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ABSTRACT
Objectives and study: There is a large interobserver variability in evaluat-

ing mucosal lesions of inflammatory bowel disease (IBD), especially in

pediatric patients. This multicenter prospective observational study aims to

evaluate interobserver agreement (IOA) among pediatric endoscopists in

assigning validated IBD endoscopic scores in children.

Methods: Fifteen videos of follow-up ileocolonoscopies in children with

IBD were recorded and selected as cases. Eleven pediatric endoscopists from

different centers blindly evaluated all videos and calculated scores: either

Ulcerative Colitis Endoscopic Index of Severity (UCEIS) or Simple

Endoscopic Score for Crohn Disease (SES-CD). Scores from all

reviewers were compared in order to calculate IOA for general videos

and specific sections. Scores from an expert adult reader were used to

calculate possible reviewer’s characteristics affecting scores’ reliability.

Results: Intraclass correlation was 0.298 (95% confidence interval [CI]:

0.13–0.55) for ulcerative colitis (UC) and 0.266 (0.11–0.52) for Crohn

disease (CD). When a disease activity categorization was adopted

(remission, mild, moderate, severe activity) Fleiss kappa coefficient was

0.408 (0.29–0.53) for UC and 0.552 (0.43–0.73) for CD. When stratified by

item, vascular pattern of UC was the most reliable item IC: 0.624 (0.321–

0.854). In multivariable analysis, none of the reviewer’s characteristics

affected the readers’ errors.

Conclusions: This multicenter study shows low agreement among pediatric

endoscopists in evaluating endoscopic scores in children with IBD. By using

disease activity categorization, agreement slightly increased, mostly for CD.

All readers showed a low-grade concordance with the expert adult

gastroenterologist’s evaluations. Future-specific training programs should

be considered to increase IOA in using IBD endoscopic activity scores.
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What Is Known

� Mucosal healing is the ultimate goal of pediatric
inflammatory bowel disease treatment.

� Endoscopy during follow-up is crucial to assess muco-
sal healing in pediatric inflammatory bowel disease.

� Endoscopic scoring system are available to grade
mucosal inflammation in inflammatory bowel
disease patients.
ni
iv

tal
res
ep
X
le
pp
T
au
yri
ep
as

: 1
What Is New

� Pediatric endoscopists show a poor grade of agree-
ment in scoring endoscopies from pediatric inflam-
matory bowel disease.

� When stratified for disease activity, agreement
slightly increases especially for Crohn disease.

� No endoscopists’ related factors are linked to the low
grade of reproducibility.
T he advent of mucosal healing (MH) as the ultimate therapeutic
goal in pediatric inflammatory bowel disease (IBD) (1) has

given endoscopy a central role in the management of IBD. MH has
been considered as the main treatment target in clinical trials (2),
and is now widely used to guide treatments in a treat-to-target
strategy, both in adults and children (3).
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The European Society of Pediatric Gastroenterology Hepa-
tology and Nutrition (ESPGHAN) position paper strongly
encourages clinicians taking care of pediatric IBD to adopt endos-
copy activity scores not only in clinical trials but also more
generally in clinical practice (4). It also addresses the use of specific
endoscopic scores to monitor disease activity, pointing out strengths
and limitations of each scoring system (5,6).

Several efforts have been made in order to validate and to
assess reliability of endoscopic activity scores in adult IBD patients
(7–11).

Despite those endoscopic activity indexes being widely used
in pediatric clinical trials (12–15), currently no study has assessed
the performance of pediatric endoscopists in using adult IBD
endoscopy scores in real practice.

The aim of this study was to assess interobserver agreement
of pediatric endoscopists in scoring pediatric IBD by using vali-
dated endoscopy activity scores.

MATERIAL AND METHODS
An open call within the Endoscopy Working Group of the

Italian Society of Pediatric Gastroenterology Hepatology and Nutri-
tion (SIGENP) was made to involve all the tertiary pediatric IBD
centers in a project on endoscopic activity scores.

A group of 11 fully trained pediatric endoscopists from 11
different tertiary centers for pediatric IBD agreed to participate. All
participants provided information regarding their experience in
pediatric endoscopy and the number of IBD children followed in
their unit. No specific training was required for this study as it was
meant to assess competence in a common clinical practice setting.

A call for recorded videos of complete ileocolonoscopies was
made among pediatric IBD centers. Inclusion criteria for video were
a full registration of colonoscopy from the terminal ileum until the
rectum before biopsy samples. Video needed to be longer than 5
minutes presented in mp4 format with a high-quality registration.
Three IBD centers in different geographical areas over the country
(Rome, Naples, and Trieste) provided 15 videos after anonymiza-
tion. Seven videos were taken on Crohn disease (CD) and 8 from
ulcerative colitis (UC). Video were provided to readers, not cut. The
number of video was decided in order to be comparable with
previous adult studies (16,17) and to guarantee the best compliance
of the readers.

The only piece of clinical information provided to the
participant endoscopists was IBD diagnosis (UC or CD); no data
on clinical activity were available. Due to design study, no IRB
approval was necessary.

Participants were asked to review and score videos according
to their experience and judgment. The following scoring systems
were used: the Ulcerative Colitis Endoscopic Index of Severity
(UCEIS) (18) and the Simple Endoscopic Score for Crohn Disease
(SES-CD) (9) for UC and CD, respectively. UCEIS score was
preferred to traditional and simpler Mayo score because of better
outcomes described in predicting clinical outcomes and long-term
prognosis of ulcerative colitis patients (19–21).

Reviewers provided their scores on an electronic Excel
spreadsheet shared on a specific online platform. The scores were
presented as total score per video, and separated categories’
subscores.

UC items were: vascular pattern, bleeding, erosion, and
ulcers; whereas CD items were: size of ulcers, ulcerated surface,
affected surface, and presence of stenosis. For CD, each category
was separately evaluated for each ileocolic segment (ileum, cecum,
traverse, descending colon, and rectum).

Sub-classes were calculated for each score according to the
disease severity. For SES-CD ‘‘quiescent activity’’ was defined for
score <3, ‘‘mild’’ between 4 and 10, ‘‘moderate’’ between 11 and
2

17, and ‘‘severe’’ for score above 18 (22). For UCEIS, ’’quiescent
activity’’ was defined for score 0, ‘‘mild’’ activity <3, moderate
between 3 and 5, and severe for score above 7 (19).

Diseases were dealt with separately, and for each disease, a
full model including all covariates and random effects was fitted
first to identify the possible factors that affect the interobserver
agreement (IOA). An adult international expert in this field (M.D.)
was invited to revise and score the same 15 videos as external
reference. Those scores were used in the analysis to determine
possible specific endoscopist’s related variable affecting pediatric
endoscopists’ results.

Statistical Analysis

Calculation of intraclass correlation coefficients was per-
formed by analysis of variance on a series of Generalized Linear
Mixed Models (GLMMs): a logistic, a probit, and a classic mixed
linear model. CD and UC were treated separately.

For each of the 2 scores, at first, a complete model was fitted
accounting for all the variability in the data. These mixed effect
models consisted of 4 components:
1. A
 fixed effects component including as covariates’ age,
endoscopist’s experience, and IBD follow-up, that is, a series
of characteristics of the operator.
2. A
 random effect variance component for ‘‘Operator’’: this is a
variance parameter accounting for any additional variation that
is because of further individual differences between operators.
3. A
 second random effect variance component for ‘‘Video’’
accounting for the additional between-video variation.
4. R
esidual random error: a random error term.
The model assumes the following form:

gðyjX Þ ¼ b0X þ g 0zþ d0wþ e

Where g is a link function (logit, probit or identity), the b0 is
the vector of fixed effect coefficients, X is a matrix of covariates, g0

is the vector of operator-specific random coefficients with variance
s2

g , z is the vector of operator indicators, d0 is the vector of video-
specific random coefficients with variance s2

d , w is the vector of
video indicators, and e is a vector of random Gaussian errors with
variance s2

e . Intraclass correlation coefficient (ICC) are estimated
as the variance partition of between-video variance over total
variance

s2
d

s2
g þ s2

d þ s2
e

Agreement was also evaluated by discretizing scores into
classes (mild, moderate, severe) and applying Fleiss kappa. Fol-
lowing Fleiss own guidelines (23), values of kappa higher than 0.75
were deemed excellent, values constituted between 0.40 and 0.75
fair/good, and below 0.40 low.

RESULTS
The characteristics of the 11 pediatric endoscopists enrolled

in the study are presented in Table 1, Supplemental Digital Content
http://links.lww.com/MPG/C248.

The first analysis calculated the overall IOA. Table 2 sum-
marizes ICCs obtained with different models along with Fleiss
kappa values on the categorized scores. ICCs calculated by probity
and logit models are very much overlapping and appear quite low,
whereas those obtained by a linear model are very high, and Fleiss
kappa values are somewhat in between.
www.jpgn.org
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TABLE 1. Various methods of calculation of interobserverAQ7 agreement

Intracluster correlation coefficient Fleiss kappa

Crohn disease Model ICC Standard error 95% CI Activity Kappa z 95% CI

Logit 0.279 0.111 0.116–0.532 Quiescent 0.804 15.8

Probit 0.267 0.107 0.111–0.514 Mild �0.026 �0.52

Linear 0.829 0.081 0.613–0.937 Moderate 0.603 11.84

Severe 0.597 11.71

Combined 0.633 18.24 0.531–0.801

Ulcerative colitis Model ICC Standard error 95% CI Activity Kappa z 95% CI

Logit 0.325 0.1164 0.145–0.576 Quiescent 0.694 14.55

Probit 0.360 0.1211 0.167–0.612 Mild 0.415 8.71

Linear 0.844 0.0701 0.656–0.939 Moderate 0.309 6.47

Severe 0.109 2.28

Combined 0.404 13.58 0.293–0.529

CI ¼ confidence interval; ICC ¼ intraclass correlation coefficient.
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For what concerns CD, it was found that, once the model was
adjusted for the significant operator-specific covariates (age, etc),
the variance estimate for the Operator random effect is close to zero;
the Operator effect is, therefore, dropped from the model out
of parsimony.

For what concerns UC, none of the operator-specific cov-
ariates is significant, whereas between-operators’ variance is dif-
ferent from zero. Therefore, in this case, both fixed effect covariates
and random operator effects are dropped, and a fixed operator effect
FIGURE 1. Scoring results divided by video ID. SES-CD¼ Simple Endoscop

of Severity.

www.jpgn.org
is introduced instead, to account for all the variables because of
individual differences between scorers. This choice also allowed us
to end up with a model with 1 random effect, which is more
computationally treatable.

After classes’ stratification, IOA is 0.633 (95% CI: 0.531–
0.801) for CD and 0.404 (95% CI: 0.293–0.529) for UC (Table 1).

Separated results for every video are shown in Figure 1.
We also stratified IOA for item by a logistic model; scores

are showed in Table 2. The most reproducible evaluation in our
ic Score for Crohn Disease; UCEIS¼Ulcerative Colitis Endoscopic Index
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TABLE 2. Stratification of interobserver agreement according to item

scored

Sub-scores ICC 95% confidence intervals

SES-CD

Size of ulcers 0.276 0.111–0.539

Ulcerated surface 0.303 0.121–0.577

Affected surface 0.304 0.124–0.576

Stenosis 0.307 0.092–0.660

UCEIS

Vascular pattern 0.624 0.321–0.854

Bleeding 0.310 0.121–0.594

Erosion and ulcers 0.327 0.133–0.607

ICC ¼ intraclass correlation coefficient; SES-CD ¼ Simple Endoscopic
Score for Crohn Disease; UCEIS ¼ Ulcerative Colitis Endoscopic Index of
Severity.

Norsa et al JPGN � Volume 72, Number 00, Month 2021
cohort of endoscopists is the vascular pattern in UC and the least
reproducible is expressed by the size of ulcers in CD.

The multivariate analysis does not find any significant factor
affecting readers’ evaluation accuracy (Table 2, Supplemental
Digital Content, http://links.lww.com/MPG/C249).

In the last analysis, all scores are compared with an external
reference represented by scores calculated by the expert adult
endoscopist. Results of this analysis are shown in Figure 2. Readers
display scattered means of errors compared with reference ranging
from a minimum of 2.29 to a maximum of 9.14 for SES-CD, and
from a minimum of 0.63 to a maximum of 2.13 for UCEIS. When
clustered for disease activity, the concordance is between 14% and
85% for SES-CD, and between 37.5% and 75% in UCEIS.
FIGURE 2. Agreement of singular reader with adult gastroenterologist. SES

Colitis Endoscopic Index of Severity.

4

DISCUSSION
This study indicates that a large variability exists between

pediatric endoscopists while using endoscopic scoring systems of
IBD disease activity. The item, which showed the highest repro-
ducibility was the vascular pattern in UC score. It was not possible
to identify any readers’ characteristics affecting the overall ability
to use IBD scores.

Reproducibility is an essential requirement to provide quality
in endoscopy; this is particularly true in the field of IBD, consider-
ing that the state of mucosal inflammation might not be easily
assessed in an objective manner, and it affects therapeutic decision-
making. Despite being widely validated, scoring systems are usu-
ally difficult to be calculated on recorded images or videos, as the
indirect evaluation extremely increases the variability and subjec-
tivity of operators’ assessments. For this reason, clinical trials
usually apply a central reading to reduce variability (24,25). Recent
discussion has, however, emphasized the role of reliable scoring as
a goal for improving clinical practice (26).

Recent studies have evaluated interobserver agreement in
IBD endoscopic scores, in particular, one derived from a large
clinical trial (25). In this study, IOA for CDEIS and SES-CD was
very high, with values above 0.75 for both scores at any time-point
(baseline, 12 and 52 weeks). Those values are remarkably high
compared with ours but they have been produced in a well-defined
clinical trial setting and by involving highly experienced IBD
endoscopists. Our study focused on a cohort of pediatric endosco-
pists in a real practice setting, thus not strictly requiring high levels
of expertise. Furthermore, another possible explanation of our lower
results is readers of the mentioned trial were aware of the patients’
medical history.

An important effort in evaluating IOA in IBD scores
in clinical practice was made by the Italian group of study in
-CD¼ Simple Endoscopic Score for Crohn Disease; UCEIS¼ Ulcerative

www.jpgn.org
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IBD (IG-IBD) (16,17). In an article published in 2014, Mayo score
was used to evaluate UC resulting in an ICC of 0.53 and 0.51, for
experienced and unexperienced endoscopists in IBD, respectively.
For CD cases, they showed an important difference in ICC of SES-
CD between experts and nonexperts, with values accounting for
0.93 and 0.68, respectively (16).

The same group published another work focusing on the
impact of training on reading ability of endoscopists without
specific experience in IBD. Results were encouraging, with an
increase in IOA for Mayo score from 0.51 to 0.76, after a training
program. Unfortunately, the analysis for CD was only made at
baseline, showing an ICC of 0.77 when using SES-CD.

A possible explanation of the difference between our
results with those from previous studies on IOA is determined
by the method used for ICC calculations. Usually, ICC is esti-
mated from a random effects model as a variance partition of
between-objects variance over total variance; however, estimates
of both components show considerable variation depending on the
specific model used to derive them and its assumptions (27). In
the present work, we show that choice of the model can indeed
increase/decrease ICC estimates 2- to 3-fold (Table 2); further-
more, ICC poorly reflects agreement in clinical evaluation as
evaluated by the kappa statistic, especially when the former is
calculated by a linear model. We assume that previous studies on
the topic modelled ICC in the general framework of linear
modelling, yet, based on the nature of endoscopic scores that
are bound in an interval, it seems more sensible to adopt a
binomial model with logit or probit link function. Our data
suggest that calculation of ICC based on the linear framework
may indeed lead to overestimation of the agreement, which would
explain discrepancies between the very high ICC obtained by the
linear model on the raw scores and the much less impressive
values of Fleiss kappa values on the categorized outcome.

Unfortunately, to our knowledge, no comprehensive evalua-
tion of the impact of model choice and data structure on ICC has yet
been performed. A simulation study by Wu et al (28) compared
different methods for ICC estimation on binary data and showed
that its estimate does indeed vary dramatically with estimation
methods but their analysis was not focused on random intercept
binomial models so much as on linear methods and Generalized
Estimating Equations. This makes choice of the appropriate method
and interpretation of ICC in this context problematic. It is, however,
expected that ICC estimates should be consistent when calculation
method is unchanged, which means that, as far as ICC are calculated
by the same method, comparisons between them are still meaning-
ful. In particular, in our results for all cases, IOA turns out higher in
CD than in UC. For the time being, we warn from excessive
confidence in interpreting very high ICC as evidence of very good
agreement in scores on a bound scale, until the reliability of these
calculations is thoroughly tested.

With all the aforementioned limitations, several consider-
ations could be drawn.

First of all, pediatric endoscopists display absolute ICC
values lower than 0.75 and, in some cases, lower than 0.4, leading
to a low IOA. Poor outcomes could be caused by lower experience
of pediatric endoscopists in classifying endoscopic lesions by
validated IBD scores. Adult endoscopists have always faced the
difficult task of grading polypoid formations for the screening of
colorectal cancer, thus they are more familiar with objective
evaluations of lesions. Furthermore many efforts were made to
increase IOA in this specific setting (29–31).

Better Fleiss kappa was shown for patients with milder
activity for both CD and UC (Table 1). Those results are probably
because of a higher exposure of pediatric endoscopists to normal
examinations, which makes easier to score minimal lesions (4).
www.jpgn.org
According to our results, it is difficult to identify the most
specific reason explaining these lower values among pediatricians.
Perhaps, as the current IBD scores have been developed specifically
in an adult setting, pediatricians could face problems in describing
small and more variable lesions that are frequently identified in
pediatric patients. Historically, documentation of endoscopic dis-
ease activity in children remains generally problematic and related
to the operators’ judgment (4). The presence of subtle and discon-
tinuous lesions makes an objective evaluation more challenging and
imprecise for both pediatric and adult endoscopists in children.

Results commented could indicate a need of specific training
in IBD endoscopic scoring for pediatric endoscopists, to achieve a
satisfactory reproducibility. All pediatric endoscopists may undergo
such a training, regardless of their experience in pediatric endos-
copy or IBD. Such training should be focused on pediatric IBD
patients in order to depict specific pattern of lesions presented
in children.

Some limitations of this study should be acknowledged.
First, the small number of centers involved. A recent survey on
Italian pediatric endoscopy, however, showed that only 19 centers
specifically perform endoscopy in children in Italy, thus, our cohort
of 11 sites represents more than 50% of the total available centers in
the country (32). Second, the limited number of analyzed videos
could also affect results. It is, however, very unlikely that increasing
the number of videos would have changed our outcomes, consider-
ing the wide variability presented by participants for each video
(Fig. 1), not affected by readers’ experience or type of analyzed
lesions.

CONCLUSIONS
Pediatric endoscopists show a very low agreement in using

validated endoscopic scores to assess IBD mucosal lesions. On the
basis of adult gastroenterologists’ experience, specific training seems
to improve agreement; thus, national and international pediatric
gastroenterology societies should make an effort in organizing such
a training for pediatric endoscopists. By improving training, it might
be possible to evaluate if endoscopic scores, validated for adult IBD,
are really applicable in children or if specific scores needs to be
implemented in the pediatric clinical practice.
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