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Bowel ultrasound enhances predictive
value based on clinical indicators: a scoring
system for moderate-to-severe endoscopic
activities in patients with ulcerative colitis

Mengmeng Zhang, Huimin Zhang, Qingli Zhu, Xiaoyin Bai, Qingyang Zhou, Gechong Ruan,

Wenbo Li, Li Ma, Mengsu Xiao, Hong Yang
Abstract

and Jiaming Qian

Background and Aim: The aim was to assess non-invasive factors among clinical features,
laboratory, and bowel ultrasound (BUS) characteristics and to develop a scoring system to
predict endoscopic activities for ulcerative colitis (UC) patients.

Methods: We performed a retrospective study collecting UC patients between January
2015 to September 2020. Logistic regression was performed to predict moderate-to-severe
endoscopic activities, defined as endoscopic Mayo score =2. Model performance was
described with discrimination and calibration ability and validated by internal and external

methods.

Results: A total of 103 and 29 patients were enrolled in the modeling and validation groups,
respectively. Stool frequency =5 times/day, hematochezia, erythrocyte sedimentation rate
(ESR), and colonic wall flow in BUS were included into two predictive models for endoscopic
activities, both with good discrimination ability [Area under curve (AUC) 0.879 and 0.882,

p <0.001] and a sensitivity of 76.7% and specificity of 92.3%, which showed an adequate
calibration ability by using the Hosmer-Lemeshow test (p=0.14 and 0.07). The external
validation displayed consistent results with the above mentioned. Nomograms were also

established for these models.

Conclusion: We developed predictive models for endoscopic disease activities by using
noninvasive factors based on stool frequency, hematochezia, ESR, and colonic wall blood flow
in BUS. These models performed well in the internal and external validation.

Keywords: bowel ultrasound, endoscopic activities, non-invasive technique, ulcerative colitis

Received: 8 March 2021; revised manuscript accepted: 14 June 2021.

Introduction

Ulcerative colitis (UC) is a chronic, idiopathic
inflammatory disease, characterized by a relapsing
and remitting course that mainly causes colonic
continuous mucosal inflammation.! Endoscopy is
always regarded as the most direct and reliable
measurement for disease evaluation. Due to the
relatively high risk of complications, low practical-
ity, and compliance of patients, the application of
colonoscopy or sigmoidoscopy in severe inflam-
matory bowel disease (IBD) patients, or during

long-term follow-up, is limited.? Previous studies
have been conducted to improve the reliability
and utility of non-invasive assessment based on
disease-specific symptoms or biochemical indica-
tors. However, some studies suggested that these
clinical indicators may not be consistent with
actual mucosal conditions, sometimes resulting in
an underestimation of disease severity, treatment
delay, or early relapse.> The post hoc analysis of
the ULTRA trials reported discrepancies between
rectal bleeding and stool frequency scores and
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endoscopic activity in UC and less predictive
power of mucosal healing status.* Falvey ez al.®
revealed that combining simple clinical colitis
activity index (SCCAI) data with C reactive pro-
tein (CRP) or fecal calprotectin (FC) levels in
UC did not significantly improve the accuracy of
any single indicator.

Bowel ultrasound (BUS), as a relatively new,
applied procedure in clinical work, has certain
priority due to its non-invasive properties, its high
tolerance, and its cost-effectiveness compared
with colonoscopy in the disease assessment for
IBD. Although several studies have reported a
correlation between BUS and the endoscopic
severity of UC, relying on BUS alone to predict
mucosal pathologies is inevitably inaccurate and
has relatively low sensitivity (71%).%7 As a result,
coupled with the advancement of intestinal ultra-
sound, the integration of clinical, biochemical,
and BUS measurement, offers a better alternative
for disease evaluation and surveillance and is
worth further exploration.

Therefore, the aim of our study was to establish a
scoring model based on these clinical, biochemi-
cal, and BUS indicators to predict moderately to
severely active endoscopic activities, through
analysis of the clinical data of UC patients with
different degrees of endoscopic mucosal severity,
to ultimately increase the utilization of BUS and
reduce any potential risk of repeated, invasive
examinations in UC patients irrespective of
whether they are clinically active.

Materials and methods

Patients

The flow chart of patient inclusion is shown in
Supplemental Figure 1. Consecutive patients
with UC hospitalized in Peking Union Medical
College Hospital (PUMCH) between January
2015 to December 2019, defined by the third
European Crohn’s and Colitis Organization
(ECCO) consensus guideline,! were retrospec-
tively collected. UC patients underwent colonos-
copy for evaluation of disease activity or
surveillance, according to the statement of endo-
scopic assessment or monitoring in the ECCO
and the European Society of Gastrointestinal and
Abdominal Radiology (ECCO-ESGAR) guide-
lines,® and BUS for further evaluation of disease
extent and activity. Patients who had taken BUS,

colonoscopy, and biochemical measurement
within 1 month were finally included in our study.
The endoscopists and radiologists were not
blinded for clinical manifestations, but did not
know BUS results when performing endoscopy.
Patients aged below 16years or above 75years,
with incomplete medical data, or who had a
change in symptoms or therapy between BUS
and colonoscopy, were excluded.

In addition, cases hospitalized in PUMCH from
January 2020 to September 2020, who complied
with the above criteria for diagnosis and examina-
tions, were included as the validation group. The
study was approved by the Ethical Committee of
PUMCH.

Data collection
The following data were collected, mainly from
medical records during patient hospitalization:

Clinical indicators. Age at admission, age of
onset, disease duration, Montreal classification,
and body mass index (BMI) at the same period
as colonoscopy was performed. Symptoms
including stool frequency and blood in stool were
obtained from medical records. Stool frequency
was recorded as defecation frequency per day.
The degree of hematochezia was evaluated as
three levels: no blood, bloody stool below 50%,
and bloody stool over 50%. Symptoms between
BUS and colonoscopy examinations were
checked to make sure no significant changes
occurred (stool frequency changed <2 times/day
and the same degree of hematochezia). Symp-
toms just before BUS and colonoscopy were
eventually collected.

Laboratory parameters. Laboratory results includ-
ing hemoglobin (Hb), platelet (PLT), albumin
(Alb), high-sensitivity C reactive protein (hsCRP),
and erythrocyte sedimentation rate (ESR) were
collected from the closest records before colonos-
copy, with a maximum window of 1 week.

Bowel ultrasound examinations and parame-
ters. BUS examinations were performed by two
experienced radiologists (23 and 11 years of expe-
rience, respectively) using Philips iU22 (Philips,
Bothell, WA, USA) with convex (C5-2) and linear
(LL9-3) transducers following the European Fed-
eration of Societies for Ultrasound in Medicine
and Biology (EFSUMB) guidelines.® Patients
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fasted for at least 8 hours before BUS examina-
tion. The colon was scanned continuously with
bowel wall thickness measured at the ileocecal
area, ascending colon, transverse colon, descend-
ing colon, and sigmoid colon.When the abnormal
bowel section was identified, the radiologist fur-
ther assessed features including maximum bowel
wall thickness and blood flow at the diseased loca-
tion. The following two parameters were col-
lected: bowel wall thickness and bowel wall blood
flow. The thickest measurement data of all colonic
segments were taken. Colonic wall was evaluated
by Limberg classification!? based on BUS reports:
Limberg 0: normal bowel wall; Limberg 1: bowel
wall thickening (>0.3 cm); Limberg 2: bowel wall
thickening and short vessels; Limberg 3: bowel
wall thickening and long vessels; Limberg 4:
bowel wall thickening and long vessels compro-
mising the mesenterium. In addition, the worst
Limberg classification of all segments was taken
into account.

Endoscopic measurement. Colonoscopies were
performed according to standard endoscopic pro-
cedures in ECCO-ESGAR guidelines.!! Endo-
scopic disease activity was evaluated using Mayo
endoscopic score by endoscopists immediately
after finishing colonoscopy. A Mayo endoscopic
subscore of 1, 2, or 3 was referred as mild, moder-
ate, or severe disease activity, respectively. The
worst Mayo endoscopic score of all segments and
disease extent were collected.

Statistical analysis

Continuous  variables are expressed as
mean * standard deviation (SD) if they obey nor-
mal distribution; otherwise, the median and inter-
quartile ranges (IQRs) are expressed. These
values were compared with the bilateral z-test or
Wilcoxon—Mann—Whitney test. Categorical data
were presented as frequencies (percentages) and
compared with chi-square test or Fisher exact
tests. Logistic regression analysis was performed
to assess the association between non-invasive
indicators with the possibly of moderate-to-severe
endoscopic activity, defined as an endoscopic
Mayo score =2. Variables with p<<0.10 at uni-
variate analysis were included in multivariate
analysis using a ‘backwards elimination proce-
dure’. To make a significant and reasonable
model, we first divided the cutoff value for some
numerical variables to achieve the best distinction

between moderate-to-severe endoscopic activities
and quiescent or mild disease. Through each step
displayed in multivariate regression analysis, we
regarded these variables in three parts, which
were symptoms (stool frequency and hematoche-
zia), hematological or biochemical indicators
(Hb, PLT, Alb, hsCRP, and ESR), and BUS
indicators (colonic wall thickness and blood
flow). In each aspect, the most significant indica-
tors were selected (both stool frequency and hem-
atochezia were similarly significant and included)
and recombined to two scoring models (all
included variables satisfied p <0.10).

The mucosal active predictive score was built
according to the coefficient estimates in the mul-
tivariate regression analysis. The evaluation of
predictive performance was featured by the dis-
crimination and calibration ability: discrimina-
tion was judged by the c-statistic, which is the
area under the receiver operating characteristic
(ROC) curve; and calibration was assessed by
Hosmer and Lemeshow tests and presented with
a calibration curve to reflect the agreement
between predicted and observed probabilities.
The model validation contained internal valida-
tion in the modeling group and external valida-
tion in the validation group. Internal validation
was conducted through the bootstrap method,
with 1000 replicates to calculate the discrimina-
tion and calibration performance. In the valida-
tion group, the endoscopic activities were assessed
according to the developed model. The p-values
< 0.05 were considered statistically significant.
Statistical analysis was performed by using SPSS
(version 25.0, IBM Corporation, Chicago, USA)
and R (version 3.6.2, R Foundation for Statistical
Computing, Vienna, Austria). The reporting of
this study adheres to the TRIPOD statement for
reporting of prediction models.

Results

Demographic characteristics and clinical
outcomes

According to the inclusion criteria, 103 UC
patients were included in the modeling group and
another 29 patients in the wvalidation group.
Demographic information and clinical characteris-
tics are presented in Table 1. There was no signifi-
cant difference between the modeling group and
the validation group in Montreal classification,
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Table 1. Demographic and clinical characteristics of the enrolled UC patients.

Variables Modeling group (n=103) Validation group (n=29) p-value
Sex (Male) 55 (53.4%] 12 (41.4%) 0.253
Age [years] 41.39 £14.70 38.55+ 12.80 0.347
Age at onset (years) 32 (25-45) 33.34 (22.0-43.5) 0.654
Duration (months) 48 (12-96) 25.0 (9.5-78.0) 0.310
Clinical type (%]

Primary 13 (12.6) 3(10.3) 0.992

Chronic recurrent 90 (87.4) 27 (89.7)
Disease Extent (%)

Left-sided 10 (9.7) 4(13.8) 0.772

Extensive 92 (89.3) 25 (86.2)
BMI (kg/m?) 20.52+3.48 20.22 +3.52 0.717
Stool frequency (=5 times/day) (%) 71 (68.9) 15(51.7) 0.086
Hematochezia (%)

None 22 (21.4) 10 (34.5) 0.100

<50% 30(29.1) 11(37.9)

=50% 51 (49.5) 8 (27.6)
Hb (g/U) 108.96 = 27.82 111.96 = 27.30 0.612
PLT (X 109/1) 341.37 =131.67 327.75£87.96 0.607
Alb (g/U) 33.46 +7.83 36.79 +7.89 0.048
hsCRP (mg/l) 16.5 (4.15-55.18) 5.62 (0.96-29.40) 0.027
ESR (mm/h) 27 (13-49) 18.0 (8.5-39.0) 0.160
Endoscopic Mayo (%]

Score 0-1 13(12.6) 5(17.2) 0.456

Score 2-3 90 (87.4) 24(82.8)
Colonic wall thickness in BUS (cm) 0.70 (0.60-0.90) 0.65 (0.50-0.85) 0.107
Colonic wall flow in BUS (%)

Limberg level 0 9 (8.7) 3(10.3) 0.891

Limberg level 1 4(3.9) 1(3.4)

Limberg level 2 14 (13.6) 2(6.9)

Limberg level 3 47 (45.6) 14 (48.3)

Limberg level 4 29 (28.2) 9 (31.0)
Adverse outcomes (%) 24 (23.3) 5(17.2) 0.486

Continuous variables were expressed as mean = standard deviation or median [interquartile range (IQR]].
Categorical variables were expressed as frequencies (percentages).
Alb, albumin; BMI, body mass index; BUS, bowel ultrasound; ESR, erythrocyte sedimentation rate; Hb, hemoglobin; hsCRP, high-sensitivity

C-reactive protein; PLT, platelet; UC, ulcerative colitis.
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Table 2. Univariate analysis on variables associated with possibility of moderate-to-severe endoscopic
activities (Mayo endoscopic score =2] in patients with UC.

Variables p-value OR 95% CI

Age (years) 0.685 1.008 0.969-1.050
Duration (months]) 0.126 0.997 0.992-1.001
BMI (kg/m?) 0.869 1.016 0.845-1.220
Stool frequency (=5 times/day) <0.001 13.327 3.573-49.703
Hematochezia 0.003 3.324 1.501-7.363
Hb (g/U) 0.003 0.957 0.930-0.985
PLT (X 10%/1) 0.009 1.009 1.002-1.006
Alb (g/l) <0.001 0.825 0.741-0.919
hsCRP (mg/l) 0.029 1.064 1.006-1.126
ESR (mm/h) 0.007 1.086 1.023-1.153
Colonic wall thickness in BUS (cm) 0.077 11.640 0.765-177.036
Colonic wall flow in BUS” <0.001 2.492 1.538-4.039

"Defined by Limberg classification.

Alb, albumin; BMI, body mass index; BUS, bowel ultrasound; Cl, confidence interval; ESR, erythrocyte sedimentation rate;
Hb, hemoglobin; hsCRP, high-sensitivity C-reactive protein; OR, odd’s ratio; PLT, platelet; UC, ulcerative colitis.

clinical manifestations, biochemical indicators,
endoscopic Mayo score, and BUS results. In each
group, patients with high disease activity accounted
for a larger proportion than those with inactive
UC from the percentages of diarrhea, hematoche-
zia, and endoscopic Mayo 2-3, possibly because
patients with active UC were more likely to take
examinations before therapy adjustment. The
most severe segments assessed by colonoscopy
and BUS were consistent, except for one case
who presented with mucosal healing with a previ-
ous history of proctitis in colonoscopy and a max-
imum bowel wall thickness (0.7cm) in the
descending colon without blood flow in BUS.

Analysis for common-used parameters

predicting endoscopic activities

We chose four indicators widely applied in clinical
practice: stool frequency, hematochezia, hsCRP,
and ESR. For stool frequency, hsCRP, and ESR,
we set the cut-off value under the maximum of
sensitivity and specificity in ROC analysis. As
shown in Supplemental Table 1 and Supplemental
Figure 2, clinical symptoms had a sensitivity of

85.6% and a specificity of 69.2%; in contrast, the
inflammatory parameters had a slightly low sensi-
tivity of around 70% and a specificity of 84.6%.

Establishment of a scoring system

predicting endoscopic activities

By univariate logistic regression analysis, stool fre-
quency, hematochezia, Hb, PLT, Alb, hsCRP,
ESR, and colonic wall flow in BUS were signifi-
cantly associated with endoscopic activities
(Table 2). The above-mentioned variables were
evaluated in a multivariable logistic regression,
turning out two different combinations involving
stool frequency, hematochezia, ESR, and colonic
wall flow in BUS [Tables 3(a) and (b)]. According
to the estimates of regression coefficients, corre-
sponding values were assigned to these 4 variables
(Supplemental Table 2). Afterwards, the predictive
models for endoscopic activities were established.
The Model A total score=0.8 X hematochezia
score + 1.6 X ESR score + 0.6 X Limberg score. The
Model B total score=1.6Xstool frequency
score + 1.5 X ESR score + 0.5 X Limberg score.
The nomograms were developed to easily obtain

journals.sagepub.com/home/tag


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

Therapeutic Advances in Gastroenterology 14

(a)
0 10 20 30 4 5 60 70 8 90 100
Poinls L L 1 1 1 1 1 1 1 1 )
1 3
Colonic wall flow r L . L .
(limberg classification) ¢ 2 4
1
L 1
ESR level H 3
1
Hematochezia —
0 2
Total Points 0 20 40 60 80 100 120 140 160 180 200 220 240
' ————————
PredictedValue o5 0304050607 08 0.9

Points 0O 10 20 30 40 50 60 70 80 90 100
. 1 3
Colonic wall flow
(limberg classification) o 2 4

ESR level 0 2

Stool frequency 5

Total Points

0 20 40 60 80 100 120 140 160 180 200 220

Predicted Value ¢ o3 040506 07 08 09

Figure 1. Nomograms of established models for the prediction of moderate-to-severe mucosal activity.

(a) The nomogram based on hematochezia, ESR, and colonic wall flow.

Hematochezia: score 0-none; score 1-bloody stool accounts for less than 50%; score 2- bloody stool accounts for more than 50%.
ESR: score 0-less than 15 millimeters per hour; score 1-range from 15 to 30 millimeters per hour; score 2-above

30 millimeters per hour.

Colonic wall flow: score 0-4 represent Limberg classification level 0 to 4, respectively.

(b) The nomogram based on stool frequency, ESR, and colonic wall flow.

Stool frequency: score 0-less than five times per day; score 1-five times or more per day.

ESR: score 0-less than 15 millimeters per hour; score 1-range from 15 to 30 millimeters per hour; score 2-above

30 millimeters per hour.

Colonic wall flow: score 0-4 represent Limberg classification level 0 to 4, respectively.

Table 3(a) and 3(b). Multivariable analysis on the possibility of moderate-to-severe endoscopic activities

(Mayo endoscopic score =2} in patients with UC.

(a) Variables p-value OR 95% ClI
Hematochezia 0.087 2.172 0.895-5.273
ESR (mm/h) 0.007 4.819 1.534-15.133
Colonic wall flow in BUS™ 0.041 1.822 1.024-3.244
(b) Variables p-value OR 95% CI

Stool frequency (=5 times/day) 0.055 4.818 0.969-23.949
ESR (mm/h) 0.011 4.661 1.433-15.159
Colonic wall flow in BUS™ 0.084 1.641 0.935-2.879

“Defined by Limberg classification.

BUS, bowel ultrasound; Cl, confidence interval; ESR, erythrocyte sedimentation rate; OR, odd’s ratio; UC, ulcerative colitis.

the predictive probability of mucosal severity based
on model A and B respectively (Figure 1).

Model evaluation and internal validation

For both models predicting endoscopic activities,
ROC curves confirmed a good discrimination
ability for endoscopic activities, with an area
under curve (AUC) of 0.879 [95% confidence
interval (CI) 0.758-1.000, p<<0.001] and 0.882
(95% CI 0.773-0.992, p<0.001), respectively
[Figure 2(a) and (b)] and AUC 0.953 (95% CI

0.901-1.000) and 0.847 (95% CI 0.712-0.983)
from the bootstrap method. In Supplemental
Table 3, evaluation for accuracy of model A and
B with different cut-offs is presented. In model A,
a total score =3.70 was set as a threshold that
distinguishs patients with moderate-to-severe
endoscopic activities with those in mucosal remis-
sion under which sensitivity and specificity were
76.7% and 92.3%. In addition, a total score
=3.35 was regarded as a threshold in model B
under which sensitivity and specificity were
76.7% and 92.3% as well. According to our
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Figure 2. Receiver operating characteristic (ROC) curves for two predicted models for possibility of moderate-

to-severe mucosal activity in patients with UC.

(a) ROC curve of model A based on hematochezia, ESR, and colonic wall flow.

Model A showed a good discrimination with area under curve (AUC) of 0.879 [95% confidence interval (Cl) 0.758-1.000,

p <0.001]. The sensitivity and specificity under the cut-off value of 3.70 performed were 76.7% and 92.3%, respectively.

(b) ROC curve of model B based on stool frequency, ESR, and colonic wall flow.

Model B displayed a similarly good discrimination with an AUC of 0.882 (95% CI 0.773-0.992, p <0.001). The sensitivity and
specificity under the cut-off value of 3.35 performed were 76.7% and 92.3%, respectively.

established two models, the scores and endo-
scopic Mayo scores of 103 UC patients are dis-
played in Supplemental Figure 3.

With regards to calibration, these two predictive
models showed a good fit using the Hosmer—
Lemeshow test (p=0.14 in model A, p=0.07 in
model B). The calibration curves manifested an
acceptable level of agreement between predicted
possibility and actual proportions of moderate-to-
severe endoscopic activities [Figure 3(a) and (b)].
The difference in discrimination slope based on
two predictive models also validated the fine cali-
bration power (shown in Supplemental Figure 4).

External validation of predictive models for
endoscopic activities

We applied the developed models to the valida-
tion group, mainly to confirm the probability of
predicting endoscopic activities for external vali-
dation. With model A, ROC analysis displayed
with a c-statistic of 0.979; in contrast, the dis-
crimination ability of model B was relatively
excellent at 1.0. From calibration analysis, both
models had a relatively consistent tendency with

the ideal condition and showed a slight possible
underestimation at high risk of endoscopic activi-
ties (Supplemental Figure 5).

Discussion

This study established predictive models for
endoscopic disease activities through the combi-
nation of clinical, biochemical, and BUS indica-
tors. Four predictors of mucosal inflammation for
UC have been identified: stool frequency above 5
times per day, hematochezia, ESR level, and
colonic wall flow based on Limberg classification.
Two models including these variables were devel-
oped. These models can make up for the devia-
tion caused by a single index to evaluate mucosal
severity and achieve non-invasive feature and
high practicability in clinical work.

Based on wide application in clinical practice, we
first collected data regarding stool frequency, hema-
tochezia, hsCRP, and ESR levels in 103 UC patients
and confirmed the inconsistency between these and
endoscopic Mayo score. Irrespective of clinical or
biochemical parameters, there are not any ideal pre-
dictive indicators for mucosal condition. Many
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Figure 3. Calibration curves of two models for the prediction of moderate-to-severe mucosal activity in the

modeling group.

(a) Calibration curve of model A based on hematochezia, ESR, and colonic wall flow.

(b) Calibration curve of model B based on stool frequency, ESR, and colonic wall flow.

The black dot line on the diagonal of the figure indicated a complete fitting between predictive model and actual data.
The red dot line and black solid line illustrated the degree of fitness between model prediction and actual probability of

moderate-to-severe mucosal activity.

studies have confirmed the inaccuracy of disease
assessment simply through clinical symptoms.3
Falvey ez al.> found poor accuracy of the Harvey—
Bradshaw index (containing general well-being,
abdominal pain, abdominal mass, diarrhea, and
complications) for the identification of endoscopi-
cally active Crohn’s disease (CD) and limited
value of SCCAI to detect endoscopic active UC.
Approximately 50% of patients in clinical remis-
sion still had endoscopic active IBD,!2 which was
consistent with the low specificity in our study. As
a result, endoscopic remission is currently
regarded as the treatment goal, rather than clinical
remission. In our model, stool frequency and
hematochezia were respectively included.
Although the discordance between patient’s sub-
jective symptoms and endoscopic activities was
reported,!3 it is obvious that stool abnormality is
still the most intuitive and simple index represent-
ing disease activity for UC characterized by diffuse
colonic mucosal lesions. Based on clinical applica-
tions, we believe that it is an acceptable choice to
separate stool frequency and hematochezia into
the model respectively with the proper p-value.
The cut-off value of these two items were appro-
priately simplified in our model; however, our
results are broadly consistent with previous
conclusions.

Regarding inflammatory parameters, there were
also limitations when we judged disease activity
by inflammatory indicators alone. Our results
suggested low sensitivity, reflective of similar
results in a meta-analysis, with a poor sensitivity
[0.49 (95% CI 0.34—0.64)] and a relatively high
specificity [0.92 (95% CI 0.72-0.98)].14
Moreover, there were quite a few patients with
persistent active disease and CRP or ESR nor-
malization. In our regression analysis, ESR had
significant association with endoscopic activities
instead of CRP. There was some agreement on
the low correlation between CRP and endoscopic
activity.!>-18 A post hoc analysis of a prospective
clinical trial from Germany showed that the AUC
for detecting mucosal healing through CRP was
0.65, with a sensitivity of 45.5%.1° In addition,
there is no optimal threshold of CRP to accu-
rately discriminate active and quiescent condi-
tions.> Shin ez al.?? found that a normal CRP level
(<0.3mg/dl) also appeared in active UC patients
(sensitivity 27.3%). From our results, we specu-
late that active UC is often accompanied by hem-
atochezia or invisible blood loss from the digestive
tract, causing anemia and further aggravation of
ESR changes. Furthermore, despite no significant
collinearity in our regression analysis, CRP and
ESR usually share the roughly same changes,
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which leads to the abandonment of the relatively
insignificant variable in the process of establishing
the composite score, just like Truelove and Witts
criteria with simply ESR, Disease Activity Score
28 (DAS-28) based on ESR or CRP respectively
in assessments for rheumatoid arthritis.?!-22

In terms of BUS, bowel wall thickness and blood
flow were most frequently applied criteria for
evaluating disease location and activity.?3-2¢ Until
now, many studies have proved that BUS has a
better advantage for assessing the transmural
inflammation and stenotic or penetrated lesion of
CD.?526 As for UC, a prospective study by
Allocca® reported that the presence of colonic
wall flow and thickening above 3mm, or just
colonic wall thickening above 4.43mm alone,
showed high accuracy for detecting disease activ-
ity with great sensitivity (0.71) and specificity
(1.00). In addition, there was a significant corre-
lation between endoscopic disease activity and
increased bowel wall thickness from the
TRUST&UC study?” and moderate correlation
with clinical manifestations and histological
grade.”-28 In our study, we found a significant dif-
ference in colonic wall thickness between endo-
scopic quiescent and active groups [0.60
(0.5-0.75) versus 0.80 (0.6—0.93) cm, p=0.02],
but this failed to be involved in the final model.
This suggests that bowel wall thickness can
indeed reflect lesion activity in UC patients. In
addition to different inflammatory degree, there
may be some other factors influencing bowel wall
thickness, including disease duration, previous
inflammatory burden, bowel edema, and fibrotic
degree. Our enrolled UC patients showed more
percentages of extensive colitis, severe phenotype,
and longer disease duration, perhaps leading to
the higher baseline of colonic wall thickness [0.70
(0.60-0.90) cm]. In addition, our study selected
the worst segment when BUS was performed,
which may have an effect on the results of bowel
wall thickness as well. Therefore, the analysis
including all bowel segments by BUS is required
to finish in the future to improve the scoring
model.

From this study, we hope these models are of
great practical value for UC assessment in clinical
work. First of all, although it is feasible to predict
UC mucosal ability through non-invasive indica-
tors, colonoscopy monitoring is inevitable. We
believe that a combination of these non-invasive
models and colonoscopy can be achieved. It is

recommended to complete all-round and system-
atic assessment including BUS and colonoscopy
at the initial diagnostic period or some key points
in order to comparison in entire follow-up course,
whereas BUS can be regard as more common
routine measurement. Meanwhile, the interval
between colonoscopy examinations can be gradu-
ally lengthened, especially for long-term quies-
cent patients with UC. For severely active
patients, the risk and tolerance for colonoscopy
should be carefully assessed. We can consider
BUS first as a preliminary means for evaluation.
Then, after the overall condition stabilizes and is
improved, colonoscopy can be arranged to accu-
rately assess the mucosal condition and histologi-
cal examination. Secondly, models of the
prediction for endoscopic activities in this study
have relatively high specificity instead of sensitiv-
ity, and are slightly underestimated, approxi-
mately 10%, when predictive value is above 60%.
Therefore, actual mucosal damage of the patient
with a high predictive possibility may be more
severe than expected that need more interven-
tion. As for patients with low predictive value,
there is still the possibility of active disease and
treatment should not be delayed because of this,
and other evaluating indicators or close follow-up
observation are required. Thirdly, as utilization of
biologics becomes popular, we believe our model
has great prospects and developmental potential
for patients treated with biological agents. Its
good ability of discrimination and calibration can
effectively reflect changes in mucosal lesions
before and after treatment. Considering the con-
troversial risk of histological fibrosis after long-
term anti-tumor necrotic factor therapy,2® BUS
has unique advantages in evaluating bowel wall
structure of the entire layers such as edema,
fibrotic degree, and blood flow, etc.

This study has several strengths. Firstly, unlike
the currently available assessing scores, we estab-
lish a multifaceted model including two easily
accessible items in BUS innovatively besides clin-
ical and biochemical aspects. In addition, we use
a combination of internal and external validation
to verify the accuracy and reliability of the devel-
oped models, which showed satisfied consistency
between the predictive possibility and actual
results. Furthermore, the scoring system devel-
oped in this study is easy to use because all identi-
fied items are commonly used, uncomplicated
and also easily available in clinical work. The
development of the nomogram also has strong
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utility to allow for incorporation of our results
into clinical practice.

There were still some limitations in our study.
Firstly, the limited sample size of this study may
have an unforeseeable effect on the establishment
and validation of the model. We hope that with
the popularity of BUS taken in UC patients, more
cases can be included to improve the model and
validation. Secondly, this was a single-center
study, which only included patients in another
time period as the external validation group,
which actually only meets the “time validation”.
It will be more convincing if validated in data
from different medical centers. Thirdly, as a ret-
rospective study, we included UC inpatients,
most of whom were moderately to severely active.
As a result, our models have a relative advantage
on the prediction of moderate-to-severe endo-
scopic activities. As for identification of mucosal
healing, more quiescent subjects or prospective
studies are required in the future. Furthermore,
the lack of evaluation for consistency of different
radiologists or endoscopists and non-blind to
clinical symptoms may cause some biases, which
requires more prospective studies to validate.

In summary, we developed and validated predic-
tive models for moderate-to-severe endoscopic
activities by using noninvasive factors based on
stool frequency, hematochezia, ESR level, and
colonic wall flow in BUS, which provide a novel
approach for disease activity assessment and
management in the entire course of UC in the
future. In addition, further studies are required to
explore more potential biomarkers or measure-
ments to predict mucosal and histologic healing
or prognostic outcomes to precisely guide thera-
peutic intervention in clinical practice.
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