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Abstract

Diagnosis of chronic inflammatory bowel diseases (IBD)
is based on a combination of clinical symptoms, laborato-
ry tests and imaging data. Imaging of the morphological
characteristics of IBD includes the assessment of mucosal
alterations, transmural involvement and extraintestinal
manifestations. No single imaging technique serves as a
diagnostic gold standard to encompass all disease mani-
festations. Ultrasound, computed tomography (CT) or
magnetic resonance imaging (MRI) allow cross-sectional
imaging of the transmural alterations and extraintestinal
manifestations. While in the USA the technique of choice
is CT, in Europe the focus is more on MRI and ultrasound
(US). Most patients with chronic IBD are diagnosed at a
young age. After baseline diagnosis many of these young
patients have to undergo repetitive imaging procedures
during the variable clinical course of the disease, char-
acterized by alternate periods of remission and active
disease, and in monitoring the response to treatment.
US has the advantage of being noninvasive, less costly,
and easily repeatable, and thus can be very useful in fol-
lowing up patients with IBD. In addition, rising concern
about radiation exposure in young adults indicates the
demand for radiation-sparing techniques like US and
MRI. This article focuses on the current clinical practice
of US in IBD, describing the current technologies used in
transabdominal intestinal US and the characteristic sono-
graphic findings in Crohn’s disease and ulcerative colitis.
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ULTRASOUND TECHNOLOGY

Ultrasound (US) for inflammatory bowel diseases (IBD)
requires high-frequency (5-17 MHz) linear array probes.
High-frequency linear-array probes provide increased spa-
tial resolution of the intestinal wall, which is essential for
the assessment of wall diameter and wall layer discrimina-
tion. In modern high-frequency probes the creation of spe-
cial modulated US pulses in transmission results in greater
penetration of high frequency US. Compounding technol-
ogy allows image reconstruction using signal responses
from different frequencies or from viewing indifferent
directions that results in an increase in contrast resolution
and border definition of bowel wall architecture. Color or
power Doppler imaging and contrast-enhanced US (CEUS)
provide detailed information on mural and extraintestinal
vascularity, which reflect inflammatory disease activity.

US EXAMINATION

Conventional transabdominal US with a conventional
3.5-5 MHz convex probe is recommended prior to high-
frequency US of the intestinal tract so as not to overlook
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underlying extraintestinal causes of abdominal discomfort.
Special attention should be paid to the lower abdomen
(urogenital tract) and the individual patient’s pain location.
High-frequency US of the intestinal tract requires extra
time and patience of the examiner. With the exception
of emergency situations the standard US examination
should be performed preprandial in the morning or at
least after 4 h fasting to diminish peristaltic movements
and the amount of intraluminal air. Gradual compression
of the bowel with the US probe helps to reduce intralu-
minal air. The application of intraluminal fluid as used in
bowel preparation for colonoscopy or the use of enteral
contrast medium" ™ has been shown to improve the delin-
eation of the wall architecture and the detection of jejunal
and colonic lesions in patients with IBD, but these more
sophisticated techniques have not been transferred into
routine clinical practice. For US diagnosis of IBD, an un-
derstanding of the anatomical location of Crohn’s disease
(CD) and ulcerative colitis (UC), and of the more difficult
or non accessible parts of the small and large bowel is
essential for a systemic US approach to the patient. Trans-
abdominal high-frequency US does not provide a con-
tinuous and complete examination of the small and large
bowel. The ileocecal region and the sigmoid colon can be
identified in all patients. The left and right colon can be
adequately evaluated in most of patients. The colonic flex-
ures (especially the left flexure) are more difficult to visual-
ize due to their cranial position and ligamentous fixation
to the diaphragm. The colon transversum can be identified
in most patients, but complete examination is not easy to
achieve because of its vatiable anatomy. The rectum and
anal region cannot be visualized accurately by the transab-
dominal route due to their pelvic location. Transperineal
US is useful in the evaluation of the perianal region and
the distal rectum®. A proposal for a systematic approach
in IBD patients could be to start in the left lower abdomen
with transverse scans using the left iliac artery and vein
as landmarks to visualize the sigmoid colon. The sigmoid
colon can be easily identified by its prominent hypoechoic
muscle layer (muscularis propria). Examination of the left
colon can then be adequately performed by continuous
scanning from the rectosigmoid transition along the colon
descendens upwards to the left costal arch. Gradual com-
pression is recommended to follow the left-sided colon
along, The next step of a systematic examination could be
visualization of the ileocecal region with transverse scans
in the right lower abdomen using the right iliac artery and
vein as landmarks and gradual compression. A variable lo-
cation of ileocecal region in the right middle abdomen (also
a frequent location of the neoterminal ileum after surgical
resection) can be identified after manual palpation of the
right spina iliaca antetior superior as a landmark. Moving
the US probe in transverse sections from the right spina ili-
aca anterior superior upwards to the right costal arch with
graded compression helps to find the lumen of the colon
ascendens with its characteristic broad lumen (hyperechoic
air filled lumen or hypoechoic fluid filled lumen). The ce-
cum can easily be found by turning the probe towards a
longitudinal position to follow the colon ascendens down-
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Layer echogenicity Anatomic structure

Hypoechoic (fluid) or hyperechoic (air) lumen
Hyperechoic entrance  Transition lumen/mucosa

Hypoechoic Mucosa

Hyperechoic Submucosa

Hypoechoic Muscularis propria

Hyperechoic Transition muscularis propria/serosa,

surrounding structures (fat, peritoneal wall)

wards until the broad luminal echo disappears. The distal
part of the ileum can also be identified by transverse scan-
ning from the cecum towards the middle and lower parts
of the abdomen, again using the right iliac artery and vein
and the urinary bladder as landmarks. Whereas the distal
part of the small intestine (terminal ileum) can be evalu-
ated in all patients, a complete and continuous evaluation
of the proximal parts of the ileum and jejunum is not pos-
sible due to multiple overlying bowel loops. However, for
a systematic approach to the proximal small intestine, four
scanning positions in the upper and lower, right and left
abdominal quadrants are recommended as final steps of a
systematic approach to search for thickened intestinal wall
segments.

SONOMORPHOLOGY OF THE INTESTINAL
WALL

With the use of high US frequencies in the range from
7.5 MHz to 17 MHz, the wall of the intestine usually ex-
hibits five different layers (Table 1). The small and large
bowel can usually be distinguished in various stages of
filling during movement by scanning the haustra of the
colon and/or the circular folds of Kerckring in the small
intestine. Measurement of the wall thickness is crucial for
the diagnosis of IBD. Discrepancies in the measurements
are mainly due to the presence or absence of graded
compression during the examination by the operator in
addition to various technical causes (US frequency, equip-
ment). With modern high-frequency linear array probes
the normal intestinal wall thickness is generally < 3 mm
(using mild compression) ranging from small diameters in
the jejunum, ileum and proximal colon to larger diameters
in the sigmoid colon (due to the hypertensive function
of the sigmoid zone). Physiological contraction of the
intestine leading to a thickened wall segment may cause
misinterpretation, therefore bowel motions have to be
taken into account before measurements are performed.
In addition to wall thickening, echomorphology (integrity
of wall architecture) and surrounding structures have also
to be considered in the interpretation of the intestinal wall
diameter.

CROHN'’S DISEASE

CD can be localized in any part of the gastrointestinal
tract, although the main location is the terminal ileum.
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Small intestinal localization of the disease is found in
30%-40% of patients with CD (with involvement of the
terminal ileum in 90%), and 40%-55% of the patients
show an ileum and colonic localization. Only in a minot-
ity of patients (15%-25%) is colonic localization only
observed. A systematic examination in patients with IBD
should include complete scanning of the ileocecal region
and sigmoid colon as well as the remaining parts of the
colon, and evaluation of the small intestine (in sections)
and surrounding mesenteric structures.

Assessment of bowel wall involvement

The most widely used diagnostic criterion for the diag-
nosis of IBD is bowel wall thickening with increased
vascularization (with maintenance or loss of wall stratifi-
cation).

In most studies, the bowel is considered to be thick-
ened when the wall diameter exceeds 3 mm (Figure 1).
The diagnostic accuracy of different cut-off values in
CD were compared in a metaanalysis by Fraquelli ez al
Sensitivity and specificity of 88% and 93%, respectively,
were achieved when a bowel wall thickness threshold
greater than 3 mm was used, and sensitivity and specific-
ity of 75% and 97%, respectively, were achieved when
a threshold greater than 4 mm was used. Several studies
report a relation between bowel wall thickness and clini-
cal disease activity using the Crohn’s Disease Activity
Index (CDAI) or Harvey Bradshaw Index (HBI) at initial
diagnosis and during the clinical course of CD and in
relation to endoscopic ﬁndingslmj.

Bowel ultrasonographic signs used in CD can be stan-
dardized as most show a fair to good reproducibility. In
particular, bowel wall thickness, the most relevant param-
eter for CD detection, showed an excellent reproducibil-
ity'"”. Color or power Doppler imaging of the vascularity
of thickened wall segments using semiquantitative scores
has proved useful in the distinction between remission or
the active phase in CD and correlated with the clinical and
endoscopic activity scores in adults™" and children'. A
reduction in wall thickness and mural vascularity (color
Doppler imaging) could be shown in patients with a posi-
tive clinical-biological response to anti-tumor necrosis
factor-a induction therapy in a small study in 24 patients.
Maintenance of wall thickness and increased mural vascu-
larity were seen in all non-responders (# = 7). Sonographic
normality (defined as wall thickness << 3 mm and Dop-
pler flow grade = 0) was only seen in 5 of 17 patients with
a positive clinical-biological therapeutic response (29%0) i,
Most studies on Doppler US include a subjective semi-
quantitative assessment of mural vascularity, e.g. grade 0 =
no vascular signal, grade 1 = barely visibly signals, grade 2
= moderate vasculatity, grade 3 = marked vascularity. Cut-
rently there is no objective scale to determine the degree
of disease activity on Doppler US.

CEUS is the most sensitive technique to visualize
microperfusion and has been shown to be superior to
conventional color or power Doppler imaging in deter-
mining tumor vascularity"". Currently, the clinical value
of CEUS in IBD is not well defined. Most studies on
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Figure 1 Sonographic appearance of an inflamed colon segment in Crohn’s dis-
ease. Characteristic appearance: thickened wall diameter (almost 1 cm), partial
loss of wall stratification, prominent submucosal layer, narrowed lumen and mes-
enteric fat hypertrophy.

CEUS have been feasibility or pilot studies.

In a small study (21 patients) with histologically con-
firmed CD and bowel wall diameters > 5 mm, contrast
enhancement was observed after a mean of 13.4s (£ 4.2s;
range, 7-19 s) with a maximum vascularity after 30 s In
addition, the length of contrast-enhanced bowel segments
in US correlated significantly with the length of thickened
bowel segments in magnetic resonance imaging (MRD)",
In a retrospective analysis, the assessment of the bowel
wall vascularization in CD was performed using quantifi-
cation software, indicating that CEUS data can not only be
analyzed in a semi-quantitative way, but also in a reproduc-
ible, quantitative manner'”. Using time-intensity curves,
patients with CD showed a maximum enhancement 36 s
after injection with 9 dB (range, 5.9-13.2 dB), while
healthy volunteers reached the maximum level of 2.8 dB
(range, 2-3.8 dB) after 23 s (P < 0.05)"",

Correlation of CEUS with disease activity (endoscopy,
histology, CDAI) indicate that active disease can be identi-
fied by CEUS)"™. Characterization of the enhancement
pattern in relation to wall thickness was shown to distin-
guish CD patients with active and inactive disease™. Low-
er levels of bowel contrast enhancement were observed
in some patients who responded to anti-inflammatory
treatment*, as was shown in power Doppler imaging
a few years ago. CEUS may be a useful method to assess
the therapeutic effectiveness of specific medical anti-
inflammatory treatment in patients with CD, or to dif-
ferentiate inflammatory from fibrotic bowel wall changes.
In addition, CEUS was suggested to be helpful in surgical
management, in deciding upon conservative s surgical
treatment” . However, the role of CEUS in addition to
conventional Doppler imaging is not yet well defined in
clinical studies. Pilot studies on CEUS are promising, but
studies on larger patient numbers, including the objective
contrast enhancement score are needed before CEUS can
be considered a clinical useful tool.

Mesenteric blood flow parameters

Patients with CD had significantly higher portal vein and
mesenteric flow and a lower resistance index than con-
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trols™. Blood flow in the supetior mesenteric artery (SMA)
has shown an increase in the postprandial pulsatility index
(PD) in remission”” in Doppler US. A decrease in PI pre-
dicted a non responder to azathioprine therapy and clinical
relapse in a 12-mo follow-up™. Contrast enhancement in
the SMA and vein, and calculation of splanchnic transit
time showed a reduction in transit time (4.0 s 25 6.9 s) in
patients with active CD". However, in our own experience
splanchnic transit time measurement in CEUS was not cor-
related with clinical disease activity (HBI) in mild stages of
CD.

Extraintestinal findings
In addition to the assessment of bowel thickness and in-
creased mural vascularity, the surrounding structures (fat,
lymph nodes, free fluid accumulation) may indicate a peri-
testinal inflammatory reaction. Mesenteric fat hypertrophy
correlated with biochemical and clinical activity of CD
and with internal fistulas and increased bowel wall thick-
ness. In quiescent CD, mesenteric hypertrophy does not
appear to be a tisk factor for relapse” . US is very sensi-
tive for the detection of free fluid in CD™. The presence
of regional lymph nodes shows only a weak correlation
with clinical and biochemical CD activitywl. Furthermore,
the finding of mesenteric lymph nodes is non-specific
and may reflect disease activity, but infectious intestinal
diseases have to be excluded by stool and serologic tests.
Since US can find both intraluminal and peri-intestinal
pathological features, it is a particularly valuable tool for
the detection of complications of CD, such as stenosis,
fistulas, and abscesses. Sensitivity and specificity for de-
tecting fistulae in transabdominal US have been reported
as 50%-89% and 90%-95%, respectively™. Sensitivity and
specificity for detecting abscesses in transabdominal US is
even higher with sensitivities of 71%-100% and specifici-
ties of 77%-94%"". In a series of 58 patients with CD,
including 28 patients with bowel stenosis, 23 patients with
fistulas and 10 patients with abscesses, high-resolution
US showed a high diagnostic accuracy in comparison to
clinical, endoscopic, radiological and operative findings"”.
The sensitivity, specificity, positive predictive and negative
predictive values for US were 86%, 90%, 83% and 92%,
respectively, for stenosis and 78%, 95%, 86% and 91%,
respectively, for fistulas. The highest diagnostic accuracy
was found for abscesses with sensitivity, specificity, posi-
tive predictive and negative predictive values 90%, 99%,
90% and 99%, respectively.

ULCERATIVE COLITIS

UC exclusively affects the colon with a predictable way of
spreading from distal to proximal colon in a continuous
manner. UC is classified by disease extent into proctitis,
left-sided colitis and extensive colitis beyond the splenic
flexure. A solitary rectal location of UC cannot be visual-
ized accurately due to the pelvic location of the rectum.
Mural stratification is preserved in most UC patients due
to the superficial pattern of inflammation. The spatial
resolution of US is not high enough to allow detection
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of mucosal pathology but bowel wall thickening is also a
characteristic feature of UCP.

The clinical role of US in UC is less well established
as compared with CD. In contrast to CD, bowel thicken-
ing in UC could not be correlated with clinical disease
activity in some studies”™*). However, compared with
endoscopic findings, with an overall accuracy of 89% for
US (bowel wall thickness > 3 mm and increased Dop-
pler signal) and 73% for MRI (contrast enhancement
in bowel wall) in identifying active IBD, the diagnostic
accuracy was better in patients with UC than in patients
with CD for both US and MRI".

Mucosal healing (MH) after short-term medical treat-
ment is being considered as an important step in the
therapeutic work-up of IBD patients due to the potential
prognostic role of MH in predicting disease outcome.
However, IBD patients are reluctant to be re-endoscopes
during follow-up; therefore, there is a need for a non-inva-
sive alternative index of MH which can replace endoscopy
in clinical practice. In a prospective trial in 83 patients with
UC with a follow-up of 15 mo, a high and consistent con-
cordance between endoscopic and US scores was shown.
In patients with UC, moderate-to-severe endoscopic and
US scores at 3 mo were associated with a high risk of en-
doscopic activity at 15 mo, indicating that bowel US may
be used as a surrogate of colonoscopy in assessing the
short-term response of severe forms of UC to therapy.
In addition, the US score and endoscopic score after 3 mo
of steroid therapy predicted the outcome of disease at
15 mo!**,

Splanchnic flow measurements in the inferior mes-
enteric artery have been shown to be closely related to
clinical and endoscopic disease activity in patients with
UC*™™. 1n a small trial, CEUS showed entire bowel wall
vascularity in correlation to clinical nonresponders to cy-
tapheresis for steroid-refractory or -dependent uct. so
far CEUS is not routinely used in UC.

CONCLUSION

Transabdominal US is currently accepted as a clinically
important first-line imaging technique in IBD in initial
diagnosis and during the clinical course of the disease.
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