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Abstract: (1) Background: Villous atrophy is an indication for small bowel capsule endoscopy

(SBCE). However, SBCE findings are not described uniformly and atrophic features are sometimes not

recognized; (2) Methods: The Delphi technique was employed to reach agreement among a panel of

SBCE experts. The nomenclature and definitions of SBCE lesions suggesting the presence of atrophy

were decided in a core group of 10 experts. Four images of each lesion were chosen from a large

SBCE database and agreement on the correspondence between the picture and the definition was

evaluated using the Delphi method in a broadened group of 36 experts. All images corresponded to

histologically proven mucosal atrophy; (3) Results: Four types of atrophic lesions were identified:

mosaicism, scalloping, folds reduction, and granular mucosa. The core group succeeded in reaching

agreement on the nomenclature and the descriptions of these items. Consensus in matching the

agreed definitions for the proposed set of images was met for mosaicism (88.9% in the first round),

scalloping (97.2% in the first round), and folds reduction (94.4% in the first round), but granular

mucosa failed to achieve consensus (75.0% in the third round); (4) Conclusions: Consensus among

SBCE experts on atrophic lesions was met for the first time. Mosaicism, scalloping, and folds reduction

are the most reliable signs, while the description of granular mucosa remains uncertain.

Keywords: small bowel atrophy; video-capsule enteroscopy; consensus

1. Introduction

Capsule endoscopy (CE) has opened up a new chapter in small bowel (SB) examination
by providing direct visualization of the entire SB mucosa [1].

Currently, small bowel capsule endoscopy (SBCE) and device-assisted endoscopy
(DAE) are valuable tools for evaluating and characterizing SB mucosal changes. SBCE has
been successfully adopted to identify SB bleedings and chronic anaemia of unknown origin.
However, in the last decade, indications for its use have increased. Currently, it is employed
for diagnosing and monitoring Crohn’s disease, as well as for identifying the extent and
the possible malignant complications of unresponsive coeliac disease (CeD) [2–6]. Of note,
preliminary studies suggest that SBCE can be used as a complementary technique to the
histological assessment of CeD and seronegative villous atrophy (SNVA) [7].

Mucosal atrophy itself is an important endoscopic finding and, beyond its role as a
hallmark of CeD, it can be identified in other inflammatory disorders of the SB. Scalloping,
nodularity (also known as granular mucosa), loss of mucosal folds, and a mosaic pattern
are the most commonly recognised endoscopic markers of villous atrophy [8]. These
endoscopic findings suggest the presence of SB mucosal atrophy that is usually, but not
always, associated with CeD [9]. However, the features of SB atrophy at SBCE are not
described uniformly, and currently atrophy signs are mainly identified and verified by
experts [10].

Interobserver agreement for atrophic signs is reported to vary significantly between
SBCE readers. In a study by Rondonotti et al., findings from 32 patients with CeD
and 11 patients with normal duodenal mucosal biopsies were examined by 4 reviewers.
Kappa values for interobserver agreement ranged between 0.56 and 0.87 [11]. In contrast,
Biagi et al. found higher interobserver variability, with kappa values of 0.49, 0.67, and 0.70
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between 3 reviewers reading 32 SBCEs with 26 confirmed CeD, suggesting that experience
is needed in interpreting SBCEs [12]. In a study by Petroniene et al. that examined SBCEs
for 10 CeD patients and 10 controls, interobserver agreement was excellent (κ = 1.00) when
only experienced reviewers were considered, whereas agreement decreased when review-
ers with little prior experience were considered (κ = 0.20) [13]. Interobserver agreement may
also vary according to different CeD characteristics. For example, Murray et al. showed that
overall interobserver agreement was highest (κ = 0.77) for the mosaic pattern in 38 patients
with CeD who underwent SBCE, followed by scalloping (κ = 0.59), fissuring (κ = 0.41), and
villous atrophy (κ = 0.37) [14].

Therefore, as suggested by Jang et al., expertise in reading SBCE with the adoption of
structured terminology for capsule findings would likely demonstrate an improvement in
reader agreement [15,16].

The aim of our study was to reach international consensus among experts regarding
the nomenclature and the description of the main atrophic lesions in SBCE. This effort is
part of a wider initiative of the International Capsule endoscopy REsearch (I CARE) Group
to reach agreement on the nomenclature and the descriptions of CE findings with a Delphi
method-based approach [17–19].

2. Materials and Methods

2.1. Centres and Design

We adopted the Delphi technique to reach an agreement among a panel of European
gastroenterologists working in tertiary referral centres for CE. Particular attention was paid
to the selection of CeD specialists with substantial publications on SBCE and CeD, given
their particular expertise in atrophic mucosal lesions. Additionally, for each participant, we
recorded expertise in CE (e.g., years of activity, number of capsules read per year) as well
as their specific expertise in reading CE from coeliac patients.

We employed web-based questionnaires (Google LLC) to collect the responses of the
expert panel. In addition, we employed a six-point Likert scale (i.e., strongly disagree,
disagree, moderately disagree, moderately agree, agree, strongly agree) to quantify the
agreement of the experts on nomenclature, description, and the matching of proposed
images of atrophic lesions frequently found on SBCE in coeliac patients.

2.2. Delphi Process and Phases

In the first phase, taking into consideration the relatively low prevalence of SBCE in
coeliac patients, we decided to submit the nomenclature and the descriptions of atrophic
lesions to a core group of 10 experts with substantial expertise in CeD, with the aim of
reaching widespread and shared agreement on these definitions (CB, FB, SCZ, SK, LE,
RE, ER, JCS, RS, GET). We set a higher cut-off threshold of 90% of total ‘strongly agree’
and ‘agree’ responses to reach consensus in this core group. This precaution was deemed
necessary to strengthen the acquisitions of this first Delphi round. For each Delphi question,
we collected the core group comments and suggestions on nomenclature and definitions
that were later considered in the following Delphi rounds if the proposed agreement was
not reached.

After consensus on nomenclature and description was reached in the core group, we
collected a set of images of atrophic lesions from a large database of CE photographs (>1200)
of histologically proven atrophic SB mucosa (i.e., Marsh 3 lesions) [20,21]. We submitted
the selected images to a group of 36 endoscopists (including the 10 experts of the core
group). For each group of images, the experts had to decide whether the images fit the
agreed descriptions and nomenclature of the atrophic lesion. In addition, the experts had
to decide if any images did not perfectly match the description or if none matched. In this
second part of the Delphi process, we set a priori a threshold of 80% of the total ‘strongly
agree’ and ‘agree’ responses to meet the definition of consensus. When consensus was not
met, we checked if the opinions of the experts regarding replacement of any picture were
statistically significant (Figure 1).
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‘strongly agree’ and ‘agree’ responses to meet the definition of consensus. When consen-

–19) years’ experience in CE, a mean of 100 (IQR 50–
–

Figure 1. Flowchart of the Delphi process.

2.3. Statistical Analyses

We employed chi-squared analysis to statistically examine our results, considering a
random 50:50 probability of choosing between a positive (i.e., one or some images should
not be considered) and negative (i.e., all the images are suitable) response. If a majority
of the endoscopists gave a positive response, we would consider a 25% probability that a
single selected picture would be defined by chance as not suitable and then looked for any
picture that statistically emerged as not suitable. The author in charge of the selection of
the images (LE) took these results into account and accordingly changed the proposed set
of images in the following Delphi round.

Any statements or any set of pictures that did not meet consensus after three Delphi
rounds was considered a failure.

We employed R Studio 4.0.0 (R Core Team (2020). R: A language and environment
for statistical computing. R Foundation for Statistical Computing, Vienna, Austria, https:
//www.R-project.org/) for statistical analyses.

The study was conducted in compliance with the Helsinki criteria and all subsequent
amendments. The data were collected within the framework of standard patient care.
They were treated confidentially, in compliance with the most recent privacy laws at the
European and the national level, and anonymized so that those who analysed the data
were not able to identify patients (protocol number 137/2021).

3. Results

We recruited 36 SBCE experts from 11 countries (i.e., France, Germany, Greece, Ireland,
Israel, Italy, Netherlands, Poland, Spain, Sweden, United Kingdom). Our panel of experts
had a median of 13 (IQR 10–19) years’ experience in CE, a mean of 100 (IQR 50–150) CE
exams annually and a mean of 5 (IQR 2–11) capsule exams of coeliac patients annually.

The core group identified four main atrophic lesions that are frequently found in SBCE:
mosaicism, scalloping, folds reduction, and granular mucosa.

The consensus in the core group (n = 10) on the definitions and the nomenclature of
these findings was met in the second round for mosaicism, scalloping, and folds reduction,
with an overall agreement of 90%, 100%, and 100%, respectively, and in the third round for
granular mucosa, with an overall agreement of 90% (Tables 1 and 2).
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Table 1. Core group agreement for nomenclature and description of common atrophic lesions.

Nomenclature and Description
Agreement in Core

Group (n = 10)
Number of

Rounds

Mosaicism: loss of villous structure with the
presence of non-ulcerated, orthogonally converging

fissures of the small bowel mucosa
9 out of 10 (90%) 2

Scalloping: presence of multiple incisures on the
edge of the small bowel folds (cogwheel appearance)

10 out of 10 (100%) 2

Folds reduction: flattening of the mucosa with
reduction of the folds (<2 field view) in terms of both

height and number
10 out of 10 (100%) 2

Granular mucosa: mucosal surface characterized by
multiple small nodules, rough villous architecture

and edema of the villi
9 out of 10 (90%) 3

Table 2. Core group rating on the nomenclature and description of common atrophic lesions.

Nomenclature
and Description

Numerical Scale/Expert Votes % Agreeing
and Strongly

Agreeing

Number of
RoundsStrongly

Disagree
Disagree

Moderately
Disagree

Moderately
Agree

Agree
Strongly

Agree

Mosaicism 0 0 0 1 5 4 90 2
Scalloping 0 0 0 0 4 6 100 2

Folds Reduction 0 0 0 0 2 8 100 2
Granular Mucosa 0 0 0 1 4 5 90 3

Afterward, we collected the responses of the larger panel of experts on the agreement
between the established nomenclature and the definitions and the proposed selection of
images. The consensus was met in the first round for mosaicism (88.9%), scalloping (97.2%),
and fold reduction (94.4%) (Table 3, Figure 2A–C).

Table 3. Experts group rating on the correspondence between suggested images and core group

definition. Consensus was not reached after three rounds for ‘Granular Mucosa’.

Images

Numerical Scale/Expert Votes % Agreeing
and Strongly

Agreeing

Number of
RoundsStrongly

Disagree
Disagree

Moderately
Disagree

Moderately
Agree

Agree
Strongly

Agree

Mosaicism 0 1 1 2 16 16 88.9 1
Scalloping 0 0 1 0 8 27 97.2 1

Folds Reduction 0 1 0 1 18 16 94.4 1
Granular Mucosa 0 3 1 5 20 7 75.0 3

Granular mucosa did not reach consensus agreement after three rounds and therefore
the Delphi process was halted. In the final round, a global consensus of 75% on the
proposed set of images was reached (Figure 2D). In the analysis of the results for this round,
we found that the experts pointed out that the left upper quadrant image did not match
the given description of granular mucosa (p = 0.001). In post hoc analysis, we looked for
any statistically significant association between agreement on the proposed set of images
of granular mucosa and overall experience in SBCE, the number of SBCEs per year, and
the number of dedicated coeliac SBCEs per year. In particular, we aimed at finding any
differences in judgment among the endoscopists in the upper quartile of these categories
and the rest of the endoscopists. Of note, we found that years’ experience in SBCE and
expertise in reading SBCEs from coeliac patients did not statistically influence decisions on
agreement regarding granular mucosa (p = 0.21 and p = 0.28, respectively). On the contrary,
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the endoscopists in the upper quartile for numbers of SBCEs read per year were more prone
to disagreement than the others, regarding the final set of proposed images for granular
mucosa (p = 0.03).

 

gories and the rest of the endoscopists. Of note, we found that years’ experience in SBCE 

Figure 2. Agreed images representing the endoscopic findings suggestive for villous atrophy: mo-

saicism (A), scalloping (B), folds reduction (C), and granular mucosa (D).

4. Discussion

For the first time, this study has established agreement among 36 experts on the
definitions of the most common atrophic lesions found in SBCE through a Delphi consensus.
This initiative is part of the I CARE Group effort to improve interobserver agreement on CE
through the adoption of shared and agreed nomenclature and definitions of CE findings.

We have found agreement on the terminology (i.e., nomenclature and description) of
all the atrophic items commonly reported in the literature: mosaicism, scalloping, folds
reduction and granular mucosa [8]. Agreement of endoscopic appearance, based on a large
database of histologically proven atrophy (i.e., Marsh–Oberhuber 3) photographs of SBCEs,
was met for scalloping, mosaicism, and folds reduction. Granular mucosa was the only
item that lacked an agreed endoscopic appearance.

Although there is an existing SBCE terminology [16–19,22], there is still a lack of
consensus among experts on the definition and the nomenclature of the most common
features of atrophy. With the increasing use of video CE in coeliac patients, especially
those with refractory disease, the need for standardization of SBCE reading, reporting,
nomenclature and definitions, and the typical appearance of atrophic small bowel lesions
has become apparent [23]. This particular need is going to become even more important in
the next few years, as the use of artificial intelligence (AI) software for endoscopy diagnosis
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is expected to markedly increase. Large CE databases with solid and shared findings
between experts are keystones for effective machine learning and for building precise
and trustworthy AI programs [24,25]. The results of our work have shown that the main
features of atrophic lesions are mosaicism, scalloping, and folds reduction, and they have
rapidly found consensus among readers of SBCEs, even among those who read only a few
CEs of coeliac patients per year. This finding was relatively expected since they are the
most recognizable hallmarks of atrophy [26]. In our study, scalloping showed the highest
level of agreement for nomenclature, definition, and endoscopic appearance. This is in line
with the results of other studies that suggested a strong specificity (99%) and a positive
predictive value (97%) for villous atrophy [27]. For mosaicism and folds reduction, the
current literature is less clear. However, they demonstrated a high diagnostic accuracy
for CeD (98.1%) when associated with scalloping [26]. In our experience, folds reduction
shows a slightly higher rate of agreement for description and endoscopic appearance
than mosaicism. Notably, during the Delphi process, some doubts were raised about the
possibility of finding only a mosaicism pattern without scalloping.

Conversely, the finding ‘granular mucosa’ achieved agreement on its nomenclature
and description in the core group of 10 experts but failed to achieve validation in the
expert group regarding its assignment to 4 typical images. As mentioned earlier, we
found no statistically significant association between agreement on the proposed images
and expertise in SBCE in CeD or years’ experience in SBCE. A theoretical general lack of
specificity and the presence of similar findings in other small bowel diseases (e.g., oedema
in inflammatory bowel disease) may be the main factors that prevented general agreement
on this finding [17]. Notably, in the final Delphi discussion for ‘granular mucosa’, the panel
of experts presented some concerns about the proposed images. They stated that mucosal
changes could be easily mistaken with inflammatory changes or not specific mucosal
alterations. Moreover, this finding shows that expertise in coeliac SBCE is not the key
factor for identifying the most common atrophic lesions, hinting at the possible ease of
reproducibility of our work. With the statistically proven lower agreement in the upper
quartile of endoscopists by numbers of SBCEs, it becomes clear that the main features of
atrophy may be identifiable by experts in SBCE but not necessarily trained in coeliac SBCE.

There are some limitations to this study. The selection of images from one single
database may represent potential subjective bias. However, on the other hand, this par-
ticular feature of the study may be balanced by the verified histological confirmation of
atrophy for each image, which was usually obtained in a specific tertiary referral center. The
web-based process could have a limited discussion and debate on the images. Moreover,
the consensus aimed at providing nomenclature for and definitions of hallmarks of mu-
cosal atrophy rather than esteeming their clinical relevance in terms of severity of atrophy.
Furthermore, a potential limitation in a real-life scenario is that more than a finding can be
present in the same still frame, hindering the possible reproducibility of our work in the
hands of non-expert readers. However, the proposed and accepted images could support
non-expert readers to recognize single hallmarks of atrophy at SBCE.

In conclusion, our international group of SBCE experts has reached consensus on the
nomenclature, description, and identification of atrophic lesions in SBCE. The current study
is an important contribution to achieving higher quality SBCE reading and reporting; and,
it provides a common technique for evaluating coeliac patients—particularly those with
refractory disease—although it must be underlined that atrophy does not always mean
CeD [9]. We strongly suggest the adoption of mosaicism, scalloping, and folds reduction
when describing atrophy in SBCE. The description of granular mucosa remains unspecific,
and it should only be used with caution in centers with a very high volume of SBCEs.
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