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Noninvasive monitoring of disease
activity and complications in Crohn’s disease

Special Collection

Introduction
Technological advances in the field of ultra-
sonography, as well as growing experience of 
ultrsonographers, have contributed to the place-
ment of ultrasound as a clinically important, 
noninvasive imaging modality in Crohn’s disease 

(CD). High-resolution assessment of the 
mucosal, submucosal and muscular layers, as 
well as visualization of possible intestinal and 
extraintestinal pathologies (stenosis, abscesses or 
fistulas) can be attained clearly using intestinal 
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Abstract
Background: Small bowel involvement in Crohn’s disease (CD) is frequently proximal to the 
ileocecal valve and inaccessible by conventional ileocolonoscopy (IC). Small bowel capsule 
endoscopy (SBCE) is among the prime modalities for assessment of small bowel disease in these 
patients. Intestinal ultrasound (IUS) is an accurate bedside fast and low-cost diagnostic modality 
utilized in CD for both diagnosis and monitoring. The aim of this study was to examine the 
accuracy of IUS in patients with suspected CD after a negative IC, and to evaluate the correlation 
of IUS with SBCE, inflammatory biomarkers and other cross-sectional imaging techniques.
Methods: Prospective single center study in which patients with suspected CD underwent IUS and 
SBCE examinations within 3 days. IUS results were blindly compared with SBCE that served as 
the gold standard. A post hoc comparison was performed of IUS and SBCE results and available 
cross-sectional imaging results (computed tomography or magnetic resonance enterography) as 
well as inflammatory biomarkers if measured. The study cohort was followed for 1 year. In case 
of discordance between the IUS and SBCE results, the diagnosis at 1 year was reported.
Results: Fifty patients were included in the study. The diagnostic yield of both IUS and SBCE 
for the diagnosis of small bowel CD was 38%. The IUS findings significantly correlated to small 
bowel inflammation detected by SBCE (r = 0.532, p < 0.001), with fair sensitivity and specificity 
(72% and 84%). Cross-sectional imaging results significantly correlated to IUS as well (r = 0.46, 
p = 0.018). Follow up was available in 8 of the 10 cases of discordance between IUS and SBCE. In 
all of these cases, diagnosis of CD was not fully established at the end of the follow up.
Conclusions: The diagnostic yield of CE and IUS for detection of CD in patients with negative 
ileocolonoscopy was similar. IUS can be a useful diagnostic tool in suspected CD when IC is 
negative.
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US (IUS).1–4 IUS is one of the diagnostic modal-
ities suggested by the European Crohn’s and 
Colitis Organization (ECCO) guidelines on the 
management of CD,5 and can be used for the ini-
tial evaluation of patients with clinically sus-
pected CD. Economic models have proved the 
cost effectiveness of combining ileocolonoscopy 
(IC) and IUS for the diagnosis of CD.6 
Thickening of the bowel wall is the most signifi-
cant ultrasonographic feature of CD, found to be 
a valid marker of inflammation in CD.7 Other 
ultrasonographic signs including pseudo stratifi-
cation of the bowel wall, mesenteric and adipose 
hypertrophy, enlargement of lymph nodes and 
enhancement of blood flow in the bowel wall.8

The diagnosis of CD relies upon the combination 
of clinical, endoscopic, cross-sectional imaging 
and histologic findings. IC is usually the first 
modality used when CD is suspected.9 However, 
when the disease is limited to more proximal 
small bowel sections, or when technical complica-
tions limit the use of IC, other imaging modalities 
are used. Small bowel capsule endoscopy (SBCE) 
enables evaluation of the whole of the small bowel 
in almost 100% of cases,10 and was found to have 
superior sensitivity and specificity in comparison 
to cross-sectional imaging modalities.11,12 SBCE 
can detect active mucosal inflammation in over 
80% of patients with CD, even those in clinical 
remission.13 Previously unknown proximal small 
bowel inflammation can be detected in over 50% 
of patients with CD.14 Nevertheless, the use of 
SBCE is limited due to high cost and low but 
existing risk of capsule retention.15

The diagnostic yield of small intestine contrast 
ultrasonography (SICUS) for the diagnosis of 
active CD was demonstrated to be similar to 
that of SBCE in a meta-analysis including five 
studies.12 However, SICUS is a highly demand-
ing and relatively time-consuming procedure, 
which is performed only in a few specialized 
centers. Bedside point of care IUS is more often 
preformed, as an auxiliary diagnostic tool used 
by a gastroenterologist. Data regarding the 
added diagnostic yield of IUS in cases of sus-
pected CD are scarce. Therefore, the aim of 
our study was to compare the diagnostic accu-
racy of IUS with SBCE in patients with sus-
pected CD after a negative IC, and to evaluate 
the correlation of these findings with inflamma-
tory biomarker levels and other cross-sectional 
imaging methods.

Methods

Study population and procedure
In this prospective observational study, adults 
(⩾18 years) were assessed for suspected CD. A 
normal IC was needed in order to participate in 
the study. The decision to send the patients for 
SBCE was under the discretion of the treating 
gastroenterologist.

Patients were excluded if they were unable to 
understand or provide informed consent, or had 
any of the usual contraindications to SBCE.

After signing the informed consent, participants 
underwent SBCE, followed by IUS within 3 days 
of SBCE completion, by a single operator (DC), 
blind to the result of the SBCE or any other for-
mer laboratory or cross-sectional examination. 
Demographics and other medical data were col-
lected from the patients’ medical file.

The study was approved by the Sheba medical 
center institutional ethics review board 
(SMC-2177-15).

Intestinal ultrasound
All examinations were performed using a Toshiba 
Xario ultrasound machine (Toshiba Inc., Japan) 
or a BK 3000 ultrasound machine (BK Ultrasound, 
Peabody, USA) with low frequency (2.5–6 MHz) 
curved array transducer enabling all abdominal 
quadrants to be examined for fill levels, potential 
pathological distension, motility and para intesti-
nal structures such as abscesses. This was followed 
by examination using a high-resolution linear array 
transducer (6.0–12 MHz) for detailed examination 
of the bowel wall structure. All examinations were 
performed without any preceding preparation, 
using a consistent technique and protocol, begin-
ning the examination with the proximal to distal 
colon, followed by complete examination of the 
small bowel. Assessment was performed for fea-
tures of inflammation, especially bowel wall thick-
ness (>4 mm for colon and >3 mm for small 
bowel) and type of complications (stenosis or pen-
etrating complications including fistulas, or inflam-
matory masses).

Small bowel capsule endoscopy
PillCam SB3 video capsule endoscope 
(Medtronic, Minneapolis, MN, USA) was used 
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in our study. Preparation included 24 h of clear 
liquids prior to the examination and an overnight 
12 h fast. All images were reviewed using the 
RAPID 8 software (Medtronic) by an experi-
enced board-certified gastroenterologist) UK, 
RE). Mucosal inflammation was quantified using 
the Lewis Score (LS).16 Normal exam was defined 
as LS less than 135, mild to moderate inflamma-
tion as LS of 135–790, and moderate to severe 
inflammation as LS at least 790.16 LS was calcu-
lated automatically (RAPID Reader, Medtronic).

Comparison of the results of bowel ultrasound 
to SBCE and other cross-sectional modalities
Abnormal SBCE was defined as LS greater than 
135. Any major small bowel pathology on IUS 
(bowel wall thickening >3 mm and complica-
tions) was regarded as abnormal. We further 
compared pathologies limited to the third small 
bowel tertile on SBCE to pathologies located at 
the terminal ileum on IUS.

A post hoc comparison of IUS and SBCE results 
to available cross-sectional imaging results 
[computed tomography (CT) or magnetic reso-
nance enterography] was performed. We 
included only exams that were performed within 
3 months of the IUS and SBCE. We incorpo-
rated data from the final cross-sectional reports, 
establishing a positive diagnosis on well known 
signs of inflammation.17,18

The study cohort was followed for 1 year. In the 
case of discordance between the IUS and SBCE 
results, the diagnosis at 1 year was reported.

Inflammatory biomarkers
Fecal calprotectin (FCP) levels were measured 
using the Quantum blue calprotectin kit 
(Buhlmann Laboratories AG, Basel, Switzerland).

The reported value range is 30–300 µg/g. Levels 
over 100 µg/g were considered positive. C-reactive 
protein (CRP) levels over 5 mg/liter were consid-
ered elevated.

Statistical analysis
Descriptive statistics were presented as means ± 
standard deviations for continuous variables and 
percentages for categorical variables. We evalu-
ated the correlation of abnormal IUS finding to 

abnormal SBCE (LS > 135) and to other cross-
sectional imaging. Sensitivity, specificity, nega-
tive predictive value (NPV) and positive predictive 
value (PPV) as well as Spearman’s rank (r) cor-
relation were calculated. Correlation r values less 
than 0.3 were considered as weak to low correla-
tion, 0.3–0.49 as low to moderate, 0.5–0.69 as 
moderate, and 0.7 and over as strong correla-
tion.19 A two-tailed p value up to 0.05 was consid-
ered statistically significant.

The analysis was performed using IBM SPSS sta-
tistical software (version 20.0; Armonk, NY, 
USA).

Results
Fifty patients (21 men, 29 women, median age 
20.8 years) were enrolled and underwent IUS 
and SBCE. All SBCE exams were complete, with 
the capsule reaching the cecum. All IUS exams 
were technically adequate.

Correlation of signs of inflammation on IUS to 
SBCE
The diagnostic yield of SBCE for the diagnosis of 
small bowel CD was 38% (n = 19); similarly, 
signs of small bowel inflammation were detected 
in 38% of the exams by IUS. When considering 
SBCE as the referral gold standard exam, the cor-
relation for detection of CD by IUS was moder-
ate but significant (r = 0.532, p < 0.001) with fair 
sensitivity and specificity (72.2% and 84.4%) 
(Figure 1). The correlation for detection of CD in 
the distal ileum by IUS to that of SBCE in the 
distal part of the small bowel was similarly signifi-
cant (r = 0.55, p < 0.001) (Table 1).

In 3 of the 19 SBCE examinations (15%), the 
inflammatory findings were limited to the first 
and second part of the small bowel, with distal 
ileum sparing. IUS spotted two of the cases.

Correlation of IUS and SBCE to cross-sectional 
imaging
Cross-sectional imaging results were available in 
25 participants (50%). The correlation of inflam-
mation on cross-sectional imaging to that of IUS 
was significant (r = 0.46, p = 0.018) (Table 2).

In five cases, the IUS was normal, while the 
SBCE demonstrated pathologic small bowel 
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findings consistent with CD. In four of five cases, 
other cross-sectional imaging results were also 
negative for CD.

One-year clinical follow up was available in four of 
five cases. In all the cases, the diagnosis of CD was 
not fully established at the end of the follow up.

In five cases, the SBCE was normal, while bowel 
wall thickening was detected by the IUS. Cross-
sectional imaging was available in only two of 
these cases. In one case, cross-sectional imaging 

results demonstrated bowel wall thickening 
(Table 2). One-year clinical follow up was avail-
able in four of the cases. In all of the cases, the 
diagnosis of CD was not fully established at the 
end of the follow up.

Correlation of inflammatory biomarkers
FCP and CRP levels were available in 27 patients. 
The correlation of FCP and CRP levels to the 
results of IUS, SBCE and cross-sectional imaging 
were nonsignificant (Table 3).

Figure 1.  Correlation of small bowel inflammation (bowel wall thickness >3 mm) detected by IUS with degree 
of small bowel inflammation (Lewis score). The correlation was significant.
IUS, intestinal ultrasound.

Table 1.  Correlation of signs of inflammation by IUS to SBCE in the entire small bowel and in the distal small 
bowel.

Small bowel (%) Distal small bowel (%)

Sensitivity 72.2 72.7

Specificity 84.4 86

PPV 72.2 76

NPV 84.5 83.3

Correlation 0.532* 0.55*

*p < 0.001.
IUS, intestinal ultrasound; NPV, negative predictive value; PPV, positive predictive value; SBCE, small bowel capsule 
endoscopy.

https://journals.sagepub.com/home/tag


D Carter, LH Katz et al.

journals.sagepub.com/home/tag	 5

Discussion
In this prospective study, we have demonstrated 
that IUS can be considered as an additional diag-
nostic modality when the initial evaluation for 
CD is negative.

CD is a chronic, relapsing condition character-
ized by transmural inflammation of the intes-
tine. For suspected CD, IC is the first-line 
procedure used to establish the diagnosis.5 
However, adequate visualization of the terminal 
ileum can be achieved only in 85% of colonos-
copies.20 The proximal small bowel seems to be 
affected in over 50% of patients with CD on 
capsule endoscopy examinations. In addition, 
up to 30% of newly diagnosed CD cases have 
disease limited to the small bowel beyond the 
reach of IC, necessitating the use of advanced 
endoscopic techniques to visualize and obtain 
histology.21 Therefore, a noninvasive or mini-
mally invasive imaging method capable of 

assessing disease activity and severity in cases 
when IC is inadequate is warranted.

IUS is a readily available bedside diagnostic 
method that has a place both in making the initial 
diagnostic decision and in monitoring of IBD 
treatment. It does not necessitate preparation, 
does not require exposition to potentially harmful 
irradiation and is relatively inexpensive. Our group 
had previously demonstrated the feasibility of IUS 
for the detection of inflammation and complica-
tions in patients with IBD.8 In this study, we dem-
onstrate a similar yield of IUS and SBCE for 
diagnosis of CD. The reasonable correlation with 
the SBCE findings highlights the place of IUS as a 
practical imaging modality that could be used as a 
first- or second-line diagnostic modality in CD.

The accuracy of IUS for the diagnosis and 
monitoring of CD has been evaluated in a meta-
analysis, comparing IUS, CT, magnetic 

Table 2.  Agreement between results of cross-sectional imaging to IUS.

IUS cross-sectional agreement (%)

Positive IUS and SBCE 4 (66)

Negative IUS and SBCE 10 (77)

Positive IUS negative SBCE 1 (50)

Negative IUS positive SBCE 4 (100)

Correlation IUS/cross-sectional imaging r = 0.46

p = 0.018

IUS, intestinal ultrasound; SBCE, small bowel capsule endoscopy.

Table 3.  Correlation of inflammatory biomarkers with abnormal IUS, SBCE and cross-sectional imaging.

FCP CRP

IUS r = 0.04 r = 0.12

p = 0.86 p = 0.6

SBCE r = 0.1 r = 0.18

p = 0.3 p = 0.7

Cross-sectional imaging r = 0.1 r = 0.09

p = 0.6 p = 0.5

IUS, intestinal ultrasound; SBCE, small bowel capsule endoscopy.
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resonance imaging and scintigraphy. IUS was 
found to have high sensitivity and specificity, 
not significantly different from other the other 
cross-sectional imaging modalities.22 However, 
the use of IUS was limited in cases of small 
bowel disease proximal to the terminal ileum. 
In this study, we found that IUS can success-
fully demonstrate active inflammation in small 
bowel sections that are out of reach of IC, simi-
larly to SBCE or other cross-sectional imaging 
modalities. Nevertheless, most of the promi-
nent positive findings in our study were con-
fined to the distal small bowel (though out of 
the reach of IC), where the ultrasonographic 
demonstration of small bowel disease is more 
likely. In this regard, we found that IUS suc-
cessfully detected two of the three cases of 
inflammation confined to proximal small bowel. 
Although the numbers are small, limiting the 
possibility to draw a definite conclusion, IUS 
may also be a useful tool in more proximal small 
bowel disease. This fact may be explained by 
improved US technique (equipment and soft-
ware) and operator’s experience.

In five cases, small bowel wall thickening was 
not detected by IUS, although mucosal signs of 
inflammation were found in the SBCE. Similarly, 
in most of these cases, bowel wall thickening was 
not detected by CT or magnetic resonance 
enterography. This observation could be 
explained by the fact that disease limited to the 
mucosa, especially in the proximal small bowel, 
might go undetected by cross-sectional imaging 
modalities.12 On the other hand, in five cases 
IUS detected small bowel thickening, while the 
small bowel was found to be normal on SBCE. 
Although endoscopy and SBCE are more sensi-
tive for the detection of mucosal limited disease, 
IUS (like other cross-sectional imaging meth-
ods) has the advantage of visualization of all 
bowel layers.23 Therefore, our finding can be 
hypothetically explained by submucosal inflam-
mation with minute mucosal involvement that 
went undetected by SBCE.

The correlation of IUS signs of small bowel 
inflammation to inflammatory markers was insig-
nificant. Prior studies demonstrated poor correla-
tion of CRP levels to inflammatory findings on 
SBCE and cross-sectional imaging.12 The low 
correlation of FCP with pathologic IUS and 
SBCE findings might be explained by the rela-
tively low number of available FCP results.

Our study has limitations. First, this was a single-
center study with one very well experienced 
ultrasonographist performing IUS. Second, only 
a minority of the study participants had a disease 
limited to the proximal small bowel. Therefore, it 
is possible that the accuracy of IUS could be 
worse is these cases, although IUS detected prox-
imal disease in two of the three cases in the cur-
rent study.

Another limitation relates to the relatively small 
amount of cross-sectional imaging results avail-
able. However, although only available in  
50% of cases, significant correlation was found 
to IUS results, as demonstrated in previous 
studies

In summary, IUS can be a useful diagnostic tool 
in suspected CD when IC is negative. The avail-
ability and the relatively low cost of IUS places 
this imaging exam in the front line of the imaging 
modalities in CD.
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