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Abstract
Inflammatory bowel disease (IBD) is one of the most 
common chronic gastrointestinal diseases in pediatric 
patients. Choosing the optimal imaging modality for 
the assessment of gastrointestinal disease in pediatric 
patients can be challenging. The invasiveness and 
patient acceptance, the radiation exposure and the 
quality performance of the diagnostic test need to 
be considered. By reviewing the literature regarding 
imaging in inflammatory bowel disease the value of 
ultrasound in the clinical management of pediatric 
patients is highlighted. Transabdominal ultrasound is a 
useful, noninvasive method for the initial diagnosis of 
IBD in children; it also provides guidance for therapeutic 
decisions and helps to characterize and predict the 
course of the disease in individual patients. Ultrasound 
techniques including color Doppler imaging and 
contrast-enhanced ultrasound are promising imaging 
tools to determine disease activity and complications. 
Comparative studies between different imaging methods 
are needed. 
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Core tip: Inflammatory bowel disease is one of the most 
common chronic gastrointestinal diseases in pediatric 
patients. Choosing the optimal imaging modality for 
the assessment of gastrointestinal disease in pediatric 
patients can be challenging. The presented paper is 
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intended to discuss the value of ultrasound, including 
conventional ultrasound, color Doppler imaging 
and contrast enhanced ultrasound, in the clinical 
management of pediatric patients with inflammatory 
bowel disease.
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INTRODUCTION
Inflammatory bowel disease (IBD) is one of the most 
common gastrointestinal diseases affecting pediatric 
patients in the developed world[1]. Although true in­
cidence rates are uncertain, Crohn’s disease (CD) is 
diagnosed annually in children at a rate of 0.2-8.5 per 
100000 whereas ulcerative colitis (UC) is diagnosed at 
a rate of 0.5-4.3 per 100000[2,3]. Colonic involvement 
is frequently found in CD pediatric patients (84%), 
particularly the left-sided colon where maximal disease 
activity is usually found[4]. Isolated colonic disease is 
more frequent in early-onset CD (0-5 years of age) 
as compared to an older age group (6-17 years of 
age)[5]. Adolescents with UC tend to have severe 
and extensive disease at presentation, about 90% of 
adolescents presenting with pancolitis [6]. 

Diagnosis of IBD in pediatric patients can be 
challenging due to presentation with atypical symptoms 
and/or extraintestinal manifestations (e.g., short 
stature, chronic anemia, unexplained fever, arthritis, 
mouth ulcers)[7]. There is currently no single diagnostic 
test for CD, and the diagnosis is based on a combination 
of history, physical examination, endoscopic appearance, 
histologic findings in gastrointestinal biopsies, presence 
of serum inflammatory markers, and typical imaging 
results[8]. The course of the disease is unpredictable, 
exacerbations and phases of remissions can alternate, 
and no single parameter alone can at present reliably 
define the disease activity or prognosis[9,10].

INTRODUCTION INTO IMAGING
In the last two decades, tremendous technological 
advances in IBD imaging resulted in significant 
effects on the diagnostic and therapeutic work-up 
of patients[11,12]. These new imaging modalities can 
reveal mucosal alterations as well as transmural and 
periintestinal inflammation and enable a more detailed 
disease staging; they also can be helpful in detecting 
asymptomatic disease and assessing response to 
therapy[13]. Due to the noninvasive nature of some 
of the new techniques, there has been a remarkably 

increased imaging demand for pediatric IBD patients, 
mainly when repeated investigations are required for 
follow-up[14].

Imaging of pediatric patients with IBD must balance 
diagnostic accuracy of the test against concerns 
about patient exposure to ionizing radiation. Patient 
acceptance and non-invasiveness of the imaging 
technique need also be accounted for. Because of their 
small body size and higher rate of cellular proliferation, 
pediatric patients have a higher cancer risk per unit 
radiation dose than adults[15]. The cumulative radiation 
dose should also be considered because pediatric 
patients may undergo numerous imaging tests over a 
lifetime due to the relapsing nature of the disease[16-19]. 
Current risk estimates indicate that the radiation 
exposure from these imaging studies may be sufficient 
to increase the lifetime risk of cancer[20].

Guidelines
In the ESPGHAN Revised Porto Criteria for the Dia­
gnosis of Inflammatory Bowel Disease in Children 
and Adolescents[21], ultrasound has been described 
as a noninvasive, and widespread available method, 
valuable as a screening tool in the preliminary diag­
nostic work-up of pediatric patients with suspected IBD 
due to its major advantages of low costs and lack of 
radiation exposure[22-24]. 

According to the European Crohn’s and Colitis 
Organisation (ECCO) guidelines[25], computed-
tomography and magnetic resonance imaging are 
considered the current standard for assessing the small 
intestine providing similar diagnostic accuracy for the 
detection of small intestine inflammatory lesions[26,27]. 
Considering radiation exposure resulting from computed 
tomography examinations, magnetic resonance should 
be preferred when possible[25,28]. Transabdominal 
ultrasound is described as a useful additional technique 
for assessing bowel inflammation, representing another 
non-ionizing imaging technique which may provide 
information about disease activity, in particular for CD 
limited to the ileum[29]. The use of contrast-enhanced 
abdominal ultrasound and color Doppler imaging 
increases its sensitivity and specificity in the detection 
of disease activity[30-32]. Significant drawbacks of the 
sonographic technique are the difficult visualisation 
of deep bowel segments and the high interobserver 
variability[25]. 

ULTRASOUND
Current status
Transabdominal ultrasound is presently accepted 
as a clinically important first line tool in assessing 
patients with CD irrespective of their clinical symptoms 
and/or disease activity and it provides guidance for 
therapeutic decisions[33-35]. Due to its high negative 
predictive value, abdominal ultrasound is useful in 
the preliminary diagnostic work-up of patients with 
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suspected small bowel inflammation before more 
invasive tests are performed[25]. However, its most 
important application is the follow-up of patients with 
a previous diagnosis of CD to assess the extent of 
disease involvement and identify early intra-abdominal 
complications[36]. 

Duigenan et al[17] published in 2012 a review on 
the current imaging literature and developed basic 
imaging guidelines for the diagnostic evaluation of 
children with IBD. They outlined the role of ultrasound 
as a noninvasive test that avoids ionizing radiation, 
is ideally suited for pediatric IBD assessment, with 
the need of prospective evaluation of high-frequency 
bowel ultrasound as a potentially helpful tool in routine 
surveillance. 

Use of oral ultrasound contrast agents
Oral contrast (“small intestinal contrast ultraso­
nography”) has been tested in pediatric patients. The 
use of oral anechoic contrast solution (iso-osmolar 
polyethylene glycol) enhances the sensitivity and 
decreases the inter-observer variability[21,37,38]. 

Pallotta et al[38] published in 2013 a study in 51 
consecutive pediatric patients, 21 with suspected 
and 30 with proven CD. Transabdominal ultrasound 
and small intestine contrast ultrasonography were 
compared with small bowel follow-through and 
endoscopy for the detection of small bowel lesions 
using the final diagnosis as reference standard. They 
reported a sensitivity and specificity of 75% and 
100% respectively for Transabdominal ultrasound, and 
of 100% and 100% respectively for small intestine 
contrast ultrasonography in undiagnosed patients, and 
of 76% and 100% respectively for transabdominal 
ultrasound, and of 96% and 100% respectively for 
small intestine contrast ultrasonography in patients 
with proved CD. The agreement (k) with radiology 
for the site of the lesions was almost perfect for small 
intestine contrast ultrasonography (0.93), both for 
jejunal and ileal lesions, and it was fair (0.40) for 
jejunal and substantial (0.68) for ileal lesions for 
transabdominal ultrasound. They concluded that small 
intestine contrast ultrasonography, as a noninvasive, 
radiation free, and well-tolerated tool should be used 
as a first line investigation in the management of 
children with suspected or already-diagnosed CD[39]. 
Previously, in a study published in 2005, Pallotta 
et al[38] studied 148 adolescents and adults, 57 of 
them with previously diagnosed CD, and showed 
that small intestine contrast ultrasonography had a 
higher sensitivity and specificity (100% and 98%, 
respectively) than conventional ultrasound (57% and 
94.3%, respectively), in detecting the number and 
sites of small bowel lesions. 

Perspectives
Recently, technological advances[40-45] have improved 
the performance of ultrasound with regard to dif­

ferent disease aspects and potential therapeutic 
decisions and produced enthusiasm for its use in IBD 
children[37,38]. Intravenous contrast agents have not yet 
been authorized for pediatric ages but off label use is 
mandatory if no other equivalent and approved method 
is available[46,47]. Elastography is also an additional and 
promising tool[48,49]. 

A review published in 2012 by Di Nardo et al[50] 
describes the most recent advances, the application 
of novel imaging and endoscopic methodologies 
for investigation of the small bowel in children with 
suspected or established CD. They described ultrasound 
as a very useful modality for IBD imaging in children 
due to its non-invasiveness, low cost, lack of radiation 
and widespread availability[22,51].

Limitations
On the other hand, important limitations are that the 
alimentary tract cannot be visualized over its entire 
length, many of the findings are nonspecific and 
obtaining and interpreting the images is operator 
dependent[52].

Initial diagnosis 
According to the ESPGHAN Revised Porto Criteria for the 
Diagnosis of Inflammatory Bowel Disease in Children 
and Adolescents, small bowel imaging is recommended 
in all suspected cases of IBD at diagnosis (except for the 
cases of typical UC, where the diagnosis can be based 
on endoscopy and histology). Imaging is particularly 
important in suspected CD, in patients whose ileum 
could not be intubated, in patients with apparent 
UC with atypical presentations, and in patients with 
unclassified IBD[21].

Based on the ECCO consensus on the diagnosis 
and management of CD in special situations[53], 
initial investigation in children and adolescents with 
suspected IBD should consist of ileocolonoscopy with 
multiple biopsies and small bowel imaging, irrespective 
of the findings at ileocolonoscopy, in order to guide 
therapeutic management and detect strictures that 
may need surgical resection even though the terminal 
ileum may appear normal at colonoscopy[25,53-55]. 

The sonographic sensitivity and specificity for the 
diagnosis of CD range from 75% to 94% and 67% 
to 100%, respectively[29]. In a prospective study 
by Borthne et al[56], the sensitivity and diagnostic 
accuracy of 15 ultrasound examinations tested 
against endoscopy as the gold standard was 93.3%. 
All the ultrasound examinations were concordant 
with the endoscopy findings except in one patient 
with CD but negative ultrasound result. Comparative 
studies between ultrasound and ileocolonoscopy with 
histology in detecting CD lesions at the terminal ileum 
have shown an overall sensitivity and specificity of 
74%-88% and 78%-93%, respectively[57,58]. Ultrasound 
is more sensitive in detecting terminal ileum lesions 
(about 90%-95%), while its sensitivity is decreased 
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In early CD the wall stratification is usually preserved, 
and the submucosa is thickened and appears as a 
hyperechoic band. In severe disease the stratification 
may disappear, due to deep mural ulcers with 
substantial inflammation and neovascularization[22,50]. 

Dinkel and colleagues evaluated 32 children 
diagnosed with CD by real-time sonography and 
described typical ultrasound patterns which might help 
to establish the correct diagnosis in patients presenting 
with unspecific abdominal complaints. However, the 
differential diagnosis of similar sonographic features 
and the limitations of ultrasound in evaluating 
gastrointestinal disease must still be considered[61]. 

Different values for the wall thickness have been 
suggested as threshold for a positive diagnosis in 
various reports (from 1.5 mm to 3 mm for the terminal 
ileum and < 2 mm for the colon)[62]. 

Chronic (advanced) disease
In proven CD the sonographic findings during follow-
up reflect the clinical course and may delineate 
complications[61]. Transmural inflammation (Figure 2A) 
and transmural inflammation with fistula formation 
(Figure 2B) are observed in more advanced and 
complicated stages. In long-standing disease the bowel 
wall is thickened due to fibrosis and it sonographically 
appears hypoechoic, with loss of normal stratification. 
Due to the fibrofatty proliferation of the mesentery, the 
affected segment tends to be isolated, fixed, without 
peristalsis, and shows abnormal angulation[22]. 

Complicated disease and assessment of complications
Pediatric patients with IBD as well as adults with 
childhood-onset IBD are at increased risk to develop 
other comorbidities and complications[63]. Therefore, 
the presence of periintestinal inflammatory reaction 
and the surrounding structures should also be assessed 
to detect luminal (ileus) and extraluminal complications 
such as ileus, carcinoma, fistula, perforation and 
abscesses[33,64]. Strictures are typically visualised as 
marked thickening with a fixed hyperechoic narrowed 
lumen associated with dilatation and hyperperistalsis 

for proximal small bowel lesions (75%) and colonic 
lesions (82%)[59]. In a prospective study on 43 pediatric 
patients with clinical suspicion of IBD, the sensitivity 
of ultrasound compared to endoscopy was 93.3% 
and the diagnostic accuracy 93.3%[56]. Overall result 
of the meta-analysis by Horsthuis et al[27], regarding 
the accuracies of ultrasound, magnetic resonance 
imaging, scintigraphy, and computed tomography in 
the diagnosis of IBD was that no significant differences 
in diagnostic accuracy among the imaging techniques 
were observed (mean sensitivity estimates on a 
per-patient basis were 89.7%, 93.0%, 87.8%, and 
84.3% for ultrasound, magnetic resonance imaging, 
scintigraphy, and computed tomography, respectively; 
mean per-patient specificity estimates were 95.6%, 
92.8%, 84.5%, and 95.1% for ultrasound, magnetic 
resonance imaging, scintigraphy, and computed 
tomography, respectively). 

Mesenteric lymphadenopathy might be a very early 
finding of CD which can be found even before mural 
changes are visible. This might reflect the autoimmune 
nature of the disease but published data are lacking.

Early and uncomplicated disease
According to the ESPGHAN Revised Porto Criteria 
for the Diagnosis of Inflammatory Bowel Disease in 
Children and Adolescents, ultrasound is recommended 
as a valuable screening tool in the preliminary 
diagnostic work-up of pediatric patients with suspected 
IBD, but should be complemented by more sensitive 
imaging of the small bowel[21].

Transabdominal ultrasound is clinically useful 
in CD by evaluating the extent and localization of 
involved bowel segments (Figure 1A). The early signs 
are segmental bowel wall thickening (Figure 1B) 
and asymmetric thickening (Figure 1C), assumed to 
correspond to endoscopic signs of focal ulcerations 
and/or polypoid mucosal changes. The asymmetric 
segmental bowel wall thickening, areas of normal 
appearing mucosa alternating with inflamed mucosa, is 
creating the so called “cobblestone appearance” in CD, 
different from the continuous involvement in UC[33,60]. 

Figure 1  Crohn’s disease of the ileocecal region with stenosis of the terminal ileum. A: The normal appendix is shown as well (APP) crossing the iliacal vessels; B: 
Crohn’s disease of the terminal ileum. Note the symmetric thickening of the bowel wall. AI: Iliacal vessels; Crohn’s disease of the sigmoid colon. Note the asymmetric 
and segmental thickening of the antimesenteric bowel wall mainly focussed on the submucosal layer (SM); C: Muscularispropria and the lumen are also indicated. 
TMR: Transmural reaction.

A B C
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of the prestenotic gut[65]. In UC, the so called lead 
pipe appearance is due to mucosal ulcerations and 
consecutive fibrosis[66].

According to joint ECCO and ESGAR evidence-
based consensus guidelines published by Panes et 
al[67] in 2013, ultrasound, computed tomography, and 
magnetic resonance imaging have a high accuracy 
for the assessment of penetrating complications (i.e., 
fistula, abscess) and for monitoring disease progression. 
Ultrasound allows the detection of complications such 
as fistulas (and the early stage of fistula, transmural 
inflammation), abscesses and ileus/subileus with high 
sensitivity and specificity[68-73]. Power Doppler ultrasound 
has been suggested to improve the diagnostic accuracy 
of transabdominal ultrasound in discriminating 
inflammatory from fibrotic strictures[27,29,58,74,75]. Maconi 
et al[70] have been able to detect internal fistulae in CD, 
by detecting an increased vascularity within the wall of 
these lesions and associated abscesses by detecting 
the absence of signals within the centre of these lesions 
(Figure 3). 

As a cross-sectional imaging method, computed 
tomography may be particularily helpful in the acute 
situation, for planing surgery, or in the evaluation of 

strictures or obstruction[76,77]. Ultrasound and computed 
tomography are widely available and facilitate early 
abscess drainage[67]. However, the major disadvantage 
of computed tomography scans is the large amount 
of radiation exposure[78]. Furthermore, computed 
tomography enteroclysis is poorly tolerated in children[79]. 

Extraintestinal manifestations
Transabdominal ultrasound examination of extraluminal 
phenomena such as free fluid collection and/or 
mesenteric lymph nodes may reflect disease activity, 
but clinical data corroborating such a view are scanty. 
Although lymph node enlargement is a common 
sonographic finding in CD[34,35,80-82], it appears that 
ultrasound assessment of lymph nodes with regard to 
clinical parameters, particularly disease activity, is only 
of limited value and the clinical implications remain to 
be further clarified. Very early manifestation of CD in 
children might be mesenterial lymphadenopathy with 
or without bowel wall thickening[33].

In addition, several extraintestinal manifestations, 
particularly perihepatic lymphadenopathy can be 
reliably diagnosed by transabdominal ultrasound, 
along with pericholangitis, steatosis, chronic hepatitis, 
cirrhosis, and gallstone formation which are also 
overrepresented[34,53,80]. 

Ileostomy, small bowel resection or longstanding 
extensive small bowel activity are risk factors in CD 
to develop urolithiasis which can be detected using 
ultrasound[83].

Assessment of disease activity and predictive index
Assessment of disease activity is important for 
treatment decisions[32,35,68,84-90]. The first parameter in 
imaging modalities supposed to reflect disease activity 
is bowel wall thickening, although detailed data are 
disappointing[33,84,85,88-98]. The length and extent of the 
involved bowel segments is also related to disease 
activity[33,99]. Other parameters of disease activity 
with an overlap to complications include extraluminal 
phenomena such as free fluid collection (ascites)[100].

Figure 2  Segmental Crohn’s disease. Note the “dirty” bowel wall thickening with loss of layer structure and the transmural inflammation without fistula and abscess 
formation. A: The periintestinal inflammatory reaction is shown by surrounding tissue (FAT CAP) (A). Crohn’s disease; B: Note the transmural inflammation (TMR) with 
fistula and abscess formation. The lumen is also indicated. 

A B

Figure 3  Crohn’s disease. Colour Doppler imaging has been used to determine 
disease activity. Note the vessels (1-4) transversing the muscle proper layer 
(Muscularis). The lumen and the vessels within the submucosal layer are also 
indicated.
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Conventional ultrasound
The role of ultrasound in assessing disease activity 
has been extensively investigated. Haber et al[62] have 
shown in 23 CD children that the maximal bowel wall 
thickness is correlated with the disease activity index, 
erythrocyte sedimentation rate, and C-reactive protein 
(CRP) levels. 

In their study on pediatric patients with UC, Civitelli 
et al[101] showed that ultrasound can accurately detect 
the anatomic location of the disease, with a high 
level of agreement with endoscopy (k = 0.094). Also, 
their constructed ultrasound score to quantify disease 
severity strongly correlated with both endoscopic (r = 
0.94) and clinical (r = 0.90) activity of disease. They 
concluded that colonic ultrasound may therefore be 
preferred in clinical pediatric practice for monitoring 
disease course and for assessing short-term treatment 
response, moreover since colonic ultrasound does not 
require a specific bowel preparation such as magnetic 
resonance enteroclysis does. 

Color doppler imaging
As stated in current guidelines, color Doppler 
imaging increases the sensitivity and specificity 
of transabdominal ultrasound, in particular for CD 
limited to the ileum[25]. It has been used to determine 
the disease activity by demonstrating hyperemia 
both of the bowel wall and adjacent mesentery. This 
turned out to be a notable marker of disease activity 
in IBD[29,31,32,98,102-113]. Combination of B-mode and 
power Doppler sonography has a high accuracy in 
the determination of disease activity in CD when 
compared to ileocolonoscopy[114]. A significantly higher 
bowel wall perfusion has been demonstrated in bowel 
segments of CD patients compared with healthy 
pediatric patients. The vessel density in affected bowel 
loops, as estimated with Doppler ultrasound, along 
with bowel wall thickening (> 5 mm) has been proved 
to reflect disease activity in patients with CD[98,111]. The 
hypervascularity in the gastrointestinal wall of patients 
with CD may be indicative of subclinical disease and 
this should be followed in prospective studies[115].

Ruess et al[116] found in 17 children and adolescents 
with IBD that bowel wall thickening (> 3 mm) 
and Doppler ultrasound grading of the bowel wall 
vascular pattern correlated with laboratory and clinical 
parameters of disease activity. Reduction or resolution 
of hypervascularity (as assessed by color Doppler 
ultrasound) can suggest efficacy of treatment. 

In a study by Spalinger et al[98], ninety-two 
pediatric patients underwent 119 ultrasound exami­
nations, from which 85 were performed in patients 
with active disease. Thicker affected bowel loops with 
higher vessel density were observed in disease state 
than during remission. They concluded that with 
the use of strictly controlled and constant technical 
factors, color Doppler imaging estimation of vessel 

density in a bowel loop affected by CD reflects 
disease activity. This noninvasive test may prove to 
be useful for monitoring the course of the disease. It 
has the potential to monitor the response to therapy, 
e.g., when experimental treatments of the disease, 
including angiogenesis inhibitors, are being tested in 
clinical trials. 

In a study by Scholbach et al[111] color Doppler 
imaging videos of bowel wall perfusion from 34 healthy 
children and from 14 patients with CD were recorded 
under defined conditions and have been compared 
using the Pediatric Disease Activity Index. The 
method of dynamic, automatic noninvasive perfusion 
quantification has been proved to be useful to describe 
local inflammatory activity in bowel segments affected 
by CD and adds new information to activity evaluation 
by the Pediatric Crohn’s Disease Activity Index. 
Specific wall perfusion in intestines of CD patients is 
significantly elevated and reaches up to seven fold 
intensity compared with healthy subjects.

TECHNOLOGICAL ADVANCES
Contrast enhanced ultrasound
After the first guidelines on the use of contrast-
enhanced ultrasound, introduced by The European 
Federation of Societies for Ultrasound in Medicine and 
Biology (EFSUMB) in 2004, which mainly focused on 
liver applications[117], the update version published 
in 2008 described applications on other organs 
as well[118,119]. The new EFSUMB guidelines and 
recommendations from 2011[45] have added among 
others a section on the gastrointestinal tract. Herein, the 
role of contrast-enhanced ultrasound in the diagnosis 
of IBD has been described, including considerations 
on the disease activity, distinguishing between 
fibrous and inflammatory strictures, abscesses, and 
fistula. Limitations as well as recommended uses and 
indications have also been stated. “Comments and 
Illustrations of the European Federation of Societies for 
Ultrasound in Medicine and Biology (EFSUMB) Non-Liver 
Guidelines 2011” which focuses more on established 
applications are published in the same supplement 
to Ultraschall in der Medizin (European Journal of 
Ultrasound)[120]. 

In a study with 104 patients with CD examined 
by contrast-enhanced ultrasound with respect to the 
disease activity index, it was found that the pattern 
of contrast enhancement and the ratio of enhanced 
to entire wall thickness had a positive predictive value 
of 63.0% and 58.6%, respectively, in distinguishing 
active from inactive disease[121] (Figure 4). Peri-
intestinal inflammation also can be characterized 
in more detail[122]. Contrast-enhanced ultrasound 
has been proven to be helpful in the delineation of 
abscess[45,120,123-126]. Contrast-enhanced ultrasound can 
also provide prognostic data concerning relapse and/or 
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response to therapy[127].

Elastography
Elastography has recently been applied in patients with 
IBD[128-130]. Strain imaging techniques (“elastography”) 
allow noninvasive imaging of the mechanical 
characteristics of tissues. Inflammation and neoplastic 
infiltration lead to changes in normal tissue structure 
causing hardening of the tissue and alteration of its 
elasticity[131] (Figure 5). 

The European Federation for Ultrasound in Me­
dicine and Biology (EFSUMB) developed a set of 
recommendations for the use of elastography including 
clinical applications on the gastrointestinal tract, 
regarding the wall pathology as well as the motility[48,49]. 

Most studies using elastography in the gastro­
intestinal tract have used the endosonographic approach 
but the percutaneous access is also promising[132, 133].

CONCLUSION
Transabdominal ultrasound is useful for the detection 
of IBD in pediatric patients (initial diagnosis) by 
evaluating the bowel wall thickening and surrounding 
structures. Periintestinal inflammatory reaction, the 

extent and localization of involved bowel segments 
and the presence of extraluminal complications such 
as fistula, abscesses, carcinoma and ileus can be 
assessed using transabdominal ultrasound. Ultrasound 
techniques including color Doppler imaging and 
contrast-enhanced ultrasound are promising novel 
tools to determine disease activity. Transabdominal 
ultrasound also helps to guide therapeutic decisions 
and allows better characterization of the disease 
course in individual patients. 
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