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Abstract Advances in US like high-resolution transducers,
harmonic imaging and panoramic modality have overcome
some of the obstacles for sonography of the small and large
bowel that existed in the past. In a number of centers,
bowel US is an established routine method both in adults in
children. Bowel US has the distinct advantages of being
widely available, relatively cheap, free of radiation and easy
to perform. In addition, US of the bowel demonstrates both
mural and extramural pathological changes. Patients with
inflammatory bowel disease have frequent imaging studies
due to disease recurrences and need of follow-up after
treatment. Thus this group of pediatric patients benefits
most from an optimized and standardized bowel US. This
review provides a comprehensive step-by-step approach
how to perform US of the bowel in children with emphasis
on imaging inflammatory bowel changes. It is meant to

Dr. Darge has indicated that he has no relevant financial relationships
or potential conflicts of interest related to the material presented.

K. Darge * S. Anupindi - H. Keener
Department of Radiology,

The Children’s Hospital of Philadelphia,
University of Pennsylvania,
Philadelphia, PA, USA

O. Rompel

Division of Pediatric Radiology,

Institute of Diagnostic and Interventional Radiology,
Klinikum Niirnberg Siid,

Nuremberg, Germany

K. Darge (D<)

Department of Radiology,

The Children’s Hospital of Philadelphia,
34th Street and Civic Center Boulevard,
Philadelphia, PA 19104, USA

e-mail: darge@email.chop.edu

@ Springer

serve like a recipe and facilitate the routine performance of
US of the bowel in children.
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Introduction

Transabdominal US is currently a well-established method
for the evaluation of the small and large bowel [1]. The
traditional imaging modalities of the bowel, contrast
fluoroscopic studies, are facing competition from or some
are being replaced by US of the bowel [2—4]. Advances in
US like high-resolution transducers, harmonic imaging,
panoramic modality and contrast-enhanced US have over-
come some of the obstacles in bowel sonography that
existed in the past. Despite these facts the routine use of US
of the small and large bowel in children has significant
geographic variations, particularly when looking beyond
the evaluation of the appendix. It appears to be more
commonly integrated as part of the pediatric bowel imaging
work-up in Europe and Canada than in the USA.

A very important application of US of the bowel in
children is in the evaluation of inflammatory bowel disease
(IBD), particularly Crohn disease. In this group of pediatric
patients comparative studies of US of the bowel and
ileocolonoscopy and histology have demonstrated the range
of sensitivity and specificity to be 74-88% and 78-93%,
respectively [5—8]. The combined finding of positive blood
work-up and bowel wall thickening on US was found to
have a positive predictive value of 99.5% in children
suspected of having IBD [9]. In the last 2 years at the
Children’s Hospital in Philadelphia bowel US has been
increasingly integrated in the imaging work-up of children
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with IBD. The objective of this review is to provide, based
on our experience, a comprehensive step-by-step approach
how to perform US of the bowel in children and
adolescents with emphasis on imaging inflammatory bowel
changes. It is meant to serve like a recipe and facilitate the
routine performance of bowel US in the pediatric age

group.

Step-by-step approach to performing US of the bowel
A. Preparation

Basically US of the bowel can be conducted without any
kind of preparation. It is known that significant gaseous
distention of the bowel can be an impediment to bowel US.
Lack of even very small amount of fluid in the intestine
leads to completely collapsed bowel loops and reduction in
peristalsis. The intake of carbonated fluid or very long
duration of fasting can lead to such states [10]. Particularly,
in such cases the following preparatory step may turn out to
be helpful. The oral intake of non-carbonated fluid about
30 min before the US examination may be helpful to reduce
the air and also slightly distend the bowel loops. Placing the
child in a right lateral decubitus position will hasten the
emptying of the fluid from the stomach. A partially filled
bladder will assist in the evaluation of the distal sigmoid
colon and rectum [11].

B. Selection of US modalities

The appropriate selection of transducers and modalities will
lead to optimal results of the bowel US. After initial trial of
various settings a default setting for bowel US needs to be
saved for further use. For ease of annotation, where possible,
the following labels should also be saved in full or
abbreviated: duodenum—DUO, jejunum—IJEJ, ileum—IL,
terminal ileum—TI, ileocecal valve—ICV, cecum—CEC,
ascending colon—AC, hepatic flexure—HF, transverse
colon—TC, splenic flexure—SF, descending colon—DC,
sigmoid colon—SC, rectum—REC, right upper quadrant—
RUQ, right lower quadrant—RLQ, left upper quadrant—
LUQ, left lower quadrant—LLQ. Having these annotations
allows quick and exact labeling of the image. The body
markers are less suitable for exact labeling of the different
parts of the bowel. High-frequency, harmonic and panoramic
imaging are important US modalities for high-quality
imaging of the bowel and can be used in combination or
separately.

1. High-frequency imaging: This entails the use of trans-
ducers with high frequency [12]. With the advancement
of US transducer technology what we regard as high

2.

3.

frequency is shifting, too. If 10 years ago a 7.5 MHz
transducer was presented as the high-frequency trans-
ducer, nowadays many pediatric diagnostic US scan-
ners have transducers that go higher than 15 MHz. It is
important to remember the inverse relationship between
frequency and penetration depth of the US wave. Thus
the right choice of frequency depends on the body
habitus of the patient. For practical purposes it is
prudent to start with the available highest-frequency
transducer for abdominal imaging and switch to lower
ones, if sufficient penetration and visualization is not
possible. Predominantly linear, but also convex transducers
are needed.

Harmonic imaging: This is based on the non-linear
propagation property of acoustic signal as it travels
through the body [13]. Harmonic waves are generated
within the tissue and build up with depth to a point of
maximal intensity before they decrease due to attenuation.
On the contrary, conventional US waves are generated at
the surface of the transducer and progressively decrease in
intensity as they traverse the body. The harmonic waves
are selectively utilized for imaging, eliminating the
fundamental frequency. The latter is achieved by high-
pass filters or through pulse/phase inversion technique, or
both. Harmonic frequencies are higher integer multiples
of the transmitted frequency. Some US scanners only use
the 2nd harmonic for imaging (narrow band), whereas
others are capable of implementing a wider range of
harmonics (wide band). There is image-quality difference
between these two modalities, in general the wide band
harmonics modality is of better quality. Harmonic
imaging improves axial resolution due to shorter wave-
length and lateral resolution through better focusing with
higher frequencies. As the harmonic waves are produced
beyond the body wall the defocusing effect of the body
wall is reduced. The relatively small amplitude of the
harmonic waves results in artifact reduction. In addition,
side lobes are less likely to occur and degrade the image.
Artifact-free, clear images with higher contrast and spatial
resolution are the result. The advantage and superiority of
harmonic imaging compared to conventional US for the
bowel has been demonstrated in both adults and children
(Fig. 1) [14, 15].

Panoramic imaging: The bowel is a long convoluted
structure. The depiction of a longer segment of the
bowel by conventional US is limited. To overcome this
limitation and to allow documentation of a bowel loop
longer than the length of the transducer one can attempt
to use a low-frequency curved-array transducer or dual
display mode. These are by far less optimal than
panoramic or extended field-of-view imaging [16—18].
Panoramic imaging involves acquiring multiples of
successive US images. With the advanced computa-
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Fig. 1 Transverse scan of the
right lower quadrant of the
abdomen depicting the psoas
muscle (P) and iliac vessels in
conventional mode (a) and wide
band harmonic imaging (b).
Note the terminal ileum (TT)
anteriorly. The image with
harmonic modality is clearer and
the terminal ileum and
surrounding structures are better
demarcated and much more
conspicuously visible

tional capabilities of US scanners ultrafast motion
detection and image processing is possible in real-
time. Up to a length of 60 cm can be scanned at one
time (Fig. 2). It is possible to follow the course of the
bowel and make correct length measurements. More-
over, we can use smaller window to evaluate short
segments within the scanned bowel.

C. Method of scanning

US of the bowel is conducted with the child in supine
position. It is easier for the manual handling if the child is
lying closer to the edge of the table nearer to the examiner.

1.

Compression techniques: The most important technique
to use is graded compression. Non-performance of this
maneuver is probably the most frequent reason for
suboptimal US images of the bowel. Graded compres-
sion is not a technique reserved only for appendix

imaging, it is also important for the rest of the bowel. It
is prudent in older children to inform them that you are
going to compress the abdomen and intermittently look
at their facial expression to gauge the pressure exerted.
Graded compression displaces disturbing air and
adjacent bowel loops, shortens the distance for visual-
ization and isolates the bowel loop of interest. An
inflamed bowel is non-compressible in contrast to a
normal bowel loop. An additional less known maneu-
ver, but one that we have successfully applied is the
adjuvant use of a posterior manual compression
technique in combination with the graded compression
[19]. The hand not holding the transducer is placed
under the back. The back is pushed anteriorly at the
same time the graded compression is done in the
posterior direction (Fig. 3). This technique compounds
the effects of the graded compression. It is most useful
for depicting the terminal ileum, ileocecal valves and
cecum.

Fig. 2 Transverse scan in panoramic modality across the right and left
lower quadrants of the abdomen. The right and also the left psoas
muscles along with the iliac arteries (IA) and veins (IV) are depicted
on one image. The terminal ileum (TI) and cecum (CE) on the right
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and the sigmoid (S) and descending colons (DC) on the left are
visualized on the same image. Note the bowel wall and mesenteric
thickening in this child with inflammatory bowel disease
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Fig. 3 The technique of graded compression sonography with
adjuvant use of a posterior manual compression technique is
demonstrated here for the evaluation of the right lower quadrant. An

improvement in visualization of the terminal ileum, ileocecal valves
and cecum may be achieved

2. Scan planes: Each bowel segment is documented in
both the transverse and longitudinal planes. Two planes
are more important as it allows a better overview of the
mesentery.

3. Doppler US: The bowel wall and mesentery do not
normally demonstrate significant color signals on
power or color Doppler. In contrast an inflamed bowel
loop or mesentery can have increased color signals
(Fig. 4). Thus whenever abnormal bowel wall or
mesentery is visualized color or power Doppler

Fig. 4 Color Doppler US of the
bowel in a child with Crohn
disease. The rectal wall is not
only thickened (a) but demon-
strates marked hyperemia (b).
The terminal ileum and mesen-
tery in transverse (c¢) and longi-
tudinal (d) planes show bowel
wall thickening and hyperemia
inclusive of the mesentery. The
pattern of the hyperemia of the
mesentery in the longitudinal
plane [d] is compatible with the
so-called comb sign arrow

examination needs to done. The color Doppler is more
commonly used than the power Doppler as it is less
sensitive to motion, both from bowel peristalsis and
patient movement. The setting of the Doppler has to be
very low in order to capture small increase in hyperemia.
Color Doppler US is useful for follow-up as it may be
the first sign to change prior to significant reduction in
bowel wall thickness [6, 20, 21]. Some US scanners
have the option of color panoramic modality, too.

US clip: The documentation of the presence, absence or
relative decrease of peristalsis is done with a short clip.
The respective bowel is isolated and the transducer fixed
without movement of the hand. An inflamed bowel shows
reduced or no peristalsis compared to a normal one.
Measurements: If an inflamed loop is detected, two
measurements need to be carried out (Fig. 5). The
bowel wall thickness is measured from the hyper-
echogenic mucosal to the hyperechogenic serosal
interfaces. A 3-mm cut-off for normal bowel wall
thickness is generally applicable [6, 11]. Specifically
for inflammatory bowel disease in the pediatric age
group a thickness for the small and large bowels of
greater than 2.5 and 2.9 mm, respectively, are regarded
as abnormal [7]. The length of an inflamed bowel
segment is best measured using panoramic imaging.
Some scanners provide the additional feature of
measurement of curved distances.

“Itinerary”: Using a linear transducer we start with the
depiction of the psoas muscle and iliac vessels in the
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Fig. 5 Measurements in US of
the bowel. (a, b) Bowel wall
thickness is measured from the
hyperechogenic mucosal to the
serosal interfaces (b=magnified
section in a). The panoramic
image (c) allows the exact
measurement of the length of
the inflamed terminal ileum

right lower quadrant in the axial plane. From this point
it is easy to localize the terminal ileum in its
longitudinal plane. We follow the terminal ileum to
the ileocecal valves. The ileocecal junction is best
viewed at a more obliquely angled view (Fig. 6). This
is followed by the evaluation of the cecum and
ascending colon. These are the bowel loops located
most laterally on the right. The transducer is moved
along the ascending colon to the hepatic flexure and
then turned to the transverse colon. It is important to
carefully trace the path of the transverse colon as the
stomach and proximal small bowel loops may be easily
mistaken for the transverse colon. After that the
transducer is moved to the left over the splenic flexure
downward tracing the descending colon. This is the
bowel loop normally found most laterally on the left.
At the distal end of the descending colon the transducer
is turned medially to trace the sigmoid colon. The
sigmoid colon is depicted in its longitudinal plane over
the axial section of the left psoas muscle and iliac
vessels. Further tracing of the large bowel to the rectum
with a linear transducer may be difficult. Prior to
switching to a convex transducer we go on to evaluate
the left upper quadrant, the left lower quadrant, the
right upper quadrant and right lower quadrants for the
duodenum, jejunum and proximal ileum. After a switch
to a convex transducer we continue tracing the
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remaining sigmoid colon and rectum. The latter is best
visualized behind a partially full bladder. It is important
to remember that at each step the proper selection of
US modality is necessary. Furthermore, at each step the

Fig. 6 The ileocecal junction: the cecum (C) with normal wall
thickness but thickened wall of the terminal ileum (TI) and ileocecal
valves (ICV) in a child with Crohn disease
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use of graded compression, portrayal in axial and
longitudinal planes, color Doppler, clips and measure-
ments whenever appropriate is to be stressed. It is also
important to document pathological changes of the
mesentery around an inflamed bowel loop. Significant
gaseous distention of the bowel and adipose body
habitus may hinder depiction of all parts of the bowel.
The ease of visualization of pathological findings in the
different parts of the bowel is also variable, being more
difficult in the more proximal small bowel loops than in
the distal ones.

There are currently emerging advanced US modalities in
bowel sonography [11]. These new applications are starting
to be used primarily in adults, but may have potential
benefits in children, too. Hydrosonography is a method in
which a contrast liquid with low echogenicity is adminis-
tered orally or rectally for distending the bowel and
improving the scan [22]. The specific study for the small
bowel is also known under the name small-intestine-
contrast-enhanced US or SICUS. An isotonic polyethylene
glycol (PEG) solution is commonly used. In Crohn disease
hydrosonography of the small bowel was found to be
comparable to ileocolonoscopy, wireless capsule
endoscopy, and small-bowel sonography in the assessment
of the number, site, extension, and postoperative recurrence
of small-bowel lesions [22]. In comparison to conventional
US the use of oral contrast agent increased the overall
sensitivity from 4% to 11%. In particular, it proved
advantageous in depiction of proximal small bowel lesions,
from 80% to 100%, and in the evaluation of the number
and site of small bowel stenoses, increasing the detection
by 11-22% [22]. It is important to realize that when we do
bowel US without any bowel preparation as described
previously that we are doing so with some degree of
limitation. Further advanced application includes contrast-
enhanced US with intravenous administration of US
contrast agent for better evaluation of the blood flow to
the bowel wall. US elastography or strain imagings are US
applications for detecting the elasticity or stiffness of a tissue
and providing a visual display. Endoscopic sonography using
miniprobes is another new application.

D. Reporting findings

A prepared reporting form or a macro for dictation is
helpful to standardize the reporting and provide the
referring clinician with clear and consistent sonographic
information. Such reporting also makes the follow-up
evaluation easier. A sample of a form for reporting has
been provided in Table 1. The following sample macro of a
normal bowel US finding can serve as the basis for
reporting the results and be modified accordingly.

REPORT:

US of the small and large bowel

HISTORY: Rule out inflammatory bowel disease
COMPARISON: None

TECHNIQUE: US study targeting only the small and large
bowel loops. High-resolution US imaging combined with
color Doppler.

FINDINGS: An adequate evaluation of the small and large
bowel loops could be carried out. The small bowel loops—
duodenum, jejunum and ileum—were visualized. There was
no abnormal wall thickening or pathological color Doppler
finding. Specifically, the terminal ileum was depicted and
traced to the ileocecal valves. The terminal ileum also has
normal bowel thickness and there is no increase in color
Doppler signal. The large bowel loops—cecum, ascending
colon, transverse colon, descending colon, sigmoid colon
and rectum—were visualized. They did not show any
evidence of abnormal wall thickening or pathological color
Doppler finding. In addition, the mesenteric echogenicity
was normal and there was no mesenteric thickening and
hyperemia. There is normal peristalsis. No free fluid is
detected.

IMPRESSION: Normal US of the small and large bowel
without evidence of inflammatory bowel disease.

Sonographic finding of the normal and abnormal bowel

High-resolution US can demonstrate the multiple layers of
the bowel wall (Fig. 7) [5, 7, 10, 11]. The innermost
hyperechoic line corresponds to the mucosal interface with
the lumen. The mucosa itself is hypoechoic and this is
followed by the hyperechoic submucosa and hypoechoic
muscularis. The outermost layer is hyperechoic and
represents an interface echo between the surrounding
structures and the serosa. We speak in US of normal
stratification of the bowel wall if five layers are visible
and of loss of stratification if one or more US layers are
missing [10]. The jejunum demonstrates more folds and
peristalsis than the ileum. The colon displays even less
peristalsis and more air-filling. If the bowel loop contains
gas, only the front wall may be visible while the rear wall
is concealed by the shadow cone and by the gas generated
reverberation artifacts.

There are a number of reports describing in detail the
various sonographic findings of inflamed bowel in children
[6, 11]. In the following only a summary of the findings is
given. The pathological changes of the inflamed bowel can
be generally divided into mural and extramural findings.
The mural findings comprise the changes of the bowel wall.
The bowel wall may be thickened, the echogenicity altered
to be hypo- or hyperechogenic, there may be variable
increases in color Doppler signals denoting bowel hyper-
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Table 1 Standardized form for reporting findings of US of the small and large bowel
REPORT: ULTRASOUND OF THE BOWEL

BOWEL LOOP
STATUS PARAMETER DUO | JEJ 1L COLON

Pro | Ter | CEC | ASC | TRA | DES | SIG | REC

Not
visualized
Visualized

Thickness*
Echogenicity
Stratification
Blood flow
Peristalisis
Ulceration
Disruption
Phlegmon/Abscess
Stenosis

Length*
Thickening
Bowel separation
Mesentery Echogenicity
Blood flow
Fistula
Enlargement
Blood flow

Bowel wall

Lymph nodes

Abscess
Bowel
conglomerate

BOWEL LOORP:

DUO=Duodenum, JEJ=Jejunum, IL=Illeum [Pro=proximal, Ter=terminal]

CEC=Cecum, ASC=ascending colon, TRA=transverse colon, DES=descending colon, SIG sigma, REC=rectum

*Thickness = if abnormal in mm; *Length = if inflamed bowel length in cm; Extramural findings localized to the closest bowel
loop(s)

Fig. 7 The terminal ileum =~ 1556.52
scanned with a linear transducer = = _ 15L8w-S

at 14 MHz. All the five layers of : - . s . ENNEE  35mm
the bowel wall are well e ; e Rt Pdd. Abd 1518w

visualized. A magnified view
with labeling of each layer is
provided: @ HYPERechoic
mucosal interface, @ HYPOe-
choic mucosa, ® HYPERechoic
submucosa, @ HYPOechoic
muscularis, ® HYPERechoic
serosal interface
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Fig. 8 Pathological US mural
findings in Crohn disease.

(a) polypoid type of bowel wall
thickening, (b) marked bowel
bowel thickening and increase in
echogenicity with complete loss
of stratification, (c¢) focal intra-
mural disruption of the bowel
wall, an ulceration and (d) focal
complete disruption of the
bowel wall with inflammatory
extension into the mesentery
(arrow). Note the dot-like
echogenic band representing air
bubbles in the wall (arrowhead)

emia, loss of the normally visible stratification of the bowel
layers, relative decrease or absence in peristalsis signifying
some degree of stiffness, ulceration (focal disappearance of
the wall stratification) [23], disruption, phlegmon or
abscess in the wall and stenosis (Fig. 8). Presence of
extramural findings points to a relatively advanced state of
the inflammatory bowel disease. Extramural findings
comprise mesenteric changes that include an increase in
echogenicity combined with thickening resulting in in-
creased separation of the bowel loops. The increased
thickening is also known as fibrofatty infiltration or
creeping fat. In color Doppler increased flow in the
mesentery can be demonstrated and this can have in
relation to the bowel wall a specific pattern giving rise to
what is known as a comb sign. In the presence of such
mesenteric changes one has to be on the lookout for fistulas
(Fig. 9). These can me internal fistulas i.e. enteroenteric and
enteromesenteric, or external ones like enterocutaneous,
enterovesical or enterovaginal. Perineal fistulas are usual-
ly difficult to depict on transabdominal US. Lymphade-
nopathy is another extramural finding that is difficult to
relate to the existing inflammatory bowel disease unless
there is significant increase in number and size of the
lymph nodes, which demonstrates hyperemia on color
Doppler. Inflammatory bowel conglomerates and ab-
scesses can also be visualized. The reproducibility of
bowel US in the evaluation of Crohn disease has been
demonstrated [24].

A comprehensive step-by-step approach to performing
US of the bowel in children has been presented. The

illustrations will help to reinforce what findings to expect.
These should serve as a recipe for introducing US of the
bowel in the routine bowel imaging in the pediatric age

group.

Fig. 9 Pathological US extramural finding in Crohn disease. Bowel
loops with thickened bowel wall surrounded by markedly thickened
and echogenic mesentery (M). Note the enteroenteric fistula (arrows)
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