some cases of small malignant lesions which may
not be found by conventional endoscopic ultrasound,
ultrasonic miniprobes have been developed (RoscH
and CLASSEN 1990). The ultrasonic miniprobe tech-
nique enables scanning under parallel endoscopic
visualisation. These radial scanners have a diameter of
2.5 mm and rotating transducers of 12 MHz or 20 MHz
and can be introduced through the instrument chan-
nel of a standard endoscope (MENZEL et al. 1996). In
gastric NHL LUGERING et al. (2001) compared endo-
sonography with miniprobes to standard techniques.
They showed that endosonography with miniprobes
is feasible and results are comparable to those of
standard EUS. However, miniprobes have limitations
with regard to markedly thickened gastric walls due
to insufficient depth visualisation in comparison to
standard EUS. Therefore, lymph node involvement
cannot be described with sufficient accuracy. Due to
the higher costs and longer working time, this method
is indicated for the investigation of lymphoma only in
special situations, like gastrointestinal stenoses, which
cannot be passed by conventional endoscopes or local-
ized lymphoma (Fig.17.5). To overcome the limited
depth of visualisation, new generation mechani-
cal radial probes and, in particular, electronic radial
ultrasound endoscopes have been developed, which
provide high resolution of the gastrointestinal wall, as
well as excellent visualisation of more distant struc-
tures (YASUDA et al. 2004). One major advantage of

electronic radial ultrasound endoscopes is that colour
Doppler is also available, helping to distinguish lymph
nodes from blood vessels.

17.3
Transabdominal Ultrasound

Transabdominal ultrasound has its limitations due
to the inter-observer variability and patient char-
acteristics, e.g. severe obesity. However, abdominal
ultrasound constitutes the first and most easily avail-
able method for abdominal abnormalities including
investigation of mesenteric lymph nodes and liver
abnormalities. Only retrospective studies and case
reports exist with regard to the detection of gastroin-
testinal lymphoma by ultrasound (GOERG et al. 1990,
1992; STUCKMANN and ZOLLIKOFER 1996). In gastric
NHL, optimal conditions require water-filling of the
stomach (WorLICEK 1986). Thickness of the gas-
tric wall should not exceed 5 mm in the corpus and
proximal antrum, while the wall may reach 8 mm in
thickness in the distal antrum and pylorus. Intestinal
wall thickness above 3 mm is suspect for inflamma-
tory or malignant involvement. In gastrointestinal
lymphoma, lesions are echo poor, infiltrating the
gastrointestinal wall with dissolution of the charac-
teristic layers (GOERG et al. 1990; GOERG et al. 1992)
(Fig.17.6). The lumen may be narrowed and the wall
asymmetrically infiltrated. Stenosis and hypervascu-
larisation may be detected.

Fig.17.5a,b. Duodenal NHL showing multiple nodules in the descending duodenum (a) and a thickened mucosa (b)
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Lossofperistalsisisalatesign oflymphoma (GotraG
et al. 1990). In high-grade lymphoma, ultrasound
most often showed large-nodular lesions (Fig. 17.7),
whereas low-grade lymphomas showed a tendency
towards small-nodular or diffuse lesions (see Ch.2)
(Gora et al. 1996). In intestinal NHL the occurrence
of pathological circumferential wall thickening is a
classic sign: it is defined by a hypoechogenic circular
structure with a central hyperechogenic structure.
However, discrimination between inflamed bowel
or infiltrative disease is not easy with ultrasound
and computed tomography has definite advantages
in that the technique is less user dependent, docu-
mentation of the primary lesion is well standardized
and the technique is more sensitive for the detection

Fig. 17.6. Transverse sonogram shows marked hypoechoic
thickening of bowel wall and loss of normal stratification.
(Courtesy of I. De Sio, University of Naples, Italy)

Fig.17.7. Large, round and hypoechoic mesenteric lymph node,
with smooth margins, in patient with non-Hodgkin lymphoma

of distant lymph nodes. Another alteration seen on
ultrasound in intestinal NHL has been described as
“white bowel” (HOLLERWEGER and DIETRICH 2005).
This syndrome describes a hyperechogenic small
bowel wall in patients with several different under-
lying diseases like Whipple’s disease, HIV-associated
Mycobacterium avium-intracellulare enteropathy
and also coeliac disease and complicating intestinal
T-NHL. Lymph oedema of the bowel wall caused by
enlarged mesenteric lymph nodes or mesenteric vein
thrombosis may be the underlying mechanism (HoL-
LERWEGER and DIETRICH 2005). Future studies need
to demonstrate the role of oral contrast media like
polyethylene glycol for transabdominal bowel ultra-
sound (PARENTE et al. 2004).
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18.1
Introduction

Metastatic involvement of peritoneum (peritoneal
carcinomatosis) is by far the most common perito-
neal tumor (WALSH and WILLIAMS 1971; BELL and
ScuLLy 1990). Tumors that preferentially metastasize
to the peritoneum include the following adenocarci-
nomas: stomach; intestine (colon-rectum); gallblad-
der or biliary tree; pancreas; breast; lung; ovary; and
uterus (RUNYON et al. 1988); as well as lymphoma
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and other tumors, such as the sarcomas (RUNYON
and HoEFs 1986). About two-thirds of women with
ovarian cancer present abdominal dissemination
of the disease (JoHNSON 1993; LoNGATTO FILHO et
al. 1997), whereas sarcomas account for only 3% of
metastatic peritoneal malignant tumors (WaLsH and
WiLLiaMs 1971). Neoplastic diffusion of cancer to
peritoneum occurs both due to contiguity and lym-
phatic or hematic spreading. Pseudomyxoma perito-
nei is a special case in metastatic peritoneal tumors:
it derives from the rupture of an ovary or appendix
tumor with accumulation of mucin in the peritoneal
cavity (MANN et al 1990). Its malignancy is variable
and diagnosis is usually made when jelly-like mate-
rial is observed during surgery, at laparoscopy, or is
aspired by interventional procedure such as guided
ultrasound (US) and/or computed tomography (CT;
Noverr and LEwis 1990). Clinical presentation of
peritoneal carcinomatosis includes abdominal pain
anddistension,earlysatiety,importantascites (usually
bloody), abdominal masses which determine bowel
obstruction, and weight loss. Prognosis is generally
poor (YAMADA et al. 1983). Ultrasonography is the
first choice procedure in evaluation of patients with
abdominal pain, distension, and palpable masses. It
is used as a guide for cyto-histological evaluation of
ascites and abdominal masses, thus avoiding either
laparoscopy or laparotomy for diagnosis.

18.2
Ultrasonographic Findings

Presence of ascites, omental involvement, sero-
sal implants, mesenteric involvement, peritoneal
implants, and interruption of the anterior perito-
neal line are the most frequently described ultra-
sonographic findings in patients with peritoneal
metastasis. Accessory findings are represented by
liver metastasis, lymphadenopathies, and gallbladder
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wall thickening (R1oux and MicHAUD 1995). Ultra-
sonography is also useful in detecting primary cancer
in patients without known malignancy: in fact, in
a consecutive series on 37 patients, ultrasonogra-
phy revealed a primary tumor in 16 (57%) out of 28
patients with no clinical or imaging signs of primary
cancer (Rroux and MicHAUD 1995).

Table 18.1 summarizes the prevalence of ultraso-
nographic signs in peritoneal carcinomatosis.

Table 18.1. Prevalence of ultrasonographic findings in perito-
neal carcinomatosis. (From Rioux and MicHAUD 1995)

Ultrasonographic finding Prevalence

(%)

Omental involvement 97
Ascites 49
Serosal implants 19
Mesenteric involvements 16
Peritoneal implants 54
Interruption of the anterior peritoneal line 16
Liver metastasis 38
Lymphadenopathies 24
Gallbladder wall thickening 32
18.2.1
Ascites

Ultrasonography is a highly sensitive test in detecting
ascites of small volume (BRANNEY and WOLFE 1995),
e.g., 5-10 ml ascites are clearly detectable; however,
ascites is common in many benign conditions such
as liver cirrhosis, portal hypertension, nephrotic syn-
drome, cardiac insufficiency, etc. (RUNYON et al. 1988).
Even if ultrasonography is often unable to distinguish
between benign and malignant ascites, its presence
in patients with known neoplasia is highly indica-
tive of neoplastic involvement of the peritoneum, and
its presence in the lesser omentum (in absence of
pancreatitis) is also highly indicative of malignancy
(Dopps et al. 1985). Some ultrasonographic char-
acteristics may be helpful in differentiating benign
from malignant ascites.

Frequently, in malignant ascites, the fluid is echo-
genic (due to the presence of blood and/or neoplas-
tic cells; Fig. 18.1), septa are often present (Fig. 18.2),
bowel loops are fixed and smashed for mesenteric
involvement (Fig.18.3), and serosal and parietal
peritoneal implants are often visible. Indeed, abun-

Fig.18.1. Echogenic malignant ascites in a case of ovarian
cancer. The fluid is echogenic with fine corpusculated echoes
and declivous sediment

Fig.18.2. a Ascites with fine hyperechogenic septa are
clearly visible in malignant ascites due to pancreatic
cancer. b More evident thickened hyperechogenic septa
in malignant ascites due to gastric cancer
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Fig. 18.3. a A case of benign ascites. Note the bowel loops free in the anechoic fluid. b Contrary to what is seen in a, the intestinal

loops are fixed and smashed in malignant ascites

Fig. 18.4. a Very small nodules (>)are clearly visible on the posterior abdominal wall in a case of peritoneal involvement (colon
cancer). b Small solid nodules adhering to the anterior abdominal wall in a patient with ovarian cancer

dant ascites facilitates visualization of small nodules
infiltrating the parietal peritoneum, since it acts as a
means of contrast (Fig. 18.4; GOERG and SCHWERK
1991).

Table 18.2 summarizes differential ultrasono-
graphic characteristics between benign and malig-
nant ascites; however, significant ascites is present
in about 50% of patients with peritoneal metastasis
(R1oux and MICHAUD 1995).

Diagnosis of peritoneal metastatic involvement is
often based on fluid analysis and ultrasound-guided
aspiration of ascites is frequently used in patients
with small amounts of liquid (Fig. 18.5).

Combined with repeated cytological examina-
tion of fluid, ultrasound offers 92% sensitivity in the
diagnosis of peritoneal carcinomatosis, thus avoiding
laparotomy or laparoscopy (GERBES 1991; RUNYON et
al. 1988).

18.2.2
Omental Involvement

STEIN (1977) clearly described the omental band
as a new sign of peritoneal metastasis. Neoplastic
infiltration of the great omentum is visualized by
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Table 18.2. Ultrasonographic differential diagnosis between benign and malignant

ascites

Ultrasonographic finding

Benign ascites

Malignant ascites

Echogenic ascites + AR

Septa Absent Present

Peritoneal line Regular Irregular; interruption;
evidence of nodules

Omentum Thin “Omental cake”

Mesentery Free Fixed

Intestinal loops Free Fixed/smashed

Liver metastasis Absent Present

Lymphadenopathies Absent Present

Other US signs Liver cirrhosis Absent

Pancreatitis
Cardiac failure

Fig. 18.5. Ultrasound-guided percutaneous fine-needle aspira-
tion of ascitic fluid. Note the tip of the needle clearly visible
in the fluid

ultrasound as a uniformly thick, hyposonic band-
shaped structure adjacent to the anterior and lateral
walls of the abdomen, following the contour of the
abdominal convexity and containing low-level non-
structural internal echoes (omental cake) (Fig. 18.6).
From this finding, a diffuse metastatic involvement
of the omentum can probably be inferred with a high
degree of reliability.

Omental involvement is present in about 97%
of patients with peritoneal metastasis (Rroux and
MICHAUD 1995).

18.2.3
Peritoneal Parietal and Serosal Implants

Peritoneal parietal and serosal implants are visible on
ultrasound as soft tissue masses or nodules adhering
to the peritoneum, as irregularity or interruption of
the anterior hyperechoic peritoneal line (Fig.18.7).
Visualisation is facilitated by the presence of ascites.
The ultrasonographic study of the peritoneal line is
facilitated by the use of high frequency ultrasound
probes, which allow also visualization of very small
peritoneal implants (Fig.18.8; LORENZ et al. 1990).
Peritoneal implants, serosal implants, and interrup-
tion of the anterior hyperechoic peritoneal line are
present at the rates of about 54, 19, and 16%, respec-
tively in patients with peritoneal carcinomatosis
(R1oux and MiCcHAUD 1995).

18.2.4
Accessory Findings

Liver metastases are found in about 38% of patients
with peritoneal carcinomatosis, but represent a non-
specific finding.In fact,liver metastases are frequently
found even in the absence of peritoneal involvement.
Lymphadenopathies are present in about 24% of
cases, but like liver metastases, they do not represent
a specific sign of peritoneal carcinomatosis (R1oux
and MICHAUD 1995).
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of the peritoneal line (d). d Echogenic ascites is also clearly visible
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18.3

Differential Diagnosis and

Role of Ultrasound-Guided Biopsy of
Peritoneal Masses

The definitive diagnosis of metastatic peritoneal car-
cinomatosis and its differentiation from peritoneal
mesothelioma may be difficult on account of the
clinical, macroscopic, and microscopic variability of
the latter. Conventionally, these criteria may be estab-
lished only after surgical exploration and extensive
sampling. Recent imaging literature shows excellent
correlation between CT or ultrasound, and opera-
tive or autopsy findings. These imaging modalities
have shown soft tissue masses or nodules, thickened
omentum (omental cake), peritoneum, mesentery,
bowel wall thickening, pleural plaques, and usually
disproportionately small, if any, ascites. The latter two
observations may be useful in differentiating macro-
scopically mesothelioma from peritoneal carcinoma-

Fig. 18.8a-c. The ultrasonography study with high-frequency
probes (cases shown in Fig.18.7a-c) clearly documented the
peritoneal metastatic implants

tosis (RApTOPOULOS 1985). Furthermore, fine-needle
aspiration biopsy, after performing wide sampling
of the tumors in different locations under US or CT
guidance (PomBoO et al 1997; S1sTROM et al. 1992),
produced diagnostic cytological specimens; thus, the
need for exploratory surgery may be reduced, and the
differential diagnosis between peritoneal metastasis
and peritoneal mesothelioma may be made prospec-
tively and relatively non-invasively at the same time
using computed tomography or ultrasound and fine-
needle aspiration biopsy.

Ultrasound-guided needle biopsy in peritoneal
masses has been mostly performed usinga fine needle
(i.e., needle with an outer diameter <1 mm to 20 G),
but very little experience exists regarding the use of
a large needle with core biopsy. In the experience
of Rioux and MicHAUD (1995), sonographic find-
ings, confirmed by percutaneous biopsy, avoided 24
unnecessary exploratory laparotomies. SPENCER et al.
(2001) performed image-guided peritoneal biopsy in
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35 women using an 18-G core biopsy in omental cake
(25 cases), peritoneal (7 cases), and adnexal (3 cases)
sites. A correct diagnosis was obtained in 77% of
cases with no false positives and only one false-nega-
tive result without significant complications, leading
the authors to conclude that image-guided perito-
neal biopsy is a simple, safe, and accurate technique
for providing site-specific diagnosis in women with
undiagnosed peritoneal carcinomatosis.

GoTTLIEB et al (1998) determined the effective-
ness of sonographically guided biopsies, of extra-vis-
ceral masses, in the peritoneal cavity (outside solid
organs). They retrospectively reviewed the results
of sonographically guided biopsies of extra-visceral
masses found in the peritoneal cavity of 52 patients,
51 of whom underwent biopsy through the abdomi-
nal wall. Placement of the biopsy needle within the
lesion was successful in all patients. Biopsy results
were true positive for malignancy in 37 patients (no
false positives), true negative for benign masses in
10 patients, and false negative for malignancy in 3
patients (sensitivity 93%, specificity 100%, accuracy
94%). Non-diagnostic samples were obtained only in
2 patients (4%). Treatment was based on diagnostic
biopsy results in 43 patients (86%). The authors con-
cluded that sonography is an effective alternative to
CT in guiding the biopsy of extra-visceral masses in
the peritoneal cavity.
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19.1
Introduction

The diagnosis of carcinoid and submucosal tumors
by endoscopy or barium contrast studies is not easy
since these tumors are usually covered with a normal
mucosal layer. To determine the main portion of the
wall stratification in the gastrointestinal wall in which
the tumors lie is the most important part of diagnos-
tic imaging of submucosal tumors. For this purpose,
endoscopic ultrasound (EUS), including the use of an
EUS-guided fine-needle aspiration biopsy (FNA), is
the best choice (ARANTES et al. 2004; VANDERNOOT et
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al. 2004); however, not all institutions have the equip-
ment or experienced staff to easily perform EUS in
all cases with submucosal tumors. Transabdominal
ultrasound, with the remarkable improvement of
equipment, can be used as an alternative method
(PoLkOwsKI et al. 2002; FuTacaMi et al. 2001; TSAI et
al. 2000). There have been several reports on transab-
dominal ultrasound as an acceptable alternative for
the diagnosis of submucosal tumors. In this chapter,
the sonographic images of carcinoid and submucosal
tumors are discussed.

19.2
Preparations for Sonographic Assessment
of Submucosal Tumors

For the evaluation of gastroduodenal lesions, an over-
night fast and the ingestion of water (200-400 ml) are
useful. However, for the small bowel lesions, such
preparations are not so advantageous for better
visualization; therefore, intestinal lesions, especially
when they are small in size, are not easy to detect
with transabdominal ultrasound. The retrograde
water filling method is effective for the assessment
of colonic lesions, but it requires total clearance
of colonic contents before the examination, which
makes its routine use difficult.

19.3
Carcinoid Tumor

Since carcinoid tumors usually originate in the deep
mucosa, they appear as a focal mass with a clear
margin and smooth contour located in the second
layer (Figs. 19.1,19.2). The echogenicity of the tumor
is homogenous and relatively low compared with that
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Fig.19.1. a Sonographic features of a gastric carcinoid. A
round-shaped hypoechoic tumor is demonstrated. Wall strat-
ification is not demonstrated clearly in this figure. b Color
Doppler ultrasound shows the rich vascularity of the tumor.
¢ Contrast-enhanced ultrasound of the tumor also reveals the
rich blood perfusion

Fig. 19.2. a Endoscopic feature of rectal carcinoid. A small (5 mm in diameter) submucosal tumor is demonstrated. b Endosono-
graphy with a miniature ultrasound probe (12 MHz). A small round-shaped tumor (C) is demonstrated beneath the first layer
and no changes in submucosal layer are seen

of the surrounding mucosal layer. As the gastrointes-
tinal wall is invaded more deeply by the tumor, the
stratification of the wall is deformed, and it is finally
destroyed when the tumor grows transmurally. Even

with endoscopic ultrasound, the differentiation of a
carcinoid tumor from a myogenic tumor arising from

the muscularis mucosae or a granular cell tumor is
often difficult.
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19.4
Submucosal Tumor

19.4.1
Cyst and Lymphangioma

Cysts and lymphangiomas are located in the submu-
cosal layer (Figs.19.3, 19.4). They are well demar-
cated by a thin wall and are anechoic. Posterior echo
enhancement as an artifact is a characteristic figure.
They show good compressibility and change their
shapes with external compression. Color Doppler
does not reveal any vascular structure inside. Often
septal structures are seen inside the tumor.

19.4.2
Lipoma

Lipomas also lie in the submucosal layer (Fig. 19.5).
They are very soft, and their shape can be changed
easily by external compression or peristalsis. Their
internal echoes are generally equivalent or slightly
lower than those of the adjacent submucosal layer.
Vascular signals are seldom detected with color Dop-
pler. Usually no changes are seen in the mucosal and
proper muscle layers.

19.4.3
Ectopic Pancreas

An ectopic pancreas is characterized as a hypoechoic
tumor located mainly in the submucosal layer with
thickening of the adjacent proper muscle layer
(Fig.19.6). A tiny cystic area representing the ductal
structure may be demonstrated.

19.4.4
Hemangioma

A hemangioma is demonstrated as a hyperechoic
tumor in the submucosal layer. Calcification is occa-
sionally seen inside the tumor (Fig. 19.7). Since the
blood flow of the capillaries making up the tumor
is extremely slow, it is difficult to detect blood
flow signals using the conventional color Doppler
method.

19.4.5
Gastrointestinal Stromal Tumor

Gastrointestinal stromal tumors (GISTs) are demon-
strated as focal hypoechoic nodules originating in the
proper muscle layer (Figs. 19.8,19.9). They are usually
well demarcated and round shaped. In accordance with
the tumor growth, the internal echo tends to be more
heterogenic with hyper/hypoechoic nodules inside
representing the focal degeneration of the tumor. With
color Doppler, rich vascular structures running toward
the center of the tumor (centripetal) are visualized.
Although there is a study showing that heterogenous
echotexture, size >3 cm, and irregular margins are
the risks for presence of malignancy (BRAND et al.
2002),it is not easy to decide the malignant potential of
each GIST with ultrasound preoperatively (RoscH et
al. 2002). GISTs exceeding 5 cm in diameter generally
require surgical resection following FNA.

19.4.6
Schwannoma

A schwannoma usually lies in the proper muscle layer
and is demonstrated as a well-demarcated round
tumor with a smooth contour (Fig. 19.10). It is dif-
ficult to differentiate this tumor from GIST, since the
main layer in which the tumor lies and the shape and
echogenicity of both tumors are very similar.

19.4.7
Extramural Compression

The most frequently encountered condition mimick-
ing submucosal tumors is extramural compression.
Diagnosis is achieved by demonstrating the normal
five-layer structure in the elevated portion and the
cause of compression, such as the adjacent spleen
(Fig. 19.11).

19.4.8
Pneumatosis Cystoides Intestinalis

Pneumatosis cystoides intestinalis is not actually
a submucosal tumor, but the endoscopic features
resemble those of a submucosal tumor. Endoscopic
ultrasound shows an echogenic spot with a comet-tail
artifact in the submucosal layer, which represents the
air bubble (Fig. 19.12).
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Fig.19.3. a Endoscopy of a gastric cyst. The lesion is located
in the anterior wall of the antrum and is covered with normal
mucosa without indentation or erosion. b Sonography with a
convex probe (3 MHz) of the gastric cyst (gc). A small ane-
choiclesion is demonstrated, although the main layer where it
lies is not clear. ¢ Scanning with a high-frequency linear probe
(7 MHz) revealed that the lesion (gc) lies in the submucosal
layer (sml). S stomach

Fig.19.5. Sonographic feature of a gastric lipoma (gl). A hy-
Fig. 19.4. Lymphangioma at the duodenal bulb. A cystic tumor  perechoic tumor located in the submucosal layer is demon-
(t) with septa is seen in the submucosal layer strated
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Fig. 19.7. Endosopic ultrasound of a gastric hemangioma (gh).
The tumor lies in the submucosal layer and calcifications in-
side the tumor are seen (asterisks)

Fig.19.6. Aberant pancreas. A hypoechoic tumor located
mainly in the submucosal layer accompanied by focal thick-
ening of the proper muscle layer is observed

Fig.19.8. a Sonography of a gastrointestinal stromal tumor
(GIST; st). A well-demarcated hypoechoic tumor is demon-
strated. The tumor is strongly connected to the proper muscle
layer (ml). b Color Doppler ultrasound shows the rich vascu-
larity of the tumor (sz)
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Fig. 19.9. a Sonography of the jejunal GIST. An oval-shaped tumor with a deep ulcer is demonstrated. The tumor is well demar-
cated and the contour of the tumor is smooth. b Color Doppler ultrasound of the tumor shows the rich vascularity. ¢ Contrast-
enhanced ultrasound reveals the rich perfusion with a focal perfusion defect inside the tumor (asterisk). d Endoscopic feature
of the tumor. A submucosal tumor with a deep ulcer at the center is demonstrated

Fig. 19.10. a Sonography of a gastric schwannoma with massive central necrosis. A hypoechoic tumor with a cystic area inside
is demonstrated at the anterior wall of the gastric body. b Contrast ultrasound reveals loss of perfusion in the cystic area
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Fig.19.11. a Extramural compression of the gastric wall by
the spleen. An elevated area due to compression of spleen is
shown. b Endosonographic feature of the extramural com-
pression by a liver cyst (Ic). The normal five-layer structure
is observed at the elevated area. Ao aorta

SIGMOID COLON

Fig. 19.12. Endosonographic feature of pneumatosis cystoides
intestinalis. A strong echo (asterisk) with a comet-tail echo is
demonstrated in the submucosal layer of the colon wall

19.5
Conclusion

Transabdominal ultrasonography can be a useful
alternative modality to EUS in the assessment of
carcinoid or submucosal tumors.
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20.1
Introduction

Several imaging methods are available to evaluate gas-
trointestinal tract disorders. With respect to sonog-
raphy, important progress in equipment technology
has improved its diagnostic capabilities in the last few
years. Compared with other imaging modalities, ultra-
sound has multiple advantages; these include real-time
imaging, relatively low costs, portability, wide avail-
ability, non-invasiveness and lack of ionizing radia-

D. SCHACHERER, MD; J. SCHOLMERICH, MD
Department of Internal Medicine I, University of Regensburg,
Franz-Josef-Strauss-Allee 11, 93042 Regensburg, Germany

tion. For these reasons, many patients with abdominal
symptoms are referred for an ultrasound study as their
initial diagnostic evaluation; however, optimal imag-
ing by sonography is often limited by artefacts aris-
ing from gas in the stomach and the adjacent bowel.
The sound beam is almost totally reflected at soft
tissue—gas interfaces due to the marked differences
in acoustic impedance and the high compressibility
and low density of gas. As a consequence, the results
of this examination are often inconclusive, leading to
supplementary imaging by means of more expensive
imaging modalities, such as computed tomography
(CT) or magnetic resonance imaging (MRI).

In this chapter, we first describe the role of ultra-
sound in the case of gastrointestinal disorders. We
then illustrate the historical development and different
types of contrast agents and their advantages, limita-
tions and applications with respect to bowel diseases.

20.2
Bowel Sonography (B-Mode, Doppler and
Power Doppler Sonography)

Already in the 1970s, the grey-scale ultrasound
examination was performed in patients with Crohn’s
disease (CD; HorLt and SAMUEL 1979). At present,
the principal tools for the diagnosis of inflamma-
tory bowel disease are colonoscopy with multiple
biopsies and radiological examinations; however,
colonoscopy, barium enema and enteroclysis cannot
assess the transmural extent of the inflammation or
extraintestinal involvement of the disease, and CT
is associated with a certain radiation dose. Conse-
quently, a non-invasive test which avoids radiation,
such as ultrasound, would be preferable. Brightness
mode (B-mode) represents an early diagnostic tool
for almost all entities of intestinal disease and is able
to investigate the localization of intestinal disease,
length of the intestinal segments involved, loss of
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stratification, intestinal obstruction or stenoses and
mesenterial changes, as well as associated complica-
tions such as abscesses, fistulas, perforation, ascites
and stenoses. B-mode imaging is always a prerequi-
site for the useful application of Doppler and ultra-
sound contrast imaging techniques (SCHLOTTMANN
et al. 2005b). In B-mode sonography, five layers of
the normal bowel wall can be visualised by high-
resolution sonography: superficial mucosa; deep
mucosa; submucosa; muscularis propria; and serosa
with serosal fat. If any pathology of the bowel is
suspected, special attention should be paid to the
distal ileum in the right iliac fossa and all areas of
tenderness or localised pain. In experienced hands,
B-mode sonography helps to assess wall thickening,
free intraperitoneal fluid and mesenteric masses
(phlegmon, abscess, lymph nodes).

According to data in literature, transabdominal
ultrasonography has a high sensitivity (up to 85%)
and specificity (95%) in the initial assessment of
inflammatory bowel disorders, and has diagnostic
values similar to those of CT (PARENTE et al. 2003;
TARJAN et al. 2000). B-mode together with Doppler
sonography can visualize transmural bowel inflam-
mation in Crohn’s disease, discriminate Crohn’s dis-
ease from ulcerative colitis, determine the extent and
anatomical location of lesions and detect complica-
tions such as strictures/stenoses, fistulas and absesses
(TARJAN et al. 2000). Of stenoses, 90% documented
by small bowel enema and subsequently confirmed
at surgery are correctly diagnosed by the use of high-
resolution ultrasound (PARENTE et al. 2002). In addi-
tion, the use of Doppler sonography has been shown
to be able to discriminate between active and inactive
disease by measuring the superior mesenteric artery
blood flow (Lubwig et al. 1999).

In general, the greatest advantages of combining
power Doppler imaging and ultrasound contrast
agents are the ability to better visualise smaller ves-
sels, and vessel continuity (i.e., length; Table 20.1).
The possibility to improve the visualisation of com-
plex neovascularity is of particular importance in
tumour diagnosis. Comparing colour Doppler imag-

Table 20.1. Advantages of contrast-enhanced power Doppler
ultrasound. (From SarrLomr 2003)

High sensitivity and specificity in the detection and evaluation
of inflammatory abdominal masses

Detection of small inflammatory abdominal masses of 1 cm
and above is possible

Absence of radiation; repeated examinations are possible

ing and power Doppler imaging in combination with
ultrasound contrast agents, the latter improved visu-
alisation both of normal and abnormal blood flow
in 70% of all cases (GOLDBERG et al. 1996). Due to
the fact that this mode is more susceptible to colour
artefacts, it is not suitable for the evaluation of flow in
structures with significant motion. Motion artefacts
caused by peristalsis or heartbeat often disturb the
measurement of Doppler signals, but such artefacts
do not impair contrast-enhanced sonography at low
mechanical index (MI).

20.2.1
Limitations of Colour and Power Doppler
Sonography

No objective parameters exist permitting definition
of the type of echo structure or flow patterns (such
as the Hounsfield scale in CT). The vascular flow
signal is often too weak because of beam attenuation
or signal absorption or distortion and power Dop-
pler sonography fails to assess blood flow direction
(Table 20.2).

Table 20.2. Characteristics of power Doppler sonography.
(From ForsBERG and GOLDBERG 1997)

Advantages Disadvantages

Increases display dynamic Susceptible to tissue motion

range (increased sensitivity) artefacts
No multiple-angle artefact No direction information
No aliasing No velocity information
Limited angle dependence Limited temporal resolution

Better functional lumen/
vessel wall definition

20.3
Intravenous Contrast Agents

20.3.1
History

Echocardiographersrecognized by chanceinthe 1960s
that the tiny air bubbles incidentally introduced into
the circulation after intravenous injections produce
transient echo enhancement in the right side of the
heart. Such bubbles do not pass through the normal
pulmonary circulation, but systemic enhancement
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effects can be used to test for a right-to-left shunt
(BLomLEY and COSGROVE 1997).

The first microbubble agents were described
by GrRaMIAK and SHAH in 1968. They were discov-
ered during the injection of indocyanine green as
M-mode echocardiography was being developed.
More precisely, their first encounter with the con-
trast phenomenon came in late April 1967 in the
cardiac catheterization laboratory during study of a
patient with aortic regurgitation. Contrast injections
were decisive in identifying the walls of the aortic
root, distinguishing it from the left ventricular out-
flow tract and detailing normal cusp motion. The
resulting publication was the first report of the use
of ultrasonic contrast agents (GRAMIAK and SHAH
1968). Serious attempts to develop intravenous con-
trast agents for ultrasound began in the late 1970s
and early 1980s. It was subsequently surmised that
bubbles were responsible for the contrast effect.

In the early 1980s, clinical echocardiography
was performed with a sector scanner, a stand-alone
Doppler unit capable of a pulsed and continuous-
wave mode operation, a spectral analyser with high
temporal resolution and an in-house “black box”
which allowed EKG display along with the spectra
(GraMIAK and HOLEN 1984). Due to the fact that
small gas bubbles dissolve rapidly in blood, the next
aim was the production of agents small enough to
traverse the pulmonary capillary bed.

SMITH etal. (1984) used a galactose-based contrast
agent called SHU-454 (Echovist, Schering, Berlin,
Germany), whereas successful transpulmonary deliv-
ery of microbubbles was achieved by using an agent
similar to SHU-454 with the addition of palmitic
acid surfactant called SHU-508A (Levovist, Schering,
Berlin, Germany; SMITH et al. 1989).

In the late 1980s, the systematic development of
contrast media started. Nearly all of them consisted
of gas bubbles, since gas has, for physical reasons, the
optimum pre-requisites for an ultrasound contrast
agent. Due to the high efficacy and low specific den-
sity of gas, only small amounts of a foreign substance
have to be administered (OPHIR and PARKER 1989).
To make the contrast-giving gas bubbles suitable for
transpulmonary passage after intravenous injection,
the bubbles were surrounded with a thin film to pre-
vent dissolution of the bubbles in the blood stream.
The material of the protective layer around the micro-
bubble is, in most cases, a highly flexible structure
which does not reduce the acoustic response by lim-
iting the oscillation of the bubble. Transpulmonary
passage was now possible and, therefore, the arterial

part of the vascular system could be assessed. For
imaging of different organs, contrast agents which
are concentrated in organs were necessary; therefore,
there was a need for agents which can survive cellular
uptake without losing their acoustic properties.

Although backscatter is highly dependent on
bubble size, microbubbles must have a limited size
range. If the bubble is too small, it will be short-lived
(i.e., it will collapse under cardiac and systemic pres-
sures).If the bubble is too large (>10 pm), the pulmo-
nary capillaries will trap it or the bubbles may tran-
siently obstruct the capillaries and act as gas emboli;
therefore, microbubble size is limited from 1 to 5 um
in diameter. At present, all microbubble contrast
agents which have been developed for ultrasound are
small, gas-filled microbubbles, about 3 um in size,
and all commercial ultrasound contrast media for
human applications are encapsulated microbubbles.
So, microbubbles are too large to escape the capil-
laries and, contrary to most X-ray and MRI contrast
media, which are rapidly distributed to the extra-
vascular, extracellular space, most microbubbles are
confined to the vascular bed. The increase in Doppler
signal intensity they produce is linearly proportional
to relative microbubble concentration.

20.3.2
Types

Levovist (Schering, Berlin, Germany) is an agent like
those described above, made of galactose micropar-
ticles and palmitic acid. The microparticles adsorb
the gas dissolved in the water, forming micrometre-
sized air bubbles that remain stable for several min-
utes, thanks to the palmitic acid additive. After tran-
sit through the pulmonary circulation, the bubbles
reach the systemic circulation where they enhance
the backscattering of signals from blood vessels
(Bouakaz et al. 1998).

The main mechanisms for signal enhancement are
backscattering, bubble resonance and bubble rup-
ture. These mechanisms are highly dependent on the
acoustic power of the transmitted ultrasound, which
is reflected by the MI. Backscattering means that
ultrasound is reflected whenever there is a change in
acoustic impedance. The larger the change, the more
ultrasound is reflected. Bubble resonance means that
at intermediate acoustic power (MI between 0.1 and
0.5) gas microbubbles may show strong oscillatory
motion, provided the frequency of the ultrasound
beam is close to the resonant frequency of the micro-
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bubbles. Small bubbles (<5 um) will have resonance
frequencies in the frequency range used in medical
ultrasound imaging. The bubbles are more easily
expanded than compressed, and this non-linear
behaviour creates harmonics, which are exploited
in non-linear imaging. At a mechanical index >0.5,
the microbubble resonance frequency will cause the
bubbles to rupture.

In summary, microbubbles work by resonat-
ing in an ultrasound beam, rapidly contracting and
expanding in response to the pressure changes of the
sound wave. By coincidence, they vibrate particularly
strongly at the high frequencies used for diagnostic
ultrasound imaging. This makes them several thou-
sand times more reflective than normal body tissues.
In this way, they enhance both grey-scale images and
Doppler signals (by raising the intensity of weak sig-
nals to a detectable level; BLOMLEY et al. 2001).

20.3.2.1
SHU-563-A

With SHU-563-A microbubbles are protected by a
biodegradable polymeric shell. Polybutyl-2-cyano-
acrylate was the material to build up the shell of the
microparticles. Although the polymer membrane has
only a thickness of approximately 100 nm, it is stable
enough to protect the enclosed gas bubble from dis-
solution in the blood stream, and also allows the
particle to be phagocytosed; however, the shell is thin
and elastic enough to oscillate in the ultrasound field.
The vascular phase can be used for imaging of venous
and arterial vascular systems as well as tumour vas-
cularization and organ perfusion. This can be done
using conventional B-mode or Doppler techniques.
SonoVue (Bracco, Milan, Italy) is a second-gen-
eration ultrasound contrast agent. It contains sul-
phur hexafluoride (SF6), a gas with low solubility in
blood for the gaseous phase of the microbubbles, and
of a phospholipidic monolayer for the shell. Due to
the high flexibility of the shell, the microbubbles are
strongly echogenic in a wide range of frequencies and
acoustic pressure. The mean microbubble diameter
is 2.5 um. The concentration of the microbubbles is
between 100 and 500 million per millilitre. Contrast
agents of the second generation, e.g. SonoVue, are of
diagnostic value even at very low transmission power
(MI<0.3) because of their physical behaviour during
insonation. The high molecular weight gas with low
solubility in water was selected since laboratory tests
showed that it confers to the bubbles a good resis-
tance to pressure changes such as those that occur

in the left ventricle, in the pulmonary capillaries,
or in the coronary circulation (SCHNEIDER 1999);
therefore, continuous real-time sonography can be
performed without destruction of the microbubbles,
which is a benefit for the dynamic analysis of con-
trast-enhancement in the early phase. The microbub-
bles circulate in vessels, crossing the pulmonary and
systemic capillary circulation. During low-MI imag-
ing, the SonoVue microbubbles have a much higher
non-linear behaviour than native tissue, resulting in
detectable echoes. Due to the long persistence of the
microbubbles, SonoVue is also potentially useful in
the assessment of myocardial perfusion, as well as
microcirculatory disorders. Real-time observation of
microbubbles allows the detection of all parts of the
vascular system. Even single microbubbles slowly tra-
versing tissue, which is indicative of the presence of
capillaries, can be shown. In comparison with Levo-
vist, SonoVue has the advantage that its microbubbles
are stable against the ultrasound beam, which allows
continuous real-time observation of microbubble sig-
nals (VoN HERBAY et al. 2004). In contrast, analysis of
Levovist enhancement has to be performed with the
interval delay technique because the rupture of Levo-
vist microbubbles does not allow real-time scanning.

20.3.3
Indications/Applications

Levovistasanintravenous microbubble contrastagent
is particularly useful in the detection of small vessel
flow, especially in those areas in which Doppler sensi-
tivity limits performance, including Doppler exami-
nations, in which the signal-to-noise ratio determines
detectability. Intravenous administration of Levovist
is an effective method of markedly enhancing car-
diac, femoral arterial and transcranial Doppler signal
intensity (CAMPANTI et al. 1998; MEAIRS et al. 2000), in
the evaluation of breast tumours (Dupa et al. 1993),
and in the detection of liver metastases (BLOMLEY et
al. 1999). Concerning the role of microbubble con-
trast agents in cardiology, they help in assessing the
left ventricular function, and they can estimate the
ejection fraction, assess the wall motion and detect
left ventricular thrombus. Emerging roles of micro-
bubbles in cardiology include assessing myocardial
perfusion (MULVAGH et al. 2000). Contrast agents
represent a useful and safe method in the case of
an insufficient native signal in transcranial Doppler
investigation, where the skull greatly attenuates the
ultrasound signal (RIEs et al. 1993). Microbubbles
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can also be administered into body cavities, allowing
simple functional tests to be performed. For example,
vesicoureteric reflux in children can be revealed by
injecting them into the bladder cavity and scanning
the kidneys and ureters (DARGE et al. 1999). Colour-
mode sonography can show the angioarchitecture
of superficial lymph nodes to detect vessel abnor-
malities, a possible feature of malignancy. Although
more intranodal flow patterns can be detected in
such lymph nodes with contrast-enhanced sono-
graphy, the use of these agents does not improve the
diagnostic accuracy in identifying malignant lymph
nodes (SCHULTE-ALTEDORNEBURG et al. 2003). Con-
trast-enhanced sonography is used in several other
clinical settings, to the point of assessing ophthalmic
tumour perfusion (SCHLOTTMANN et al. 2005a).

Perhaps the most promising clinical application
of contrast-enhanced sonography is the imaging of
the liver. The main practical importance is that many
focal liver lesions, particularly metastases and hepa-
tocellular carcinoma, appear as defects. Scanning in
pulse-inversion mode after Levovist improves the
detection of liver metastases and reveals more lesions
of smaller size than conventional ultrasonography
and computed tomography (HARVEY et al. 2000).
The method seems particularly useful in detecting
small lesions (<1 cm diameter), for which all imag-
ing methods lack sensitivity. Contrast agents may
also increase specificity in liver imaging since some
lesions can be characterized by their enhancement
patterns. Because the bubbles are destroyed by ultra-
sound, e.g. liver enhancement lasts for one or two
frames as the transducer is swept across the bubble-
filled liver. Because space-occupying lesions lack
sinusoids and reticulo-endothelial cells, they appear
hypoechoic relative to the enhanced background of
the liver. Even biopsies of liver lesions under real-
time continuous contrast harmonic imaging at low
MI are feasible (SCHLOTTMANN et al. 2004); however,
one limitation of this imaging modality is the diffi-
culty in accessing the whole liver.

Concerning the bowel wall, contrast enhance-
ment of defined layers of the wall can be shown even
though B-mode visualization of small vessels in the
bowel wall is impossible. The more or less homo-
genous enhancement of particular layers will increase
with the level of hyperperfusion of the intestinal wall
(SCHLOTTMANN et al. 2005b).

In general, the non-linear harmonic echoes gener-
ated by the SHU-508 bubbles are visualised at high
transmit power. This high-MI technique is used
more widely to analyse tissue perfusion and hepatic

metastases rather than perfusion of visceral vessels
(SCHLOTTMANN et al. 2005b).

Using the contrast agent SonoVue, the microbubbles
act as reflectors for the ultrasound beam enhancing
backscatter beam. The agents remain in the circulation
and, according to the perfusion phase (arterial, capil-
lary, portal venous), lead to enhancement of different
structures. This imaging modality allows an analysis
of tumour perfusion under real-time conditions.

20.3.4
Safety

Injecting a gas into the circulation may seem poten-
tially hazardous, but extensive clinical experience has
shown that the tiny volume of the air or gas given
(<200 pl) is not dangerous, and the safety of micro-
bubbles compareswell with that of conventional agents
in radiography and MRI (NANDA and CARSTENSEN
1997). At the moment, the use of SonoVue is not
permitted in mechanically ventilated intensive care
unit patients and in patients with heart failure, right-
to-left shunts of the heart, uncontrolled hypertension
and adult respiratory distress syndrome.

20.4
Contrast Harmonic Imaging

The observation that insonation of microbubbles
induces non-linear harmonic echoes caused by the
oscillation or disruption of the microbubbles was
followed by the development of imaging techniques
which visualised the non-linear harmonic signals of
bubble oscillation and disruption (contrast harmonic
imaging). Contrast harmonic imaging utilizes the
non-linear properties of contrast agents by trans-
mitting at the fundamental frequency but receiving at
the second harmonic. The advantage of this process-
ing scheme lies in the difference in backscattering
for tissue and contrast agent at two frequencies. The
extent of the backscattered contrast-enhanced signal
at the harmonic frequency is much greater than that
of the tissue. This technology works in grey-scale
imaging as well as in Doppler sonography. The har-
monic response of the agent is strong and, in combi-
nation with the high stability of the microparticles,
blood flow in small vessels can be directly visualised.
This method is not influenced by attenuation.
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20.5
Instrumentation Technology

The other area of significant expansion in this field
was brought by the instrumentation technology,
where specific pulsing and post-processing tech-
niques have been developed to take advantage of the
presence of microbubbles in the circulation.

Pulse inversion sonography (also called second
harmonic) is a technique that works by sending two
separate pulses, 180° out of phase, and summing
the reflected echoes to form the final sonographic
signal.

Increasingly sophisticated, broadband or multiple
focusing transducers also play an important role.
Contrast-enhanced sonography can be performed
not only with 3.5-MHz transducers usually used in
abdominal ultrasound, but also with 5- to 12-MHz
transducers which offer a higher spatial resolution.

20.6
Intravenous Contrast-Enhanced Bowel
Sonography

20.6.1
General

In general, the major indication for organ imaging
with contrast agents is the enhancement of perfused
tissues, which allows the detection of perfusion
defects or alterations in perfusion.

20.6.2
Inflammatory Bowel Diseases

Crohn’s disease (CD) manifests with highly vari-
able signs and symptoms, and the assessment of the
status of the disease, in the single patient, can be dif-
ficult. Being a chronic inflammatory bowel disease,
it is characterized by an inflammatory process that
involves the full thickness of the bowel wall, includ-
ing the mesentery and the lymph nodes. Many clini-
cal and laboratory parameters have been proposed
to indicate disease activity; however, none of these
indices can provide a fully reliable assessment of
disease status. As mentioned above, in recent years,
transabdominal bowel sonography has become

increasingly important as a reliable and non-invasive
tool in the diagnosis and follow-up of patients with
CD. Ultrasonography is able to diagnose and locate
transmural bowel inflammation in CD, discriminate
it from ulcerative colitis (UC) and detect complica-
tions such as fistulas, strictures and abscesses; how-
ever, small intraperitoneal abscesses may remain
unidentified (KoLKMAN et al. 1996). Nevertheless,
the early detection of intestinal complications in CD
is probably one of the most important aspects of
the management of these patients. The detection of
such complications in the initial stages of disease
allows effective medical therapy to control their pro-
gression, thus avoiding surgical treatment in some
cases.

Intestinal hyperaemia is a sign of active disease
in the inflamed intestine, which can be detected by
Doppler sonography. Tissue motion artefacts (peri-
stalsis) sometimes make the assessment difficult,
but visualisation of vessels by using contrast har-
monic imaging at a low MI is not restricted by peri-
stalsis (Fig. 20.1).

Few studies have been performed to detect bowel
wall hyperaemia in inflammatory bowel disease.
Contrast harmonic imaging at a low MI is technically
feasible for the demonstration of increased intestinal
perfusion in inflammatory bowel disease by using
high-frequency ultrasound transducers (PLIKAT
et al. 2004). One of the conclusions of a study by
RaPpaccINI et al. (2004) was that intestinal loops with
thickened walls should be subjected to colour power
Doppler sonography, and if intramural flow signals
are absent, the examination should be repeated with
echo enhancement since the presence of colour flow
signals shows good agreement with clinical and
laboratory indices of active disease. In patients with
active disease, power Doppler signals emerged in the
intestinal wall. In other words, the utilization of echo-
enhancer media improves the diagnostic sensitivity
of intestinal wall power Doppler scan (Table 20.3).

RoBOTTI et al. (2004) evaluated intestinal wall vas-
cularisation in 52 patients with CD after intravenous
injection of SonoVue and compared their results with
those from clinical and laboratory tests and follow-
up. They demonstrated that the US examination was
most useful in the follow-up of the affected patients.
The results of D1 SABATINO et al. (2002) demonstrate
that the use of a bubble-disrupting mode in the diag-
nosis of CD can increase the sonographic sensitivity
from 70.9 to 96.7% (Table 20.4). Moreover, Doppler
signal enhancement after Levovist injection seems to
be indicative of subclinical ongoing disease activity
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Fig. 20.1a-d. Sigmoid colon of a patient with ulcerative colitis. In B-mode sonography, three different layers of the muscularis
propria, including the outer and inner muscle layer, as well as a separating layer, are discernible. a The adjacent prominent sub-
mucosal layer is thickened. b Power Doppler sonography shows a massive hyperaemia of the colon wall, with a maximum within
the submucosal layer. c Fifteen seconds after injection of SonoVue: contrast enhancement with microbubbles visible mainly in
the iliac artery (IA) as well as in the bowel wall. The different bowel layers cannot be demarcated at a mechanical index of 0.1.
d Sixty seconds after injection of SonoVue: maximum of contrast enhancement in the submucosal layer (view magnification)
and only faint perfusion of the muscularis propria (From SCHACHERER and SCHLOTTMANN 2005)

Table 20.3. Characteristics of patient subgroups with active and quiescent Crohn’s disease. (From RAPACCINI et al. 2004)

Quiescent disease Active disease Significance (p)
No. of patients 26 22 -
Intestinal wall thickness® 6.8£1.3 mm 7.5%£1.3 mm 0.11
SMA RIP 0.83%0.02 0.81+0.01 0.001
Intramural flow signals in affected intestinal loops 5 of 26 (20%) 11 of 22 (50%) 0.052
(power Doppler sonography)
Intramural flow signals in affected intestinal loops 8 of 26 (31%) 22 of 22 (100%) <0.001

(contrast-enhanced power Doppler sonography)

@ Maximal thickness measured in affected loops on B-mode sonography
b Resistance index of the superior mesenteric artery

with early relapse in patients with quiescent CD (D1 masses associated with CD. The use of power Dop-
SABATINO et al. 2002). pler was combined with the intravenous adminis-

ESTEBAN et al. (2003) have demonstrated for the tration of Levovist. The premise of this study was
first time the usefulness of contrast agents in the that the earlier abdominal masses are detected in
detection and follow-up of inflammatory abdominal CD patients, the greater is the chance of the patient
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Table 20.4. Sensitivity and specificity of transabdominal bowel
sonography (TABS), colour Doppler, and contrast-enhanced
colour Doppler sonography (From D1 SABATINO et al. 2002)

Sensitivity Specificity
(%) (%)
TABS 70.9 95.0
Colour Doppler 45.1 100
Contrast-enhanced colour Doppler 74.1 100
TABS + colour Doppler 77.4 100
TABS + contrast-enhanced colour 96.7 100

Doppler

responding to conservative treatment. Grey-scale,
Doppler and pulse-wave ultrasound were undertaken
with additional contrast-enhanced power Doppler
examination. These findings were correlated with
each other and with contrast-enhanced CT as the
gold standard. After Levovist injection, all the lesions
showed intense vascularization in the interior and/
or the peripheral soft tissue. The use of a contrast-
enhancing agent increased the number and intensity
of the colour signals in those lesions with previously
detected vascularity. It also produced colour signals
in some lesions that had shown no detectable vascu-
larity in the baseline examination, thus allowing the
diagnosis of inflammatory masses in doubtful cases.
The authors could show that contrast-enhanced
power sonography more abdominal masses than CT
(ESTEBAN et al. 2003).

KRATZER et al. (2002) investigated 11 patients
with confirmed CD and sonographically visualized
stenoses of small bowel. Contrast-enhanced power
Doppler sonography was repeated after application
of SHU-508 (Levovist). Semi-quantitative evaluation
based on sonography indicated that the degree of
vascularisation led to the presumptive diagnosis of
either inflammatory or cicatricial intestinal obstruc-
tion. Sonographic diagnoses were compared with
the findings of surgery and subsequent histological
examination or with patients’ response to conserva-
tive therapy. The authors concluded that contrast-
enhanced power Doppler sonography appears to be
effective in the recognition of predominantly cica-
tricial stenoses in patients with CD (KRATZER et al.
2002).

On the one hand, the accurate and early detec-
tion of intestinal complications is a major issue in
the management of patients with CD. On the other
hand, contrast-enhanced sonography in this context

can be repeated at regular intervals, which allows the
early detection of complications and the monitoring
of patients’ response to treatment.

20.6.3
Bowel Ischaemia

To our knowledge, only one study has been per-
formed that deals with contrast agents in patients
with bowel ischaemia. In this study, by HaTa et al.
(2005), 51 patients with evidence of small bowel
dilatation at conventional radiography underwent
contrast-enhanced ultrasound with SHU-508. The
authors demonstrated that this method is able to
depict microperfusion of the gastrointestinal wall
as a strong signal produced by the destruction of
microbubbles. By pooling diminished and absent
colour signals together as a diagnostic indicator of
bowel ischaemia against normal colour signals, the
sensitivity was 85% and the specificity was 100%.
Although some limitations of this study exist (sub-
jective assessment of colour signals without evalu-
ation of interobserver agreement, small number of
patients), this method constitutes a promising tool
for the assessment of bowel ischaemia (HATA et al.
2005).

20.6.4
Appendicitis

In grey-scale ultrasound, the normal appendix can
be visualized as a blind-ending, tubular, compress-
ible intestinal loop, continuous with the caecum with
a diameter <6 mm. The normal appendix seldom
shows Doppler signals, because normal appendiceal
vessels are small and the blood flow in the vessels
is slow. In acute appendicitis, the feeding vessels
and the vessels in the periappendicular soft tissues
enlarge due to inflammation, and the blood flow as
well as appendix diameter increases. High-resolu-
tion real-time sonography with graded compression
has shown a sensitivity up to of 89% and a specific-
ity up to 95% in the diagnosis of acute appendicitis
(JEFFREY et al. 1987; KEYZER et al. 2005).

INCESU et al. (2004) demonstrated that power
Doppler sonography has a sensitivity of 74% and
contrast-enhanced power Doppler US a sensitivity of
100%, respectively, in the diagnosis of acute appen-
dicitis (Table 20.5). In their study, feeding vessels of
all inflamed appendices were visible. They concluded
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that contrast-enhanced power Doppler sonography is
a promising method in the diagnosis of acute appen-
dicitis and determination of inflammation stage
(INCESU et al. 2004).

Table 20.5. Power Doppler sonography (PD US) and contrast-
enhanced power Doppler sonography (CEPD US) correlation
in 50 patients with suspected appendicitis (%) (From INCEsU
et al. 2004)

Parameter PDUS CEPD US Significance
(p)
Sensitivity 74 100 <0.01
Specificity 93 93 >0.05
Accuracy 80 98 <0.05
Positive predictive value 96 97 >0.05
Negative predictive value 61 100 <0.05

MI 1.6

7.5L40/4.0
std

16dB ZDs
3.0cm 19B/s

THI

NI 0.2

7.5L40/3.3
DARM KM 1

1%

60dB D2
3.0cm 26B/s

20.6.5
Other Indications

Acute graft-vs-host disease (aGVHD) of the gastroin-
testinal tract is one of the major complications after
allogeneichaematopoietic cell transplantation. Symp-
toms include watery diarrhoea, intestinal bleeding,
abdominal cramps and ileus. Bowel wall thickening
in the ileocaecal region with poor wall stratification
or colonic dilatation in bone marrow-transplanted
patients, together with the clinical symptoms (nausea,
vomiting, aversion to food, weight loss, discomfort
in the upper abdomen), might differentiate between
infectious bowel disease and aGvHD. High-resolution
sonography and colour Doppler imaging proved to
be useful tools for detecting acute bowel GVHD, even
before clinical symptoms (KLEIN et al. 2001; GORG et
al. 2005). No studies exist that evaluate the possible
benefit of contrast-enhanced sonography in this con-
text, but we show an example in Figure 20.2.

7.5L40/3.3
DARM KM 1
1%

60dB Ip2
3.0cm 26B/s

ECI

Fig.20.2. Descending colon of a patient with acute graft-vs-host disease. a B-mode sonography shows increased motility and
loss of bowel wall stratification. b Power Doppler sonography shows increased bowel wall perfusion. ¢ Sixteen seconds and d

37 sec after injection of SonoVue: contrast enhancement with microbubbles mainly in the submucosal layer, which was formerly

not detectable




178

D. Schacherer and J. Scholmerich

At present, no data are available in the literature
concerning contrast-enhanced sonographyand infec-
tious colitis, diverticulitis or bowel malignancies.

20.7
Future Prospects

In recent years, ultrasound has evolved into an
easy-to-use imaging method in medicine and in
the context of gastrointestinal disorders. Its record
of success has grown over the years and the method
became the most commonly used imaging modality
at the end of the twentieth century. Bowel sonogra-
phy is currently recommended as the primary imag-
ing procedure in patients with acute and chronic
bowel symptoms.

At present, contrast media is used in many appli-
cations of modern diagnostic imaging, regardless of
which modality is used. Both CT and MRI have gone
through the very same process, and contrast agents
were first needed to improve the poor quality of mor-
phological images. The same evolution can also be
expected for US, given the premises and the high tech-
nological quality of present-day equipment. Finally,
ultrasound contrast media may become as important
for ultrasound in clinical practice as contrast media
have been for CT and MRI. Due to recent advan-
tages in sonographic equipment and the application
of intravenous contrast agents, contrast-enhanced
ultrasonography has been established as a new diag-
nostic imaging method. Its usefulness for evaluating
haemodynamics in the diagnosis of gastrointestinal
disorders in various organs has been reported.

It might be expected that improved ultrasound
technology and less expensive ultrasound devices
will help to spread the use of this technology and
to reduce expensive and unnecessary CT and MRI
examinations. The use of contrast agents opens
totally new prospects within the foreseeable future,
on the one hand, and represents a challenge for every
sonographer, on the other.
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21.1
Introduction

The major limitation of conventional trans-abdomi-
nal ultrasound (US) in evaluating the gastrointestinal
tract is that it is difficult to achieve a detailed evalua-
tion of the bowel wall structure and its changes due
to the presence of air. In fact, luminal gas, in many
instances, causes inadequate ultrasonographic imag-
ing of the stomach, small intestine and, particularly,
colon.

In the 1990s, it was suggested that it was pos-
sible to overcome this limitation and considerably
improve ultrasonographic visualisation of the bowel
wall of the stomach, small bowel and colon, by filling
these organs with water or another echo-poor liquid.
Therefore, hydrosonography of the stomach, small
bowel or colon, in other words, ultrasonographic
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S. GREco, MD

G. BiaNcHI Porro, MD, PhD

Chair of Gastroenterology, Department of Clinical Sciences,
“L. Sacco” University Hospital, Via G.B. Grassi 74, 20157 Milan,
Italy

examination of the wall of these fluid-filled intestinal
tracts, by oral administration or direct instillation of
water or non-absorbable solution [i.e., polyethylene
glycol (PEG) solution] into the intestinal lumen by a
naso-jejunal or rectal probe, have been proposed.

21.2
Hydrosonography of the Stomach

Since US examination of the stomach wall and duo-
denum may be compromised by artefacts due to the
presence of gas, resulting in sub-optimal images,
attempts at filling the stomach with water or liquids
to reduce acoustic artefacts caused by intra-luminal
gas, have been suggested.

Water, orange juice or methylcellulose and simeth-
icone have been used (LUND et al. 1992; WORLICEK
et al. 1986, 1989). A clear advantage with the use of a
specific contrast agent in the detection of bowel wall
abnormalities has not been demonstrated. However,
compared with water, the orally administered ultra-
sonographic contrast agents may improve visualisa-
tion of the bowel with a decrease in the gas artefact.
In particular, cellulose and simethicone have been
used to achieve a uniform low level intraluminal
echogenicity and reduction of gas artefacts by dis-
placement and absorption of intra-luminal gas since,
while drinking water, more air may be ingested result-
ing in increased artefacts (HARISINGHANI et al. 1997;
LunD et al 1992).

To achieve adequate visualisation of the gastric
walls, a variable amount ranging from 500 to 1000 ml
of the above-mentioned fluids, should be given to
the fasting patient. Immediately prior to the exami-
nation, 20mg of Hyoscine-N-butylscopolamine
(Buscopan, Boehringer, Germany) could be injected
intravenously to ensure appropriate relaxation of the
gastric wall, reducing peristalsis and delaying gastric
emptying.
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In head-down (angle of inclination 20°) and left
lateral position, the fundus and body of the stomach
can be better examined. In head-up (angle of incli-
nation 30-40°) left-lateral and supine position, the
body and proximal antrum can be displayed, while in
head-up right-lateral and standing position a better
visualisation of the distal antrum and duodenum can
be obtained.

The different parts of the stomach can be exam-
ined using a transducer operating at a frequency of
5-12 MHz, but for more distant areas of the fundus
and cardia 3.5-5 MHz transducers can guarantee a
greater depth of penetration and better visualisation.

While sonography and hydrosonography of the
stomach may detect gastric cancer (Ch. 16), gastric
submucosal tumours (Ch.19) and gastroduodenal
ulcers, it can not be used for routine assessment of
the stomach in dyspeptic patients, endoscopy and
endoscopic ultrasound being much more accurate
diagnostic tools (Fig. 21.1).

However, when these investigations, for various
reasons, can not be performed, or in the case of sur-
veillance of submucosal lesions previously assessed
by endoscopic ultrasound, it should not be forgot-
ten that hydrosonography of the stomach can be an
effective, cheap, non-invasive and simple alternative.
In particular, hydrosonography of the stomach can
be considered a valid alternative to endoscopic ultra-
sound for: (1) diagnosis (and follow-up) of extralu-
minal gastric compression, and (2) detection and
surveillance of gastric submucosal tumours. In this
regard, it has been shown that in endosonographi-
cally diagnosed gastric submucosal tumours, the
lesion can also be visualised (and measured) using

trans-abdominal ultrasound of the water-filled stom-
ach in 69% of patients in a study by POLKOWSKI et
al. (2002), and in 82.5% of cases, in another study by
FuTtacaMI et al. (2001). In the latter study, approxi-
mately 95% of gastric submucosal tumours, >20 mm
in diameter, were at least detected, and 97% of the
lesions, >30 mm in diameter, were correctly diag-
nosed (FuTAGAMI et al. 2001).

21.3
Small Intestine Contrast Ultrasonography

Like the stomach and duodenum, the small bowel
can be easily visualised by trans-abdominal US
when filled with water or echo-poor liquids. Water
or contrast agents can be directly infused into the
small bowel using a naso-jejunal tube by means of a
peristaltic pump (FoLvIk et al. 1999) or administered
orally (PALLOTTA et al. 1999a).

In both cases, the liquid contrast medium should
be non-absorbable and non-fermentable. Isotonic
anechoic electrolyte solution containing PEG, which
is used for bowel cleansing prior to colonoscopy, is
now considered the contrast medium of choice. The
ingestion of a variable amount of PEG (up to 1000 ml;
range 250-820 ml) provides an adequate distension
of the intestinal loops, removes gas making sequen-
tial visualisation of the entire small bowel from the
duodenum to terminal ileum easier and also allowing
measurement of wall thickness and luminal diameter

(PALLOTTA et al. 1999a,b, 2000) (Table 21.1).

Fig.21.1a,b. Large gastric submucosal tumour (smt) at endosonography (a) and gastric hydrosonography (b). Transabdominal
US visualisation of the gastric lesion was possible only after filling the stomach with water
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Table 21.1. Type and amount of ultrasonographic contrast media used in small bowel evaluation and duration

of examination defined as time to image terminal ileum

Author Contrast medium

Range (mean)

Amount (ml)

Time (min) to image terminal ileum
Range (mean)

PaLLOTTA et al. 1999a PEG 4000 200-820 (558) 17-65 (44)
CITTADINI et al. 2001 PEG 4000 500 10-90 (31)
PALLOTTA et al. 2001 PEG 4000 200-670 (388) 12-90 (37)
PARENTE et al. 2004 PEG 3350 500-800 (624) 20-60 (31)
CALABRESE et al. 2005 PEG 4000 250-500 (375) 35-90 (40)
DELL’AQUILA et al. 2005 PEG 4000 500-800 30-60

PALLOTTA et al. 2005 PEG 4000 200-500 (370) 12-90 (39)

PEG solutions used in the studies carried out, so
far, comprise varying amounts of products such as
MACRO-P (Promefarm, Milan, Italy) [containing per
litre: PEG 4000 (Macrogol) 58.28 g as the active ingre-
dient; MgSO, 7.5 g,NaSO, anhydrous 2.85 g,NaHCO,
1.69 g, NaCl 0.8 g and KCl 0.74 g and electrolytes] or
Klean-Prep (Norgine, Milan, Italy) [containing per
litre PEG 3350 59.0 g, anhydrous sodium sulphate
5.68 g, sodium bicarbonate 1.68 g, sodium chloride
1.46 g, and potassium chloride 0.74 g] or Isocolan
(Bracco, Milan, Italy) which has a similar composi-
tion. Osmolarity of solutions is 280-290 mOsm/kg.

Sonographic assessment of the small bowel should
be performed after overnight fasting using increas-
ing amounts of contrast solution from 200 to 500 ml.
After ingestion, the contrast solution passes from the
stomach to the duodenum, jejunum and ileum, dis-
tending the intestinal loops. During the ultrasono-

116-141E
19Hz

graphic examination, the morphological aspects of
the bowel wall, such as thickening, echo pattern, val-
vulae conniventes and modality of contraction and
relaxation, can be analysed (Fig. 21.2).

If distension and visualisation of the entire bowel
up to the terminal ileum is not sufficient, further ali-
quots of contrast solution can be used. The amount
of ingested US contrast agent does not seem to affect
the luminal diameter or the wall thickness at any level
of the small bowel in normal controls (PALLOTTA et
al. 1999b).

Bowel examination can be performed immedi-
ately after ingestion of the US contrast solution since
itis continuously delivered from the stomach into the
duodenum and then progressively displaced aborally
by peristalsis into the jejunal and ileal loops. Alterna-
tively, it can be performed 10 min after PEG ingestion
and then repeated at 10-min intervals until the con-

g
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Fig.21.2a,b. Real-time ultrasonography of small bowel in basal fasting condition (a) and following administration of 500 ml of
oral contrast agent (b). After contrast ingestion, entire small bowel is distended and visualised, and bowel wall and Kerckring’s

folds may be well delineated (arrows)
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trast can be seen to flow through the terminal ileum
into the caecum.

The mean duration of the entire examination is
just over 30 min. On account of the small amount of
ingested contrast and palatability, the procedure is
well-accepted,safe and tolerable in almost all patients.
Indeed, in none of the studies have significant side-
effects or major complaints been reported during or
immediately after PEG ingestion, apart from one in
which mild to moderate nausea was reported in 6.9%
and slight abdominal distension in 3.9% of Crohn’s
disease patients (PARENTE et al. 2004). In this regard,
particular caution should be taken in using PEG as
contrast ultrasound agent in patients already pre-
senting clear features of small bowel, partial or com-
plete, occlusion at conventional trans-abdominal US.
In these cases, as a safer oral contrast agent, variable
amounts of tap water can also be used.

The use of oral contrast agents in ultrasonography
for the evaluation of small intestine abnormalities has
provided accurate results in most studies, showing
a specificity ranging between 95.6% and 100%, and
sensitivity ranging between 72% and 100%, depend-
ing on the underlying disease. In fact,accuracy seems
to be greater when patients with Crohn’s disease are
well represented in the case series (Table 21.2).

In fact, the best results reported in the literature
in the detection of small bowel abnormalities are for
Crohn’s disease patients (PALLOTTA et al. 2001, 2005;
PARENTE et al. 2004). In these patients, small intes-
tine contrast US has been shown to be comparable to
small bowel X-ray in assessing the number, site and
extension of small bowel lesions (Fig. 21.3).

The use of an oral contrast agent seems to offer
a clear advantage compared to conventional trans-
abdominal US in detecting proximal small bowel
lesions (sensitivity: 80% vs 100%, respectively) and in
assessing the number and site of small bowel steno-
ses in Crohn’s disease patients (PARENTE et al. 2004;
CALABRESE et al. 2005). As far as the detection of ste-
nosis is concerned, two studies published to date have
shown that small intestine contrast US may increase
the sensitivity by 15%-18% vs trans-abdominal US
in detecting patients with at least one stricture. These
studies also showed that US with oral contrast agents
has a greater mean sensitivity of 22.2% in detecting
patients with at least two or more stenoses (sensitiv-
ity: 55.5%-77.7%) (PARENTE et al. 2004; CALABRESE
et al. 2005). This advantage is presumably due to the
fact that the contrast agent, by favouring the assess-
ment of dilatation of prestenotic jejunal/ileal loops,
permits better visualisation of the narrowed segment
(Fig. 21.4).

It is worthwhile pointing out that two studies
showed that oral contrast US may increase the accu-
racy in detecting small bowel lesions by inexpert
sonologists, both in a consecutive, undiagnosed
series of patients (CITTADINI et al. 2001) and, in
particular, in Crohn’s disease patients where accu-
racy may become comparable or better than that of
an expert sonologist who uses trans-abdominal US
(CALABRESE et al. 2005).

Oral contrast US may also be used as a reliable
and non-invasive technique in the detection and
follow-up of coeliac disease patients. Indeed, with
these techniques, a clearer visualisation of ultrasono-

Table 21.2. Sensitivity and specificity of small bowel contrast ultrasonography compared
with conventional transabdominal ultrasonography in detecting at least one small bowel
lesion assessed by contrast radiology

Patients Sensitivity Specificity

Total With lesions With CD SICUS TUS SICUS
PALLOTTA et al. 1999a 37 8 5 n.e. 100% n.e.  95.6%
CALABRESE et al. 2005 28 25 25 96%  100% n.e. n.e.
CITTADINI et al. 2001 53 25 16 n.e. 72%  n.e. 100%
PALLOTTA et al. 2001 53 17 8 n.e. 100% n.e. 97%
PARENTE et al. 2004 102 102 102 91.4% 96.1% n.e.
PALLOTTA et al. 2005 91 35 16 57%  94.3% 100% 98%
PALLOTTA et al. 2005 57 55 55 87.3% 98.2% n.e.

n.e., Not evaluated; TUS, transabdominal ultrasound; CD, Crohn’s disease; SICUS, small

intestine contrast ultrasound
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Fig.21.3a,b. Crohn’s disease lesions of small intestine well
delineated by means of oral contrast ultrasound. The US oral
contrast agent allows a more accurate evaluation of mucosal
surface showing nodular and ulcerated appearance (a) compar-
able to that at contrast barium radiology (b), and providing
information regarding thickening and transmural changes of
ileal wall

graphic signs of coeliac disease can be obtained (see
Chap. 9), such as increased loop diameter and jejunal
wall thickness, reduced number of Kerckring’s folds
(including ileal jejunalisation) and increased peri-
staltic waves (DELL’AQUILA et al. 2005) (Fig. 21.5).
Despite the above-mentioned advantages of small
intestine contrast US, some limitations should be
taken into account. In most of the studies comparing
conventional trans-abdominal US and small intestine

Fig.21.4a,b. Crohn’s disease stricture of terminal ileum
assessed by (a) conventional US (longitudinal and transverse
sections) and (b) US with oral contrast agent

134-1498
18HAz

Fig.21.5. Small intestinal contrast ultrasound of coeliac dis-
ease patient. Diameter of jejunal loop is significantly greater
and number of Kerckring’s folds (arrows) reduced

contrast US, the same investigator performed first
trans-abdominal US and then small intestinal con-
trast US, thus making less sensitivity of small intes-
tinal contrast US unlikely. Furthermore, compared to
trans-abdominal US, small intestine contrast US is
a time-consuming procedure, with a mean duration




186

G. Maconi, S. Greco, and G. Bianchi Porro

of 40 min. This limitation is not in keeping with the
peculiar features of abdominal US, which is a simple,
practical and rapidly performed examination. There-
fore, for most sonographers, it cannot be considered
a routine procedure in clinical practice.

21.4
Hydrocolonic Sonography

In the late 1980s, hydrocolonic sonography has been
proposed as a sensitive and less invasive method to
image the colon and colonic walls, to be used as an
alternative to barium enema and colonoscopy.

Like barium enema and colonoscopy, hydrocolonic
sonography requires bowel preparation consisting of
a laxative, following which 1500 ml of water should
be instilled into the colon, after an intravenous injec-
tion of 20 mg of Hyoscine N-butylscopolamine (Bus-
copan, Boehringer, Germany) for relaxation of the
colon. The amount of instilled water depends on dis-
tension of the colon, and a relaxant may be necessary
to achieve optimal distension and to suppress the
sense of urgency of elimination, of the patient.

During and after instilling the water, the sono-
graphic examination can be carried out, preferably
using a 3.5-7 MHz transducer and, for detailed evalu-
ation, 5-12 MHz transducers.

The accuracy of hydrocolonic sonography appears
to depend on the indication and, therefore, on the
study population.

In the detection of colonic polyps and carcinoma
and in the prediction of stage of colorectal cancer,
hydrocolonic sonography showed a high sensitiv-
ity and specificity, in most studies (Bru et al. 2001;
CHUNG et al. 2004; DixIT et al. 1999; HERNANDEZ-
SOCORRO et al. 1995; LIMBERG 1987, 1990, 1992) but
negative results have also been reported (sensitivity
<7%, with a false positive rate of 19.2%) (CHUI et al.
1994). However, these controversial results depend on
the variable presence of overweight patients in the
case series, skill of the operators, and the nature, size,
stage and site of the neoplastic lesions since a poor
accuracy in detecting rectal cancer by hydrocolonic
sonography has been reported in most studies.

Early stage neoplasms and polyps, particularly if
small in size,are usually detected with lower accuracy.
Detection and staging of rectal cancer are frequently
underestimated and lesions located in the transverse
colon and in both colonic flexures may be difficult to

image properly with US (CHUNG et al. 2004; Dux et
al. 1999).

For these and other reasons (i.e., obviously hydro-
colonic sonography does not offer the possibility/
opportunity to collect biopsies or remove polyps),
although less invasive and expensive than colo-
noscopy, the use of hydrocolonic sonography, as a
screening tool for colorectal cancer, should be evalu-
ated with due care.

However, hydrocolonic sonography may be use-
tully employed in other circumstances such as the
follow-up of inflammatory lesions and the evalua-
tion of colonic lesions that have already been diag-
nosed at endoscopy or barium enema. Provided the
sonographer can image the colonic lesion by hydro-
colonic sonography, it is possible to exactly define the
extent and colonic wall in which a high grade stenosis
is present. In this case, the examination may help to
ascertain the T stage of the tumour.

In inflammatory lesions, hydrocolonic sonogra-
phy may play a useful role in the assessment of dis-
ease extension and activity (LIMBERG and OSSWALD
1994; BRuU et al. 2001). Considering its accuracy, low
risk, and cost,hydrocolonic sonography can be useful
in the study of disease extension in patients with
incomplete colonoscopy, after confirmation of the
diagnosis by histology.In patients in whom the diag-
nosis of inflammatory bowel disease has been estab-
lished, hydrocolonic sonography may also provide an
estimate of disease severity.
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22.1
Introduction

Functional ultrasound of the gastrointestinal (GI)
tract includes studies of the distal and proximal
stomach, gastric and gallbladder emptying, gastric
distribution, GI wall motility, and flow of luminal
contents in healthy subjects as well as in patients.
Furthermore, it includes the effect of different meals
and pharmacological intervention.

It is possible to perform ultrasound of the motility
in the small and large bowel. However, it is difficult
to standardize and cover the entire intestine in one
examination. In inflammatory bowel disease, how-
ever, is it possible to study stiffness and lack of peri-
stalsis in bowel segments.

T. HAUSKEN, MD, PhD

0. H. GiLjA, MD, PhD

Section of Gastroenterology, National Centre for Ultrasound in
Gastroenterology, Haukeland University Hospital, Institute of
Medicine, University of Bergen, Jonas Liesvei 65, 5021 Bergen,
Norway

In the present review, we will focus on the upper
part of GI motility.

Imaging methods have much to offer in the under-
standing of gastric mechanics, as they can be used to
assess gastric wall motion and luminal diameter at
the same time and the movement of luminal contents
(EHRLEIN 1980; CoDpE 1979; HAUSKEN et al. 1992;
KING et al. 1984; HoLr et al. 1980; BoLoNDI et al. 1985;
HvEEM et al. 1996; BATEMAN and WHITTINGHAM
1982). Fluoroscopic imaging has been used since the
turn of the last century for this purpose, but its appli-
cation in humans is severely constrained by radiation
exposure. Scintigraphy is, at present, the “gold stan-
dard” for clinical measurement of gastric emptying.
Recently, single photon emission computed tomog-
raphy (SPECT) has been reported as a possible non-
invasive alternative (BoURrAs et al. 2002). Radiola-
belled 99mTc pertechnetate is injected intravenously
and accumulates in the gastric mucosa allowing visu-
alization of the stomach. This technique was shown
to record changes in postprandial volume to a similar
extent to the gastric barostat. Measurement of intra-
luminal impedance changes is now used to study
transport of fluids in the gut (Savoye et al. 2003;
S1FRIM et al. 2001). This technique involves applica-
tion of a low-voltage potential difference to closely
spaced electrodes on a catheter in the gut lumen and
measurement of the resulting current.

Other techniques such as magnetic resonance
imaging (MRI) and ultrasound imaging are attrac-
tive options since they permit prolonged observation
of the human stomach without exposure to radiation.
Real time gastric MRI has special appeal but, as yet,
its full potential has not been realized due to costs
and technical difficulties (MARCIANT et al. 2001).

Ultrasound imaging of gastroduodenal motility
has mainly been performed with a transabdominal
approach and until recently primarly as 2D ultraso-
nography (GILjA et al 1995a; HAUSKEN et al. 1992;
Riccr et al. 1993; UNDELAND et al. 1997). Three-
dimensional ultrasound has, so far, only been applied
as an investigational tool in scientific studies due to
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the complex and time-consuming procedure of image
recording and processing (GILJA et al. 1997; BERSTAD
et al. 1994). Due to its high availability, modest costs
and lack of radiation hazard, 2D real time ultraso-
nography has found its place in clinical diagnostic
practice and not only as an experimental tool.

A number of motility studies have now established
ultrasound as a valuable method of studying both the
proximal (GILjA et al. 1995) and the distal stomach
(HVEEM et al. 1994; HAUSKEN et al. 1992).

22.2
Distal Stomach

The width of the antral area is measured in a vertical
section in which the antrum, the superior mesenteric
vein and the aorta are visualized simultaneously. The
outer profile of the muscularis propria is outlined
and the area calculated automatically (Fig. 22.1). The
values obtained of all measurements are given as the
average of two successive measurements.

The relationship between the antral area as mea-
sured by ultrasound and the amount of fasting gas-
tric content quantitated by aspiration through the
gastroscope and the increment of the antral area after
ingestion of graded volumes of water were highly
reproducible, with small variations within 1h and
from day to day, and there was a highly significant
correlation between the ultrasonographically mea-
sured antral area and the amount of fasting gastric

Antral Area 0.00 cm

Fig.22.1. Standardized section of the antrum. Antral area is
outlined

juice and between the increased in the of antral area
and amounts of ingested water (HVEEM et al. 1994).

Recent studies have shown that fasting and post-
prandial antral areas increase in patients with func-
tional dyspepsia and diabetes mellitus compared
with normal subjects (UNDELAND et al. 1997; HVEEM
et al. 1996). The antral area, and hence antral disten-
tion, is a significant determinant of postprandial full-
ness (HAUSKEN et al. 1992).

22.3
Gastric Emptying

Scintigraphy is at present the “gold standard” for
clinical measurement of gastric emptying. Scinti-
graphy provides quantitative information about total
stomach emptying and intragastric meal distribution
of both solid and liquid meals (CoLLINS et al. 1988).
With the use of a gamma, camera the rate of gastric
emptying of a standardized test meal marked with a
radioisotope can be calculated. Scintigraphy requires
expensive equipment that is often not readily avail-
able,is associated with a radiation burden,and cannot
detect individual episodes of transpyloric flow.

Using ultrasound, gastric emptying has typically
been assessed by changes in either the antral cross-
sectional area or diameter (BoLONDI et al. 1985;
HovLr et al. 1986). In order to establish ultrasound as
an acceptable or even preferred method in assessing
gastric emptying, studies have been conducted to
compare ultrasound with scintigraphy.

In order to do so, the subjects are usually seated
with their back against the gamma camera and the
ultrasound transducer is positioned in the region of
the umbilicus. The first measurement is performed
within 1 min of meal ingestion, followed by subse-
quent images at intervals depending on which meal
is used. Ultrasound Ts, is defined as the time when
the antral area is decreased to half its maximum
(HorowITz et al. 1993).

With a high- and low-nutrient liquid meal, scin-
tigraphic and ultrasonographic 50% emptying
times (Ts5,’s) were comparable and longer for dex-
trose (300 kcal) than for meat soup (20 kcal) (dex-
trose 107+16 min vs 108+18 min, soup 24+4 min vs
2345 min). A close correlation was found between
scintigraphic and ultrasound T, and the T, and
the limits of agreement were good (HVEEM et al.
1996).
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Other comparative studies between ultrasound
and scintigraphic measurements of gastric emptying
have shown a very close relationship between the two
methods (BoLONDI et al. 1985; HoLT et al. 1986). The
intraindividual variation in gastric emptying of liq-
uids in normal subjects, however, is relatively large.

22.4
Proximal Stomach and
Gastric Accommodation

We have developed a sonographic method to monitor
postprandial size of the proximal stomach. A proxi-
mal gastric area in a sagittal section (Fig.22.2) is
outlined by tracing from the top margin of the fundus
and 7 cm downwards along the axis of the stomach
as described by GiLja et al. (1995). Diameter on the
fundus (Fig. 22.3), defined as the maximal diameter
in an oblique frontal section kept within 7 cm along
the axis of the proximal stomach, is chosen as the
second measure. The subjects are scanned in a sitting
position with a 3.25-MHz transducer after ingestion
of 500 ml meat soup and the measurements are per-
formed 10 and 20 min postprandially.

The soup emptied from the proximal stomach in a
linear manner with a moderate day-to-day variation,
low intra- and interobserver error, and the method
allows estimation of initial emptying fractions of the
proximal stomach (GiLja et al. 1995).

Fig.22.2. A proximal gastric area in a sagittal section is out-
lined by tracing from the top margin of the fundus and 7 cm
downwards along the axis of the stomach

11..

Prox Stom Front diam 0.00 cm|

Fig.22.3. Diameter on the fundus defined as the maximal
diameter in an oblique frontal section kept within 7 cm along
the axis of the proximal stomach

Ultrasound of the proximal stomach has shown
that patients with functional dyspepsia and diabetes
have a smaller proximal stomach than healthy sub-
jects (GILJA et al. 1996; UNDELAND et al. 1998). Sub-
lingual glyceryl trinitrate improves accommodation
of the proximal stomach to a meal as measured by
ultrasound and reduces postprandial symptoms in a
group of patients with functional dyspepsia (GILjA
et al. 1997).

In reflux esophagitis patients, the sagittal area of
the proximal stomach was significantly larger after
a meal, and the patients experienced more epigas-
tric fullness (TEEERA et al. 2001, 2002). The findings
with both 2D and 3D ultrasound methods in gastro-
esophageal reflux disease (GERD) patients is consis-
tent with the results of other recently published stud-
ies. ZERBIB et al. (1999) found a more pronounced
relaxation of the proximal stomach in GERD patients
using a barostat, and observed an inverse correlation
between maximal postprandial relaxation and sever-
ity of disease. PENAGINI et al. (1998) found delayed
recovery of proximal gastric tone after intake of a
combined solid and liquid meal in GERD patients.

The “gold standard” to study gastric accommoda-
tion after a meal has been the barostat. The barostat
measures gastric wall relaxation and from that one can
infer gastric tone. However, introducing the barostat
balloon into the gastric lumen may influence the gas-
tric motility patterns (MORAGAS et al. 1993; ROPERT et
al. 1993), and furthermore the examination is invasive
and unpleasant. Neither the barostat nor scintigraphy
allows estimation of the size of the proximal stom-
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ach. On the contrary, ultrasound and SPECT scanning
can detect changes in gastric volume in a non-inva-
sive manner. Like ultrasound, SPECT scanning is a
non-invasive alternative to the barostat in evaluating
gastric relaxation. However, in comparison with meal-
induced volume increase, SPECT scanning failed to
detect the profound gastric relaxation following gluca-
gon infusion. These findings suggest that SPECT scan-
ning is less suitable than the gastric barostat in detect-
ing gastric relaxation and rather detects the volume of
the intragastric contents after meal intake.

An important question is whether imaging meth-
ods, such as MRI, SPECT or ultrasonography, can actu-
ally be compared to the measurements made by the
barostat. We believe that imaging methods and the
invasive barostat method do not measure the same
aspects of the gastric accommodation process. Thanks
to its close contact with the gastric wall, the barostat
bag adjusts to changes in proximal gastric pressure
by changing the intrabag volume. Thus, changes in
volume are believed to reflect changes in muscle tone
of the wall. However, the quantitative change in volume
seen during barostat examinations is only valid during
barostat studies using exactly the same equipment and
positioning technique. Imaging methods, however,
visualize directly the size of the gastric compartments,
thus giving an indirect measure of relaxation and con-
traction. The volume change seen using imaging can
thus be explained by additional secretion, air retention
or most probably changes in gastric emptying.

The gastric meal accommodation process has two
components: Passive meal distension of the gastric
compartments and active muscle relaxation of the gas-
tric wall. The first component is best measured with
imaging methods whereas the barostat is best suited
for studying the second component. Imaging methods,
at this stage, do not distinguish between enlargement
of the stomach due to reflex relaxation or due to meal-
induced distension; it just measures the totally accom-
modated volume. Accordingly, it may not be adequate
to compare imaging methods to the barostat for vali-
dation of gastric accommodation. Gastric accommo-
dation depends on neuromuscular factors and hence it
is also a matter of evaluation of the mechanical prop-
erties of the stomach. In this sense, the barostat merely
detects the existence of change in wall tone, but cannot,
like imaging methods, provide data on the distribution
of the volume and the normal behavior of the gastric
wall. In biomechanics, it is essential to understand the
geometry of the organ and the forces and deformation
in different directions in order to better understand
the active-passive muscle function and mechano-sen-

sation in health and in diseases such as the functional
disorders. This warrants 2D and 3D image analysis of
the gastric compartments.

The different imaging methods exhibit different
spatial and temporal image resolution, and these
factors strongly influence accuracy in volume calcu-
lation. MRI, and in particular SPECT, imaging have
poor spatial and temporal resolution compared to
ultrasonography. Ultrasonography can provide tem-
poral resolution above 100 fps, if necessary,and a spa-
tial resolution at submillimeter level. Also, the “stress-
factor” of the imaging methods should be considered
in this context because dyspeptic patients in general,
and vagal reflexes in particular, are very sensitive to
psychological stress. Anyone who has been inside a
narrow, noisy MR scanner knows how frightening this
can be. Naturally, the stress-factor is also substantially
involved in studies using the barostat. Simply because
functional disorders are so strongly associated with
psychological factors, the examination should be
performed in a quiet and relaxing atmosphere with a
minimum of distress. Ultrasonography satisfies these
criteria as it is non-invasive and does not in itself dis-
tort the physiological response in stress-responsive
individuals. Moreover, due to gravity playing a central
role in the propulsion of gastric content, the study of
meal accommodation should preferably be performed
in a “natural position” such as sitting in a chair. There-
fore, methods that enable patients to be seated have
an advantage over methods requiring patients to be in
a supine position during the examination.

22.5
Antral Peristalsis

Antral contractions (3 per min) are responsible for
mixing and grinding of a solid meal into smaller
particles (<5 mm) that can pass onto the duodenum.
These antral contractions can easily be seen at ultra-
sonography. The contractions can be occlusive or non
lumen-occlusive. An antral contraction is defined as
an indentation of the gastric wall greater than one
antral wall thickness, which is not due to respiration,
pulsation transmitted from the aorta or heart, or to
movements of adjacent intestine.

A lumen-occlusive contraction is defined as a con-
traction in which the ultrasound image shows the
gastric walls to come into apposition at some point
along the imaged antrum.
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Amplitude of antral contractions is measured as a
fraction of relaxed area and the motility index is cal-
culated as the amplitude multiplied by frequency.

The motility index as measured by ultrasound was
reduced in patients with functional dyspepsia (FD).
The effects of acute mental stress on gastric antral
motility were reduced by mental stress in the healthy
individuals, but not in FD patients (HAUSKEN et al.
1993).

Manometry is the most widely used method for
measuring gastric motility (MALAGELADA and
STANGHELLINI 1985; HUSEBYE 1999). Manometric
studies have demonstrated that the patterns of lumi-
nal pressure waves are complex both in the fasting
and fed states. So far, only two studies assessing con-
current ultrasound and high-resolution manometry
have been published.

In the study by HAUSKEN et al. (2002), in the pre-
and postprandial period, a total of 44% of antral con-
tractions were not detected by manometry, and only
1/5 of non-occluding contractions.

HvEEM et al. (2001) found that only 53% of antral
contractions seen ultrasonographically had a tem-
porally associated pressure event in the manometric
reference channel. The lumen-occlusive contractions
had, in 69%, an associated pressure event. Of the non-
lumen-occlusive contractions, only 20% were associ-
ated with a pressure event.

The median amplitude of the pressure events in
the manometric reference channel was 16 mmHg
(range 4-98 mmHg) for Ilumen-occlusive, and
7 mmHg (range 4-23 mmHg) for non-lumen-occlu-
sive contractions. However, a substantial overlap
exists between the two categories of contraction.

In about 50% of antral contractions observed by
ultrasound, the corresponding pressure events are
not identified in the manometric reference channel.
This more than indicates that the knowledge of gas-
tric mechanics, based solely on manometry, is at the
least inadequate, missing almost half of the informa-
tion given by ultrasound with regard to antral con-
tractions.

22.6
Flow of Luminal Contents

Information concerning movement of luminal con-
tents in humans can be obtained by fluoroscopy, scin-
tigraphy, MRI, impedance and duplex sonography.

Studies based on scintigraphy and standard ultra-
sound of the stomach and duodenum will indirectly
measure overall rates of gastric emptying, but these
methods do not have the temporal resolution to
assess on a second-to-second basis. However, prom-
ising new MRI methods are being developed. Echo
planar imaging, an ultrafast variant of MRI, can pro-
vide excellent images both of gastric wall movements
and movements of solid and liquid meals.

Ultrasonographic studies by King et al. (1984)
using test meals containing bran particles showed
that gastric emptying occurred in episodes lasting a
few seconds in healthy subjects. The emptying period
usually started immediately after relaxation of the
antro-pyloro-duodenal segment and was finished
before the next peristaltic contraction approached
the distal antrum. A brief episode of duodenogas-
tric reflux occurred in about 60% of the peristaltic
cycles shortly before the terminal antral contrac-
tion. A similar type of reflux was shown in dogs by
MaLBERT and RUCKEBUSCH (1991), who used opera-
tively implanted electromagnetic flowmeter probes.
HAUSKEN et al. (1992) showed that using pulsed
Doppler combined with real-time ultrasonography
(Duplex sonography), it is possible to visualize antro-
duodenal motility and transpyloric flow simultane-
ously. Antegrade and retrograde transpyloric flow is
visualized using bidirectional velocity curves. Most
contractions of the proximal duodenal bulb precede
closure of the pylorus (and the terminal antrum),
and duodenal bulb contraction is often accompanied
by a short burst of duodenogastric reflux occurring
immediately before closure of the pylorus.

Studies of the antro-pyloro-duodenal region are
performed with the ultrasound probe positioned at
the level of the transpyloric plane, and the antrum,
the pylorus and the proximal duodenum are visu-
alized simultaneously. The subjects are studied in a
seated position, with a 3.5- to 5-MHz transducer.

In order to study the relation between motility
and flow in detail, techniques with a high temporal
and spatial resolution are required for the assess-
ment of antro-pyloro-duodenal pressure waves and
transpyloric flow. Subjects have to be intubated with
a manometric assembly, which is introduced trans-
nasally and positioned in the antro-pyloro-duodenal
region using fluoroscopy. The Doppler/ultrasound
and manometric recordings have to be synchronized
(HAUSKEN et al. 2002).

e First gastric emptying is defined as the first occur-
rence of gastric emptying after drinking of the soup
isinitiated. An episode of gastric emptying is defined
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as flow across the pylorus with a mean velocity of
more than 10 cm/s lasting more than 1 s.

¢ Occluding peristaltic-related transpyloric empty-
ing is defined as gastric emptying associated with
contractile activity in which the ultrasound image
shows an occlusion of the stomach wall. Non-
occluding peristaltic-related emptying is defined
as transpyloric emptying of gastric contents
associated with contractile activity of the gastric
wall which does not occlude the lumen. During
maximal contractions transpyloric flow can still
be seen passing back and forth through the open
pylorus.

e Non-peristaltic-related transpyloric emptying is
defined as transpyloric emptying of gastric con-
tents, without contractions detected on ultrasound
or manometry.

Gastric emptying of a low caloric liquid meal fol-
lows sequences of emptying-reflux-emptying pulses.
About half of the sequences are peristaltic related,
but both non-occluding, peristaltic related and non-
peristaltic-related emptying sequences occur. Non-
peristaltic-related flow sequences often have more
alternating emptying-reflux episodes than those
associated with peristalsis, and the duration of non-
peristaltic-related emptying and reflux pulses are
longer. The pressure gradients for all types of empty-
ing are low and the pressure gradients during non-
peristaltic-related emptying are significantly lower
than during peristaltic related emptying.

Flow can only occur in the presence of an open
pylorus. Transpyloric flow can be classified into flow
associated with a local increase in the pressure gradi-
ent between antrum and duodenum (Pa-Pd) due to
antral propagating pressure waves. The second type
of flow is independent of peristalsis and is likely to
be caused by changes in gastric tone, or by pressure
changes outside the stomach such as aortic pulsation
and inspiration (HAUSKEN et al. 2002).

The method can be used to study normal physiol-
ogy and pathophysiology of the gastro-pyloro-duo-
denal segment and to monitor the effect of medica-
tions on transpyloric flow.

Patients with functional dyspepsia often experi-
ence early satiety and discomfort after a meal. Using
duplex sonography it is possible to relate timing
of symptoms and early postprandial emptying in
patients with functional dyspepsia (HAUSKEN et al.
1998). Meal-related discomfort was experienced after
commencement of transpyloric emptying. An inverse
relationship was found between the duration of the

tasting period and symptom intensity, suggesting
that the time allowed for duodenal tasting might be
too short in patients with functional dyspepsia.

Currently available methods for studying gastric
emptying do not provide quantitative information
about the movement of gastric contents. A new non-
invasive method for evaluating stroke volumes using
three-dimensional (3D) guided digital color Doppler
imaging might help the investigator to quantify net
gastric emptying and to estimate the amount of duo-
denogastric reflux (HAUSKEN et al. 2001). The tech-
nique involved color Doppler digital images of trans-
pyloric flow in which the 3D position and orientation
of the images were known by using a magnetic loca-
tion system. In vitro, the system was found to slightly
underestimate the reference flow (by average 8.8%).
In vivo (five volunteers), stroke volume of gastric
emptying episodes lasted on average only 0.69 s with
avolume on average of 4.3 ml (range 1.1-7.4 ml), and
duodenogastric reflux episodes on average 1.4 s with
a volume of 8.3 ml (range 1.3-14.1 ml). It was con-
cluded that with the appropriate instrument settings,
orientation determined color Doppler can be used
for stroke volume quantification of gastric emptying
and duodenogastric reflux episodes.

22.7
Gastroesophageal Reflux Disease

HirscH et al. (1996, 1997) performed a comparative
study of ultrasonography (abnormal reflux or physi-
ological reflux) with and without the use of color
Doppler versus 24-h esophageal pH measurements in
84 high-risk children for suspected gastroesophageal
reflux (GER). They found abnormal reflux in 60.7% by
pH-metry, in 51.2% by B-mode ultrasonography and
in 59.5% by color Doppler ultrasonography. There was
agreement between pH-metry and B-mode ultrasonog-
raphy in 87% of patients as compared to 94% between
pH-metry and color Doppler ultrasonography, and
increased sensitivity of reflux detection from 84.4% to
98% when color Doppler was added to B-mode ultra-
sonography. Similarly, JANG et al. (2001) showed that
color Doppler sonography was highly sensitive and was
thought to be easier to use and more acceptable to the
child than pH monitoring. In this study, the two tests
showed 81.5% agreement in the detection of GERD.
This modality may be clinically useful in screening
children for GERD (JANG et al. 2001).
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22.8
Gallbladder

As real-time ultrasonography is a cheap, noninvasive,
relatively easy, validated and reproducible technique,
it can be repeated over time to document time-related
changes of gallbladder motor function. Ultimately, func-
tional ultrasonography estimates gallbladder shape and
volume in the fasting state and in response to a test meal
(liquid or mixed solid-liquid, provided there is sufficient
fat content) or exogenous stimulus (e.g.,1.v. cholecysto-
kinin). Patients are scanned in the supine, right anterior
oblique position. Longitudinal and axial cross-sectional
images of the gallbladder in its largest dimensions are
obtained in triplicate. Average measurements are used
for calculation of the gallbladder volume. The volume of
the gallbladder (V) is subsequently calculated using the
ellipsoid method as described by Dopps et al. (1985),
V=0.52-Lx W xH,where Lis thelength, W is the width,
and H is the height or depth of the gallbladder. All sub-
jects are studied in the morning after an overnight fast.
Fasting volume of the gallbladder (ml) represents the
mean of three volume measurements taken 5 min apart.
After taking the fasting volume, gallbladder contrac-
tion is stimulated by a fatty meal. Gallbladder contrac-
tion and refilling are monitored with ultrasonography
and images are taken over time to document time-
related changes of gallbladder volume. The difference
between the basal volume and the corresponding resid-
ual volume represents the gallbladder ejected volume
(ml). The gallbladder ejection fraction [GBEF(%)] is
calculated according to the formula, GBEF(%) = 1 —
(residual volume/fasting volume) x 100.

Although functional ultrasonography of the gall-
bladder has been mainly used for research purposes
in specific referral centers, its simplicity makes such
a technique appealing in the clinical setting to assess
gallbladder motor function both in healthy and dis-
eased subjects (PALASCIANO et al. 1992). Indications
include the study of healthy subjects and of patients
during pathophysiologically relevant conditions; in
particular when subjects are at risk for gallbladder
stasis and gallstone disease or during gallstone dis-
ease when a decision concerning medical dissolution
therapy is required. A decreased emptying rate of the
gallbladder has been demonstrated in patients with
gallstones (FISCHER et al. 1982), dyspepsia (MARzIO
et al. 1992), diabetes mellitus (STONE et al. 1988), obe-
sity (MARzIO et al. 1988a), and in patients operated
on with Billroth type II for duodenal ulcer (MaRrz10
et al. 1988).

22.9

Ultrasound as a Clinical Tool to
Evaluate Patients with
Functional Gl Disorders

Another advantage of 2D ultrasonography is its clini-
cal applicability; it can easily be performed at the bed-
side and repeated numerous times in the same sub-
ject. At Haukeland University Hospital, we have used
the ultrasound meal accommodation test (U-MAT)
for thework-up of patients with dyspepsia (Table 22.1)
for the past 20 years. Our mainstream clinical proto-

Table 22.1. The ultrasound meal accommodation test (UMAT)
was developed at Haukeland University Hospital on the basis
of close interaction between scientific and clinical work in
patients with dyspepsia. Before entering the protocol, the
patients have been carefully studied with history, physi-
cal examination, blood tests, testing for H. pylori and upper
endoscopy. In some cases, additional examinations are per-
formed to rule out organic causes of their symptoms. The
protocol presented here is the mainstream clinical protocol.
In scientific studies, other elements are often added. A 500-ml
liquid meal of commercial meat soup (Toro clear meat soup,
Rieber & Sgn A/S, Bergen, Norway) containing 1.8 g protein,
0.9 g bovine fat, and 1.1 g carbohydrate (20 kcal) is ingested
over a period of 4 min. The soup is preheated and then cooled
to 37°C to improve imaging quality by reducing the amount of
air bubbles. Psychometric evaluation is also performed

Time Protocol

Fasting Ordinary ultrasound examination of the
liver, gallbladder, biliary tract, spleen, pan-
creas, kidneys, and large vessels

Fasting Evaluation of symptoms by VAS

Fasting Assessment of motility pattern (phase 1-3)
by observing the pattern of contractility in
the antrum

Fasting Measurement of area of the distal stomach
(AA)

Fasting Visualisation of the proximal stomach to

explore whether it has content

Meal ingestion 500 ml of preheated meat soup is ingested

in 4 min at a constant speed

2 min pp Measurement of the sagittal area (SA), the
oblique frontal diameter (OFD), and the
antral area (AA)

5 min pp Postprandial symptom evaluation

10 min pp SA, OFD, and AA measurement

20 min pp SA, OFD, and AA measurement

30 min pp SA, OFD, and AA measurement
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col consists of a standard soup meal (500 ml), ultra-
sound scanning of the proximal and distal stomach
using predefined scan sections, calculation of size
and volume of the gastric compartments, evaluation
of symptoms and psychological assessment. In our
experience, ultrasonography used in this context
adds valuable clinical information to the manage-
ment of these patients.

References

Bateman DN, Whittingham TA (1982) Measurement of gastric
emptying by real-time ultrasound. Gut 23:524-527

Berstad A, Hausken T, Gilja OH, Thune N, Matre K, Odegaard
S (1994) Volume measurements of gastric antrum by 3-
D ultrasonography and flow measurements through the
pylorus by duplex technique. Dig Dis Sci 39[12 Suppl]:97S-
100S

Bolondi L, Bortolotti M, Santi V, Calletti T, Gaiani S, Labo G
(1985) Measurement of gastric emptying time by real-time
ultrasonography. Gastroenterology 89:752-759

Bouras EP, Delgado-Aros S, Camilleri M et al (2002) SPECT
imaging of the stomach: comparison with barostat, and
effects of sex, age, body mass index, and fundoplica-
tion. Single photon emission computed tomography. Gut
51:781-786

Code CF (1979) The interdigestive housekeeper of the gastro-
intestinal tract. Perspect Biol Med 22(2 Pt 2):549-S55

Collins PJ, Horowitz M, Chatterton BE (1988) Proximal, distal
and total stomach emptying of a digestible solid meal in
normal subjects. Br ] Radiol 61:12-18

Dodds WJ, Groh WJ, Darweesh RMA (1985) Sonographic
measurement of gallbladder volume. Am ] Radiology
145:1009-1011

Ehrlein HJ (1980) A new technique for simultaneous radio-
graphy and recording of gastrointestinal motility in
unanesthetized dogs. Lab Anim Sci 30:879-884

Fischer RS, Seltzer F, Rock E, Malmud LS (1982) Abnormal
gallbladder emptying in patients with gallstones. Dig Dis
Sci 27:1019-1024

Gilja OH, Hausken T, Odegaard S, Berstad A (1995) Monitoring
postprandial size of the proximal stomach by ultrasono-
graphy. J Ultrasound Med 14:81-89

Gilja OH, Hausken T, @degaard S, Berstad A (1996) Ultraso-
nography of the proximal stomach in patients with func-
tional dyspepsia. Hepato-Gastroenterol 42:86-87

Gilja OH, Detmer PR, Jong JM, Leotta DF, Li XN, Beach KW
(1997) Intragastric distribution and gastric emptying
assessed by three-dimensional ultrasonography. Gastroen-
terology 113:38-49

Gilja OH, Hausken T, Bang CJ, Berstad A (1997) Effect of gly-
ceryl trinitrate on gastric accommodation and symptoms
in functional dyspepsia. Dig Dis Sci 42:2124-2131

Hausken T, Berstad A (1992) Wide gastric antrum in patients
with non-ulcer dyspepsia. Effect of cisapride. Scand J Gas-
troenterol 27:427-432

Hausken T, @degaard S, Matre K, Berstad A (1992) Antroduo-

denal motility and movements of luminal contents studied
by duplex sonography. Gastroenterology 102:1583-1590

Hausken T, Svebak S, Wilhelmsen I et al (1993) Low vagal tone
and antral dysmotility in patients with functional dyspep-
sia. Psychosom Med 55:12-22

Hausken T, Gilja OH, Undeland KA, Berstad A (1998) Timing
of postprandial dyspeptic symptoms and transpyloric pas-
sage of gastric contents. Scand ] Gastroenterol 33:822-827

Hausken T, Li XN, Goldman B, Leotta D, Odegaard S, Martin
RW (2001) Quantification of gastric emptying and duo-
denogastric reflux stroke volumes using three-dimensional
guided digital color Doppler imaging. Eur ] Ultrasound
13:205-213

Hausken T, Mundt M, Samsom M (2002) Low antroduodenal
pressure gradients are responsible for gastric emptying of
a low-caloric liquid meal in humans. Neurogastroenterol
Motility 14:97-105

Hirsch W, Kedar R, Preiss U (1996) Color Doppler in the diag-
nosis of the gastroesophageal reflux in children: compari-
son with pH measurements and B-mode ultrasound. Pedi-
atr Radiol 26:232-235

Hirsch W, Preiss U, Kedar R (1997) Color coded Doppler ultra-
sound in diagnosis of gastroesophageal reflux. Klin Padiatr
209:6-10

Holt S, McDicken WN, Anderson T, Stewart IC, Heading RC
(1980) Dynamic imaging of the stomach by real-time ultra-
sound - a method for the study of gastric motility. Gut
21:597-601

Holt S, Cervantes J, Wilkinson AA, Wallace JH (1986) Mea-
surement of gastric emptying rate in humans by real-time
ultrasound. Gastroenterology 90:918-923

Horowitz M, Edelbroek MA, Wishart JM, Straathof JW (1993)
Relationship between oral glucose tolerance and gas-
tric emptying in normal healthy subjects. Diabetologia
36:857-862

Husebye E (1999) The patterns of small bowel motility: physi-
ology and implications in organic disease and functional
disorders. Neurogastroenterol Motility 11:141-161

Hveem K, Hausken T, Berstad A (1994) Ultrasonographic
assessment of fasting liquid content in the human stomach.
Scand ] Gastroenterol 29:786-789

Hveem K, Jones KL, Chatterton BE, Horowitz M (1996) Scin-
tigraphic measurement of gastric emptying and ultraso-
nographic assessment of antral area: relation to appetite.
Gut 38:816-821

Hveem K, Sun WM, Hebbard G, Horowitz M, Doran S, Dent ]
(2001) Relationship between ultrasonically detected phasic
antral contractions and antral pressure. Am ] Physiol Gas-
trointest Liver Physiol 281:G95-G101

Jang HS, Lee JS, Lim GY (2001) Correlation of color Doppler
sonographic findings with pH measurements in gastro-
esophageal reflux in children. J Clin Ultrasound 29:212-
217

King PM, Adam RD, Pryde A, McDicken WN, Heading RC
(1984) Relationships of human antroduodenal motility
and transpyloric fluid movement: non-invasive observa-
tions with real-time ultrasound. Gut 25:1384-1391

Malagelada JR, Stanghellini V (1985) Manometric evaluation
of functional upper gut symptoms. Gastroenterology 88(5
Pt 1):1223-1231

Malbert CH, Ruckebusch Y (1991) Relationships between pres-
sure and flow across the gastroduodenal junction in dogs.
Am ] Physiol 260:G653-G657




Functional Ultrasound of the Gl Tract

197

Marciani L, Gowland P, Fillery-Travis A et al (2001) Assessment
of antral grinding of a model solid meal with echo-planar
imaging. Am ] Physiol Gastrointestinal Liver Physiol 280:
G844-849

Marzio L, Capone F, Neri M, Mezzetti A, DeAngelis C, Cuc-
curullo F (1988) Gallbladder kinetics in obese patients.
Effect of a regular meal and a low caloric meal. Dig Dis
Sci 33:4-9

Marzio L, Di Felice F Celiberti V, DiGioacchino M, Mezzetti
A, Cuccurullo F (1988) Gallbladder emptying in duodenal
ulcer patients having undergone Billroth II gastrectomy.
Digestion 41:223-228

Marzio L, Di Felice F, Laico MG, Imbimbo B, Lapenna B,
Cuccurullo F (1992) Gallbladder hypokinesia and normal
gastric emptying of liquids in patients with dyspeptic
symptoms. A double-blind placebo-controlled clinical trial
with cisapride. Dig Dis Sci 37:262-267

Moragas GM, Azpiroz F, Pavia ] (1993) Relation among intra-
gastric pressure postcibal perception, and gastric empty-
ing. Am ] Physiol 264:G1112-G1117

Palasciano G, Serio G, Portincasa P et al (1992) Gallbladder
volume in adults, and relationship to age, sex, body mass
index, and gallstones: a sonographic population study. Am
] Gastroenterol 87:493-497

Penagini R, Hebbard G, Horowitz M (1998) Motor function of
the proximal stomach and visceral perception in gastro-
oesophageal reflux disease. Gut 42:251-257

Ricci R, Bontempo I, Corazziari E, La Bella A, Torsoli A (1993)
Real time ultrasonography of the gastric antrum. Gut
34:173-176

Ropert A, des Varannes SB, Bizais Y (1993) Simultaneous

assessment of liquid emptying and proximal gastric tone
in humans. Gastroenterology 105:667-674

Savoye G, Savoye-Collet C, Oors J, Smout A (2003) Interdiges-
tive transpyloric fluid transport assessed by intraluminal
impedance recording. Am ] Physiol Gastrointest Liver
Physiol 284:G663-G669

Sifrim D, Holloway R, Silny J, Xin Z, Lerut A, Janssens J (2001)
Acid and gas reflux in patients with gastroesophageal
reflux disease during ambulatory recordings. Gastroenter-
ology 120:1588-1598

Stone BG, Gavaler JS, Belle SH et al (1988) Impairment of gall-
bladder emptying in diabetes mellitus. Gastroenterology
95:170-176

Tefera S, Gilja OH, Hatlebakk ]G, Berstad A (2001) Gastric
accommodation studied by ultrasonography in patients
with reflux esophagitis. Dig Dis Sci 46:618-625

Tefera S, Gilja OH, Olafsdottir E, Hausken T, Hatlebakk JG,
Berstad A (2002) Intragastric maldistribution of a liquid
meal in patients with reflux esophagitis assessed by three-
dimensional ultrasonography. Gut 2:153-158

Undeland KA, Hausken T, Aanderud S, Berstad A (1997)
Lower postprandial gastric volume response in diabetic
patients with vagal neuropathy. Neurogastroenterol Motil
9:19-24

Undeland KA, Hausken T, Gilja OH, Aanderud S, Berstad A
(1998) Gastric meal accommodation and symptoms in dia-
betes. A placebo-controlled study of glyceryl trinitrate. Eur
J Gastroenterol Hepatol 10:677-681

Zerbib F, des Varannes SB, Ropert A (1999) Proximal gastric
tone in gastro-oesophageal reflux disease. Eur ] Gastroen-
terol Hepatol 11:511-515




Three-Dimensional Ultrasound of the

Gastrointestinal Tract

Opbp HELGE GILJA

CONTENTS

E—
23.1 Introduction 199
23.2  Formation of 3D Ultrasonographic

Images 199

Data Acquisition 199
Data Digitization 200
Data Storage 200
Data Processing 200
Data Display 201

23.2.1
23.2.2
23.2.3
23.2.4
23.2.5

23.3  Three-Dimensional Ultrasonography of the
Stomach 202
23.4  Three-Dimensional Endoscopic
Ultrasonography 205
23.5 Three-Dimensional Ultrasonography of the
Rectum 207
23.6  Conclusion 208
References 208
23.1
Introduction

The digital revolution has made 3D ultrasonogra-
phy a natural extension of 2D ultrasound scanning.
Most frequently this is made by stacking serial 2D
ultrasonograms together and utilizing computerized
algorithms and equipment to process and display
the data; however, in recent years, 2D array matrix
probes have been developed to enable real-time 3D
scanning.

0. H. GiLjA, MD, PhD

Department of Medicine, National Center for Ultrasound in Gas-
troenterology, Haukeland University Hospital, N-5021 Bergen,
Norway

23.2
Formation of 3D Ultrasonographic Images

If the relative position in space of a series of 2D
sonograms is recorded along with the image data,
three-dimensional (3D) ultrasonographic images can
be constructed. For most applications, the process
of making 3D images based on ultrasonography is
divided into five major steps: data acquisition, digi-
tization, storage, processing and display.

23.2.1
Data Acquisition

Principally, data acquisition by 3D ultrasonography
can be performed in three different ways (SALUSTRI
and ROELANDT 1995). Sampling of data may be car-
ried out either by using a 2D probe attached to a
motor which moves the probe in a computer-defined
way, or by a spatial localizing system connected to a
2D probe, or by electronic 3D probes with the pos-
sibility of direct volume acquisition in real time.

Firstly, and most frequently used, are ordinary
2D probes which are inserted into motorized hold-
ers and either rotated (GHOSH et al. 1982; ROELANDT
et al. 1994), translated (PicoT et al. 1993; Ross et
al. 1993; SACKMANN et al. 1994; SEHGAL et al. 1994;
SouN and GROTEPASS 1990), or tilted (BELOHLAVEK
et al. 1993a; HAMPER et al. 1994; MARTIN et al. 1986;
MARTIN and BASHEIN 1989; PRETORIUS and NELSON
1995; WAGNER et al. 1994; ZoLLER and L1Ess 1994) to
acquire a data volume. The rotation scanning is often
applied to cardiac imaging, whereas acquisition by
tilting or translating is frequently used for transcu-
taneous abdominal and obstetric scanning. Pullback
devices have also been constructed to aid intravascu-
lar and intraductal scanning where the transducer is
positioned at a distant site in relation to the mechani-
cal holder (CHANDRASEKARAN et al. 1994; MINTZ et
al. 1993; ROSENFIELD et al. 1991).
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Secondly, acquisition of ultrasonographic data
can be assisted by devices that record the exact posi-
tion and movements of the transducer in space. This
has been obtained by utilizing mechanical arms
(WHITTINGHAM and BATEMAN 1983; DEKKER et
al. 1974; GEISER et al. 1982; NIKRAVESH et al. 1984;
RAICHLEN etal.1986; SAWADA etal.1985),acoustic sen-
sors (HANDSCHUMACHER et al. 1993; KING et al. 1990,
1991; LEVINE et al. 1989; MORITZ et al. 1976), or mag-
netic sensors (DETMER et al. 1994; HODGES et al. 1994;
KELLY et al. 1994; LEOTTA et al. 1995; PRETORIUS and
NELSON 1994). A magnetic sensor, a transducer and a
magnetic field generator are depicted in Figure 23.1.
Furthermore, gyroscopic and optical devices can be
applied to follow the position of the scanhead.

Thirdly, true volumetric 2D array transducers have
been developed (GREEN and CAMPBELL 1994). These
complex transducers generate a pyramidal volume of
ultrasound data, enabling dynamic real-time 3D ultra-
sonography. The matrix probes have been validated in
volume estimation and seem to perform well (Bu et al.
2005; QIN et al.2000; BINDER et al. 2000),also compared
with magnetic resonance imaging (MRI) (JENKINS et
al. 2004). Clinical applications of real-time 3D ultra-
sound include measurement of left ventricular volume
(AraI et al.2004), quantitative assessment of perfusion
defects with myocardial contrast agents (CAMARANO
et al. 2002), and detection of ischemia during dobuta-
mine-induced stress (AHMAD et al.2001). In pathologi-
cal fetal hearts, 3D Echocardiography (3DE) was help-
ful for localizing multiple cardiac tumors, estimating
size and function of the right and left ventricles, and
evaluating mechanism of valvular regurgitation and
pulmonary obstruction (ACAR et al. 2005).

Fig.23.1. Two ultrasound probes viewed from a frontal and
lateral perspective. To the left of both panels an ordinary 2D
phased array is shown and to the right in both panels a ma-
trix probe, which enables real-time 3D ultrasound scanning,
is depicted

23.2.2
Data Digitization

Ultrasound raw data are available in a digital format
in most scanners; however, some of the commercially
available ultrasound scanners generate analogue
output signals. Therefore, in order to be processed
by a computer, conversion of ultrasonographic data
into a digital format is necessary. Frequently, this
is done by video frame grabbing using designated
hardware cards in the computer or in the scanner;
however, frame grabbing of video signals impairs
image resolution; therefore, preferably, raw ultra-
sound data is digitized directly maintaining the
original resolution.

23.2.3
Data Storage

Following data capture and digitization, image data
is normally stored temporarily until computer pro-
cessing can take place. High-resolution 3D ultra-
sound data give rise to large image files requiring
high-capacity storage media such as magneto-optical
disks, CD/DVD, or hard disks. The ultimate goal in 3D
ultrasonography is to obviate the data storage opera-
tion and perform direct data processing and volume
estimation in real time, and subsequently store only
the clinically relevant images and measurements.

23.2.4
Data Processing

Depending on the mode of acquisition, the image
data can be prepared in different ways (BELOHLAVEK
et al. 1993b). Only the mainstream flowchart of pro-
cessing is outlined here.

Firstly, the image data must be converted to a rect-
angular (Cartesian) coordinate system. Image points
are assigned to new positions within a cuberille
(regular data volume) on the basis of their pyramidal
(if tilting acquisition) coordinates. This scan conver-
sion is usually relatively time-consuming and is per-
formed by computer algorithms.

Secondly,mathematical interpolation is performed
to generate values that “fill in the gaps” between 2D
slices that are stacked together in the cuberille. After
scan conversion and interpolation, the pixels can be
treated as spatially correct 3D image elements,known
as voxels.
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Thirdly, methods for image enhancement are usu-
ally applied to improve image contrast and remove
artifacts. These techniques include filtering, histogram
stretching and sliding, and morphological operations.
This step may be important to the overall quality of
the final 3D ultrasound image but may not be of great
importance for volume measurement.Image enhance-
ment represents an uncertainty because significant
clinical information can be lost in the operation.

Fourthly, the cube of image data is now ready for
segmentation, i.e., the procedure where the object
of interest is separated from the surrounding struc-
tures (GREENLEAF et al. 1993). Three fundamental
approaches to segmentation have been utilized in 3D
ultrasonography:

1. Extraction by visual inspection and manual out-
lining of contours

2. Semi-automatic separation using visualization
algorithms (NIELSON and SHRIVER 1989) aided
by operator interaction

3. Fully automatic computer segmentation

The latter method is capable of detecting edges
with high contrast but is subject to inaccuracies and
artifacts; therefore, automatic segmentation must
be used with great care if applied to patient data.
Manual segmentation of structures in the 3D data set
makes accurate volume estimation and reconstruc-
tion of organs or pathology achievable. This method,
which primarily supplies quantitative information, is
applicable to all areas of sonographic imaging where
volume calculation is indicated.

23.2.5
Data Display

The final step in formation of 3D ultrasound images is
to display the data so that the inherent voxel informa-
tion is communicated accurately. Commonly, simple
rotation of the object on the computer monitor pro-
vides some 3D effects. To further enhance the 3D out-
come of the images, stereoglasses have been applied
(MARTIN et al. 1995; NELSON and PRETORIUS 1995).
Projection of images by optical holography enables
the observer to move around the object and examine
the spatial relationships from different viewpoints
(BaAum and STROKE 1975; KOIVUKANGAS et al. 1986;
REDMAN et al. 1969). A typical setup of a 3D ultra-
sound system is shown in Figure 23.2.

Data processing and display requires specialized
computer software to handle the ultrasound images.

Fig.23.2. A 3D ultrasound system based on magnetic position
and orientation measurement (POM). The Bird System (As-
cension Technology Corp., Burlington, Vermont, USA) consists
of a sensor that can be attached to the scanhead, a magnetic
field generator, and a system control unit (usually hidden in
the scanner)

We have developed, in collaboration with Christian
Michelsen Research (Bergen, Norway) and Vingmed
Sound (Horten, Norway), a software package called
EchoPac3D (MARTENS et al. 1997; MARTENS and
GILJA 2004). EchoPac3D enables import of image
data that are acquired both with mechanical devices
and magnetic position sensors, as well as endosono-
graphic acquisitions. Manual segmentation or semi-
automatic rendering of structures in the 3D data set
makes accurate volume estimation and reconstruc-
tion of organs or pathological tissue achievable. The
accuracy of volume estimation in this software pack-
age has been evaluated in several studies (GILjA et al.
1994; GILjA et al. 1995; THUNE et al. 1996). A display of
the EchoPac3D software is shown in Figure 23.3. The
3D ultrasound system used in our lab is outlined more
in depth in a previous review (GIL]JA et al. 1999).

Ultrasound data contains a significant amount of
noise and speckle and may exhibit boundary regions
several pixels wide. It is important to keep in mind
that the quality of the final 3D data display strongly
depends on the resolution of the raw data. Trans-
ducer frequency and lateral resolution, frame rate
of the scanner, accuracy of 3D probe, speed of scan-
ning, and methods of filtering and segmentation, are
all factors that influence the final image and subse-
quently volume measurements. Furthermore, there is
no advantage in sampling over a spatial scale that is
much smaller than the resolution cell of the display
system. The ultrasound sampling conditions using
a specific transducer is closely related to the display
parameters.
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Fig.23.3. A display of EchoPac3D software manufactured by GE-Vingmed Sound (Horten, Nor-
way). In the upper right panel, the red volume is a reconstructed stomach shown in the geometry
window. In the antrum an ultrasound section is displayed and this sagittal section is also depicted
in the reconstruction window in the upper left panel. The visualization window, enabling appli-
cation of numerous algorithms, is shown in the lower right and lower left panels. The software
EchoPac3D enables accurate post-processing of 3D ultrasonographic images

23.3
Three-Dimensional Ultrasonography of the
Stomach

Two-dimensional (2D) ultrasonography has been
utilized to assess gastric emptying in patients with
functional dyspepsia (BoLoNDI et al. 1985; DUAN
et al. 1993; Hou et al. 1992; BERSTAD and GILjA
2004), diabetes mellitus (DORLARS et al. 1994), and
in infants with gastroesophageal reflux (L1 VoTI et
al. 1992). In several studies, repeated single 2D ultra-
sonic sections of the antrum have been applied to
measure gastric emptying rates (DESAGA and Hixt
1987; DORLARS et al. 1994; DuaN et al. 1993; Hou et
al. 1992; NEWELL et al. 1993). To estimate volumes
of the gastric antrum by means of 2D ultrasound,
a sum-of-cylinders method (RADBERG et al. 1989)
and simple formulas (BoLoNDI et al. 1985) have been
used. Volume estimation based on 2D sonograms
is subject to significant error because assumptions
regarding geometrical shape of the antrum need to

be made before reliable volume measurements can
be performed.

To overcome these limitations, a method for
volume estimation of organs and tissue based on
three-dimensional (3D) ultrasonography was devel-
oped (GILjA et al. 1994). Using a motor device, the
transducer was tilted through an angle of 90°, cap-
turing sequential 2D frames before the data set
was transferred to a graphic workstation for final
3D processing. This 3D ultrasound system demon-
strated excellent accuracy in vitro both on phantoms
(THUNE et al. 1996) and on animal organs (GiLja et al.
1994),and intra- and interobserver variation was low.
When validated in vivo against MRI, this 3D ultra-
sound system was in good agreement and presented
high precision (GILjA et al. 1995). This system has
also been used to study diseases of the liver (Hok-
LAND and HAUSKEN 1994), and to evaluate patients
with functional dyspepsia (BERSTAD et al. 1994;
GILjA et al. 1996a; HAUSKEN et al. 1994). Despite the
significant achievements with respect to accuracy in
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volume estimation and 3D reconstruction of tissue
and organs, this 3D system could only acquire a 90°
fan-like data set from a pre-determined, fixed orien-
tation of the transducer. Accordingly, although highly
accurate, a mechanical acquisition system like this
poses great limitations to acquisition, because only
small volumes can be captured.

Random acquisition of 3D ultrasound data has been
achieved by utilizing different devices tolocate the exact
position and orientation of the transducer in space. To
enable scanning of a large organ such as the fluid-filled
stomach, a commercially available magnetometer-
based position and orientation measurement (POM)
device was interfaced to the scanner. This system for
magnetic scanhead tracking (Bird, Ascencion Tech-
nology, Burlington, Vermont, USA) was validated both
with respect to its precision in locating specific points
in space (DETMER et al. 1994) and to its accuracy in
volume estimation (HODGES et al. 1994; MATRE et al.
1999). In these studies, the sensor system worked satis-
factorily in scanning human organs, and high precision
and accuracy were revealed in volume estimation.

For the first time, total gastric volumes and intra-
gastric distribution of meals could be studied by
ultrasonography (GiLja et al. 1997). In this study, the
depth of scanning was adjusted to fit each individu-
al’s habitus,averaging 17.6 cm. Sagittal sections of the
stomach were recorded throughout its entire length,
starting in the proximal part where the transducer
was positioned by the left subcostal margin and tilted
cranially to image the most superior part of the stom-
ach. After stepwise scanning of the proximal stom-
ach angling from left to right, the transducer was
moved and held to insonicate normally to the skin
surface. Then the distal stomach was scanned step-
wise moving distally to the gastroduodenal junction.
The image data and the position and orientation data
were transferred to a workstation for final process-
ing. A 3D reconstruction of the total stomach volume
based on magnetic scanhead tracking from this first
study is depicted in Figure 23.4.

The stomach is a large and geometrically com-
plex organ for study by ultrasonography; therefore,
we have validated this 3D ultrasonographic method
in vivo in healthy controls. A barostat bag was posi-
tioned in the proximal stomach of six healthy sub-
jects who underwent scanning with the Bird mag-
netic system. In steps of 100 ml, up to 700 ml of meat
soup was instilled into and subsequently aspirated
from the barostat bag while simultaneous 3D scan-
ning was performed. This 3D ultrasound system cor-
related very well with infused volumes (Fig.23.5)

Fig.23.4. A wire-frame outline of the total stomach volume
after ingestion of a soup meal serving as contrast medium. The
images used for 3D reconstruction are acquired by ordinary
2D ultrasonography and magnetic scanhead tracking enables
precise acquisition and reconstruction of the organ

and showed very good agreement with true volumes,
as well as low interobserver variation (TEFERA et
al. 2002). Patients with reflux esophagitis exhibited
an abnormally large volume of the proximal stom-
ach soon after a liquid meal, concomitant with the
perception of fullness. The abnormal distention of
the proximal stomach may represent an important
pathogenetic mechanism in reflux esophagitis.

In functional dyspepsia, poor accommodation of
the proximal stomach toamealhasbeenfoundinmany
studies (AHLUWALIA et al. 1994; BERSTAD et al. 1997;
GILJA et al. 1996b; Tack et al. 1998). Drinking capac-
ity is often reduced in these patients and drink tests
may therefore have a diagnostic potential. A simple
drink test in combination with 3D ultrasonography
was applied in a test using Toro meat soup, Nutri-
drink, and water (HJELLAND et al. 2004). The meals
were ingested at a rate of 100 ml/min until maximal
drinking capacity was reached. Intragastric volume at
maximal drinking capacity was determined using 3D
ultrasonography (Fig.23.6). Optimal discrimination
between patients and controls was obtained by the
combination of symptoms and intragastric volume
(S/V) using meat soup as the test meal.

Impaired gastric accommodation may induce dys-
peptic symptoms also in postfundoplication patients.
Using 3D ultrasonography, postfundoplication
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patients with and without dyspeptic symptoms were
scanned and symptoms were scored postprandially
(SCHEFFER et al. 2004). Dyspeptic and nondyspeptic
fundoplication patients exhibited similar total gas-
tric volumes at 5 min postprandially compared with
controls, whereas smaller total gastric volumes were
observed from 15 to 60 min postprandially. Distal
stomach volume was more pronounced in dyspeptic
fundoplication patients and related with the increase
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Fig. 23.5. Scatter plot shows the correlation between estimated
and true volumes of a barostat bag positioned in the human
stomach after scanning by a 3D ultrasound system. Scanning
was performed with a 3.5-MHz transducer attached to a Bird
system after stepwise instillation and aspiration of the test
meal. The magnetic transmitter was positioned just behind
the back of the examined subject and within the performance
range of the sensor (60 cm)

in postprandial fullness sensations. In healthy vol-
unteers, the sensation of fullness was also related to
antral volume and area rather than proximal volume
(MuNDT et al. 2005).

In another study, we developed an analytical
method to describe the 3D geometry of the gas-
tric antrum: gastric fundus and the whole stomach
based on 3D ultrasound acquisitions. The Fourier
series method was used to simulate the organ surface
geometry. The principal curvatures spatial distribu-
tions were non-homogeneous in the gastric antrum,
gastric fundus, and the stomach due to their complex
geometry (Fig. 23.7). An analytical tool for character-
izing the complex 3D geometry of an organ such as
the human stomach reconstructed by 3D ultrasound
was provided (L1ao et al. 2004).

HAUSKEN and co-workers (2001) developed a non-
invasive method for evaluating transpyloric flow and
duodenogastric reflux stroke volumes using a 3D-
guided digital color Doppler imaging model. They
studied healthy subjects during ingestion of a soup
meal and 10 min postprandially. Cross-sectional color
Doppler digital images of duodenogastric reflux epi-
sodes were acquired with a 5- to 3-MHz phased-array
transducer. The 3D position and orientation data
were acquired using a magnetic sensing system. They
found high intra- and interindividual variations of the
stroke volumes of transpyloric flow episodes during
the initial gastric emptying. The duodenogastric
reflux episodes lasted on average 2.4 s with a volume
of on average of 8.3 ml. This novel method minimized
geometric assumptions and angular ambiguity.

3D Ultrasonography

|

Test meal Maximal satiety
100 mL/min |

| I— T
1 min

Symptom scoring

Fig.23.6. The scanning protocol is shown using 3D ultrasound to determine maximal gastric volume after a meal in patients
with functional dyspepsia. Interestingly, the fraction of symptoms per volume (S/V) distinguished best between patients and

controls after a soup meal
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Fig.23.7. A 3D gastric antrum generated by the EchoPac3D
program and reconstructed in a new coordinate system. In this
geometry, 3D strain can be calculated and visualized following
ultrasound scanning

234
Three-Dimensional Endoscopic
Ultrasonography

Endoscopic ultrasonography (EUS) has gained
acceptance as a valuable tool in obtaining diagnostic
information in patients with digestive diseases, as
it enables detailed visualization of small structures
along the gastrointestinal tract; however, its use has
been limited to a few centers, partly due to the high
demands for skills in both endoscopy and ultrasound
scanning. Interpretation of 2D endosonographic
images can be challenging, even for experienced
operators; therefore, the applicability of new acquisi-
tion units allowing endosonographic recordings to be
imported into the general 3D reconstruction systems
was investigated (MoLIN et al. 1996a; MOLIN et al.
1996b; MoLIN et al. 1997; MoLIN et al. 1999). So far, 3D
endosonography has been based on sequential sam-
pling of 2D images, mainly during pull-back of radial
scanning probes. The 3D data are usually displayed in
an orthogonal window or by any-plane slicing. In one
study, endoluminal ultrasound examinations were
performed with 360° radial scanning 7.5- and 12-MHz
echoendoscope and miniature probes, 8 F as well as
12 and 20 MHz (Olympus, Tokyo, Japan). Acquisition
of 2D ultrasound images was achieved by connect-
ing the probes to a computer-controlled linear step-
ping motor device (Prototype, MKAB, Gothenburg,
Sweden) with an acquisition length of 0.5-15 cm and
an operating speed at 10 mm/s, resulting in a dis-
tance between serial images of 0.1-0.2 mm. Further

post-processing was performed using EchoPac3D.
These studies demonstrated that 3D endosonography
enabled accurate volume estimation of a wide range
of tumors (Fig.23.8), and improved global display
of tumor extensions and topographic relations, thus
enabling better preoperative planning (ODEGAARD
et al. 1999; ODEGAARD et al. 1998). We also explored
other methods of 3D acquisition by testing the per-
formance in vitro of a miniature magnetic sensor
(MiniBird, Ascension Technology, Burlington, Ver-
mont, USA) for endoluminal US and 3D EUS (MoOLIN
et al.2000). The magnetic 6D position and orientation
measurement system (POM) was used to track differ-
ent types of radial scanning endoluminal US probes.
The performance of the POM system was similar if
ferric or non-ferric US endoscopes were used for EUS.
SuMIvaMa et al. (2003) later developed a linear-array
3D EUS with a miniature position sensor attached to
the tip of the echoendoscope used in freehand scan-
ning and confirmed its applicability.

In order to improve image quality of the 3D data
set by avoiding artifacts from pulsatile organs, ECG-
triggered 3D EUS reconstructions were attempted
(MoLIN et al. 1998). The authors found that ECG-trig-
gered 3D EUS images could easily be obtained using a
stepping motor device during routine examinations,
resulting in a clear demonstration of the different
wall layers in the longitudinal image axis. The lat-
eral dislocation was 2.40 mm (SD 0.56 mm) in non-
ECG triggered examinations resulting in a “fuzzy”
image in the axial display, compared with 0.19 mm
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Fig.23.8. The plot shows the association between estimated
and true volumes after EUS scanning of a phantom in vitro.
The acquisition was performed using Olympus miniprobe
12 MHz (UM-2R)
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(SD 0.23 mm) in the ECG triggered scans (p<0.0027;
Fig.23.9). This resulted in higher accuracy in the
evaluation of small and superficial lesions of the
esophageal wall and fundic region of the stomach.

Other researchers have also assessed the clinical
usefulness and problems of 3D images obtained by
endosonography(NISHIMURA etal.1997). NISHIMURA
and coworkers (1997) studied 18 resected specimens
of gastrointestinal lesions and 21 patients. In the
resected specimens, the surface images were quite
consistent with the macroscopic findings in 17 cases.
In two esophageal cancers, 7 out of 10 gastric cancers,
and two colonic cancers, the depth of tumor inva-
sion was assessed accurately from the reconstructed
images. In the in vivo study, although 3D displays had
some limitations, it was particularly useful for esoph-
ageal and rectal lesions. They concluded that this new
diagnostic method enabled visualization of the total
extent of gastrointestinal lesions and appeared to
have useful clinical applications.

Another Japanese group used a system of 3D endo-
scopic ultrasonography to analyze the surface, the
echo density, and the echo patterns of cross-sectional
images of submucosal lesions. They evaluated the
quality of the 3D image and cross-sectional images
of lipomas, leiomyomas, and cysts. They stated that
analysis of 3D EUS images was useful in making a

diagnosis of submucosal lesions (MivaMoToO et al.
1998). TsuTsull and coworkers (1998) evaluated the
usefulness of 3D sonography using Olympus ultra-
sound 3D imaging system to spatially clarify diges-
tive lesions. They converted the sequential 2D data
into volume data by an image processing software
(Medical Design Composer 1.0) developed by the
authors. They found that determination of the depth
and the extent of tumor invasion was more correctly
viewed when arbitrary slicing was applied; however,
it was difficult to obtain precise 3D images in lesions
greatly influenced by heartbeats.

In another study, volume measurement using
tissue characterization of 3D endoscopic ultrasono-
graphic images was performed (YosHINO et al. 2000),
showing good correlation between the volume mea-
sured with 3D EUS and the volume obtained using
tissue characterization. The tissue characterization
volumes were only relatively slightly larger than the
volumes measured using 3D EUS, and the authors
suggested that there is some promise for tissue char-
acterization in 3D EUS.

HUNERBEIN et al. (1997) aimed at developing a
technique for 3D endoscopic ultrasound of the esoph-
agus based on standard endosonographic images.
They attached a high-resolution miniprobe (360°,
12.5 MHz) to a stepping motor that enabled ECG-

Fig.23.9. The ECG-triggered 3D EUS
reconstructions could be obtained dur-
ing routine examinations, resulting in
a clear demonstration of the differ-
ent wall layers in the longitudinal im-
age axis. In the left panel, a non-ECG
triggered EUS acquisition is depicted.
Eight-French miniature ultrasound
catheters 12-20 MHz (Olympus Opti-
cal, Japan) were used. Image distortion
was measured as lateral dislocation of
the organ wall layers, perpendicular to
the probe, in the longitudinal axis of
the reconstructed ultrasound image.
The lateral dislocation was 2.40 mm (SD
0.56 mm) in non-ECG trigged examina-
tions, resulting in a “fuzzy” image in the
axial display, compared with 0.19 mm
(SD 0.23 mm) in the ECG-triggered ex-
aminations (p<0.0027)
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triggered withdrawal of the transducer for imaging
of esophageal cancer patients. The system enabled the
acquisition of accurate 3D ultrasound data within 30-
50 s (Fig. 23.10). Computed image processing allowed
display of the data in transverse, longitudinal, and
oblique sections, or as a 3D reconstruction. Three-
dimensional imaging provided accurate visualization
of the tumor and surrounding structures in all cases.
Longitudinal scan planes and 3D views improved the
assessment of longitudinal tumor infiltration and the
spatial relation of the tumor to relevant mediastinal
structures. They concluded that 3D endoscopic ultra-
sound of the esophagus was technically feasible and
it allowed the assessment of local tumor spread in
previously unattainable scan planes.

Fig.23.10. A prototype acquisition unit for 3D EUS imaging
that can be used both for echoendoscopes and miniprobes.
The pullback system allows for a constant speed of transducer
movement

23.5
Three-Dimensional Ultrasonography of the
Rectum

Transrectal ultrasound is the most sensitive tech-
nique for per-operative staging and follow-up of rectal
cancer. Major limitations of this technique include the
complexity of image interpretation and the inability to
examine stenotic tumors or to identify recurrent rectal
cancer; therefore, HUNERBEIN and ScHLAG (1997)

conducted a prospective study to investigate the value
of 3D endosonography for staging of rectal cancer.
Three-dimensional endosonography was performed
in 100 patients with rectal tumors. Transrectal volume
scans were obtained using a 3D multiplane transducer
(7.5/10.0 MHz). Stenotic tumors were examined with
a 3D front-fire transducer (5.0/7.5 MHz). The volume
scans were processed and analyzed on a Combison
530 workstation (Kretztechnik, Zipf, Austria). Display
of volume data in three perpendicular planes or as
3D view facilitated the interpretation of ultrasound
images and enhanced the diagnostic information
of the data. The accuracy of 3D endosonography in
the assessment of infiltration depth was 88% com-
pared with 82% with the conventional technique. In
the determination of lymph node involvement, 3D
and 2D endosonography provided accuracy rates of
79% and 74%, respectively. The 3D scanning allowed
the visualization of obstructing tumors using recon-
structed planes in front of the transducer. Correct
assessment of the infiltration depth was possible in 15
out of 21 patients with obstructing tumors (accuracy
76%). Three-dimensional endosonography displayed
suspicious pararectal lesions in 30 patients. Transrec-
tal ultrasound-guided biopsy was extremely precise
(accuracy 98%) and showed malignancy in 10 of
30 patients. They concluded that the 3D imaging and
ultrasound-guided biopsy seemed capable to improve
staging of rectal cancer. The same authors also investi-
gated the value of 3D endorectal ultrasonography for
staging of obstructing rectal cancer (HUNERBEIN et al.
1996).In that study, they concluded that this technique
may improve therapy planning in advanced rectal
cancer by selecting patients who require pre-opera-
tive adjuvant therapy. Kim et al. (2002) performed
a prospective study to verify whether 3D endorec-
tal ultrasonography (EUS) enhances the accuracy of
rectal cancer staging, as compared with conventional
EUS. They scanned 33 consecutive patients and the
accuracy of 3D EUS was 90.9% for pT2 and 84.8% for
pT3,whereas that of conventional EUS was 84.8% and
75.8%, respectively. The lymph node metastasis was
accurately predicted by 3D EUS in 28 patients (84.8%),
whereas conventional EUS predicted the disorder in
22 patients (66.7%). These differences were not sta-
tistically significant, probably due to a low number
of patients. The average infiltration grade of the cir-
cumference on transverse 3D EUS scans was associ-
ated closely with advancement of the TNM stage and
lymph node metastasis (Kim et al. 2002).

WILLIAMS et al. (2001) used 3D endoanal sonog-
raphy to determine the incidence and functional
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consequences of external sphincter trauma. They
examined 55 women after delivery and found ultra-
sound evidence of postpartum trauma in 13 of 45
women who had a vaginal delivery, involving the
external sphincter in five, the puboanalis in nine,
and the transverse perineii in three. They concluded
that coronal imaging offered by 3D ultrasonography
of the external anal sphincter was a useful adjunct
to the assessment of trauma. The positive influence
of 3D scanning was confirmed by CHRISTENSEN and
coworkers (2005) who found that 3D anal endosonog-
raphy improves diagnostic confidence in detecting
damage to the anal sphincter complex. The agree-
ment between two observers was acceptable using
2D but better when using 3D. They concluded that
the 3D method may improve the selection of patients
for surgical repair of the anal sphincter complex.
CHRISTENSEN et al. (2004) also used 3D endosonog-
raphy in patients with anal carcinoma and found
that detection of perirectal lymph nodes and tumor
invasion were improved, compared with 2D endo-
sonography. This may affect local tumor staging and
thus planning of treatment.

WEsST et al. (2004) determined the agreement
between hydrogen peroxide-enhanced 3D endo-
anal ultrasonography (3D HPUS) and endoanal
magnetic resonance imaging (MRI) in preoperative
assessment of perianal fistulas, and assessed patient
preference with regard to these techniques. The
methods agreed in 88% for the primary fistula tract,
in 90% for the location of the internal opening, in
78% for secondary tracts, and in 88% for fluid col-
lections. They concluded that 3D HPUS and endo-
anal MRI are equally adequate for the evaluation of
perianal fistulas. Both methods are associated with
similar discomfort and patients have no preference
for either procedure.

23.6
Conclusion

The introduction of 3D ultrasonographic imaging in
the field of gastroenterology seems to improve stan-
dardization of data acquisition and analysis, and this
is particularly relevant for endosonographic imag-
ing. Moreover, acquisition time during an unpleas-
ant procedure for the patient can be reduced. The
3D imaging also makes ultrasonography less opera-
tor dependent and facilitates easier interpretation

of ultrasonographic images. For volume estima-
tion, there are several studies that demonstrate high
accuracy of 3D ultrasonography. Furthermore, when
conventional 2D scanning is compared with 3D ultra-
sonography, studies concluded that 3D ultrasonogra-
phy performs better than 2D ultrasonography with
respect to accuracy and precision in volume calcu-
lation (KyE1 MENsSAH et al. 1996; RICCABONA et al.
1995; SAPIN et al. 1993).

For mapping of complex anatomy, e.g., to aid sur-
gical planning, 3D ultrasonography appears to be a
promising tool (BORGEs et al. 1996; TRoCINO et al.
1996; VANNIER and MARSH 1996; VOGEL et al. 1995);
however, there are limitations of 3D ultrasonography
that need to be acknowledged. The whole process
from acquisition to display of 3D images is, except for
real-time 3D scanning, time-consuming and requires
dedicated, well-trained operators. The importance
of high-quality raw data enabled by careful acquisi-
tion cannot be overestimated, as there is principally
no new image data in the 3D file compared with the
original 2D image.

There is a future for 3D ultrasonography as devel-
opment in acquisition devices, transducer tech-
nology, and computer software and hardware will
permit real-time data acquisition and image ren-
dering. On-line display and volume calculation will
enhance diagnostic value and allow smooth patient
examination and work-up. The 3D ultrasonogra-
phy may become an important imaging modality in
interventional medicine where accurate 3D display is
warranted.
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Introduction

Fine-needle biopsies (FNBs) accomplished with
ultrasound (US) and/or computed tomography (CT)
guidance have been a widely accepted procedure in
diagnosing abdominal and retroperitoneal space-
occupying lesions (DROESE et al. 1984; MEMEL et al.
1996). Compared with CT, US has been shown to be
safer, more cost-effective,and faster; moreover it does
not require ionizing radiation and therefore is not of
any radiation risk to the patient or operator (Dopp et
al. 1996; SHEAFOR et al. 1998). Since 1975 US-guided
FNBs have been performed mostly in solid abdomi-
nal and retroperitoneal organs such as liver, pancreas,
spleen, kidney, and lymph node masses, with a high
diagnostic accuracy, low complication rate (rang-
ing from 0.05 to 0.23% in multi-institutional and
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mono-institutional series, respectively) and a very
low mortality rate (0.001-0.038%). (LIVRAGHI et al.
1983; SMITH 1984; FORNARI et al. 1989; NOLSOE et al.
1990; Sm1TH 1991).

Gastrointestinal tract lesions, both inflamma-
tory and/or neoplastic, may be visualized by US as a
“target” or “bull’s-eye” lesion, or as a “pseudokidney”
mass (Figs. 24.1,24.2; BLUTH et al. 1979; FAKHRY and
BERK 1981; GOERG et al. 1990; Lim 1996; LuTz and
PETZOLDT 1976; MORGAN et al. 1980; RAPACCINI et
al. 1986; SCHWERK et al. 1979). In particular, although
the diagnosis of gastrointestinal tract tumor is con-
ventionally based on biopsy performed during endos-
copy, since 1980 many authors have reported the pos-
sibility of diagnosing of gastrointestinal neoplasia
by means of a US-guided FNB (ABBIT 1991; ALLEN
and IRWIN 1997; BaLLo and GuY 2001; BHADURI et
al. 1999; BREE et al. 1991; CARSON et al. 1998, Das
and PANT 1994; DoDD et al. 1998; FARMER et al. 2000;
GREEN et al. 1988; HERIOT et al. 1998; Ho et al. 2003;
JaviD et al. 1999; LEDERMANN et al. 2001; MARCO-
DOMENECH et al.2001; SHIDHAM et al. 1998; SOLBIATI
et al. 1986; TORP-PEDERSEN et al. 1984; TUDOR et al.
1999). Sonographically guided fine-needle aspiration

Fig.24.1. The pseudo-kidney sign. The strong echogenic cen-
tre (corresponding to the lumen content) is surrounded by
an echo-poor rim (thickened bowel wall) in a case of colonic
adenocarcinoma
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Fig.24.2. The “target-like” pattern in a case of gastric adeno-
carcinoma

biopsy of a bowel wall lesion was first performed in
1981 by Enn1s and MACERLEAN (1981).

24.2
Indications and Contraindications

Percutaneous US-guided FNB of a gastrointestinal

mass is performed mainly when:

1. The lesion is well visualized at US study.

2. The lesion is endoscopically inaccessible (i.e.,
localized between the ligament of Treitz and the
ileocecal valve).

3. The lesion is situated in the submucosa (as fre-
quently seen in gastrointestinal lymphoma), is
intramural, or develops in the subserosa (i.e., in
gastrointestinal stromal tumors), and is thus not
accessible by conventional endoscopic biopsy.

4. A previous biopsy during endoscopy is non-diag-
nostic or only necrotic material is obtained.

5. Endoscopy cannot be performed for uncoopera-
tive patients or for contraindications.

6. It is impossible to obtain an adequate biopsy
sample during endoscopy due to presence of
severe stenosis.

Contraindications are represented only by a severe
coagulative impairment (i.e., platelet count <40000/
mm?; prothrombin time <40%) and by distention of
bowel loops.

24.3
Technique

Percutaneous FNBs are frequently performed under
US guidance with a real-time convex transducer
(3.5-5 MHz ) by both a “free-hand“ technique and a
biopsy-guided attachment. Fine needles (i.e., needles
with an outer diameter <1 mm-20 gauge) of both the
“cutting” or “non-cutting” type, are frequently used
to obtain a cytological and/or histological diagnosis
(BAarLo and Guy 2001; CARSON et al. 1998; ENN1s and
MAc ERLEAN 1981; GREEN et al. 1988; LEDERMANN
et al. 2001; MARCO-DOMENECH et al. 2001; SOLBIATI
et al. 1986; TORP-PEDERSEN et al. 1984; JavID et al.
1999). Some authors have also used large (1.2 mm-
18 G) cutting needles (BaLLo and Guy 2001; CARSON
et al. 1998; FARMER et al. 2000; LEDERMANN et al.
2001; Marco-DOMENECH et al. 2001; TuDOR et al.
1999). The use of large cutting needles has been
experimentally demonstrated to be safe (AkAN et al.
1998) and not associated with increased mortality
and/or morbidity (MARCO-DOMENECH et al. 2001;
TuDOR et al. 1999). Patients must fast from the night
prior to the biopsy and usually bowel preparation
or antibiotic prophylaxis are not needed (TUDOR et
al. 1999). All patients sign a written informed con-
sent. The procedure is usually performed both on
an inpatient/outpatient basis (BALLo and Guy 2001)
and often without local anesthesia; however, some
authors use local anesthesia by infiltration of 5-10 ml
of 1% lidocaine hydrochloride into the abdominal
wall by means of a 25-G needle (Ho et al. 1998).
In many cases, color and power Doppler are useful
to evaluate and avoid large vessels along the needle

GEM / DPT 59 mm / 6 115 CFH:2.8

Fig.24.3. Power Doppler of a diffuse thickened gastric wall
shows clear vascular signals (to be avoided during fine needle

biopsy)
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tract (Fig.24.3) (MARcO-DOMENECH et al. 2001; Ho
et al. 2003). Briefly, percutaneous FNB is frequently
performed by two operators, one holding the trans-
ducer and the second manipulating the needle. In
“pseudokidney” lesions, it is important to place the
needle in the hypoechoic rim, thus avoiding crossing
the echogenic center (Fig.24.4), which corresponds
to the mucosa and the lumen of gastrointestinal loop.
When a “non-cutting” needle is used, it is fitted to a
10- to 20-ml syringe attached to an aspiration piston,
and is monitored while advancing in the lesion. When
the tip of the needle (shown on the scan) is in the
tumor wall, the piston is completely retracted and the
needle is moved back and forth three or four times
in the tumor (TORP-PEDERSEN et al. 1984).

When aspiration is completed, the negative pres-
sure is equilibrated and the needle is withdrawn.
After withdrawal of the needle, the syringe is discon-
nected, filled with air and reconnected and the mate-
rial in the needle is expelled onto a glass slide and
smeared. The specimen is then air dried and fixed in
ethanol; Papanicolau and May-Grunwald-Giemsa
are the standard staining techniques used, whereas if
a carcinoid tumor is suspected, the Grimelius stain-
ing method is used (SOLBIATI et al. 1986).

When a “cutting-type” needle is used, the needle
is advanced until lesion indentation is seen, then the
trigger mechanism is fired and the needle is with-
drawn, obtaining a histological sample (Fig.24.5;
TUDOR et al. 1999).

Core-needle biopsy samples are fixed in formalin
and embedded in paraffin wax; 3- to 4 um-thick sec-
tions are cut and then stained with hematoxylin/eosin.
Further immunohistochemical analysis of the mate-
rial is then possible for specific indications requested.
In all cases, the presence of a cytopathologist, to assess
specimen adequacy during the procedure, would result
in a high diagnostic outcome (BALLo and Guy 2001);
however, if this is not possible, two needle punctures
during the first session should be performed.

After the procedure is completed, the outpatients
are observed from 2 to 4 h in order to monitor even-
tual immediate complications such as persistent pain,
fever or bleeding at puncture site. Some authors prefer
to perform an ultrasound control before discharging
patients. In our Department, we performed FNBs of
gastrointestinal masses, with US guidance, by using a
3.5- to 5 MHz convex probe equipped with a biopsy
device. All the procedures were performed in outpa-
tients with no general or local anesthesia and we used
both fine-cutting and non-cutting needles.

Ultrasound-guided FNBs (LEDERMANN et al.2001)
have been performed mostly in suspected primary or
metastatic neoplastic gastrointestinal lesions, also in
those patients with HIV infection (BHADURI et al.
1999) in which gastrointestinal manifestations (such
as opportunistic infections or lymphoproliferative
or neoplastic disease) occurs in about 50% of the
patients,and endoscopic diagnosis is not possible due
to the submucosal nature of the disease (Fig. 24.6).

Fig.24.4. a Transverse sonogram of abdomen shows gastric hypoechoic wall thickening. b Ultrasound-guided fine-needle as-
piration biopsy (non-cutting needle) of the lesion (arrow indicates the tip of the needle): cytological diagnosis of gastric
adenocarcinoma
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Fig.24.5. a A diffuse thickening of the gastric wall (endoscopic biopsy resulted non diagnostic). b Ultrasound-guided fine-needle
biopsy with a cutting needle. The needle is well visualized (arrow): histological diagnosis of gastric lymphoma

Fig. 24.6. Ultrasound-guided fine-needle biopsy of bowel wall
involvement: arrow indicates the needle tip. Final diagnosis:
intestinal lymphoma

24.4
Results

Table 24.1 summarizes the most important studies
published on the use of FNBs of gastrointestinal wall
lesions. Because of the relatively small population,
and the absence of a clear gold standard in order to
assess the true-negative and false-negative results,
few data are available regarding sensitivity, specific-
ity, and overall diagnostic accuracy of the procedure.
When the data are reported, sensitivity, specificity,
diagnostic accuracy, predictive positive value, and
predictive negative value are 90-91%, 100% (no
false-positive results), 80-100, 100, and 67%, respec-
tively, thus equal to those obtained in other malignant
abdominal diseases (BALLO and Guy 2001; JAVID et
al. 1999; TorRP-PEDERSEN et al. 1984). The procedure
is well tolerated, no mortality has been reported, and
only four complications have been described follow-
ing percutaneous US-guided FNBs of gastrointestinal
tract lesions (one case of hemoperitoneum, one of
sepsis, one of small parietal hematoma, and one of
bile peritonitis; JaviD et al. 1999; MARCO-DOMENECH
et al. 2001; TUDOR et al. 1999).

Patients with indications for percutaneous FNBs
of gastrointestinal tract lesions are not commonly
encountered. In fact, as reported by SOLBIATI et al.
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Table 24.1. Published studies on the use of percutaneous fine-needle biopsies of gastrointestinal wall lesions

Reference Number Site
ENNIS MACERLEAN (1981) 7 B
ToRP-PEDERSEN et al. (1984)? 78 S—SB-C
SOLBIATI et al. (1986) 24 S—-SB-C
GREEN et al. (1988) 3 S

Das and Pant (1994) 78 §=C
CARSON et al. (1998) 44 S—-SB-C
TuDOR et al. (1999) 10 SB
BHADURI et al. (1999) 3 S—SB
JaviD et al. (1999)° 50 €
FARMER et al. (2000) 12 S—-SB-C
MaRrco-DOMENECH et al. (2001) 42 S—-SB-C
BaLrro and Guy (2001)¢ 20 S—-SB-C
LEDERMANN et al. (2001) 7 SB-C

Needle type Gauge Complications
NC No
NC 23 No
NC 22 No
NC 22 No
NC No
NC-C 18,22 No
C 18 Yesd
No
NC 2 Yes®
C 18 No
C-NC 18,21,22  Yesf
NC 18,22 No
NC-C 18,22 No

S stomach, SB small bowel, C colon, C cutting type, NC non-cutting type
 Authors report a positive predictive value and a negative predictive value of FNB of 100 and 67%,

respectively

® Authors report a sensitivity and specificity of 91.8% and 100%, respectively

¢ Authors report a diagnostic accuracy of 100%

4 One small hematoma

¢ One case of hemoperitoneum, one case of sepsis
f One case of bile peritonitis

(1986), they represent only 1.5% of all abdominal
biopsies performed in the same period.

Our experience is quite similar (unpublished data).
In fact, US-guided FNBs of gastrointestinal masses
represent only 1.7% (34 out of 1876) of all abdomi-
nal US-guided FNBs over a 15-year period. We per-
formed FNBs of the gastric wall in 13 cases, and of the
bowel wall in 21 cases (sigmoid colon 12 cases; small
bowel 9 cases).

The indications to the procedure were impossibil-
ity to perform endoscopy in 8 cases, non-diagnostic
endoscopic biopsies in 20 cases (Fig. 24.7), and endo-
scopically inaccessible lesion in 6 cases (Fig.24.8).
No complications occurred and the procedure was
well tolerated in all patients; however, an alternative
approach to diagnosis of gastrointestinal diseases
may be needed in some cases. In particular when the
lesion is clearly visible at ultrasound, US-guided FNB
could be considered a simple, rapid, relatively non-
invasive and accurate procedure.

Fig.24.7. Ultrasound-guided fine-needle biopsy with a cut-
ting needle in a case of endoscopically negative biopsies. The
needle tip is clearly visible in hypoechoic gastric wall (arrow).
Final diagnosis: gastric adenocarcinoma
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l. de Sio, L. Tibullo, and C. Del Vecchio-Blanco

Fig.24.8. a Hypoechoic abdominal mass in left hypochondrium in patient with abdominal pain and fever. b Ultrasound-guided
fine-needle aspiration (arrow indicates needle tip). Final diagnosis: jejuneal metastasis from bronchial cancer
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