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ABSTRACT

Background: The Montreal classification has been widely used in Crohn's disease since 2005 to categorize patients by the age
of onset (A), disease location (L), behavior (B), and upper gastrointestinal tract and perianal involvement. With evolving
management paradigms in Crohn's disease, we aimed to assess the performance of gastroenterologists in applying the Montreal
classification.

Methods: An online survey was conducted among participants at an international educational conference on inflammatory
bowel diseases. Participants classified 20 theoretical Crohn's disease cases using the Montreal classification. Agreement rates
with the inflammatory bowel diseases board (three expert gastroenterologists whose consensus rating was considered the gold
standard) were calculated for gastroenterologist specialists and fellows/specialists with < 2 years of clinical experience. A
majority vote < 75% among participants was considered a notable disagreement. The same cases were classified using three
large language models (LLMs), ChatGPT-4, Claude-3, and Gemini-1.5, and assessed for agreement with the board and gas-
troenterologists. Fleiss Kappa was used to assess within-group agreement.

Results: Thirty-eight participants from five countries completed the survey. In defining the Montreal classification as a whole,
specialists (21/38 [55%]) had a higher agreement rate with the board compared to fellows/young specialists (17/38 [45%]) (58%
vs. 49%, p = 0.012) and to LLMs (58% vs. 18%, p < 0.001). Disease behavior classification was the most challenging, with 76%
agreement among specialists and fellows/young specialists and 48% among LLMs compared to the inflammatory bowel diseases
board. Regarding disease behavior, within-group agreement was moderate (specialists: k = 0.522, fellows/young specialists:
k = 0.532, LLMs: k = 0.577; p < 0.001 for all). Notable points of disagreement included: defining disease behavior concerning
obstructive symptoms, assessing disease extent via video capsule endoscopy, and evaluating treatment-related reversibility of the
disease phenotype.

Conclusions: There is significant inter-rater disagreement in applying the Montreal classification, particularly for disease
behavior in Crohn's disease. Improved education or revisions to phenotype criteria may be needed to enhance consensus on the

Montreal classification.

1 | Introduction

Crohn's disease (CD) is a chronic inflammatory condition that
can affect the entire gastrointestinal tract, leading to tissue
damage and complications such as fistulas, abscesses, and bowel
obstructions [1]. At diagnosis, 26% of CD patients present with a
complicated disease phenotype, increasing to 48% at 5 years and
70% at 10 years [2]. Early age at diagnosis [3-5], fibro-stenotic
[3, 5] or penetrating [5, 6] disease behavior and involvement
of the proximal small bowel (SB) [7] have been proven to predict
CD-related complications and future intestinal resections.

The Montreal classification [8, 9], developed in 2005 as a revision
of the Vienna classification [10], is the most widely used system
for CD. It includes three key parameters: age at onset, disease
extent, and behavior, with two modifiers for upper gastrointes-
tinal tract (GIT) and perianal involvement. Disease behavior is
considered permanent unless progression occurs, and it is rec-
ommended to determine it no earlier than 5 years post-diagnosis
[9]. A recently published study [11] showed that using a revised
bidirectional version of the Montreal classification reduced the
number of patients classified with complicated disease (B2/3) at
5 years to 10%, compared to 42% with the traditional unidirec-
tional system. Notably, patients with complicated CD have a

higher risk of disease-related complications and increased life-
time medication use [3, 6, 12]. Thus, a more intensive manage-
ment approach may be warranted, making uniform and
consistent disease classification among gastroenterologists
essential [12].

Since the introduction of the Montreal classification [9], treat-
ment and monitoring paradigms for CD have evolved signifi-
cantly. Previously, clinical features and ileo-colonoscopy findings
were the primary basis for classification as imaging studies were
less accessible. However, ileo-colonoscopy may miss up to 20% of
cases due to technical issues that preclude ileal intubation [13] or
diseases beyond its reach [14]. Today, computed tomography
enterography (CTE), magnetic resonance enterography (MRE),
intestinal ultrasound (IUS), and video capsule endoscopy (VCE)
are widely used and may influence disease classification. Addi-
tionally, advanced therapies like biologics have shown potential
in reversing bowel damage [15, 16].

Large Language Models (LLMs) are artificial intelligence sys-
tems trained on extensive text data to generate natural language
responses, aiding in patient education and supporting rare
condition diagnoses [17]. However, their clinical application
remains limited, particularly in complex cases requiring human
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Summary

o Summary of the established knowledge on this subject

o The Montreal classification, introduced in 2005 as a

revision of the Vienna classification (1998), is the
most widely used classification system for CD.

o Since the Vienna and Montreal classifications, treat-
ment and monitoring paradigms for CD have evolved
significantly.

o Initially, classification relied on clinical features and
ileo-colonoscopy findings as imaging studies were
less accessible.

o Today, advanced imaging techniques like magnetic
resonance enterography, intestinal ultrasound, and
video capsule endoscopy (VCE) are widely used and
may influence disease classification.

o Large language models (LLMs) show potential for
patient education and aiding in the diagnosis of rare
conditions by generating quick, natural language
responses.

o Significant/new Findings of This Study

o Specialists in gastroenterology (> 2 years of experi-
ence) showed higher agreement with the IBD board
in accurately applying the Montreal classification
than fellows/young specialists (58% vs. 49%,
p = 0.012) and LLMs (58% vs. 18%, p < 0.001).

o Disease behavior classification was the most chal-
lenging, with 76% agreement among specialists/fel-
lows and 48% among LLMs, compared to the IBD
board.

o Major points of disagreement involved defining dis-
ease location using VCE and assigning B2 disease
behavior based on clinical, radiologic, and endoscopic
features.

expertise, and their effectiveness depends on the quality of their
training data [17].

In this study, we aimed to examine the current practical rele-
vance of the Montreal classification among gastroenterologists
with varying levels of expertise in various countries, as well as
its use by LLMs.

2 | Materials and Methods

2.1 | Study Design and Participants

Twenty theoretical CD vignettes were created (Supporting
Information S1), and a Google Form survey was developed. The
survey collected data on country, training level (fellow/specialist
with < 2 years of experience or specialist with > 2 years of
experience), gastroenterology interest (inflammatory bowel
disease [IBD] versus non-IBD), practice type (academic, private,
community), healthcare setting (primary, secondary, tertiary),
practice location (urban/rural), involvement in clinical trials,
and resource availability. Participants were asked to assign the
Montreal classification for each case, including age at onset (Al,
A2, A3), location (L1, L2, L3), disease behavior (B1, B2, B3), and
modifiers for upper GIT (L4) and perianal involvement (P).

On July 10th, 2024, 128 gastroenterologists who participated in
the Five Nations Conference—an international educational IBD
conference held in Porto, Portugal, from May 30th to June 2nd,
2024—received an email invitation to participate in this survey
study. The email included a link to the survey. The five partici-
pating nations were Italy, France, Portugal, Spain, and Israel. The
survey was available until July 20th, 2024. In case participants
missed any questions, or any component of the Montreal classi-
fication, or made double selections in any clinical vignette, we
sent an email after July 20" with the relevant questions asking
them to complete or amend the answers accordingly (only tech-
nical amendments as described above were allowed). For trans-
parency and clarity, the CHERRIES guidelines checklist is
provided in the Supporting Information S1 and includes data
regarding the study survey design, development, participant in-
centives, and security and protection measures.

2.2 | IBD Board

Three IBD experts formed the IBD board (FM, AA, HY). In
cases of discrepancies in the Montreal classification across any
of the clinical vignettes, the board reached a consensus through
a majority vote following a consensus meeting discussion. This
consensus was established as the gold standard for the study.

2.3 | Gastroenterologist Groups

The participating gastroenterologists were divided into two
groups based on their experience. The “fellows/young special-
ists’ group” included gastroenterologists during their fellowship
or training and specialists with up to 2 years of experience. The
“specialists’ group” included gastroenterologists with more than
2 years of experience.

2.4 | Large Language Models

The LLMs group included ChatGPT-4 (OpenAl. [2024], https://
chatgpt.com), Claude-3 (Anthropic. [2023]. Claude [Artificial
intelligence]. https://claude.ai/), and Gemini-1.5 (Google [2023],
https://gemini.google.com), which were accessed between July
10 and 29, 2024. To assess the LLMs' ability to apply the Montreal
classification system, we used a two-part prompt sequence. The
initial prompt “Are you aware of the Montreal classification?”
was followed by “Can you provide the Montreal classification for
these 20 cases?” along with 20 clinical cases from the Supporting
Information S1. This standardized prompt sequence was applied
consistently across all tested LLMs. ChatGPT-4 and Claude-3
provided classifications for all clinical vignettes at once, except
in a single instance (Case 3) where Claude-3 did not provide the B
classification. This case was then submitted separately, and an
eligible answer was obtained. For Gemini-1.5, due to input limi-
tations, we had to modify our approach by presenting the clinical
vignettes individually rather than as a complete set. Each case was
submitted separately to obtain its Montreal classification, in
contrast to other LLMs which could process all 20 cases simul-
taneously. Despite this, the Montreal classification could not be
assigned by Gemini-1.5 in seven out of 20 cases, with the
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classification being deemed not applicable for these specific cases.
Only one submission was made using the LLMs, except for a
single case with Claude-3, as mentioned above. The complete
outputs from all tested LLMs in response to the input prompts are
provided in the Supporting Information S1. A representative
example of the interaction with ChatGPT-4 is illustrated in
Figure S1, which shows a snapshot of the chat interface and
responses.

2.5 | Study Objectives

The following objectives were established for this survey study:

e To examine the agreement rate between the IBD board and
each gastroenterologist group in assigning the Montreal
classification.

e To compare the performance of the gastroenterologist
groups in assigning the Montreal classification using the
IBD board as the gold standard.

e To examine the combined agreement rate of the LLMs with
the IBD board and to compare its performance with the
gastroenterologist groups.

e To assess the agreement within each study group in defining
each of the components of the Montreal classification.

e Tohighlight the notable points of disagreement in classifying
CD patients based on the Montreal classification, defining it
as less than 75% agreement among the survey participants.

2.6 | Statistical Analysis

Dichotomous variables were expressed as proportions. The
agreement rate between the study groups and the IBD board is
presented as proportions. Comparisons between the study
groups were performed using Fisher's exact test, examining the
Montreal classification as a whole and for each of its compo-
nents. Agreement within groups was evaluated using the Fleiss
kappa test for Montreal's components. The level of agreement
was classified as follows: less than 0—poor; 0.01-0.20—slight;
0.21-0.40—fair; 0.41-0.60—moderate; 0.61-0.80—substantial;
0.81-1.00—almost perfect [18]. Fleiss' kappa agreement was
reported along with 95% confidence intervals (CI) to indicate the
effect sizes of the results. We had two out of 760 (0.2%) clinical
cases that were not completed and 16 out of 3800 (0.4%) Mon-
treal components with double selections. These data were
excluded before data analysis. All statistical tests were two-
sided, and a p-value of < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using SPSS soft-
ware (IBM SPSS Statistics for Windows, Version 26; IBM Corp.,
Armonk, NY, USA, 2019).

2.7 | Study Ethics

Since all clinical vignettes in this survey were theoretical,
neither Helsinki approval nor patient consent was required.

3 | Results

3.1 | Survey Participants

Out of 128 invited gastroenterologists, 41 (32%) completed the
survey. Three were considered as IBD board members. Among
the remaining participants (n = 38), 21 (55%) were specialists
with over 2 years of experience, while 17 (45%) were in training
or had up to 2 years of experience. Figure 1 demonstrates the
characteristics of the study participants.

3.2 | Clinical Vignettes

Table 1 details the patients’ baseline characteristics, the Mon-
treal classification (as determined by the IBD board), and the
distribution of diagnostic tools used in the clinical vignettes. Out
of 20 cases, 17 (85%) cases used ileo-colonoscopy, followed by 14
(70%) cases used abdominal cross-sectional imaging, and 4
(20%) cases used SB-VCE.

The distribution of the Montreal classification, as assigned by
the IBD board, is shown in Table 1. Eleven (55%) cases were
classified as having inflammatory (B1) disease behavior, fol-
lowed by six (30%) cases of stricturing (B2) disease behavior and
three (15%) cases of penetrating (B3) disease behavior. Four
(20%) cases were classified as having perianal disease involve-
ment, and six (30%) cases were classified as having upper GIT
involvement.

3.3 | Agreement Rates in the Gastroenterologist
Groups

Using the IBD board as a reference, the specialists had 58% of
correct Montreal classifications compared to 49% for the fel-
lows/young specialists (p = 0.012). As depicted in Figure 2, the
specialists had a significantly better performance in classifying
disease anatomic location (89% vs. 79%, p < 0.001) than the
latter. For all other components of the Montreal classification,
their performance was comparable. Notably, correctly classi-
fying disease behavior was the most challenging, with only a
76% agreement rate observed in both gastroenterologist groups.

3.4 | Gastroenterologist Within-Group Agreement
As detailed in Table 2, the agreement among the specialists was
almost perfect in classifying the age at onset (k = 0.823, 95% CI
0.822-0.823, p < 0.001) and perianal disease involvement
(k = 0.902, 95% CI 0.901-0.903, p < 0.001) and substantial for
defining disease anatomic location (k = 0.749, 95% CI 0.748-
0.750, p < 0.001) and upper GIT involvement (k = 0.655, 95% CI
0.654-0.656, p < 0.001). There was only a moderate agreement
among specialists in classifying disease behavior (k = 0.522, 95%
CI 0.521-0.522, p < 0.001). There was moderate agreement
among fellow/young specialists in defining disease anatomic
extent (k = 0.573, 95% CI 0.572-0.573, p < 0.001), disease
behavior (k = 0.532, 95% CI 0.531-0.533 p < 0.001), and upper
GIT involvement (k = 0.550, 95% CI 0.549-0.551, p < 0.001).
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Characteristics of the study survey participants

100%

100%-
’ 89% 226 87% 87%

80%-
60%-
40%-
20%-
0%

Country Experience Area of Practice Type of Location Participating Availability

interest healthcare of practice inclinical of resources

center trials
FIGURE 1 | Characteristics of the study survey participants. “Specialists with up to 2 years of experience. “Multiple choices were allowed for

assigning the type of practice and healthcare center.

3.5 | LLMs' Agreement Rate

The LLMs had an 18% agreement rate in correctly classifying
the Montreal classification of the study clinical vignettes. The
performance of LLMs in defining the Montreal classification
was significantly inferior to that of both gastroenterologist
groups, except for a numerically higher performance rate of the
fellows/young specialists regarding disease anatomic extent
(Figure 2).

As depicted in Figure 3, the performance of ChatGPT-4 and
Claude-3 in defining the Montreal classification was compara-
ble. Gemini-1.5 had the poorest performance among the LLMs
examined in this study, with significantly lower accuracy in
defining disease location (50% vs. 85%, p = 0.04), upper GIT
involvement (40% vs. 80%, p = 0.02), and perianal involvement
(50% vs. 100%, p < 0.001) compared to ChatGPT-4, and signif-
icantly poorer performance compared to Claude-3 in classifying
perianal involvement (50% vs. 95%, p = 0.003).

In a sensitivity analysis excluding Gemini-1.5, LLMs still per-
formed significantly worse than both gastroenterologist groups in
defining the Montreal classification, especially in classifying age
at onset and disease behavior (compared to specialists only).
However, they showed comparable performance in classifying
upper GIT and perianal involvement (Supporting Information S1:
Table S1).

3.6 | LLMs' Within-Group Agreement

While the agreement within LLMs was moderate regarding age
at onset, disease anatomic location, and disease behavior, there
was a poor agreement regarding upper GIT involvement
(k = —0.036, 95% CI —0.043 to —0.030, p = 0.726) and slight

agreement regarding perianal disease (k = 0.179, 95% CI10.172 to
0.185, p = 0.068), as presented in Table 2.

3.7 | Notable Points of Disagreement in Defining
Montreal classification

There were nine cases with less than 75% agreement on classi-
fying disease behavior (B) and four cases with less than 75%
agreement on classifying disease location (L) and upper GIT
involvement (L4). Details on notable points of disagreement and
the IBD board classification are presented in Table 3. Key dis-
agreements included: assigning disease extent in the proximal
and middle SB tertiles using VCE, defining B2 disease behavior
when the ileocecal valve (ICV) could not be intubated or when
VCE/Patency capsule (PC) retention occurred without strictures
on cross-sectional imaging, determining if fistulizing perianal
disease is B3 disease behavior, and whether jejunal disease
qualifies as upper GIT involvement.

4 | Discussion

In this survey, we assessed the performance of the Montreal
classification of CD among gastroenterologists from various
countries and expertise levels. To our knowledge, this is the first
study to examine its practical relevance in the era of advanced
therapies and diagnostics such as MRE, VCE, and IUS. Disease
behavior (B) was the most challenging to define, showing the
lowest agreement with the IBD board and only moderate
agreement within the survey participants, highlighting the need
to revise the classification to align with current management
paradigms. This is also the first study to assess LLMs in applying
the Montreal classification, revealing their poorer performance
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TABLE 1 | Patients' baseline characteristics, the Montreal
classification (as determined by the IBD board), and the distribution of
diagnostic tools used in the clinical vignettes.

N = 20 (100%)

Demographics
Age, median (IQR) 29.5 (22.0-42.5)
Male, n (%) 7 (35%)
Montreal classification
Age at onset (A), n (%)
Al (< 16 years-old) 2 (10%)
A2 (17-40 years-old) 14 (70%)
A3 (> 40 years-old) 4 (20%)
Location (L), n (%)
L1(Ileal) 9 (45%)
L2 (Colonic) 5(25%)
L3 (Ileo-colonic) 4 (20%)
Disease behavior (B), n (%)
Bl(non-stricturing, non-penterating) 11 (55%)
B2 (stricturing) 6 (30%)
B3 (penetrating) 3 (15%)
Upper GIT involvement (L4), n (%) 6 (30%)
Perianal involvement (P), n (%) 4 (20%)
Inflammatory biomarkers #
CRP mg/dL, median (IQR) 4 (0.35-6.75)

FC pg/g, median (IQR)

Usage distribution of diagnostic tools

825 (248-1025)

Ileo-colonoscopy 17 (85%)
CTE 5 (25%)
MRE 9 (45%)
Gastroscopy 3 (15%)
Pelvic MRI 2 (10%)
1US 1 (5%)

VCE 4 (20%)

Abbreviations: CRP, C-reactive protein; CTE, computed tomography
enterography; FC, fecal calprotectin; GIT, gastrointestinal tract; IQR,
interquartile range; IUS, intestinal ultrasound; MRE, magnetic resonance
enterography; MRI, magnetic resonance imaging; VCE, video capsule
endoscopy.

“In four cases, inflammatory biomarkers were not provided.

compared to gastroenterologists, underscoring the complexity of
accurate application.

Patients with CD who have a complicated disease phenotype
are at a higher risk of experiencing disease-related complica-
tions, including longer hospital stays, abdominal surgeries, and
increased medication use throughout their lives [3, 6, 12].
Consequently, it is reasonable to consider that physicians
might opt for a more intensive management approach for
these patients [12]. In this survey study, we observed consid-
erable disagreement rates across all study groups compared
with the IBD board when assigning disease behavior.

Additionally, the within-group agreement on disease behavior
assignment was only moderate across all study groups, align-
ing with findings from previously published studies evaluating
the performance of the Montreal classification among gastro-
enterologists [19-21].

In this study, we created theoretical clinical vignettes to reflect
the wide range of patients with CD. However, we likely did not
encompass the entire spectrum of disease presentation in this
population. According to the Vienna classification, stricturing
disease is defined as persistent luminal narrowing, as deter-
mined by radiologic, endoscopic, or surgical findings, combined
with pre-stenotic dilation and/or signs or symptoms of
obstruction [10]. The IBD board adhered to the original classi-
fication criteria that emphasized the clinical presentation over
imaging or endoscopy, assigning stricturing disease behavior to
patients following VCE/PC retention only if they exhibited prior
obstructive symptoms. Additionally, patients with endoscopic
ICV stenosis that precluded intubation but had non-stenotic
findings on radiologic imaging were classified as having in-
flammatory disease behavior. These cases led to notable
disagreement among the survey participants in assigning Bl
versus B2 disease behavior. Notably, according to the
CONSTRICT consensus and the STAR Consortium, inability to
pass an adult colonoscope through a narrowed area is sufficient
to define a luminal stricture, and obstructive symptoms are not
required for stricture definition [22, 23].

VCE retention can cause SB obstruction and may require sur-
gery for symptomatic strictures, but its definition is based on an
arbitrary 2-week retention period, regardless of obstructive
symptoms [24]. Similarly, PC retention, or “unpassed PC,” is
defined by 30-33 hour timeframe or detection on abdominal X-
ray, which has only a 50% accuracy rate in locating the capsule
within the SB [24]. This timeframe can be affected by delayed
colonic transit or constipation [25]. However, PC retention has
been shown to predict poor outcomes in quiescent CD,
including increased hospitalizations and the need for surgery
[26]. VCE and PC, introduced after the Vienna and Montreal
classifications, are important for diagnosing and monitoring CD
but may have varying levels of familiarity and availability
worldwide, affecting experience. The increased use of MRE also
underscores the need to reassess and refine disease classification
criteria to align with current diagnostics. However, these tools
present challenges in assigning disease behavior and location, as
our findings show. Accurate definitions are essential to avoid
misclassification.

The appropriate timeframe for accurately classifying the CD
phenotype remains controversial [9]. While 26% of CD patients
are diagnosed with B2/B3 disease at diagnosis, this rate rises
significantly over time, reaching 48% by 5 years and 70% by 10
years post-diagnosis [2]. A 5-year timeframe is recommended for
more accurate classification, but this can leave many CD patients
unclassified early on [9]. Although disease behavior is not the
sole factor, initial classification can significantly impact the de-
cision to implement intensive treatment strategies, which are
crucial for prognosis [27]. A recent study by Bokemeyer et al.
found that a revised bidirectional Montreal classification iden-
tified only 10% of patients with a complicated disease phenotype
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TABLE 2 | The within-group agreement regarding the components of the Montreal classification.

LLM's Fellows/young specialists Specialists

Fleiss Fleiss Fleiss

kappa 95% CI p-value kappa 95% CI p-value kappa 95% CI p-value
Age at onset (A) 0.513 0.508 to 0.518 < 0.001 0.817 0.816t0 0.818 < 0.001 0.823 0.822t00.823 < 0.001
Location (L) 0.528 0.524 t0 0.533 < 0.001 0.573 0.572t00.573 < 0.001 0.749 0.748t00.750 < 0.001
Disease behavior (B) 0.577 0.572 to 0.582 <0.001 0.532 0.531t00.533 < 0.001 0.522 0.521t00.522 < 0.001
Upper GIT —0.036 —0.043 to —0.030  0.726 0.550 0.549 to 0.551 < 0.001 0.655 0.654t00.656 < 0.001
involvement (L4)
Perianal disease (P) 0.179 0.172 to 0.185 0.068 0.930 0.929t00.931 < 0.001 0.902 0.901 to 0.903 < 0.001

Note: The level of agreement was classified as follows: less than 0—poor; 0.01-0.20—slight; 0.21-0.40—fair; 0.41-0.60—moderate; 0.61-0.80—substantial; 0.81-1.00—

almost perfect [17].
Abbreviations: CI, confidence interval; LLMs, Large language models.

at 5 years, compared to 42% with the traditional unidirectional
classification [11]. In this context, the IBD board strongly sup-
ported classifying patients with previously documented stric-
turing or penetrating complications as having a B2/B3 disease
behavior, regardless of their current clinical status. This issue led
to notable disagreement among the survey participants. CRE-
OLE and STRIDENT studies have demonstrated the respon-
siveness of intestinal strictures to biologics, specifically
adalimumab, as evidenced by both clinical and radiological im-
provements [15, 16]. These findings suggest reconsidering the
permanent assignment of disease behavior in CD, especially
given evolving therapies and their impact on disease progression
and management.

Classifying disease location, especially upper GIT involvement,
led to notable disagreements among participants. Nearly 50%
were divided on classification when VCE detected inflammation
in the proximal and middle SB tertiles. While the IBD board
recommended classifying these cases as upper GIT involvement,
many participants indicated ileal disease with or without upper
GIT involvement. This suggests that familiarity with VCE and
its classification implications may be limited among gastroen-
terologists. The Montreal classification does not address VCE,
but typically, inflammation in the first tertile suggests upper
GIT involvement (L4). The SB3 VCE (Medtronic) divides the SB
into three tertiles based on transit time [28], complicating the
exclusion of proximal ileal disease, while the PillCam Crohn's
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capsule (Medtronic) divides the bowel into three anatomical
tertiles [29], potentially offering more precise location assign-
ment, though its accuracy is not yet established.

The definition of upper GIT involvement has shifted from
including any disease proximal to the terminal ileum (Vienna
classification [10]) to excluding involvement distal to the
jejunum (Montreal classification [9]). There was disagreement
among participants regarding the classification of jejunal dis-
ease as L4, though the IBD board endorsed it as upper GIT
involvement. This understanding needs reinforcement, as
proximal disease is associated with a worse prognosis in CD
patients [7]. It should be clarified that upper GIT involvement
can coexist with ileo-(colonic) disease and L4 should be seen as
a modifier for other disease locations [9]. Consistent with Das-
sopoulos et al. [19], the IBD board defined disease location
based on the maximal cumulative extent throughout the disease
course, despite previous recommendations to set it before sur-
gery [9, 10]. Given advancements in diagnostic tools, re-
evaluating this aspect of the Montreal classification could
enhance its utility as a predictive tool.

The Montreal classification remains the most commonly used
system for patients with CD. This classification provides a
comprehensive assessment, including disease behavior, location,
age, and perianal involvement, all of which have prognostic sig-
nificance for patients with CD [3-5, 7]. Additionally, it was
developed through an international consensus process, leading to
widespread acceptance [8, 9]. Almost every study describing the

baseline characteristics of CD patients employs components of
the Montreal classification, which is crucial for standardization
among researchers and readers. However, considering the find-
ings of this study—particularly the gaps and disagreements
among gastroenterologists in applying the Montreal classifica-
tion, as well as advancements in diagnostic tools and biological
therapies for CD [15, 16]—it is essential to refine and modify some
definitions in the Montreal classification to improve patient
management and maximize the benefits of this system.

Using three different LLMs to apply the Montreal classification
revealed poor performance, especially in classifying disease
behavior, compared with the IBD board. Comparing the LLMs
as a whole may be misleading due to Gemini-1.5's inferior
performance. Even when excluding Gemini-1.5 and including
only ChatGPT-4 and Claude-3, their overall performance in the
Montreal classification remained inferior to that of gastroen-
terologists. However, the LLMs performed better in classifying
upper GIT and perianal involvement following Gemini-1.5
exclusion. While ChatGPT-4 and Claude-3 achieved success
rates in some aspects of the Montreal classification similar to
those reported for ChatGPT using the Truelove and Witts clas-
sification in ulcerative colitis (UC) patients (80%) [30], the
complexity of the Montreal classification poses challenges for
LLM accuracy, especially assigning disease phenotype. LLMs
are generally accurate for straightforward questions based on
structured guidelines, such as post-polypectomy surveillance
and colorectal screening in IBD [31, 32]. However, as noted by
Gravina et al., LLMs' performance is limited by insufficient
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TABLE 3

| The notable points of disagreement in defining the Montreal classification of Crohn's disease among the study participants.

Distribution of responses

among participants IBD board classification

Disease anatomic location (L)

1. Inflammation of the proximal
and middle SB tertiles
as detected by VCE

2. A history of past inflammation in the
terminal ileum and current isolated
inflammation of the colon

Disease behavior (B)

1. Failure to intubate the ICV due to
stenosis during ileo-colonoscopy while
cross-sectional imaging shows no stenosis

2. Fistulizing perianal disease while no
other penetrating features

3. Previous features of obstructive or
penetrating disease followed by resolution
of the complicated features with or without
immunosuppressive treatment.

Case 7: No classification
No classification—18 (47%)
Ileal (L1)—20 (53%)

Case 16: (this patient had also a colonic
disease)

Colonic (L2)—22 (58%)
Tleo-colonic (L3)—15 (39%)
No answer—1 (3%)
Case 18:
No classification—22 (58%)
Tleal (L1)—16 (42%)
Case 19: L3
Tleal (L1)—1 (3%)
Colonic (L2)—12 (31%)
Ileo-colonic (L3)—25 (66%)

Case 1: B1
B1—11 (29%)
B2—27 (71%)

Case 5:

B1—14 (37%)
B2—22 (58%)
Missing—2 (5%)
Case 4:

B1—28 (74%)
B3—10 (26%)
Case 6: (history of SBO)
B1—11 (29%)
B2—27 (71%)

Case 17: (History of entero-enteric fistula,
maintaining remission following intestinal
resection with fistulectomy. Recently
presented with a stricture on MRE
that resolved with immunosuppressive
treatment)®
B1—3 (8%)

B2—2 (5%)

B3—31 (82%)

No answer—2 (5%)

Not enough to define B3

B2/B3

Case 20: (stricture by ileo-colonoscopy and

MRE with resolution following
immunosuppressive treatment)

(Continues)
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TABLE 3 | (Continued)

Distribution of responses

among participants

IBD board classification

B1—9 (24%)
B2—27 (71%)

No answer—2 (5%)

4. Capsule retention without stricturing
features upon cross-sectional imaging

Case 9: (PC retention with previously reported
obstructive symptoms)

B1—13 (34%)
B2—24 (63%)

B2 only if previously reported
obstructive symptoms

No answer—1 (3%)

Case 9: (VCE retention without obstructive

5. Intestinal stenosis upon MRE without
pre-stenotic dilation

symptoms)
B1—20 (53%)
B2—18 (47%)

Case 12: B2

B1—9 (24%)
B2—28 (73%)

No answer—1 (3%)

Upper GI tract involvement (L4)

1. Inflammation of the proximal and middle
SB tertiles as detected by VCE

Case 16: L4

Upper GI (L4)—27 (71%)
No—10 (26%)

No answer—1 (3%)

2. Inflammation of the jejunum

Case 12: L4

Upper GI (L4)—25 (66%)

3. History of an ileal-to-jejunal fistula in the
distant past, maintaining remission for
years, and now with terminal ileum disease
involvement.

4. Non specific chronic gastritis with
negative Helicobacter pylori test and no
history of nonsteroidal anti-inflammatory
drug use

Upper GI (L4)—25 (66%)
No—13 (34%)

No—13 (34%)

Case 12: Not enough to define L4

Upper GI (L4)—19 (50%)
No—19 (50%)

Case 15: Not enough to define L4 unless

having CD-related ulcers

Abbreviations: GI, gastrointestinal; IBD, inflammatory bowel disease; ICV, ileocecal valve; SB, small bowel; SBO, small bowel obstruction; VCE, video capsule endoscopy.
“Case 17 was added to this table because there were many double selections regarding disease behavior among the study participants, and we believed this case sparked

considerable debate and controversy.

scientific references and outdated information [33], particularly
in complex medical cases [17], which we believe is reflected in
their application of the Montreal classification. Therefore, the
use of LLMs cannot yet be endorsed for managing CD patients
due to the complexity involved.

This study had several limitations. First, while we aimed to
cover a broad range of CD presentations, ensuring full partici-
pation was challenging. Thus, the survey was designed to be
practical and manageable. Nonetheless, the clinical vignettes
included key aspects of CD and used diagnostic tools not pre-
viously evaluated for Montreal classification. Second, this survey
included a relatively modest number of participants, despite our

initial aim for a larger participant pool. Additionally, 87% of
participants were practicing in tertiary centers. Nonetheless,
this study represents the largest assessment of Montreal classi-
fication performance by gastroenterologists to date. Further-
more, the diverse geographical distribution of participants and
their varying levels of expertise provided a comprehensive rep-
resentation of CD management approaches. Finally, this study
focused exclusively on CD, excluding UC cases, as CD's disease
behavior and location present particular challenges for accurate
classification.

In conclusion, this study highlights the challenges of accurately
applying the Montreal classification to CD patients, particularly
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concerning disease behavior and location, with a specific focus
on the L4 assignment. We identified several points of notable
disagreement in classifying CD patients, emphasizing the sig-
nificant impact of newer diagnostic tools like VCE and the
widespread use of others like MRE. This study underscores the
need for improved education and revisions to some phenotype
criteria to enhance consensus on the Montreal classification.
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