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Abstract

Introduction: Ultrasonography is considered as an accurate tool to 
diagnose Inflammatory Bowel Disease (IBD) and assess disease activ-
ity. However, studies about the accuracy of ultrasound, in particular 
about the severity and extent of the disease, are controversial. This 
review aimed to elaborate the current knowledge of ultrasound find-
ings in IBD, evaluate its capability for diagnosis, describe ultrasound-
based scoring systems for disease activity and finally, identify gaps of 
knowledge as a bench research for future studies.

Methods: Search engines including Medline, Web of science and 
Scopus were searched by two independent investigators for eligible 
studies with relevant keywords in the English literature. Two research-
ers abstracted the systematically chosen manuscripts on structured 
forms. Finally, 30 articles were chosen for further review.

Results: The prominent ultrasonic indicators for diagnosis and 
risk stratifying in IBD include bowel wall’s thickness, echotexture and 
elasticity, mesenteric fibro-fatty proliferation, lymphadenopathy, hy-
peremia and bowel wall inflammation seen on Color Doppler Ultra-
sound. A systematic review of the studies about the accuracy of ultra-
sonography in assessment of segmental involvement in IBD, showed 
a sensitivity of 76.1% to 92.7% and a specificity between 58.1% to 
97.6%. The diagnostic performance was affected by disease zone, 
type (ulcerative colitis or Crohn’s disease) and body mass index. Iden-
tifying significant determinants for disease activity including bowel 
wall thickness, mesenteric inflammatory fat, and color Doppler signal 
(blood flow) have led to new scoring systems for IBD.
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Introduction

Inflammatory Bowel Disease (IBD) is a medical terminology 
for a group of maladies that cause chronic inflammation in the 
gastrointestinal tract and is categorized into two subtypes, in-
cluding, Ulcerative colitis and Crohn’s disease. The etiology of 
these phenomena remains unclear, but it seems that various 
genetic, environmental and immunological factors may play a 
role in inciting the disease. The incidence of Crohn’s disease and 
ulcerative colitis in different geographical regions varies from 
0.1 to 11 individuals for Crohn’s disease and from 0.5 to 24.5 
individuals for ulcerative colitis per 100,000 people [1,2]. Based 
on previous studies, in recent years, the incidence of Crohn’s 
disease and ulcerative colitis has been increasing worldwide [3]. 
Due to better medical care in the recent years, the prevalence 
of IBD in high-incidence areas, doubles every 10 years. The dis-
ease reduces patients’ quality of life up to nearly 50% in some 
cases; this is mostly due to occurrence at a young age and the 
chronic nature of the disease [4,5]. Forgoing, it can be expected 
that IBD would become a more important health issue in the 
coming years; not only in the developed economies, but also in 
developing countries.

IBD is idiopathic; it is assumed that multiple factors con-
tribute to the etiology of the disease. However, it seems that a 
dysregulated immune response to host’s intestinal microflora, 
might be an important etiology for the onset of the disease 
[6]. Based on the pathophysiology of IBD, inflammation of the 
intestinal mucosa, due to activation of different inflammatory 
mediators, plays an important role in onset and progression of 
both UC and CD. Such inflammatory pathways can be flared up 
by different etiological factors, including genetic variations and 
possible environmental factors. Gastrointestinal and extra-gas-
trointestinal complications should be a carefully monitored and 
noticed, because they can delay a timely diagnose the disease 
[7]. The definitive diagnosis of IBD is based on a multidimen-
sional approach including physical examination, histological as-
sessment as well as imaging. Because of the low specificity of 
clinical symptoms and simultaneous gastrointestinal and extra-
gastrointestinal involvements, relying only on clinical symptoms 
and physical examinations can lead to major diagnostic errors 
and a delay in accurate diagnosis [8]. Several laboratory studies 
such as blood tests, inflammatory biomarkers, genetic markers, 
metabolite and enzyme levels and serological studies are em-
ployed to diagnose IBD [9]. Nonetheless, none of the labora-
tory evaluations has been proved to be sufficiently specific to 
place a firm diagnosis of IBD. In this regard, the role of imaging 
techniques is highlighted more than before and extensive re-

search is being done to evaluate their efficiency. Basic imaging 
techniques such as upright chest and abdominal radiography, 
although nonspecific, have been helpful in early differential 
diagnosis of this disease [10]. Beside radiography, other imag-
ing tools such as ultrasonography have been also employed to 
place an accurate diagnosis, however, studies on the accuracy 
and diagnostic sensitivity of these methods, and in particular in 
determining the severity and extent of the disease, have been 
associated with conflicting results [11,12]. This study aims, first, 
to better elaborate the importance of using ultrasound for diag-
nosis of IBD, and then proceeds with summarizing all the stud-
ies on the diagnostic performance of ultrasonography and its 
role in determining the severity of the disease and finally its 
scoring. 

Materials and methods 

Firstly, two questions were suggested based on the authors 
purposes as “What is the role of ultrasonography in diagnosis of 
IBD and also stratifying its severity?” and “What are the main 
ultrasonic findings of IBD?” In the next step, the manuscript da-
tabases including Medline, Web of knowledge, and Scopus were 
thoroughly searched by two independent investigators for all el-
igible data using considered keywords including “inflammatory 
bowel disease”, “ultrasonography”, “accuracy”, and “risk score” 
by the end of 2020. The inclusion criteria were considered to 
retrieve the studies: 1) the selected studies were those that 
evaluated the role and diagnostic performance of ultrasonogra-
phy in diagnosis of IBD, 2) The studies were restricted to English 
language, 3) the studies with unclear or irreproducible results 
were all excluded, 4) access to the manuscripts’ full texts was 
also considered in inclusion criteria unless the abstracts had 
enough data for our analysis, 5) case reports and case series 
papers were all excluded. Two of the participating researchers 
abstracted the selected manuscripts, un-blinded. Structured 
forms were applied to avoid any divergence in data gathering. 
Any disagreement among the reviewers were resolved by con-
sulting a third reviewer or by reaching a shared accordance af-
ter discussion. The studies quality was evaluated based on the 
following criteria: 1) inclusion and exclusion criteria predefined 
in the studies as eligibility criteria; 2) searching the literature 
performed on a systematic and comprehensive approach; 3) to 
minimize the bias, the full texts of the article were reviewed by 
two researchers; 4) the quality of studies were evaluated and 
scored by the reviewers independently to assess internal valid-
ity; and 5) studies’ characteristics and findings were listed after-
wards thoroughly. Any disagreement was resolved once again 
by discussion among the whole study team. After collecting 

Conclusion: Ultrasonography is an accurate, affordable and non-
invasive method for evaluating IBD. Employment of new scoring sys-
tems for assessing disease activity has opened a novel perspective for 
early diagnosis and appropriate treatment. However, there is room 
for improvement in defining more accurate and objective Doppler in-
dices with higher degrees of inter-observer agreement. Shear wave 
elastography also appears to be a promising technique in chronic-
fibrotic stages.
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complete information about the role of ultrasound in the di-
agnosis and scoring the level of disease risk, the final summary 
and analysis of the role of this tool was done and the value of 
its role was finally discussed. As shown in the flow diagram of 
the study selection structure (Figure 1), 78 manuscripts were 
initially collected by database searching. After removing 3 ar-
ticles due to evidences of duplication, 75 records were primarily 
under-screened. Based on the titles and abstracts, 42 records 
were excluded and the remaining 33 citations were reviewed 
for additional eligibility. Out of those, 3 were excluded due to 
inconsistency of the data and incompleteness of contents. In 
final, 30 articles were found to be eligible for the final assess-
ment [13-43].

Figure 1: The flowchat of screening the eligible studies.

Results

Ultrasonography-based findings in IBD

A variety of parameters have been identified for characteriz-
ing IBD and its-related inflammatory findings based on ultraso-
nography. One of the most prominent indices particularly for as-
sessing the disease severity and activity is bowel wall thickness. 
It has been clearly shown that this anatomical marker is closely 
associated with clinical activity parameters including the Harvey 
Bradshaw index (HBI) and the CD activity index (CDAI) [13,14]. 
In different surveys, a vary of cut-off values have been defined 
for bowel wall thickening as the specific ultrasonic marker for 
IBD, however the cut-off value of 2 mm for the small intestine 
and 3-4 mm for the large intestine are universally agreed. It 
should be noted that increasing the cut-offs for disease diag-
nosis will reduce the diagnostic sensitivity of the instrument; so 
changing the cut-off value of 3 mm to 4 mm led to decreasing 
the diagnostic sensitivity from 88% to 75%, however, the speci-
ficity might increase from 93% to 97% [15]. Thus, although this 
marker could be very diagnostic, the standardization of its cut-
off point had been an important limitation leading high inter-
observer disagreement (with kappa agreement values ranged 
0.54 to 0.99) [16]. Another ultrasonic indicator for diagnosing 
and risk stratifying IBD is the echotexture of the bowel wall and 
its rigidity, while thickened wall can reflex inflammation activ-
ity. In this regard, although echotexture of the thickened bowel 
wall in patients with UC is mostly proportioned, disproportion-
ing of the thickened bowel wall is usually visible in CD. Along 

with assessing echotexture of bowel wall thickening, the evalu-
ation of the bowel surrounding structures, as a common find-
ing in IBD is also facilitated by ultrasonography. Regarding this, 
discovering extramural changes within the mesenteric fat such 
as fibro-fatty proliferation (manifested by a hyperechoic zone 
surrounding the inflamed bowel) can be a critical sign of active 
inflammation. Another important ultrasonic feature, that indi-
cates the severity of bowel inflammation in the background of 
IBD, is observing ascites as a result of IBD-related transmural 
inflammation [17]. Additionally, mesenteric lymphadenopathy 
can be well visible in ultrasonography views and is an impor-
tant sign for disease activity particularly in patients suffering 
Crohn's disease [18]. Increased vascularization is also another 
ultrasonic indicator for severity of IBD that can be visualized 
with more sensitivity by color Doppler and contrast-enhanced 
ultrasonography and quantified by some scoring systems such 
as the Limberg score [19]. Importantly, Quantitative measure-
ment of bowel wall vascularization correlates well with disease 
severity (indicated by endoscopic assessment), and thus, can 
be very helpful in predicting disease activity in IBD [20]. Bowel 
wall elasticity is another important imaging finding related to 
severity of IBD that can be assessed by Elastography. In fact, 
ultrasound elasticity imaging based on strain, the deformation 
and elastic moduli can distinguish low-grade fibrosis from high-
grade fibrosis in intestinal tissue, based on their biochemical 
elastic properties.

Diagnostic performance of ultrasonography in IBD

A variety of studies assessed the diagnostic performance of 
ultrasonography in assessment of IBD and its activity. Such stud-
ies can be divided into three subgroups including: 1) the stud-
ies focusing on the patient-based accuracy of ultrasonography 
in detecting segmental involvements in IBD among adults, 2) 
the studies aiming to compare the ability of ultrasound versus 
other diagnostic tools including surgery or endoscopy (tool-
based) for the diagnosis of IBD and its Complications and 3) 
the studies assessing the patient-based diagnostic performance 
of ultrasonography in detecting IBD among children (Table 1). 
First, a systematically review of the studies on the accuracy of 
ultrasonography in assessment of segmental involvements in 
IBD (by considering bowel wall thickness >3 mm as the indica-
tor for colorectal segments inflammation) showed a sensitivity 
ranged 76.1% to 92.7%, and a specificity ranged 58.1% to 97.6% 
for this tool [21-27] Interestingly, the diagnostic performance of 
ultrasonography was potentially affected by the assessed zones 
and segments so the pooled sensitivity and specificity of ultra-
sonography in detection of active inflammation in IBD were 
75.5% and 96.6% in right colon, 79.7% and 93.9% in transverse 
colon, 94.2% and 78.6% in left colon, and 74.5% and 69.5% in 
rectum respectively. As another important point, the diagnostic 
performance was also affected by disease type (ulcerative coli-
tis and crohn's disease) and patients’ body mass index (obese 
versus non-obese patients) (Figure 2). In this regard, first, the 
sensitivity and specificity of ultrasonography in ulcerative coli-
tis subgroup was found to be 88.6% and 81.9% and in Crohn's 
disease subgroup was 72.5% and 97.7% respectively; indicat-
ing higher sensitivity in first subgroup and higher specificity in 
the latter group [28]. Secondly, it seems that ultrasonography 
for detecting IBD-related active inflammation is more sensitive 
among non-obese patients, but more specific in obese ones 
[28] (Figure 1).

As the second subgroups of studies, the diagnostic perfor-
mance of ultrasonography in assessment of IBD was compared 
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to standard references of endoscopic tools including ileo-colo-
noscopy or balloon enteroscopy [30-34]. Summing the results 
of these studies revealed a moderately high sensitivity and 
specificity of transabdominal ultrasonography in diagnosing 
IBD and its postoperative recurrence. Regarding these findings, 
sensitivity and specificity of transabdominal ultrasonography 
were yielded to be 54.0% to 93.3% and 97.0% to 100%, sen-
sitivity and specificity of Doppler sonography were 67.0% and 
80.0%, and sensitivity and specificity of contrast enhanced ul-
trasonography was shown to be 94.0% to 100% and 79.0% to 
92.0% respectively (Table 2). In the pointed studies and with 
respect to detecting IBD-related complications, the diagnostic 
ability of ultrasonography devices was directly associated with 
such complications. In this regard, for detecting strictures, high 
sensitivity (79% to 97.5%), but a wide range of specificity (0% to 
100%) were found for ultrasonography. Fistulas could be diag-
nosed with a sensitivity of 56% to 96% and a specificity of 88% 
to 100%. Also, abscess detection was achieved with a sensitivity 
ranged 89% to 100%, and a specificity ranged 80% to 95% [29]. 

Figure 2: Diagnostic performance of ultrasonography in IBD pa-
tients according to disease type and patients’ body mass index.

Table 1: Diagnostic accuracy of ultrasonography in evaluation of colorectal segments in patients with IBD.

Author
Right colon Transverse colon Left colon Rectum

SN SP SN SP SN SP SN SP

Allocca et al [21] 89.00% 100% 75.00% 100% 88.00% 98.00% - -

Allocca et al [22] 44.00% 100% 29.00% 98.00% 89.00% 88.00% - -

Civitelli et al [23] 74.00% 100% 86.00% 100% 95.00% 100% - -

Hashimoto et al [24] 50.00% 100% 92.00% 79.00% 98.00% 48.00% - -

Kinoshita et al [25] 82.00% 84.00% 81.00% 79.00% 86.00% 49.00% 90.00% 30.00%

Sagami et al [26] 40.00% 89.00% 25.00% 95.00% 80.00% 89.00% 50.00% 95.00%

Sagami et al [27] 90.00% 95.00% 100% 79.00% 100% 46.00% 59.00% 56.00%

Table 2: Diagnostic accuracy of ultrasonography compared to 
surgery or endoscopy in patients with IBD.

Author Index text Reference SN SP

Borthne et al (30) TAUS IC 93.30% 98.80%

Rispo et al (31) TAUS IC 92.00% 97.00%

De Ridder et al (32)
TAUS

SBE
54.00% 100%

Doppler 67.00% 80.00%

Aloi et al (33) CEUS IC 94.00% 79.00%

Horje et al (34) CEUS IC 100% 92.00%

TAUS: Transabdominal Ultrasound; CEUS: Contrast Enhanced Ultra-
sound; IC: Ileocolonoscopy, SBE: Single Le Balloon Enteroscopy. 

Ultrasound score for detection of IBD activity

Compared to standard tools such as endoscopic tools, some 
studies attempted to present new ultrasonic-based scoring sys-
tems to accurately detect IBD isolatable in children and adults. 
Among pediatrics, three ultrasonic parameters including bowel 
wall thickness, mesenteric fat, lymphadenopathy and hyper-
emia as seen on color Doppler signal were considered as the 
main components for this new scoring system. In this regard 
and using the ordinal logistic regression modeling, two sono-

graphic parameters were identified as contributing significantly 
to disease activity including bowel wall thickness (labeled as 
absent, mild, moderate or severe) and visibility of mesenteric 
inflammatory fat and therefore, new scoring system (named 
the SPAUSS system) has been developed based on these two 
parameters. In this scoring system, for bowel wall thickness, a 
thickness range of 1.0 to 3.9 mm was scored 1, a thickness range 
of 4.0 to 6.9 mm was scored 4, and thicknesses greater than 7.0 
mm were corresponded a score of 6. Qualitative descriptions of 
bowel hyperemia (Absent, mild, and moderate/severe) were as-
signed to scores of 0, 1, and 2, respectively for quantification. As 
for inflammatory fat, descriptive interpretations (absent, mild, 
and moderate/severe) were given scores of 0, 1, and 6, sequen-
tially. By adding up all three scores a total score was obtained. 
Scores greater than 7 were resulted to be the most sensitive 
and specific for prediction for pediatric IBD [35].

 In contrast, isolated scoring systems have been developed 
to predict IBD activity with the different diagnostic criteria. In 
this regard and in one of these systems presented by Novak et 
al [36] five ultrasound parameters including bowel wall thick-
ness (BWT), color Doppler signal (blood flow), mesenteric in-
flammatory fat, mesenteric lymph nodes, and the presence of 
complications were considered as possible factors to be linked 
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with disease activity, out of those, two parameters of bowel 
wall thickness and color Doppler signal were identified to have 
significant correlation with disease activity. In this regard, the 
following linear formulation was introduced to predict disease 
activity: Simple Sonographic Score = (0.0563 × BWT1) + (2.0047 
× BWT2) + (3.0881 × BWT3) + (1.0204 × doppler1) + (1.5460 × 
doppler2). In another attempt by Ripollés et al [37], the sono-
graphic findings determined as independent predictors for dis-
ease activity at endoscopy (SES-CD >3) included color Doppler 
grade, mural thickness, and contrast parameters (wash-in). In 
this regard, the equation applied for detection of endoscopic ac-
tivity (SES-CD >3) is (parietal thickness × 0.957) +(color Doppler 
grade × 0.859) +(wash-in × 0.036). All pointed scoring systems 
could predict IBD severity with high sensitivity and specificity.

Endoscopic ultrasound elastography

Special attention has been paid to the role of endoscopic ul-
trasound (EUS) elastography in assessment and differentiation 
of different IBD phenotypes. In fact, this tool is very valuable in 
discrimination of stiffness of pathological and normal tissues in 
the regions affected by IBD [38]. EUS elastography was primar-
ily inaugurated to distinguish malignant from benign pancreatic 
lesions, however this tool was gradually applicable for assessing 
any lesions with abnormal tissue stiffness due to inflammation, 
fibrosis, or necrosis or intestinal wall thickness changed due to 
such pathological changes. This technique cannot certainly re-
place biopsy or histological confirmation of the lesions nature 
or grade, although virtual biopsies carried out by EUS elastog-
raphy can provide clinicians with useful information about the 
consistency of the affected tissue [39]. Additionally, strain elas-
tography is a newly introduced sonographic technique than can 
possibly aid clinicians in diagnosis and follow up of IBD. This es-
say focused on demonstrating the feasibility of strain elastogra-
phy in clinical setting by comparing visual observation and semi-
quantitative parameters with imaging studies obtained from 
endoscopic or other radiologic modalities in IBD patients [40].

Various recent studied attempted to compare the value of 
EUS elastography as another diagnostic tools for assessment of 
IBD pattern. In a study by Lo Re et al in 2017 and considering 
Entero-MRI as the reference, EUS elastography proved to be a 
useful tool for the evaluation of CD pattern [41]. Moreover, the 
value of EUS elastography in diagnosing and screening nonalco-
holic fatty liver disease (NAFLD) in IBD patients has been dem-
onstrated [42]. A number of scientists have focused on a new 
sonographic technique called shear-wave elastography (SWE), 
a modified method of elastography , to quantify tissue stiffness 
and differentiate inflammatory and fibrotic components in af-
fected GI tissue in patients with IBD . Overall these studies have 
shown that SWE has a high sensitivity (87.5) and an acceptable 
specificity (57.9%) for distinguishing mild to moderate inflam-
mations from sever inflammation [43]. Thus, it seems that SWE 
especially in combination with conventional sonography can be 
considered as an accurate diagnostic tool for detection of intes-
tinal fibrosis among IBD patients.

Conclusion

Review of the literature shows acceptable sensitivity and 
specificity of ultrasonography as a method for detection of IBD 
and its activity status. Regarding the data, such diagnostic per-
formance seems to be independent from patients’ age; and so 
both pediatrics and adults would benefit from this tool to predic-
tion of IBD and evaluation of disease activity. However, it seems 
that the type of IBD (ulcerative colitis and Crohn's disease) as 

well as patients’ body mass index can affect the diagnostic ac-
curacy of ultrasound in detection of IBD’s activity. Based on 
the critical parameters related to disease activity, particularly 
bowel wall thickness and color Doppler signal, new scoring sys-
tems can be designed specifically for pediatrics and adults for 
disease activity prediction. This hopefully would lead to a bet-
ter patient management and therapeutic approaches for both 
groups. However, it should be noted that considering different 
references as the standard tool, study design, the baseline char-
acteristics of study population, and especially involved bowel 
zones may potentially affect this diagnostic performance and 
thus may lead to significant heterogeneity.
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