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REVIEW

24.36%)

47 3%)

necessary

DIAGNOSIS AND MANAGEMENT OF UPPER
GASTROINTESTINAL INVOLVEMENT IN ADULT
PATIENTS WITH CROHN’S DISEASE: A SYSTEMATIC

Important clinical manifestation of
Crohn’s disease with a median
prevalence of 8.7% (IQR 4.74% —

Asymptomatic upper GI CD is
common with a median
prevalence of 39% (IQR 32.4% -

Symptoms are non-specific and a
high degree of clinical suspicion is

Stomach (median prevalence of 78.5%
(IQR 36.7% - 100%)) is the most
common location for endoscopically
visible lesions followed by the duodenum
(median prevalence of 70.1% (IQR 42.9-
96.4))

N

/

3 Anti-tumor necrosis factor therapies are
effective in treating patients with UGICD

\ There is a need for standardized
definitions to diagnose UGICD and define

treatment outcomes

Clinical Gastroenterology
and Hepatology

BACKGROUND & AIMS:

METHODS:

RESULTS:

CONCLUSIONS:

The diagnosis and management of ileocolonic Crohn’s disease are well-established. In contrast,
standardized guidance pertaining to the diagnosis and management of upper gastrointestinal
Crohn’s disease (UGICD) is lacking, despite its potentially severe consequences. This compre-
hensive systematic review describes the prevalence, clinical presentation, and medical and
surgical management of involvement of the upper GI tract in adult patients with Crohn’s
disease.

A systematic review of available literature was conducted using the search engines Medline,
Cochrane, and Embase, with pre-defined search algorithms. Studies published from 1947 to July
2024 were considered. The review included papers describing both clinical characteristics and
the effectiveness of medical and interventional procedures in patients with UGICD. All included
papers underwent quality appraisal using the Joanna Briggs Institute checklist.

Following screening and full-text review, 47 articles were eligible. The median prevalence of
UGICD was found to be 8.7% (interquartile range, 4.74%-24.36%). Over one-third of patients
with UGICD are asymptomatic, and abdominal pain was the most frequently reported symptom
in symptomatic patients (41%; range, 5%-93%). Endoscopy is the most used diagnostic tool
(96%), with the duodenum being the most common disease location (69%). Accepted defini-
tions of UGICD within each diagnostic modality have not been devised. Anti-tumor necrosis
factor therapy appears to be efficacious for UGICD (overall clinical response, 81%). The current
data are limited by the significant heterogeneity in study design and definitions between
studies, particularly inconsistency in diagnosis and outcome measures used.

We highlight the need for the development of standardized guidance in both diagnosing and
managing UGICD. This work serves as preparation for an international consensus on the
management of UGICD.

Keywords: Crohn’s disease; Duodenum; Esophagus; Stomach; Stricture.

rohn’s disease (CD) is a chronic immune-

In contrast to the well described prevalence of CD

mediated inflammatory disease that primarily
affects the gastrointestinal (GI) tract. CD can occur in
any location along the GI tract with the vast majority
of cases involving the ileum and the colon." The
management of ileocolonic CD is well-established
with numerous society guidelines detailing diagnosis
and medical therapy.”® However, guidance regarding
proximal or upper GI involvement of CD is largely
lacking.

affecting the ileum (26%), colon (35%), and ileocolon
(23%)," the prevalence of upper GI Crohn’s disease
(UGICD) in patients affected by CD remains uncertain,
but ranges from 1% to as high as 75%.”” Additionally, a
significant proportion of patients are asymptomatic, and
the diagnosis of UGICD is made incidentally during upper
endoscopy for a different indication than CD.® UGICD is
clinically relevant, as it can present with severe disease,
leading to an increased risk of local complications such
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as strictures, fistulas, higher rates of hospitalizations, and
surgeries.” Despite this, the understanding of UGICD is
largely hampered by marked heterogeneity in definitions
of and diagnostic modalities for UGICD used in the
existing literature.

There is limited direction regarding UGICD in existing
management guidelines, most of which are tailored to the
pediatric CD population.” Routine upper endoscopy for
asymptomatic adult patients with CD is not currently
recommended, which potentially misses cases."’
Furthermore, UGICD management is not discussed at
all in the European Crohn’s and Colitis Organization
(ECCO) or American College of Gastroenterology (ACG)
guidelines.”’* The only recommendations available are
from an international expert consensus published in
2009, separating UGICD into either a stenotic or non-
stenotic disease.'?

This systematic review aims to create a detailed
comprehensive understanding of the available literature
on UGICD including prevalence, clinical presentation,
diagnosis, and management.

Methods

A systematic review of the literature was performed
according to accepted guidelines and using a pre-specified
study protocol."® This systematic review was registered on
PROSPERO under No. 336765. To conduct this study, we
structured 3 patient, intervention, comparison, and
outcome (PICO) questions concerning the prevalence,
clinical characteristics, and diagnosis and therapy of
UGICD. These are detailed in the Supplementary Methods.

Data Sources and Search Strategy

A systematic search for relevant articles detailing
upper gastrointestinal involvement in adult patients with
CD was conducted using the search engines Medline,
Cochrane, and Embase, with pre-defined search algo-
rithms to include publications from 1947 up to July 2024
with the support of a medical librarian. Detailed infor-
mation about the search strategy as well as keywords
and search engines are included in the Supplementary
Methods. The references of cited articles were screened
to identify additional relevant papers. Subsequently,
publications were uploaded, reviewed, and managed
using the Covidence online software platform (Covi-
dence). Four reviewers were chosen due to the high
number of abstracts, and each abstract was evaluated by
2 assessors. All reviewers underwent an initial training
session, led by NAC, to ensure a standardized under-
standing of the aims of this study as well as all relevant
inclusion and exclusion criteria. Eligible abstracts un-
derwent full-text review, first for eligibility, and then
eligible studies underwent data extraction using pre-
specified collection criteria. Any disagreement regarding
eligibility criteria or studies for extraction was resolved

Clinical Gastroenterology and Hepatology Vol. 24, Iss. 4

What You Need to Know

Background

Diagnosis and management of upper gastrointestinal
involvement in Crohn’s disease (UGICD) remain un-
defined. Patients with UGICD may experience
delayed diagnosis or inadequate care, possibly
resulting in an increased risk of disease-related
complications.

Findings

UGICD is an important clinical manifestation of
Crohn’s disease, with a median prevalence of 8.7%
(interquartile range, 4.74%-24.36%). This system-
atic review highlights the lack of evidence and
heterogenous design of studies describing clinical
characteristics, presentation, diagnostic methods,
medical treatment, and endoscopic or surgical
intervention of patients with UGICD.

Implications for patient care

This is a comprehensive summary of the evidence
for diagnosis and management of UGICD. Knowledge
gaps are identified to facilitate the development of
strategies standardizing the approach to UGICD.

by both NAC and FR. In case of disagreement between
NAC and FR, then FR made the final decision. Inclusion
and exclusion criteria, data extraction, data analysis, and
quality assessment are described in detail in the
Supplementary Methods.

Patient and Public Involvement

Patients were not involved in this study.

Results

The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flowchart can be found in
Figure 1. The initial search resulted in 16,651 abstracts.
Following screening and full-text review, 47 studies were
included in the final literature review and data extraction.
Reasons for study exclusion can be found in Figure 1. The
studies were published between the years 1976 and 2024.
Thirty-two studies (68%) were retrospective, and 15
studies (32%) were prospective (Tables 1 and 2). The
eligible 47 studies included a total of 1730 patients
diagnosed with UGICD.® *'*">° Methods of diagnosis are
detailed in Tables 1, 2 and Supplementary Results.

Prevalence of UGICD

Twenty-four studies provided data regarding the
prevalence of UGICD among patients diagnosed with CD.
These 24 studies included a total of 6054 patients with
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Initial Search 16,651
abstracts
I
|
Screening 15,027
abstracts

1,624 Duplicates removed

!

14,538 irrelevant articles removed

442 studies excluded:
Wrong study design (n=75)
Wrong patient population (n=65)

Full Text Review 489
abstracts
I
v
Studies for Data 47
Extraction publications

Full text not available (n=77)
Less than 3 patients (n=142)
Not english (n=26)

Pediatric study (n=57)

Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) flowchart detailing the screening

process of the systematic review.

CD, of whom 1010 patients (16.6%) had an UGI mani-
festation diagnosed by either endoscopy, histology,
imaging, or a combination of those. The median prev-
alence of UGICD in these studies was 8.66% (inter-
quartile range [IQR], 4.74%-24.36%). We next
considered studies in which all patients underwent
endoscopy, and the median prevalence in these studies
was 28% (IQR, 28%-60%). When considering only
studies that had both endoscopy and histologic
assessment of all patients, the median prevalence was
30.7% (IQR, 28.3%-53.5%).

Patient and Disease Characteristics in the
Eligible Studies

Clinical cohort characteristics of UGICD patients are
summarized in Tables 1-3. Thirty-three studies including
1202 patients reported on sex, and of these, 527 patients
(43.8%) were females. Age at CD diagnosis was docu-
mented in 12 studies, including 417 patients with a
median of 23.1 years (range, 3-77 years). Age at diag-
nosis of UGICD was documented in 27 studies, including
983 patients with a median of 26.7 years (range, 7-77
years). The median interval between initial CD diagnosis
and the diagnosis of UGICD was 3.2 years (range, 0-40
years) (documented in 7 studies, including 248 patients).

Among patients with UGICD, Montreal classification
of location (L1,2,3) and behavior (B1,2,3) of lower GI
CD was reported in 29 studies including 1042 patients,
and 13 studies including 593 patients, respectively.
UGICD location by the Montreal classification (L4) was

mentioned in 18 studies. The most common location of
CD outside of UGICD was found to be ileocolonic dis-
ease (L3) (513 patients [49%]; median prevalence,
51.5% [IQR, 36.7%-66.8%]), and the most common
behavior phenotype was inflammatory disease (B1)
(248 patients [44.4%]; median prevalence, 56% [IQR,
15.6%-66.9%]), followed by stricturing disease (B2)
(225 patients [38%]; median prevalence, 33.3% [IQR,
18%-46.7%]) and penetrating disease (B3) (115 pa-
tients [19.4%]; median prevalence, 14.9% [IQR, 0%-
25%]). Perianal CD was found in 181 patients (39.4%)
with a median prevalence of 35.5% (IQR, 20.8%-
47.2%) (Tables 1-3).

The most common location of UGICD was duodenal
(792 patients [71.8%]; median prevalence, 69.4% [IQR,
41.5%-100%]), followed by gastric (596 patients
[57.4%], median prevalence, 59% [IQR, 31.4%-94.4%])
and esophageal involvement (159 patients [30.8%];
median prevalence, 15.8% [IQR, 7.5%-100%]). Seven-
teen studies, including 478 patients with UGICD, re-
ported combinations of UGICD locations. The most
common combination was gastric and duodenal CD
involvement in 81 patients (17%). Isolated UGICD (no
CD elsewhere in the GI tract) was reported in 81 patients
(7.8%, in 32 studies including a total of 1035 patients).
Different studies provided differing reporting standards
regarding the location of UGICD involvement. Therefore,
there is a discrepancy in the relative prevalence
described in this systematic review. CD behavior in the
UGI tract among patients with UGICD was reported in 31
studies including 954 patients. Inflammatory and
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Table 1. Overview of the Study Design and Patient Characteristics of Patients With UGICD in the Included Studies

Median CD location,” n (%) CD phenotype,” n (%) UGICD location, n (%) UGICD phenotype, n (%)
Median age at
Study No. age at CD  UGICD
Study Study duration, patients No. patients Female, diagnosis, diagnosis,
Reference name design y Country with CD  with UGICD  n (%) y y L1 L2 L3 B1 B2 B3 Esophagus Stomach Duodenum Inflammatory Stricturing Penetrating
1 McKenna et al, 2024 Retrospective: 2 us 40 22 (55) 235 40 (100) 0(0) 39 (97.5) 1(2.5)
observational cohort
= Chen et al, 2024 Retrospective: 8 China 48 6(12.5)  24.02 265 1129 9 21 00 44 483 48 (100) 0(0) 48 (100) 0(0)
observational cohort (18.75) (43.75) 91.7)
2 Zhang et al, 2024 Prospective: 8 China 45 9 (20) 2338 27.22 12 8 22 00 45 0() 45 (100) 0(0) 45 (100) 0(0)
interventional cohort (26.67) (17.78) (48.89) (100)
1 Yang, 2023 Retrospective: case 1.75 China 10 4 (40) 1(10) 2 (20 1(10) 10 (100) 5 (50) 5 (50)
series
18 Graca-Pakulska 2023 Prospective: case- n/a Poland 58 30 1 8 (13.8) 39 38 20 0(0)
control (51.72) (18.9) 67.2) (65.5) (34.5)
1 Chittajallu et al, 2023 Retrospective: 17 us 19 9 (47.4) 19 (100) 0 (0) 19 (100) 0(0)
observational cohort
20 Weng et al, 2022 Retrospective: cohort, 3 China 222 74 14 (18.9) 27 34 (74) 10 (74) 30 50 13 1
case-control 37.8) 67.6) (17.6) (14.9)
20 Sainz et al, 2021 Prospective: 11 Spain 854 81
observational, case-
control
2 Lui et al, 2021 Retrospective: 10 us 39 24 (61.5) 16 25 6 5 26 7(18) 10 21 39 (100) 27 (69.2) 2 (18) 1(2.5)
observational cohort (15.38) (12.82) (66.67) (25.6) (53.8)
1 Zhang et al, 2021 Retrospective: 9 China 54 10 (18.5) 232 27 8 19 21 54 (100) 54 (100) 0(0)
interventional cohort (14.81) (35.18) (38.88)
24 Saadah et al, 2020 Retrospective: 5 Saudi-Arabia 78 19 8 (42) 11 (58) 4 (21) 421 1789 1(6) 1) 3 (16) 16 (84) 9 (47) 2 (10.5) 3 (16)
observational cohort
2 Moon et al, 2020 Retrospective: case- g Korea 811 24 3 (12.5) 27 4 4 16 (66.7) 2(8.33) 10 12 (50) 8 (33) 9 (37.5) 10 (41.67) 14 (58.33)
control (116.7) (116.7) 41.7)
26 Rodrigues et al, 2020 Retrospective: n/a ECCO 40 18 (45) 23 25 9 3 (7.5 24 (60) 22 (55) 8(20) 10 (25) 40 (100) 13 (32.5) 34 (85) 5 (12.5) 1(@2.5)
observational cohort CONFER® (22.5)
27 Lambin et al, 2020 Retrospective: n/a France 52 31 4 (7.69) 12 43 (82.69) 52 (100)
observational cohort (23.07)
28 Sun et al, 2019 Retrospective: 4 China 246 61 326 8(13) 19(31) 52 (85) 0(0) 14(19.2)  10(13.7)
observational cohort
29 Singh et al, 2017 Prospective: 16 us 35 15 25 22 22 16 (45.71) 27 8 11 28 (80) 35 (100)
observational cohort (42.85) (62.85) (62.85) (77) (22.85) (31.42)
8 Farkas et al, 2016 Prospective: 2 China, 180 16 0(0)
observational, cohort Hungary
80 Horje et al, 2016 Prospective: n/a The 108 44 13 6 (13.6) 25 (56.8) 4 (6.7) 45 (75) 41 (68.3)
observational, cohort Netherlands (29.5)
a1 Guo et al, 2016 Retrospective: 4 China 24 4(167) 212 256  3(12.5) 0(0) 20 (83.33) 1(4.17)  3(12.5) 20 (83.33) 24 (100) 0(0)

observational cohort
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Table 1.Continued

Median CD location,” n (%) CD phenotype,” n (%) UGICD location, n (%) UGICD phenotype, n (%)
Median age at
Study No. ageatCD UGICD
Study Study duration, patients No. patients Female, diagnosis, diagnosis,
Reference name design y Country with CD with UGICD  n (%) y y L1 L2 L3 B1 B2 B3  Esophagus Stomach Duodenum Inflammatory Stricturing Penetrating
o Oberhuber et al, 1997 Prospective: 1 Austria 75 40 40 (100) 40 (100) 1(2.5)
observational, case-
control
cJ Yokota et al, 1997 Prospective: 6 Japan 4 28 28 (100)
observational, cohort
° D’Haens et al, 1994 Retrospective: case 12 Belgium 124 14 10 (71.4) 209 253  2(14.3) 1(7) 11 (78.5) 14(100)  2(14) 3 (21.4)
series
0 Sukhabote et al, 1993 Retrospective: 10 Canada 22 12 (54.5) 24.6 13(59) 8(36.3) 2 (9) 1(4.5)
observational cohort
o Tanaka et al, 1986 Prospective: case 10 Japan 12 11 4 (36.4) 26 109 0(0) 10 91) 11 (100) 5 (45.5)
series
%2 Shepherd et al, 1985 Retrospective: case 14 UK 10 4 (40) 30.4 3 (30) 7 (70) 10 (100)
series
3 Degryse et al, 1984 Retrospective: case n/a Belgium 4 3 (75) 29.25 2 (50) 0(0) 2 (50) 4 (100) 2 (50) 1(25) 4 (100)
series
o4 Nugent et al, 1977 Retrospective: 20 us 36 11 (30.5) 27 30 16 7 (19.44) 3 (8.33) 1(2.78) 4(11.11) 36 (100)
observational cohort (44.44)
5 Danzi et al, 1976 Retrospective: case 10 us 14 4 (28.5) 32 3(21.5) 0(0) 9 (64) 11 (78.5) 10 (71.4) 5 (35.7)
series
Summary: n (%); Prospective studies: 15 6054 1730 (16.6); 527 23.1 26.7 321 176 (16.9); 513 (49);51.5 248 225 115 159(30.8); 596 792 (71.8); 303 (55.5); 435 (55);50 34 (6.3);
median prevalence (33) 8.9 (8.3-24) (43.8;  (3-77) (7-77)  (30.8); 14.21 (45- (36.68-66.83) (44.4); (38); (19.4);  15.81 (57.4); 69.38 85 (0-100) (12.5-100) 2.5 (0-
(IQR) 45 25 22) 56 333 149  (7.47- 59 (41.5-100) 4.75)
(30.5- (15.38- (15.58- (18- (0-25)  100) (31.42-
57) 44.44) 66.93) 46.7) 94)

CD, Crohn’s disease; IQR, interquartile range; n/a, not applicable; UGICD, upper gastrointestinal Crohn’s disease; UK, United Kingdom; US, United States.

4Lower Gl location is classified by the Montreal classification of disease (L1, terminal ileum; L2, colonic; L3, ileocolonic).

L ower GI phenotype is classified by Montreal classification of disease (B1, inflammatory; B2, structuring; B3, penetrating).

°ECCO CONFER: The European Crohn’s and Colitis Organisation [ECCO] CONFER [COllaborative Network For Exceptionally Rare case reports]. Countries mentioned in study: Portugal, Poland, Greece, The Netherlands, China,
Switzerland, Germany, Italy, Spain, Israel.
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Table 2. Diagnostic methods

Upper Gastrointestinal Crohn’s Disease in Adults 939

Reference Study name Clinical Endoscopic Histologic Imaging
4 McKenna et al, 2024 No Yes No No
ik Chen et al, 2024 No Yes No No
23 Zhang et al, 2024 Yes Yes No Yes
v Yang, 2023 Yes Yes No Yes
8 Graca-Pakulska 2023 No Yes Yes No
ik Chittajallu et al, 2023 No Yes No No
20 Weng et al, 2022 No Yes Yes Yes
2L Sainz et al, 2021 No Yes No Yes
22 Lui et al, 2021 No Yes Yes Yes
16 Zhang et al, 2021 Yes Yes No Yes
24 Saadah et al, 2020 No Yes Yes No
25 Moon et al, 2020 No Yes Yes Yes
26 Rodrigues et al, 2020 No Yes Yes No
27 Lambin et al, 2020 No Yes No No
28 Sun et al, 2019 No Yes No No
29 Singh et al, 2017 Yes Yes No Yes
8 Farkas et al, 2016 Yes Yes Yes No
& Horje et al, 2016 No Yes Yes No
91 Guo et al, 2016 Yes Yes Yes No
32 Fujiya et al, 2015 No Yes Yes No
33 Patterson et al, 2015 No No Yes No
34 Sakuraba et al, 2014 No Yes Yes No
3s Costa et al, 2014 No Yes Yes No
%6 Lazarev et al, 2013 No Yes No Yes
6 Annunziata et al, 2012 No Yes Yes No
56 Sonnenberg et al, 2011 No No Yes No
° Chow el al, 2009 Yes Yes No No
37 Danelius et al, 2009 No Yes Yes No
! Kuriyama et al, 2008 No Yes Yes No
5 Matsui et al, 2004 No Yes No No
39 Culliford et al, 2004 No Yes Yes No
40 Decker et al, 2001 Yes Yes Yes Yes
4 Rudolph et al, 2001 No Yes Yes No
2 Miehsler et al, 2001 No Yes Yes No
43 Parente et al, 2000 No Yes Yes No
a4 Matsui et al, 2000 No Yes No No
45 Hirokawa et al, 1999 No Yes Yes No
46 Yamamoto et al, 1999 No Yes Yes Yes
& Oberhuber et al, 1997 No Yes Yes No
8 Yokota et al, 1997 No Yes Yes No
9 D’Haens et al, 1994 No Yes Yes No
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Table 2.Continued

Clinical Gastroenterology and Hepatology Vol. 24, Iss. 4

Reference Study name Clinical Endoscopic Histologic Imaging
=0 Sukhabote et al, 1993 No Yes Yes Yes
51 Tanaka et al, 1986 No Yes Yes No
52 Shepherd et al, 1985 Yes Yes Yes Yes
53 Degryse et al, 1984 Yes Yes Yes Yes
>4 Nugent et al, 1977 Yes Yes Yes Yes
55 Danzi et al, 1976 No Yes Yes Yes
Summary: n (%); median 11 (23.4) 45 (95.7) 33 (70) 16 (34)

prevalence (IQR)

stricturing disease were the most common phenotypes
(303 [55.5%] in 17 studies including a total of 546 pa-
tients and 453 [55%] in 25 studies including a total of 789
patients, respectively), followed by penetrating disease (34
[6.3%] in 16 studies including a total of 538 patients).

Clinical Presentation of UGICD

Twenty-five studies provided data on the clinical
symptoms of patients with UGICD. Abdominal pain was the
most frequently reported symptom of UGICD, occurring in
291 patients (40.7%; range, 5%-93%). This was followed
by weight loss in 232 patients (32.5%; range, 25%-83%),
vomiting in 224 patients (31.3%; range, 5%-87.5%) and
nausea in 219 patients (30.6%; range, 5%-87.5%). Other
less common symptoms included dysphagia in 44 patients
(6.15%; range, 9%-66.7%), odynophagia in 35 patients
(4.9%; range, 35%-66.7%), and 38 patients had symp-
toms consistent with reflux (5.3%; range, 5%-35%).
Table 4 summarizes the full spectrum of symptomatic
presentations of UGICD reported in the studies, and a more
detailed description of symptoms in each study are sum-
marized in Supplementary Table 1.

Nine studies reported on asymptomatic UGICD and of
the 234 patients included in these studies, 83 patients
(35.4%) with UGICD were asymptomatic and incidentally
diagnosed by endoscopic or histologic findings alone. The
median age at UGICD diagnosis in asymptomatic patients
was 26.5 years (reported in 5 studies including 136
patients). Given that more than one-third of patients with
UGICD were asymptomatic, we next evaluated the per-
centage of asymptomatic UGICD diagnosed in a general
population of patients with CD. Of the 9 studies, only 2
provided specific information regarding the prevalence
of asymptomatic UGICD. Both studies were prospective
and based on the diagnosis of UGICD through endoscopic
and histologic findings. In the first study by Oberhuber
et al, 28 patients were asymptomatic and underwent
upper endoscopy as part of a staging procedure; of these,
16 (57%) were diagnosed with UGICD.*” Annunziata
et al defined ‘Definite UGICD’ as both macroscopic and
microscopic findings. In this study, of 103 patients

reported as asymptomatic, 46 (44%) were diagnosed as
having UGICD findings: 12 (11.5%) had ‘definite’ UGICD,
and 34 patients (33%) had UGICD by microscopic finding
of focally enhanced gastritis (FEG) only.°

Endoscopic Findings in Patients With UGICD

Forty-five studies (95.7%), including 1233 patients,
based the diagnosis of UGICD on endoscopic findings. Of
these, 35 studies (including 1005 patients with UGICD)
provided information regarding the specific endoscopic
findings of UGICD (esophageal, gastric, or duodenal). The
most common site for CD-related endoscopic findings was
the stomach with gastric findings described in 439 patients
(57.5%) (of a total of 26 studies, including 764 patients)
with a median prevalence of 78.5% (IQR, 36.7%-100%),
followed by the duodenum described in 565 patients (69%)
(of a total of 26 studies, including 820 patients), with a
median prevalence of 70.1% (IQR, 42.9%-96.4%), and
esophageal findings described in 153 patients (34%) (of a
total of 13 studies, including 449 patients), with a median
prevalence of 24.5% (IQR, 13%-100%). The most common
endoscopic findings in all locations were erosions or aph-
thous ulcers, described in 323 patients (58.7%) (median,
57.5%; IQR, 40%-71.4%). Another common finding was the
bamboo joint-like (BJL) appearance of the gastric mucosa,
which was reported in 125 patients (44% of 284 patients,
reported in 6 studies). Strictures were found in 351 patients
(53%) (of a total of 19 studies, including 663 patients;
median, 57.1%; IQR, 12%-100%), most commonly in the
duodenum (median, 81.4%; IQR, 44.3%-95.8%). Table 5
and Supplementary Tables 2a and b provide details of all
the findings observed across all the included studies.

Histologic Findings in Patients With UGICD

Thirty-three studies (70%), including 997 patients,
based the diagnosis of UGICD on a combination of endo-
scopic and histologic findings. Of these, 21 studies,
including a total of 555 patients, provided the specific UGI
locations of the histologic findings. The most common site
for CD-related histologic changes was the esophagus,
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Table 3. Characterization of Patients With UGICD

Upper Gastrointestinal Crohn’s Disease in Adults 941

Table 4. Symptom Prevalence of Patients With UGICD

Weighted Median of Median
mean prevalences prevalences
Criteria® (range) (IQR), % Symptom N (%) (IQR), %
No. patients 1730 Abdominal pain 291 (40.7) 29.25 (0-48.66)
Age at UGICD diagnosis, y 26.7 (7-77) Reflux 38 (5.3) 0 (0-7.5)
Age at primary CD 23.1 (3-77) Dyspepsia 1(0.14) 0 (0-0)
di is, :
1agnosts, y Dysphagia 44 (6.15) 0 (0-6.75)
Sex .

Female 507 (43.8) 45 (30.5-57) Odynophagia 35(4.9) 0(0-0)
Race Nausea 219 (30.6) 0 (0-0)

White 228 (80) 85 (75-92.3) Vomiting 224 (31.3) 0 (0-6.25)

Asian 0 (46) 25 (20-62.5)

Black (1 ) 14 (1 4-1 4) Weight loss 232 (325) 125 (0—59.75)
Ever smoking 125 (21.2) 16.25 (10.0625-39.7975)  Asymptomatic” 83 (35.4) 39 (32.4-47.3)
Primary CD phenotype

Location: 29 studies, NOTE. The percentage of each criterion in each study represents the propor-

1042 patients tion of patients with this symptom among those diagnosed with UGICD in that
L1 321 (30.8) 5 (15.38-44.4) study unless stated otherwise. The mean percentage and median prevalence
L2 176 (16.9) 14 2 (4.5-22) values reflect the total population of UGICD patients included in studies that
L3 513 (49) 51 5 (36.68-66.83) report UGICD symptoms (n = 715). If a study did not mention a specific

b " symptom, it was assumed absent (n = 0; 0%).
B |;14 ior® 13 studi 515 (109) 3(9-30) IQR, interquartile range; UGICD, upper gastrointestinal Crohn’s disease.
ehavior: . studies, 4For asymptomatic UGICD, only studies explicitly addressing this condition

593 patients were considered; studies without relevant data were excluded from the sum-
B1 248 (44.4) 56 (15.6-66.9) mary analysis. A total of 9 studies, including a total of 234 patients are included
B2 225 (38) 33.3 (18-46.7) in these analyses. The percentage of 35.4% is calculated from this sum of 234
B3 115 (19.4) 14.9 (0-25) patients.

P 181 (39.4) 35.54 (25.425-52.125)

EIMs 7 (33.3) 30 (20.75-47.185)

Upper Gl CD phenotype®
Location: 41 studies,
1296 patients

Esophagus 159 (30.8) 15.8 (7.47-100)
Stomach 596 (57.4) 59 (31.4-94)
Duodenum 792 (71.8) 69.38 (41.5-100)
Behavior: 31 studies,
954 patients

B1 303 (55.5) 85 (0-100)
B2 435 (55) 50 (12.5-100)
B3 34 (6.3) 2.5 (0-4.75)

NOTE. Data are presented as number (%) or median (range).

NOTE. Location and disease behavior are divided by the Montreal classification.
CD, Crohn’s disease; EIMs, extraintestinal manifestations; IQR, interquartile
range; P, perianal; UGICD, upper gastrointestinal CD.

aThe percentage of any characteristic is calculated as a division from the sum
of patients with UGICD in all studies referring to this characteristic. for example,
sex distribution is mentioned in 33 studies and is calculated from a total of
1274 patients with UGICD included in these studies.

PThe term "L4" from the Montreal classification was specifically reported in 18
studies, including 869 patients. Among these, 9 studies provided data on 4691
patients with overall CD, of which 515 patients (10.9%) had L4 involvement.
°The percentage of each primary CD behavior is calculated as a division from
the sum of patients in all studies referring to that specific location. For example,
B1 phenotype is described in 12 studies, including a total of 558 patients with
UGICD, and the percentage will refer to this sum of patients.

9The percentage of each UGICD location and behavior is calculated as a
division from the sum of patients with UGICD in all the studies referring
specifically to this location or behavior.

which were observed in 128 patients (57%) (8 studies
including 225 patients) with a median prevalence of 100%
(IQR, 15.75%-100%) followed by the stomach, which was

described in 18 studies including 513 patients, and
observed in 316 patients (61.6%) (median prevalence,
66.3%; IQR, 34.5%-100%). Histologic changes in duo-
denum were observed in 190 patients (52.7%) (11 studies
including 360 patients; median prevalence, 57.5%; IQR,
35.9%-100%). The most common histologic pathology
reported was non-specific chronic inflammation in 359
patients (72%) (14 studies, including 470 patients) with a
median prevalence of 76% (IQR, 46.5%-90.6%). Focal
enhanced gastritis was described in 199 patients (53.8%)
(8 studies including biopsy specimens of 362 patients),
median prevalence of 50% (IQR, 43.8%-71.3%). Granu-
lomas were observed in 174 patients (23%) (24 studies
including 759 patients) with a median prevalence of 18%
(IQR, 6.95%-49.1%) and were found to be most common
in the esophagus followed by the stomach and the duo-
denum. The histologic findings are summarized in Table 6
(see also Supplementary Table 3 for more details). Data
regarding imaging findings in patients with UGICD are
detailed in Supplementary Results.

Treatment of UGICD

Of the 47 studies included in this review, 26 studies
(55%) detailed the treatment of UGICD, with either
medical therapy or interventional procedures such as
endoscopic balloon dilatation (EBD) or surgery. The 26
studies included a total of 812 patients, of which 431
(53%) were males. The average age of diagnosis of
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Table 5. Endoscopic Findings of Patients With UGICD

Total Esophagus Stomach Duodenum
No. No. patients (%); median No. No. patients (%); median  No. No. patients (%); median No. No. patients (%); median
Criteria studies prevalence (IQR) studies prevalence (IQR) studies prevalence (IQR) studies prevalence (IQR)
Location 35 1005 13 153 (34); 24.35 (13.025-100) 26 439 (57.5); 78.5 (36.65-100) 26 565 (69); 70.075 (42.85-96.425)
involvement by
endoscopy”
Lesion observed
on endoscopy”
Erosions/ 17 323 (58.7); 57.5 (40-71.4) 5 60 (18.5); 40 (9.5-71.4) 12 152 (47.05); 39.15 (29.25-45.875) 6 89 (27.5); 36.7 (19-36.9)
aphthous
ulcers
Ulceration 17 101 (19); 23.7 (12.5-29) 5 33 (32.6); 28.5 (17.5-85) 6 18 (17.8); 10.25 (8.125-16.875) 9 33 (32.6); 10.5 (4.7-15)
Stricture 19 351 (53); 57.12 (12-100) 6 24 (6.8); 6.4 (4.45-11.275) 10 73 (20.8); 8.85 (3.2-22.6) 10 255 (72.6); 81.35 (44.285-95.825)
Fistulae 5 13 (1.3); 4.7 (2.5-5) 3 2 (15.3); 1 (0.5-1.75) 1 1 (7.7); 1.3 (1.3-1.3) 2 10 (77); 8.5 (6.6-10.4)

NOTE. Endoscopic findings of UGICD are reported in 45 studies, including 1233 patients with UGICD.

NOTE. For additional details, refer to Supplementary Tables 2a and 2b.

IQR, interquartile range; UGI, upper gastrointestinal; UGICD, upper gastrointestinal Crohn’s disease.
2UGICD endoscopic location involvement: 35 studies, including 1005 patients reported UGICD location involvement based on endoscopic findings. The mean percentage and median prevalence of each UGICD location
involvement were calculated using the total number of patients with UGICD from studies specifically addressing that location. For example, if a study mentioned only the esophageal location without referring to the gastric
location, its total count of patients with UGICD was included solely in the esophageal analysis. Consequently, the sum of 1005 patients is not considered 100%. Additionally, because UGICD location can involve multiple

locations, the combined patient count across all location categories exceeds 1005.

PEndoscopic lesions: The mean percentage of endoscopic lesions is derived from the total number of patients in studies reporting on each specific lesion. The percentage mean for each endoscopic lesion location is based on
the sum of patients with that lesion at each site. Some studies did not specify lesion locations, leading to discrepancies between the total number of patients with a given lesion and the sum across esophagus, stomach, and
duodenum. Because patients can have multiple endoscopic lesions, the aggregated count across lesion types (erosions/aphthous ulcers, ulceration, stricture, fistula) exceeds the total number of patients with UGICD with
endoscopic lesions. For median prevalence analysis of endoscopic lesions location, only studies explicitly reporting these findings were included; studies without relevant data were excluded from the median prevalence

analysis.
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Table 6. Histologic Findings of Patients With UGICD

Total Esophagus Stomach Duodenum
No. No. patients (%); median No. No. patients (%); median No.  No. patients (%); median  No.  No. patients (%); median
Criteria studies prevalence (IQR) studies prevalence (IQR) studies prevalence (IQR) studies prevalence (IQR)
Location involvement 23 611 8 128 (57); 100 (15.75-100) 19 370 (61.7); 66.3 (34.5-100) 11 190 (52.7); 57.5 (35.85-100)
by histology®
Histologic lesions”
Chronic inflammation 14 359 (72); 76 (46.5-90.575) 4 67 (18.7); 73.75 (67.125-81.25) 4 147 (41); 64 (54.6-72.975) 3 95 (26.5); 33.6 (33.3-66.8)
Focal enhanced 8 199 (53.78); 50 (43.81-71.25)
gastritis
Granuloma® 24 174 (23); 18 (6.95-49.125) 4 25 (14.3); 38.55 (18.75-67.825) 13 74 (42.5); 12.6 (5.8-30) 10 41 (23.5); 7.05 (3.8-36)

NOTE. Histologic findings of UGICD are reported in 33 studies, including a total of 997 patients with UGICD.

For additional details, refer to Supplementary Table 3.

IQR, interquartile range; UGI, upper gastrointestinal; UGICD, upper gastrointestinal Crohn’s disease.

2UGICD histologic location involvement: The percentage of UGICD involvement at each histologic location is calculated based on the total number of UGICD patients in studies specifically reporting that location. Consequently,
the sum of 611 patients is not used as a universal denominator (100%). Because UGICD can affect multiple locations, the total number of patients across all 3 location categories exceeds 611.

PHistologic lesions: The mean percentage of histologic findings (ie, chronic inflammation and granuloma) is calculated from the sum of patients in all the studies referring to this specific finding. An histologic finding location is
calculated from the sum of patients with that specific lesion. For median prevalence analysis of histologic findings locations, only studies explicitly reporting these findings were included; studies without relevant data were
excluded from the median prevalence analysis. Some studies did not specify lesion locations within the UGI tract, which is why the total number of patients with the same lesion in the esophagus, stomach, and duodenum does
not always match the overall count of patients with that histologic lesion.

°Granulomas: Some studies reported granulomas with no specific UGI location. This is why the sum of patients with UGICD granulomas is higher than summing up patients with UGICD granulomas with esophageal, stomach,
and duodenal locations.
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UGICD in these patients was 26.7 years. Five of those
studies (19.2%) were conducted prospectively.

Medical Therapy

Details regarding definitions of clinical, endoscopic
and histologic outcomes used in studies investigating the
effectiveness of medical therapies are described in
Supplementary Results.

Efficacy of Medical Therapy in Treating UGICD

Eight studies (including 365 patients) provided details
about patients with UGICD treated with anti-tumor ne-
crosis factor (TNF) therapies. Of these, 5 studies (62.5%,
including 182 patients with UGICD) described the clinical,
endoscopic, or histologic response to therapy as detailed
in Supplementary Table 4. Forty-four patients (27.8%)
had been previously exposed to anti-TNF therapies before
being diagnosed with UGICD. One hundred twelve pa-
tients (66.8%) received anti-TNF therapy after being
diagnosed with UGICD. Thirty-six patients (32%) received
combination therapy of an anti-TNF agent with either
mesalamine or thiopurine therapy. Overall clinical
response to anti-TNF therapies is documented in 98 pa-
tients (81%) (3 studies including 121 patients receiving
this treatment).”?****’ A retrospective multi-center cohort
study by Lambin et al included 60 patients with stric-
turing UGICD. Twenty patients (33%) received anti-TNF
monotherapy, with a clinical efficacy of 70%, defined as
improvement of obstructive symptoms, during a median
follow-up of 6.5 months. Five patients (12%) discontinued
anti-TNF therapies due to adverse events. When esti-
mating surgery-free survival periods after 1 and 5 years of
medical therapy, the authors found that anti-TNF agents
either alone (odds ratio [OR], 0.2; P = .03) or in combi-
nation with immune-modulator therapy (OR, 0.2; P = .03)
reduced need for subsequent surgical intervention.”” A
retrospective observational cohort study by Lui et al in 39
patients with esophageal CD compared anti-TNF therapy
(32 patients) with other biologic therapies (anti-integrin
and anti-interleukin (IL)12/23 in 7 patients) and found
higher rates of clinical response, defined as an improve-
ment of esophageal symptoms (96.8% vs 71.4%; P = .02),
remission, defined as complete symptomatic resolution
(64.5% vs 14.2%; P = .01), and endoscopic response,
defined as an improvement of esophageal findings (94.7%
vs 40.0%; P < .01) in the anti-TNF group.”” A prospective
observational cohort study by Annunziata et al included
19 patients with UGICD and showed that endoscopic
response to therapy, defined as mucosal healing, was
achieved in more patients treated with anti-TNF agents
compared with therapy with mesalamine and thiopurines
(72.7% vs 12.5%; P < .001; respectively).’

Twelve studies, including 342 patients, described the
use of medical therapies other than anti-TNFs and are

Clinical Gastroenterology and Hepatology Vol. 24, Iss. 4

detailed in Supplementary Results and Supplementary
Table 5.

Data describing endoscopic and surgical procedures
in patients with UGICD, and the quality evaluation of
included studies are detailed in Supplementary Results.

Discussion

UGICD is a phenotype of CD that can range from being
asymptomatic to causing debilitating obstructing or fis-
tulizing disease requiring repeated hospitalizations and
surgery. Progress in understanding the natural history of
UGICD, its diagnosis, or treatment have been significantly
hampered by lack of commonly accepted definitions and
treatment endpoints.

In this study, we aimed to answer 3 questions
important to defining and managing UGICD, namely
prevalence, diagnostic methods, and clinical character-
istics and therapy. Our findings suggest that UGICD is
relatively common, with a median prevalence of UGICD
in patients with CD of 8.6% (IQR, 4.74%-24.36%) in
studies that used endoscopy, histology, imaging, intra-
operative assessment, or a combination for diagnosis. Of
note, this prevalence significantly increased when
including studies that included only patients who un-
derwent endoscopy or who underwent endoscopy and
histologic assessment (median prevalence of 28% [IQR,
28%-60%] and 30.7% [IQR, 28.3%-53.5%]; respec-
tively). This difference may be due to the difference in
study designs, particularly lack of uniform inclusion
criteria between the compared studies and missed
UGICD due to being asymptomatic.

Clinical characteristics of patients with UGICD appear
to be comparable to the general patient population with
CD in terms of age of disease onset, disease phenotype,
or location outside of the upper GI tract.”” However, the
data suggest a 4- to 5-year gap between the onset of
primary CD diagnosis and the subsequent diagnosis of
UGICD. It is unclear if this delay is due to true later
UGICD onset or rather a delay in diagnosis, given not all
patients undergo routine upper endoscopy at diagnosis
and UGICD can be asymptomatic. The most common
location of endoscopically visible CD in the UGI tract is
the stomach, followed by the duodenum (median prev-
alence, 78.5% [IQR, 36.7%-100%] and 70.1% [IQR,
42.9%-96.4%], respectively). However, when looking at
histologically diagnosed UGICD, the esophagus was re-
ported as more commonly involved than both the
stomach and duodenum (median, 100% [IQR, 15.8%-
100%] vs 66.3% [IQR, 34.5%-100%] and 57.5% [IQR,
35.9%-100%]; respectively). This can be explained, at
least partially, by the study design of studies describing
histology of esophageal UGICD, which were designed to
describe histologic features in patients with known
esophageal CD as opposed to studies on other locations,
which included broader patient populations with CD.
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The most common histologic finding in patients with
UGICD was nonspecific chronic inflammation, described
in 76.4% of patients (median prevalence, 76% [IQR,
46.5%-90.6%]) and granulomas, seen in 23% of patients
(median prevalence, 18% [IQR, 6.95%-49.1%]). These
findings are similar to the prevalence of histologic fea-
tures in small intestinal CD.”® Additionally, focal gastritis
was described in 55% of patients with UGICD (median
prevalence, 50% [IQR, 43.8%-71.3%]). This feature, pre-
viously described as a typical feature of CD, is more spe-
cific for UGICD after ruling out Helicobacter pylori
infection.”” However, none of the identified histopathologic
features are entirely specific for UGICD, but the presence of
granulomas in the absence of other explaining factors
could be a strong indicator for this diagnosis.

A finding of interest was the presence of endo-
scopically and histologically active UGICD in a
marked proportion of asymptomatic patients with
CD.5%2%26:30,39,40.46,47 11 daed, in the studies specifically
designed to investigate this question, the prevalence of
asymptomatic UGICD patients ranged from 44% to
57%.%*” In addition, and further complicating matters,
most symptoms of UGICD are non-specific and most
commonly include abdominal pain, weight loss, and
nausea or vomiting, all of which are common in the
general population and can also be present in patients
with ileocolonic CD. As such, this makes relying on
symptoms for diagnosis or monitoring UGICD difficult.
At present, society guidelines recommend upper GI
endoscopy in patients with CD only in the case of up-
per GI symptoms,” and the above findings raise the
question of whether routine upper endoscopy and
random biopsies should be performed as part of the
initial workup in all patients with newly diagnosed or
suspected CD. On the other hand, the clinical signifi-
cance and natural history of non-diagnosed UGICD,
particularly non-specific histologic findings, remains
unclear.

Overall, these data provide important answers to the
PICO questions. These data help define the profile of
patients with UGICD and can form the basis of a
streamlined approach to diagnosis of UGICD in patients
with CD. Despite the varying designs and inclusion
criteria used in the studies, the low risk of bias reinforces
the reliability of these findings while identifying gaps in
the literature particularly the need for large and pro-
spectively designed studies.

Outcome measures for response to treatment in pa-
tients with CD without UGI involvement are well-
categorized and defined as highlighted by the recent
STRIDE 1I position paper.®® In contrast, most studies
investigating UGICD were poor in quality with significant
inconsistency regarding inclusion criteria and outcome
measures used. Only 3 of 20 studies describing the
response to medical therapy used an established clinical
activity index.*>***? Clinical activity indices for CD
however have not been established for the UGI location
and hence are not validated in this population.
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Furthermore, endoscopic scores validated for ileocolonic
CD, such as the Simple Endoscopic Score-CD (SES-CD)
and Crohn’s Disease Endoscopic Index of Severity
(CDEIS)"" were not used, and endoscopic assessment
largely relied on the impression of the endoscopist. Only
1 study defined the time to response assessment as 12
weeks for all patients®; all other studies had a wide range
of time to outcome assessment from 8 months to 29
years. This makes it unclear if and how rapidly patients
with UGICD respond to therapy and when to measure
outcomes.

Only 3 studies thoroughly described the effectiveness
of biologic therapy in the setting of UGICD, and all of
these assessed the effectiveness of anti-TNF agents. All
included studies showed anti-TNF therapy to be effective
in UGICD regardless of UGI location, with clinical
response rates of up to 92% noted in esophageal, gastric,
and duodenal disease.”>***” One study also detailed a
mucosal healing rate, defined as a binary variable
assessed by the endoscopist, of 72% in patients with
UGICD receiving primarily infliximab.® Data regarding
the effectiveness of other biologic therapies are largely
lacking. However, one study reported poorer clinical and
endoscopic response rates with anti-integrin and anti-
IL12/23 therapy compared with anti-TNFs.”* No
conclusive results about the clinical or endoscopic
effectiveness of proton pump inhibitors (PPIs), are
described.>!>?326:31,40,42,46,49 o an together, and until
more evidence emerges, these data support the use of
anti-TNF therapy in this clinical setting, particularly in
patients with endoscopically active disease and in those
who need to initiate advanced therapy for lower GI
involvement.

Studies detailing endoscopic therapy in UGICD, pri-
marily EBD, also showed significant heterogeneity
regarding the definitions of outcomes. Short-term tech-
nical success, defined as the passage of the endoscope
following dilatation, was achieved in 94% of cases,
whereas clinical success, defined as symptomatic relief,
was achieved in up to 78% of cases. Meanwhile, these
procedures were associated with a 2.3% complication
rate. These findings are comparable to the rates of suc-
cessful balloon dilatation in the lower GI tract’’ A
notable difference, however, is the high rate of required
repeat procedures (90% over a median interval of 2
weeks to 20 months).' > 192327293140 1t remains un-
clear which patients benefit the most from endoscopic
therapy approaches, which technical approach should be
chosen, and when to perform a repeat dilation.
Furthermore, it is unknown how and when to best
incorporate surgical approach in patients with UGICD,
and if surgery is performed, which type of surgery to
choose.

A meta-analysis on UGICD by Tamizifar et al was
recently published, with similar findings regarding an
UGICD prevalence of 15% among the general population
of patients with CD, and stricturing phenotype as the
more common disease behavior in patients with
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UGICD.®” Our current systematic review includes a more
extensive primary search (14,821 abstracts vs 2940),
resulting in a greater number of studies included (47 vs
32) and uses a strict definition of UGICD as up to the
duodenum as opposed to the ‘L4’ phenotype, which in-
cludes the jejunum and proximal ileum as well. Addi-
tionally, our review more comprehensively summarizes
the current literature on the medical, endoscopic, and
surgical management of UGICD.

This study has several limitations. First, the studies
are heterogeneous in terms of inclusion criteria, study
design, and outcome definition, which limits the quality
of data extracted and the ability to compare studies. The
lack of standardized inclusion criteria and outcome
measures in studies detailing therapeutic effectiveness
also significantly limited the ability to determine true
treatment effects of medications and endoscopic in-
terventions. Second, most studies are retrospective by
design, and although the individual studies were
assessed and complied with the Joanna Briggs Institute
(JBI) appraisal checklist and although the assessed risk
of bias was low, the nature of the included studies im-
plies that there remains a risk of bias in data reporting.
Third, there are no randomized, controlled data and no
standardized outcome definitions in studies detailing
therapeutic effectiveness, limiting the quality of the data
generated. This study does have strengths, including that
it was conducted according to international guidelines
for systematic reviews and no systematic compilation of
the state of the field has been reported prior. This is a
critical step for building progress through a global
stakeholder consensus that then allows for standardiza-
tion in this field. All the studies included used endoscopy,
histology, or both as objective measures for defining
UGICD.

In conclusion, upper GI involvement is a relatively
common manifestation of CD with a relatively high rate
of asymptomatic patients. Although the natural history of
asymptomatic UGICD is uncertain, there should probably
be a lower threshold to performing upper endoscopy in
patients with CD. Although there is a lack of data con-
cerning the use of current medical therapies and incon-
sistency in outcome measures, anti-TNF therapies appear
to be effective in the treatment of UGICD. It is of great
importance to better define all the above to enhance our
understanding of this important clinical entity, provide a
clear framework for future studies, improve the gener-
ation of data, and develop proper treatment algorithms
for UGICD.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2025.03.024.
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