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Abstract

Background: Colonoscopy [CS] is the standard for assessing disease activity in ulcerative colitis 
[UC], although invasive and poorly tolerated. Bowel ultrasound [BUS] may be a valid alternative in 
UC patients; however, the comparative accuracy between BUS and CS is unknown.
Methods: Consecutive patients with UC were prospectively assessed by CS and BUS. Colonic wall 
thickening [CWT >3 mm], colonic wall flow at power Doppler [CWF], colonic wall pattern [CWP], 
and presence of lymph nodes evaluated at BUS were compared with CS. The endoscopic activity 
was assessed according to the Mayo endoscopic sub-score [0–3]. All BUS investigations were 
performed by two independent gastroenterologists and the kappa statistic for agreement was 
calculated. Ultrasonography-based criteria (Humanitas Ultrasound Criteria [HUC]) were developed.
Results: A total of 53 UC patients [56% with left-sided colitis, 19% with pancolitis] were 
prospectively enrolled. Of these, 22 patients had mucosal healing [Mayo endoscopic sub-score 
0–1] and 31 patients were in endoscopic activity. CWT, CWF, hypoechogenic CWP and the presence 
of lymph nodes significantly correlated with endoscopic activity [p < 0.05]. CWT [p = 0.01] and 
CWF [p = 0.09] were independent predictors for endoscopic activity. The HUC developed are: [i] 
the presence of a CWF and CWT > 3 mm; or [ii] the absence of a CWF and CWT > 4.43 mm. They 
showed high accuracy for the detection of disease activity [sensitivity 0.71, specificity 1.00]. The 
interobserver agreement for BUS was excellent [kappa 0.86].
Conclusions: BUS is a non-invasive, easy-to-use tool to manage UC patients in clinical practice. 
HUC were very accurate in assessing disease activity in UC patients.
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1. Introduction

Ulcerative colitis [UC] is a chronic idiopathic inflammatory disorder 
that causes mucosal inflammation of the colon and is characterised 

by a relapsing-remitting clinical course.1 Activity and severity 
of inflammation influence management and treatment modality 
of UC patients.2 Ileocolonoscopy [CS] is considered the first-line 
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procedure for the assessment of UC.2 Mucosal healing, defined by 
a Mayo score of 0–1, is recommended as the therapeutic goal in 
clinical practice.3 However, CS is an invasive procedure that may 
increase the risk of bowel perforation, particularly in case of severe 
flare.4,5 In addition, it causes discomfort and repeated colonoscopies 
are not well accepted by patients. Bowel ultrasound [BUS] is a well 
tolerated, non-invasive, non-radiating, cheap, easy-to-use tool to 
manage UC patients in clinical practice. Up to now, there are only 
few data evaluating accuracy of BUS in assessing disease activity 
and severity of UC.6–8 The comparative accuracy of BUS versus CS, 
as reference standard, in assessing disease activity and severity is 
not yet well known.

The aim of this study was prospectively to assess the diagnostic 
accuracy of BUS in detecting disease activity and severity in adult 
patients with UC, comparing with CS, as the reference standard, and 
to develop non-invasive quantitative criteria (Humanitas Ultrasound 
Criteria [HUC]) of disease activity based on BUS findings.

2. Methods

2.1. Study population and examinations
Consecutive adult patients with established diagnosis of UC [for 
at least 6 months], seen in a tertiary referral centre [Humanitas 
Research Hospital, Milan, Italy] between September 2015 and 
November 2017, requiring routine investigations by CS, were 
prospectively assessed by CS and BUS within 1 week, irrespect-
ive of disease activity. The examinations were performed with a 
standard video endoscope [Fujinon, Japan] by an expert endosco-
pist with at least 7 years of experience, who was blinded to the 
findings of BUS; whereas BUS was performed by two independent 
gastroenterologists experienced in US [each with at least 6 years 
of experience], unaware of the results of the other diagnostic 
procedures.

In order to be able to compare different procedures, the ileoco-
lonic tract visualised at BUS was divided into four segments: ileum, 
caecum-ascending colon [including ileo-caecal valve], transverse 
colon, descending-sigmoid colon. Treatment was kept stable in the 
interval between CS and BUS. All patients gave their informed con-
sent for this study. Exclusion criteria were pregnancy, any contra-
indication to full CS [e.g. intolerance to preparation, severe flare], 
disease limited to the rectum [less than 15 cm at CS], and concomi-
tant participation in other clinical trials.

All patients meeting inclusion criteria and none of the exclu-
sion criteria, underwent complete clinical assessment. The disease 
was considered clinically active if the partial Mayo score [PMS] 
was higher than 2.9 In a subgroup of 34 patients, blood and stool 
samples were obtained in the same week as BUS, for cell blood 
counts, C-reactive protein [CRP], and faecal calprotectin [FC] 
measurements.

2.2. Endoscopic findings
The endoscopic activity was evaluated by CS, according to the 
Mayo endoscopic sub-score: 0 = normal or inactive disease; 1 = ery-
thema, decreased vascular pattern, mild friability; 2 = absent vas-
cular pattern, erosions; and 3 = spontaneous bleeding, ulcerations. 
Mucosal healing was defined by an absolute Mayo endoscopic sub-
score of 0 or 1.9 Mayo endoscopic sub-score was calculated globally 
and per segment. The extent of disease was defined according to 
the Montréal classification into ulcerative left-sided colitis [up to 
the splenic flexure] and extensive colitis.2 CSs were performed after 
standard bowel preparation by administration of 4 L of polyethyl-
ene glycol [PEG].

2.3. BUS findings
All patients underwent BUS 3 days before or after CS. BUS was per-
formed after a 6–8 h fast, using an Aloka Arietta V60 with convex [5-1 
MHz] and microconvex probes [4–8 MHz]. Neither preparation nor 
contrast were used. The entire abdomen was systematically scanned 
starting from the right iliac fossa. The following parameters, selected 
based on a literature search, were evaluated. Colonic wall thickening 
[CWT] [normal values up to 3  mm] was measured in longitudinal 
and transverse sections, from the interface between the mucosa and 
the lumen to the interface between the serosa and the muscle layer. 
A mean of three measurements for section was taken; colonic wall 
pattern [CWP] that could be [0] normal, multilayered, [1] prevalently 
hypoechogenic, [2] prevalently hyperechogenic, [3] lost; and colonic 
wall flow [CWF] [defined as absence [0] or presence [1] of blood 
signals at power Doppler]. Also the presence of enlarged mesenteric 
lymph nodes [short axis > 5 mm] and mesenteric hypertrophy [defined 
as the presence of a hyperechoic area surrounding the pathological 
intestinal tract] was investigated. These parameters were evaluated in 
each colonic segment.6,7,10 The worst segment was taken into account.

2.4. Statistical analysis
Descriptive statistics of the baseline data are presented as medians 
(interquartile range [IQR]), or as percentages when appropriate. 
Differences in qualitative BUS findings were tested using the χ2 test. 
The Wilcoxon test was used to compare differences in quantitative 
variables. A  logistic regression analysis was performed. The pres-
ence of endoscopically active disease was the outcome variable [or 
dependent variable] [i.e. a binomial variable taking the value 1 if 
Mayo score ≥ 2, and the value 0 if Mayo score < 2]. All the BUS 
parameters described [CWT, CWF, CWP, the presence of enlarged 
mesenteric lymph nodes] and FC values were employed as explana-
tory variables [or independent variables]. Univariable analysis was 
used to identify candidate predictors. Then, a multivariable model 
was fitted using a ‘backwards elimination procedure’. All variables 
with p < 0.05 were retained in the model. The correlation between 
CS and BUS extension variables was evaluated with the Spearman’s 
correlation coefficient [r], and the respective p-value.

Sensitivity, specificity, accuracy, positive predicitive value [PPV], and 
negative predictive value [NPV] of BUS were calculated with a 95% con-
fidence interval [CI], using CS as reference standard. Data were com-
pared using the McNemar test. Using the receiver operating characteristic 
[ROC] curve, the best cut-off value of FC for distinguishing between 
endoscopic activity [Mayo score ≥ 2] and endoscopic remission [Mayo 
score < 2] was found and the diagnostic accuracy of BUS parameters and/
or FC was calculated with a 95% confidence interval [CI], using CS as 
reference standard. Data were analysed using the McNemar test.

Interobserver agreement [regarding the paired evaluations of 
BUS] was assessed with kappa statistic. K values less than 0.20 repre-
sented a poor agreement; values between 0.21 and 0.40 a fair agree-
ment; values between 0.41 and 0.60 a moderate agreement; values 
between 0.61 and 0.80 a good agreement; and values more than 
0.80 an excellent agreement.

2.4.1. Development of the Humanitas Ultrasound 
Criteria [HUC]
Based on our findings in the comparison between BUS and CS, we 
aimed to build up non-invasive quantitative ultrasound-based cri-
teria to identify patients with active UC, defined as patients with 
a Mayo endoscopic sub-score ≥ 2. We used the coefficients derived 
from the multivariable analysis to develop these criteria and we iden-
tified by a ROC curve analysis the best cut-off for disease activity in 
terms of sensitivity and specificity.
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2.5. Statistical power
Since this was a pilot study, no sample size calculation was per-
formed, but we assumed that at least 50 patients would be enough to 
address all the outcomes of the studies and to detect significant dif-
ferences among the procedures, based on similar studies by Rimola 
et al.11,12 p-Values less than 0.05 were considered to be statistically 
significant. Stata software was used for all statistical analyses [Stata 
Corp., College Station, TX, USA]. The study was performed accord-
ing to Good Clinical Practice guidelines and was approved by our 
Institutional Review Board.

3. Results

3.1. Patients
A total of 53 consecutive UC patients, irrespective of disease activity 
and current therapy, were included in the study. Baseline characteris-
tics and clinical data of the study population are presented in Table 1. 
In all: 22 patients [41%] were endoscopically in remission [Mayo 
score 0–1]; 31 patients [59%] were in endoscopic activity [Mayo 
score 2–3]; 30 patients [56%] had left-sided ulcerative colitis; and 
10 patients [19%] had an extensive ulcerative colitis, as evaluated by 
CS. All patients performed CS and BUS within 7 days. Figures 1 and 2  
illustrate examples of CS and BUS for two UC patients.

3.2. BUS findings compared with CS
In Figure 3 are shown the BUS parameters that correlated with the 
Mayo endoscopic sub-score with significant differences between 
patients in endoscopic remission [Mayo 0–1] and patients in endo-
scopic activity [Mayo 2–3]. Median values of CWT in patients with 

endoscopic remission were 3.0 mm [IQR 3.0 to 3.0] compared with 
5.0 mm [IQR 4.3 to 6.4] in patients with endoscopic active disease 
[p < 0.0001]. CWF was present in 5% [1/20 patients] of patients in 
endoscopic remission versus 66% [18/27] of patients in endoscopic 
activity [p = 0.0001]. Hypoechogenic or lost CWP was present in 
0% [0/22 patients] of patients in endoscopic remission versus 29% 
[9/31] of patients in endoscopic activity [p = 0.01]. Enlarged mes-
enteric lymph nodes were present in 0% [0/22] of patients in endo-
scopic remission compared with 23% [7/31] of patients in endoscopic 
activity [p = 0.04]. The multivariable analysis identified CWT (per 
1-mm increase, odds ratio [OR]: 4.05, 95% CI: 1.37–11.9, p = 0.01) 
and CWF [OR: 7.99, 95% CI: 0.67–94.4, p = 0.09] as independent 
predictors for endoscopic activity. Disease extent evaluated by BUS 
significantly correlated with the extension at CS [r 0.660, 95% CI: 
0.474–0.790, p < 0.0001]. The sensitivity, specificity, accuracy, PPV, 
and NPV of BUS compared with CS [as the reference standard] in 
assessing endoscopically active disease [Mayo 2–3] in UC are rep-
resented in Table 2. The sensitivity and specificity of CWT > 3 mm 
were 89% and 87%, respectively. The three false-negative cases were 
referred to patients with mild erosions localised in the distal tract 
of sigma. No false-negative outcome was recorded in patients with 
severe endoscopic lesions [such as the presence of ulcers]. The three 
false-positive cases were patients with Mayo 1. The maximum wall 
thickness was 4.4 mm and there was never presence of blood signals 
at power Doppler. A CWT > 3 mm with a positive CWF had a spe-
cificity of 100% in assessing endoscopic activity. Finally, the inter-
observer agreement between the two operators for BUS was 86%, 
indicating an excellent agreement.

3.3. BUS and FC in combination compared with CS
In the subgroup of 34 patients for whom FC measurements were 
available, using the ROC curve, FC value > 101 µg/g had a sensitivity 
of 100%, and specificity of 67%, with an area under the curve [AUC] 

Table 1. Characteristics of patients at inclusion in the study [n = 53]

Characteristic Median [interquartile range]  
or percentage and range

Female 21 [40]
Age at diagnosis 32.29 [22.90–41.42]
Age at inclusion 46.41 [31.90–54.96]
Disease duration [years] 7.19 [2.85–19.33]
Disease extent at diagnosis
 ▪E2 Left sided 31 [58]
 ▪E3 Extensive 22 [42]
Concomitant treatmentsa

 ▪Steroids 9 [17]
 ▪Immunosuppressants 1 [2]
 ▪Biologic therapyb 12 [23]
Smoking
 ▪Past 14 [26]
 ▪Active 3 [6]
Partial Mayo score [PMS] 2 [0–5]
PMS > 2 21 [40]
CRP [mg/L] 5.0 [1.75–8.30]
Calprotectin [µg/g] 422.5 [99.0–1414.0]
Mayo endoscopic sub-score
 ▪0 13 [24]
 ▪1 9 [17]
 ▪2 12 [23]
 ▪3 19 [36]
Disease extent at colonoscopy at inclusion
 ▪E2 Left-sided 30 [56]
 ▪E3 Extensive 10 [19]

CRP, C-reactive protein.
** All patients took mesalazine; * 8 patients were given infliximab, 4 

vedolizumab

A

B

Figure 1. Left-sided ulcerative colitis. At colonoscopy [CS], absent vascular 
pattern, erythema, erosions, and rare ulcers [Mayo 3] [A]. At bowel ultrasound 
[BUS], longitudinal and transverse sections of sigmoid colon with a 5-mm 
wall thickening and presence of blood signals at power Doppler. Some lymph 
nodes are present surrounding the pathological intestinal tract [B].
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of 0.833 [95% CI: 0.666–0.938] for endoscopically active disease. 
Diagnostic accuracy of BUS parameters and/or FC value > 101 µg/g 
is shown in Table  3. The presence of a CWT  >  3  mm or of a 

calprotectin value > 101 µg/g had a sensitivity of 100% in assessing 
endoscopic activity. The combined presence of CWT > 3 mm, FC 
value > 101 µg/g, and the CWF had a specificity of 100%.
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Figure 3. Changes in bowel ultrasound [BUS] parameters according to endoscopic activity.

A B

Ulcers

Figure 2. Left-sided ulcerative colitis. At colonoscopy [CS], absent vascular pattern, marked erythema, friability, spontaneous bleeding, and ulcerations [Mayo 3] 
[A]. At bowel ultrasound [BUS], longitudinal and transverse sections of sigmoid colon with a 6-mm wall thickening and presence of blood signals at power 
Doppler. Arrows indicate ulcers [B].
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3.4. Development of the Humanitas ultrasound 
criteria
The BUS parameters related to endoscopic activity of UC were 
included in the enquiry Humanitas Ultrasound Criteria [HUC] [1.4 
x CWT [mm] + 2 × CWF]. FC was significant [p = 0.03] in the uni-
variable analysis, but not in the multivariable analysis [p  = 0.97]. 
The multivariable model finally included only CWT and CWF. ROC 
analysis set an enquiry HUC ≥ 6.3 as a threshold that discriminated 
patients with active UC versus non-active UC [Figure 4]. Sensitivity 
and specificity for the proposed cut-off were 0.71 [95% CI: 0.52–
0.86] and 1.00 [95% CI: 0.84–1.0], respectively, with an AUC of 
0.891 [95% CI: 0.775–0.959]. The combination of HUC > 6.2 and 
FC > 101 had a sensitivity of 1.00 [95% CI: 0.82–1.00] and a speci-
ficity of 0.67 [95% CI: 0.38–0.88], with an AUC of 0.833 [95% CI: 
0.666–0.938]. The comparison of the ROC curves regarding HUC 
alone and HUC  +  FC showed non-significant differences between 
the two approaches [p = 0.490; Supplementary Figure 1, available as 
Supplementary data at ECCO-JCC online]. Finally, the Humanitas 
Ultrasound Criteria [HUC] developed for the detection of disease 
activity were: [i] the presence of a CWF, and CWT > 3 mm; or [ii] 
the absence of a CWF, and CWT > 4.43 mm. 

4. Discussion

This prospective study compared the diagnostic accuracy of BUS 
versus CS, in assessing disease activity and severity in UC. CS is 
considered the first-line procedure for the assessment of UC, and 
mucosal healing, defined by a Mayo score of 0 or 1, is recommended 
as the therapeutic goal in clinical practice.2,3 Patients with UC 
undergo repeated CS to assess the activity and severity of lesions 
and to monitor the response to treatment. However, CS is an inva-
sive procedure, poorly tolerated by patients. In addition, it is not 
always practicable during a severe flare because of the risk of per-
foration or clinical worsening.4,5 Compared with CS, BUS has the 
advantage of not requiring any preparation, of being non-invasive, 
less costly, well tolerated, and easily repeatable, representing a valu-
able tool in the management of patients with UC. Whereas the role 
of BUS for assessing the small bowel and complications in Crohn’s 
disease is well known,13 in UC we have only scarce and retrospective 
data.6–8 Maconi et al. reported in 30 UC patients a significant cor-
relation between the degree of CWT at BUS and endoscopic activity 

of disease, both before and after treatment.6 Parente et al. evaluated 
the response to treatment in 83 UC patients and found a good agree-
ment and an excellent agreement between endoscopic and BUS find-
ings at 3 and 15 months, respectively.8

We prospectively compared the accuracy of BUS versus CS [as 
the reference standard], in a blinded fashion, in 53 UC adult patients, 
irrespective of activity of disease and current therapy. CWT, CWF, 
hypoechogenic or lost CWP and the presence of enlarged lymph 
nodes significantly correlated with the endoscopic activity [Mayo 
sub-score ≥ 2; p  <  0.05; Figure  3]. At the multivariable analysis, 
only CWT and CWF showed to be independent predictors for 
endoscopic activity by binary logistic regression analysis. These 
parameters were used to build up non-invasive ultrasonography-
based criteria (Humanitas Ultrasound Criteria [HUC] [1.4 x CWT 
in mm + 2 × CWF [dichotomous value, present = 1, absent = 0]) 
to assess and measure disease activity in our UC cohort. Our ROC 
curve analysis identified a score ≥ 6.3 as an indicator of endoscopic 
activity [Mayo sub-score ≥ 2], with a specificity of 100%. When we 
combined the HUC with FC, the accuracy of HUC did not change 
significantly [p  =  0.490; Supplementary Figure  1], suggesting that 
HUC alone may be able to catch all patients with endoscopic remis-
sion and more than 70% of patients with active disease. Rather than 
complementary to faecal calprotectin, our data suggest that HUC 
(either the presence of a CWF, and CWT > 3 mm [4.2/1.4] or the 
absence of a CWF, and CWT > 4.43 [6.2/1.4]) may be a sensitive and 
specific alternative in discriminating active from non-active disease.,

The diagnostic accuracy of BUS for endoscopically active dis-
ease was 88% and, in the subgroup of 34 subjects for whom FC 
measurements were available, the sensitivity of CWT  >  3  mm or 
FC value > 101 µg/g for the presence of endoscopic activity [Mayo 
score 2 or 3] was 100%. In addition, the concomitant presence of 
CWT > 3 mm and CWF had a specificity of 100%. The value of FC 
we found is in agreement with data available in literature, show-
ing that FC values between 50 and 100 indicate a quiescent disease, 
and FC values > 100 the presence of inflammation.14 Also the extent 
of lesions defined by BUS well correlated with those found by CS 
[p < 0.0001].

The strong correlation found between BUS and CS makes BUS an 
easy, non-invasive first-line procedure for assessing disease severity 
and activity in patients with UC, allowing delay or even avoidance 
of CS in some circumstances. BUS may therefore be the preferred 

Table 2. Performance of bowel ultrasound [BUS] compared with colonoscopy [CS] in assessing endoscopic activity in ulcerative colitis 
[UC] [95% confidence interval]: per-patient analysis

Sensitivity % Specificity % Accuracy % PPV % NPV %

CWT > 3 mm 89 [73–97] 87 [67–97] 88 [76–95] 89 [73–97] 87 [67–97]
CWF 72 [51–88] 95 [77–99] 82 [69–92] 94 [74–99] 75 [55–89]
CWT > 3 mm and CWF 68 [46–85] 100 83 [69–92] 100 73 [54–87]

PPV, positive predictive value; NPV, negative predictive value; CWT, colonic wall thickening; CWF, colonic wall flow

Table 3. Diagnostic accuracy of bowel ultrasound [BUS] and/or faecal calprotectin [FC] compared with colonoscopy [CS] in assessing endo-
scopic activity in a subgroup of 34 patients with ulcerative colitis [UC] [95% confidence interval]: per-patient analysis

Sensitivity % Specificity % Accuracy % PPV % NPV %

CWT > 3 mm or FC > 101 µg/g 100 53 [26–78] 79 [62–91] 73 [52–88] 100
CWT > 3 mm + FC > 101 µg/g 84 [60–96] 93 [68–99] 88 [72–96] 94 [71–99] 82 [56–96]
CWT > 3 mm + FC > 101 µg/g + CWF 66 [40–86] 100 81 [64–93] 100 71 [47–88]

PPV, positive predictive value; NPV, negative predictive value; CWT, colonic wall thickening; CWF, colonic wall flow.
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procedure for monitoring disease course and the short-term treat-
ment response. This has implications not only for reducing risks due 
to invasiveness of CS and for increasing acceptability to patients, 
but also for reducing health care costs. The estimated saving in our 
hospital using BUS instead of CS is €60 per procedure, with an over-
all saving of €3180 for the entire study population [Supplementary 
Figure 2, available as Supplementary data at ECCO-JCC online].

This study has several strengths. This is a prospective, controlled 
study, performed in a blinded fashion in adult patients with estab-
lished diagnosis of UC, evaluating clinical, endoscopic, imaging, and 
biological activity at the same time [all assessments were performed 
within 1 week]; all BUSs were performed by two independent gastro-
enterologists with an excellent agreement, demonstrating that BUS 
is a reproducible tool to assess disease activity and to manage UC 
patients. We also showed that the combination of CWT and CWF 
alone was highly sensitive and specific for assessing disease activity 
with excellent correlation with endoscopy. The main limitation of 
the study is the exclusion of the patients with disease localised to the 
rectum, since transabdominal bowel ultrasound is not able to assess 
the rectum. Second, we did not collect FC in all patients; however, 
it is not likely that this influenced the statistical analysis or the con-
struction of our Humanitas Ultrasound Criteria, since the p-value of 
0.97 is far from significance. Furthermore, being an observational 
study, calprotectin was not centralised. In addition, not all patients 
performed BUS before CS, but nevertheless there are no clear data 
on bowel cleaning worsening colitis. Finally, endoscopic activity was 
evaluated according to Mayo score by just one expert endoscopist.

In conclusion, BUS may represent a useful first-line, non-invasive 
tool for assessing endoscopic activity, severity, and extent, and may 
be helpful to determine in a rapid manner whether a significant flare 
has occurred and to guide the management of UC patients, delaying 
or avoiding colonoscopy when it is not needed. In addition, BUS may 
be preferred in clinical practice for monitoring disease course and 
for assessing short-term treatment response, reducing the necessity 

of repeated CS, although specific data on monitoring will be needed. 
Larger multicentre studies are needed to confirm our preliminary 
findings and to test the reproducibility of BUS and of the HUC.
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Supplementary Figure 1. Comparison between the ROC curves of 
the Humanitas ultrasound criteria (HUC) (continuous line) and of 
the HUC + FC (dashed line). No statistical difference was observed 
(p = 0.49).
Supplementary Figure 2. Cost analysis for colonoscopy (CS) and 
bowel ultrasound (BUS) using a score where 1 indicates low cost; 
2: medium cost; 3: high cost. The cost of CS is almost twice (1.75) 
that of BUS.
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