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ABSTRACT - Background — The term inflammatory bowel disease-unclassified (IBDU) is used when an individual has chronic colitis but cannot be sub-

typed into ulcerative colitis (UC) or Crohn’s disease (CD) on the basis of the clinical, endoscopic, imaging and histopathological features. On follow-up
a proportion of patients with IBDU are re-classified as CD or UC. There has been considerable variability in the frequency and reclassification rates
of pediatric IBDU in published literature. Methods — PubMed and Scopus and were searched for publications related to Pediatric Inflammatory Bowel
Disease (PIBD) published between Jan,2014 and July,2021. Two reviewers independently searched and selected studies reporting the frequency of
IBDU and/or their re-classification. The pooled prevalence was expressed as proportion and 95%CI. Meta-analysis was performed using the inverse
variance heterogeneity model. Results — A total of 2750 studies were identified through a systematic search of which 27 studies were included in this
systematic review. The overall pooled frequency of IBDU (n=16064) was found to be 7.1% (95%CI 5.8-8.5%). There was no variation in IBDU fre-
quency by geographical location. Seven studies (n=5880) were included in the IBDU re-classification analysis. Overall, 50% (95%CI 41-60%) children
with IBDU were re-classified on follow-up. Amongst these 32.7% (95% 21-44%) were re-classified to UC and 17% (95%CI 12-22%) were re-classified
to CD. Conclusion — IBDU comprises 7.1% of PIBD at initial diagnosis. Half of these children are re-classified into UC or CD on follow-up with a

higher likelihood of re-classification to UC as compared to CD.

Keywords — Inflammatory bowel disease; unclassified; pediatric inflammatory bowel disease; crohns disease; ulcerative colitis.

INTRODUCTION

Pediatric inflammatory bowel disease (PIBD) denotes a group
of disorders characterized by chronic intestinal inflammation
and it includes Crohn disease (CD), ulcerative colitis (UC), and
inflammatory bowel disease unclassified (IBDU). The term IBDU
is used when an individual has chronic colitis but cannot be sub-
typed into UC or CD on the basis of the clinical, endoscopic,
imaging and histopathological features because of the presence of
overlapping findings. On clinical follow-up, a proportion of these
patients with IBDU are re-classified into UC or CD while others
maintain their IBDU diagnosis as they are transitioned to adult
healthcare services.

There has been considerable variability in the frequency of
pediatric IBDU in published literature. The reason for this variation
is that for a long time IBDU continued to be a poorly defined entity
with no standard diagnostic criteria. In 2009, Prenzel et al. had
carried out a meta-analysis of the frequency of IBDU and found
that it constituted 12.7% of PIBD®". However, most of the studies
included in their analysis did not clearly define how IBDU was
diagnosed. In recent years attempts have been made to standardise
the definition of IBDU with the development and validation of
the revised Porto criteria in 2014 and the PIBD-classes algorithm

in 20179, Hence there is a need for an updated analysis which
includes studies that take into account these diagnostic criteria.

There is also a considerable discordance in the trend of the
reporting of IBDU reclassification rates in literature. It is not clear
that what proportion of patients with an initial diagnosis of IBDU
are re-classified to CD or UC on follow-up.

We aimed to carry out this meta—analysis to 1) Determine the
frequency of IBDU 2) Determine the proportion of children with
IBDU who undergo subsequent re-classification.

METHODS

Search strategy

A literature search was carried out systematically with no
language restrictions using the electronic databases — PubMed
and Scopus for keywords related to the inclusion criteria. There
were no restrictions on the language. Studies published in the year
2014 and beyond were included in the search. The year 2014 was
chosen as the starting point because that is the year the revised
Porto criteria were published.

Search words used were as follows:

Pubmed - (“inflammatory bowel diseases”) AND
(“Pediatrics”[Mesh] OR “Child” [Mesh] OR “Child, Preschool”
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[Mesh] OR “Infant” [Mesh] OR “Adolescent” [Mesh]).

Scopus - (KEY (“inflammatory bowel disease”) AND KEY
(“Pediatric” OR “Children”).

Subsequently the references of the includes studies were re-
viewed for more eligible articles.

Last search for articles was performed on 31st July 2021.

All observational studies on PIBD which included >50 patients
were included. The following criteria were considered while select-
ing the studies:

» We selected studies when the diagnosis of CD, UC and IBDU
was diagnosed using established criteria (Porto/revised Porto
criteria or on similar lines) and included endoscopy, histology
and radiology.

» For IBDU frequency the diagnosis of the initial presentation
was used.

* Only studies in which all consecutive patients of PIBD
presenting to the centre/centres from where the data was
obtained were included.

* Certain publications included study populations with a
considerable overlap with children enrolled in other studies.
In such situations the most recent and/or largest study was
chosen to avoid any duplication. We did not include data from
the EUROKIDS registry and pediatric IBD Porto group as
we included data from individual centres which had been
published separately (some more recently).

* For the IBDU re-classification study only studies with a
minimum follow-up duration of 12 months were included.

Data extraction

Two reviewers independently extracted data using a predeter-
mined criterion. The following data was extracted from each study:
Total number of children with IBD, Number of children with CD,
UC and IBDU in each study and re-classification trend of children
with IBDU. Any discrepancy in data extraction was resolved by
mutual discussion.

Quality assessment

The quality of the studies included was evaluated by the AXIS
tool. The risk of bias was assessed through 20 questions that
evaluated the study’s research design and validity of the results.
Individual questions were assessed as yes (Y), no (N) or unclear (D).

Statistical analysis

The inverse variance heterogeneity model was used for as-
certaining the summary effect in this meta-analysis. The pooled
prevalence was expressed as proportion and 95%CI. The data was
presented in a forest plot. Heterogeneity between studies was as-
sessed using I? values. I? values of more than 75% would indicate
high heterogeneity. A p value of less than 0.05 was considered
indicative of statistically significant heterogeneity. We performed
a sensitivity analyses in which we excluded each study individually
to determine the effect on the test of heterogeneity and the overall
pooled prevalence. Poor quality and outlier studies were considered
for exclusion in sensitivity analysis. Small study effects, which may
be due to a publication bias, was assessed using the Luis Furuya
Kanamori (LFK) index and DOI plot. A value of LFK index <1
is indicative of no symmetry, between one and two indicates minor
symmetry and more than two is indicative of major asymmetry.
Meta-analysis was performed using MetaXL software v5.3 software
(EpiGear International, Sunrise Beach, Australia).
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RESULTS

The search strategy yielded a total of articles of which 27 studies
were included in the final review (FIGURE 1).

Twenty-six studies were included in the IBDU frequency analy-
sis, while seven studies were included in the IBDU re-classification
analysis. The characteristics of the included studies has been
described in TABLE 1.
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FIGURE 1. PRISMA flow diagram depicting the flow of information
through different phases of the systematic review.

IBDU frequency

This analysis included a total of 26 studies comprising of 16064
children with PIBD. The data was obtained from 31 countries [Asia
—six (India, China, Japan, Singapore, Israel, Saudi Arabia), North
America — two (USA, Canada), South America —nine (Argentina,
Mexico, Uruguay, Brazil, Bolivia, Peru, Venezuela, Nicaragua, El
Salvador), Oceania — one (New Zealand ), Europe — 14 (Denmark,
England, Croatia, Czech, Turkey, Italy, Spain, Germany, Austria,
France, Sweden, Scotland, Slovenia, Greece)]. There were no stud-
ies from Africa.

Amongst the included studies, 11 studies were conducted
prospectively while the remaining 15 were a retrospective review
of medical records. Seventeen studies were multi-centre studies.

The overall pooled frequency of IBDU was found to be 7%
(95%CI 5-8%), I*~83% (FIGURE 2). The heterogeneity could
be reduced on a sensitivity analysis by excluding the study by Be-
quet et al. leading to a pooled frequency of 7.1% (95% 5.8-8.5%)
(TABLE 2). The DOI plot to estimate small study effects is given
in FIGURE 3.
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TABLE 1. Characteristics of included studies.

IBDU IBDU
e i) SN E D Gl o D (C) B DUl Co) e DOl R o e s e dian
Period n at diagnosis (male) follow-up
— duration
Aloi M7 2014, Italy, Multicentre
Prospective 2009-2013 506 245 (48.4%) 224 (44.2%) 37 (7.3%) - -
Jakobsen C® 2014, Denmark, 1982 10.9 years
Multicentre Retrospective onward 588 318 (54%) 244 (41.4%) 26 (4.4%) (9.3-14.5) 54% 4.7 years
Hradsky O 2015, Czech —
Prague, Single-centre Prospective 2014 106 31(29.2%) 72 (68%) 3 (2.8%) - - -
Urlep D"?2015, Slovenia,
Multicentre Retrospective 2002-2010 279 105 (7.6%) 167 (59.8%) 7(2.5%) - 1% B
Oliva-Hemker M“Y 2015, USA,
Multicentre Prospective 2002-2012 1928 513 (26.6%) 1305 67.7% 110 (5.7%) - 3.25 years
Cakir M"?2015, Turkey, 10.5+5.7
Multicentre Retrospective 2004-2012 127 90 (70.9%) 29 22.8 8 (6.3%) years 50% —
Buderus $"¥2015, Germany and 11.9 years
Austria, Multicentre Prospective 2004-2014 958 278 29%) 616 64.3 64(6.7%) (0.4-17.6) S1.5% -
Arcos-Machancoses JV1% 2015,
Spain, Single-centre Retrospective 2000-2012 53 19 (35.8%) 31 (58.4%) 3(5.7%) - - -
Dimakou K* 2015, Greece, 8.9 years
Single-centre Retrospective 1981-2011 483 267 (55.2%) 167 (34.5%) 49 (10%) (4.8-13.7) 38.6% —
Schwarz J4® 2017, Czech — 14.1 years
Pilsen, Multicentre Prospective 2000-2015 170 48 (28.2%) 105 (61.7%) 17 (10%) (25-17.7) 53% —
Paul SP"” 2017, UK, Single- 10.1 years 51(34-87)
centre Retrospective 2004-2011 344 119 34.5%) 199 (58%) 26(7.5%) (1.4-16.1) 64% months
Lopez RN"® 2017, New Zealand, 12.7 years
Multicentre Retrospective 2015 212 32(5.1%)  161(75.9%) 19 9% (9.5-14.0) 68.4% -
El Mouzan MI®? 2017, Saudi,
Single-centre Prospective B 52 14@7%) 38 (73%) 0 - - -
Bequet E®” 2017, France,
Multicentre Prospective 1988—2011 1412 343 (24.2%) 1032 (73.1%) 37 (2.6%) - — -
Rinawi F® 2017, Israel, Single- 12.8 years
centre Retrospective 1986-2013 723 188 (26%) 482 (66.6%) 53 (7.3%) 9.5-15.6) 56.6% 6.8 years
Ong C®" 2018, Sinagpore, 13.1 years
Multicentre Retrospective 1994-2015 228 69 (30.3%) 139 (61%) 20®.7%) (IQR 5.53) 5% )
Chandradevan R?? 2018, United 12.51+3.64
States and Canada, Multicentre 2008-2012 1411 — — 136 (9.6%) ’ e;rs. 57.3% 2 years
Prospective ¥
Ziade F*2019, Denmark, 8.6 years
Multicentre Retrospective 1998-2006 235 112 (47.6%) 108 (46%) 15 (6.4%) (3.1-13.5) 80% -
Harris RE®? 2019, Scotland,
Single-centre Retrospective 2017-2018 229 31(13.5%) 181 (79%) 17 (7.4%) N N N
Ashton JJ 2019, UK, Single-
centre Prospective 1997-2017 825 272(32.9%) 498 (60.3%) 55 (6.6%) — — —
Zhang R®® 2020, China, Single-
centre Retrospective 2009-2018 87 25 (29%) 50 (57%) 12 (14%) — — —
IvkoviAf L®” 2020, Croatia, 14.5 years
Multicentre Prospective 2016-2017 51 28 (56%) 19 (38%) 8(15.0) (12.8-16.7) 75% -
Mouratidou N 2020, Sweden, Range 1.3 ¢
Multicentre 1990-2014 4201 2201 (52.3%) 1640 (39%) 360 (8.5%) - - e ?
R i 7.2 years
etrospective
Dhaliwal J*” 2020, Canada,
Multicentre Prospective 2014-2017 1092 316 (30%) 687 (62%) 89 (8%) — - 1 year
Arai K69 2020, Japan, 4.3£5.6
Multicentre Prospective 2012-2015 243 146 (60.1%) 91 (37.4%) 6 (2.4%) years S0% -
Larrosa-Haro A®Y 2020,
Latin America - 9 Countries, 20052016 607  475(78.3%) 104 (17.1%) 28 (4.6%) - -
Multicentre Retrospective
Srivastava A®? 2020, India, 3.3 years
Multicentre Ambispective 2016-2019 325  91(28%)  212(65.2%)  22(6.7%) (IOR 2.3) 67% -

IBD: inflammatory bowel disease; UC: ulcerative colitis; CD: Crohns disease; IBDU: inflammatory bowel disease — unclassified.
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IBDU
Study Prev (95% CI) % Weight
Aloi M 0.07 ( 0.05, 0.10) 3.2
Jakobsen, C. — - 0.04 ( 0.03, 0.06) 3.7
Cakir M 0.06 ( 0.03, 0.11) 0.8
Arcos-Machancoses JV 0.06 ( 0.01, 0.14) 0.3
Buderus S —_—— 0.07 ( 0.05, 0.08) 6.0
Oliva-Hemker M — - 0.06 ( 0.05, 0.07) 12.0
Hradsky, O. - 0.03 ( 0.00, 0.07) 0.7
Urlep, D. — - 0.03 ( 0.01, 0.05) 1.7
Dimakou, K. JE 0.10 ( 0.08, 0.13) 3.0
Paul SP R 0.08 ( 0.05, 0.11) 2.1
Schwarz J 0.10 ( 0.06, 0.15) 1.1
Lopez RN 0.09 ( 0.05, 0.13) 1.3
El Mouzan Ml -— 0.00 ( 0.00, 0.03) 0.3
Bequet E 0.03 ( 0.02, 0.04) 8.8
Rinawi F — - 0.07 ( 0.06, 0.09) 4.5
Ong C - . 0.09 ( 0.05, 0.13) 1.4
Ziade F — = 0.06 ( 0.04, 0.10) 1.5
Harris RE B 0.07 ( 0.04, 0.11) 1.4
Ashton, J.J. — - 0.07 ( 0.05, 0.08) 5.1
Zhang R 0.14 ( 0.07, 0.22) 0.5
IvkoviAl L 0.16 ( 0.07, 0.27) 0.3
Mouratidou N - 0.09 ( 0.08, 0.09) 26.1
Dhaliwal, J. - 0.08 ( 0.07, 0.10) 6.8
Arai, K. [ 0.02 ( 0.01, 0.05) 1.5
Larrosa-Haro, A. —_—— 0.05 ( 0.03, 0.06) 3.8
Srivastava, A. — - 0.07 ( 0.04, 0.10) 2.0
Overall —— 0.07 ( 0.05, 0.08) 100.0
Q=148.84, p=0.00, 12=83% L
0 0.1 02
Prevalence
FIGURE 2. Overall frequency of inflammatory bowel disease — unclassified.
IBDU: inflammatory bowel disease — unclassified.
TABLE 2. Sensitivity analysis — inflammatory bowel disease — unclassified frequency.
Excluded study Pooled prevalence LCI95% HCI95%  Cochran Q P I I’LCI195% I* HCI 95%
Aloi M 0.066 0.050 0.083 148.401 0.000 83.828 77.182 88.538
Jakobsen C 0.067 0.052 0.084 143.393 0.000 83.263 76.306 88.177
Cakir M 0.067 0.051 0.083 148.840 0.000 83.875 77.255 88.568
Arcos-Machancoses JV 0.067 0.051 0.083 148.836 0.000 83.875 77.255 88.568
Buderus S 0.066 0.050 0.084 148.832 0.000 83.874 77.254 88.568
Oliva-Hemker M 0.068 0.051 0.086 145.589 0.000 83.515 76.698 88.338
Hradsky O. 0.067 0.052 0.083 146.127 0.000 83.576 76.792 88.377
Utrlep D. 0.067 0.052 0.083 138.216 0.000 82.636 75.330 87.778
Dimakou K. 0.066 0.050 0.082 140.526 0.000 82.921 75.774 87.960
Paul SP 0.066 0.051 0.083 148.284 0.000 83.815 77.162 88.530
Schwarz J 0.066 0.051 0.082 145.958 0.000 83.557 76.762 88.365
Lopez RN 0.066 0.051 0.082 146.983 0.000 83.672 76.940 88.438
El Mouzan MI 0.067 0.052 0.083 141.069 0.000 82.987 75.877 88.002
Bequet E 0.071 0.058 0.085 90.188 0.000 73.389 60.513 82.066
Rinawi F 0.066 0.050 0.083 148.215 0.000 83.807 77.150 88.525
Ong C 0.066 0.051 0.083 147.134 0.000 83.688 76.966 88.449
Ziade F 0.067 0.051 0.083 148.837 0.000 83.875 77.255 88.568
Harris RE 0.066 0.051 0.083 148.521 0.000 83.841 77.202 88.546
Ashton JJ 0.066 0.050 0.084 148.834 0.000 83.875 77.254 88.568
Zhang R 0.066 0.051 0.082 143.304 0.000 83.252 76.289 88.171
IvkoviA! L 0.066 0.051 0.082 143.867 0.000 83.318 76.391 88.212
Mouratidou N 0.060 0.048 0.073 118.827 0.000 79.803 70.869 85.996
Dhaliwal J 0.065 0.049 0.083 144.823 0.000 83.428 76.562 88.283
Arai K 0.067 0.052 0.083 139.513 0.000 82.797 75.581 87.881
Larrosa-Haro A 0.067 0.052 0.084 144.232 0.000 83.360 76.457 88.239
Srivastava A 0.066 0.051 0.083 148.808 0.000 83.872 77.250 88.566
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FIGURE 3. DOI Plot — IBDU frequency.

IBDU: inflammatory bowel disease — unclassified.

The frequency was significantly lower in prospectively con-
ducted studies as compared to the retrospective ones (5.8% vs
7.6%, P=0.0001). There was no statistical difference between the
multicentre and single—centre studies (6.6% vs 7.5%, P=0.09). The

continent-wise pooled frequency was as follows — Asia — 6.8%,
Europe — 6.9% and North America — 6.5%. (P=0.47) There was
only one publication from South America and Oceania that was
included in the analysis.

When only studies that included patients diagnosed after 2005
i.e. the publication of the Porto Criteria were included then the
pooled IBDU frequency was found to be 6.5%. When only stud-
ies published after 2017 i.e. the publication of the PIBD-classes
algorithm were included then the pooled IBDU frequency was
found to be 7.7%.

IBDU re-classification

Seven studies comprising of 5880 patients (397 IBDU) were
included in this analysis. The median follow- up duration after the
diagnosis of IBDU ranged from 1 year to 6.8 years in the studies
in which this data was available. Overall, 50% (95%CI 41-60%),
12 - 67% were re-classified. Amongst these 30% (95% 18-43%), I
— 83% were re-classified to UC and 20% (95% 11-30%), I> — 77%
were re-classified to Crohn’s disease. (FIGURE 4 A-C).

a)

Prevalence

0.2 0.25 0.3

0.35
Prevalence

0.4 0.45 0.5 0.6

Prevalence

Overall Inflammatory bowel disease — Unclassified (IBDU) re-classified into ulcerative colitis or
Crohns disease on follow-up

Study Prev (95% CI) % W eight
Paul SP 0.38 ( 0.21, 0.58) 5.8
Chandradevan R —a— 0.40 ( 0.32, 0.48) 30.1
Schwarz J 0.76 ( 0.53, 0.94) 3.9
Lopez RN 0.37 ( 0.16, 0.60) 4.3
Oliva-Hemker M . 0.58 ( 0.49, 0.67) 24.4
Rinawi F - 0.55 ( 0.41, 0.68) 11.8
Dhaliwal, J. —_— . 0.56 ( 0.46, 0.66) 19.7
Overall R — 0.50 ( 0.41, 0.60) 100.0
Q=17.92, p=0.01, 12=67% t
0.2 0.4 0.6 0.8

b) Overall Inflammatory bowel disease — Unclassified re-classified into Crohns disease on follow-up
Study Prev (95% CI) % W eight
Paul SP 0.27 ( 0.11, 0.46) 5.8
Chandradevan R — - 0.14 ( 0.09, 0.20) 30.1
Schwarz J 0.35 ( 0.14, 0.60) 3.9
Lopez RN 0.21 ( 0.05, 0.43) 4.3
Oliva-Hemker M —-. 0.18 ( 0.11, 0.26) 24.4
Rinawi F - 0.45 ( 0.32, 0.59) 11.8
Dhaliwal, J. —_—— 0.12 ( 0.06, 0.20) 19.7
Overall e ———— 0.20 ( 0.11, 0.30) 100.0
Q=26.14, p=0.00, 12=77% »

c) Overall Inflammatory bowel disease — Unclassified re-classified into ulcerative colitis on follow-up
Study Prev (95% CI) % W eight
Paul SP 0.12 ( 0.02, 0.27) 5.8
Chandradevan R — . 0.26 ( 0.19, 0.33) 30.1
Schwarz J 0.41 ( 0.19, 0.66) 3.9
Lopez RN 0.16 ( 0.02, 0.36) 4.3
Oliva-Hemker M —_— . 0.40 ( 0.31, 0.49) 24.4
Rinawi F —_—— 0.09 ( 0.03, 0.19) 11.8
Dhaliwal, J. - 0.44 ( 0.34, 0.54) 19.7
Overall —— 0.30 ( 0.18, 0.43) 100.0
Q=35.02, p=0.00, 12=83% |
o 0.1 0.2 0.3 0.4 0.5 0.6

FIGURE 4. A) Proportion of children with Inflammatory Bowel Disease — Unclassified re-classified into Ulcerative colitis or Crohns disease; B) Pro-
portion of children with Inflammatory Bowel Disease — Unclassified re-classified into Ulcerative colitis; C) Proportion of children with Inflammatory

Bowel Disease — Unclassified re-classified into Crohns disease.
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On sensitivity analysis, the exclusion of the study by Rinawi et
al. reduced the heterogeneity. (TABLES 3 AND 4). The resulting
frequency of IBDU re-classified to UC was 32.7% (95%CI 21-44%)
I? — 74.5% and those to CD was 17% (95%CI 12-22%), I>—35%.
Minimal overlap in the confidence intervals in the proportion of
children classified into UC or CD suggested a statistically signifi-
cant difference.

The DOI plot to estimate small study effects is given in
FIGURE 5 A-C.

Risk of bias assessment

The risk of bias assessment of the studies included in the
meta-analysis has been summarised in TABLE 5. No studies were
excluded because of poor quality.

TABLE 3. Sensitivity analysis — re-classification of inflammatory bowel disease — unclassified to ulcerative colitis.

Pooled 2 2 2
Excluded study prevalence LCI 95% HCI 95% Cochran Q P I I LCI 95% I HCI 95%
Paul SP 0.308 0.183 0.442 30.119 0.000 83.399 65.234 92.073
Chandradevan R 0.313 0.154 0.484 33.638 0.000 85.136 69.518 92.752
Schwarz J 0.292 0.165 0.428 33.876 0.000 85.240 69.772 92.793
Lopez RN 0.302 0.174 0.440 33.296 0.000 84.983 69.146 92.691
Oliva-Hemker M 0.264 0.128 0.414 28.012 0.000 82.151 62.097 91.594
Rinawi F 0.327 0.218 0.443 19.670 0.001 74.581 42.262 88.809
Dhaliwal J 0.263 0.138 0.401 25.250 0.000 80.198 57.107 90.858
TABLE 4. Sensitivity analysis — re-classification of inflammatory bowel disease — unclassified to Crohns disease.
Pooled 2 2 »
Excluded study prevalence LCI 95% HCI 95% Cochran Q P 1 I LCI 95% I HCI 95%
Paul SP 0.194 0.099 0.300 25.177 0.000 80.141 56.958 90.837
Chandradevan R 0.225 0.114 0.348 21.697 0.001 76.956 48.617 89.665
Schwarz J 0.192 0.103 0.292 23.727 0.000 78.927 53.808 90.387
Lopez RN 0.197 0.102 0.304 26.063 0.000 80.816 58.696 91.090
Oliva-Hemker M 0.203 0.086 0.336 25.952 0.000 80.734 58.486 91.059
Rinawi F 0.170 0.121 0.223 7.753 0.170 35.509 0.000 74.216
Dhaliwal, J. 0.217 0.110 0.337 21.964 0.001 77.236 49.359 89.767
A B UC Reclassified
LFK mdelzn—?. 1"82(‘;7\::::2:mme!ry) LFKindex -0.42 (No asymmetry)
02| e Q’-. Z—j ?
Wl e Y o
0.8 0 '-,_. Z:: o Q
I 5. e -
“u g RV
N o
c CD Reclassified
LFK index: 2.45 (Major asymmetry)
13;

FIGURE 5. DOI plots A) Overall IBDU re-classified. B) IBDU re-classified into CD. C) IBDU re-classified into UC.
UC: ulcerative colitis; CD: Crohns disease; IBDU: inflammatory bowel disease — unclassified.
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TABLE 5. Risk of bias assessment.

Authors 1 2 3 4 5 6 7 8§ 9 10 11 12 13 14 15 16 17 18 19 20
Zhang R Y Y DY DY N Y Y Y Y Y D D Y Y Y Y N D
Ziade F Y Y N Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Paul SP Y Y N Y Y Y D Y Y Y Y Y D D Y Y Y Y N D
IvkoviAi L Y Y D Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Chandradevan Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Schwarz J Y Y N Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Cakir M Y Y DY Y Y D Y Y Y Y Y N D Y Y Y Y N Y
Aloi M Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Arcos-Machancoses Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Lopez RN Y Y N Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Buderus S Y Y N Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
El Mouzan MI Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Bequet E Y Y N Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Oliva-Hemker M Y Y N Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Rinawi F Y Y D Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Mouratidou N Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Harris RE Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Ashton, J.J. Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Dhaliwal, J. Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Arai, K. Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Larrosa-Haro, Y Y D Y Y Y D Y Y Y Y D D D Y Y Y Y N Y
Srivastava, A. Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Jakobsen, C. Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Hradsky, O. D Y N Y Y Y D Y Y D Y Y D D Y Y Y Y N Y
Utlep, D. Y Y N Y Y Y D Y Y Y Y Y D D Y Y Y Y N Y
Ong C Y Y DY Y Y D Y Y Y Y Y D D Y D Y Y N Y
Dimakou, K. Y Y DY Y Y D Y Y Y Y Y D D Y Y Y Y N Y

Y: yes, N: no; D: unclear.

1) Were the aims/objectives of the study clear. 2) Was the study design appropriate for the stated aim(s). 3) Was the sample size justified. 4) Was the target/reference population clearly defined?
(Is it clear who the research was about?) 5) Was the sample frame taken from an appropriate population base so that it closely represented the target/reference population under investigation.
6) Was the selection process likely to select subjects/participants that were representative of the target/reference population under investigation. 7) Were measures undertaken to address and
categorise non-responders. 8) Were the risk factor and outcome variables measured appropriate to the aims of the study. 9) Were the risk factor and outcome variables measured correctly using
instruments/measurements that had been trialled, piloted or published previously. 10) Is it clear what was used to determined statistical significance and/or precision estimates? (e.g. p-values,
confidence intervals). 11) Were the methods (including statistical methods) sufficiently described to enable them to be repeated. 12) Were the basic data adequately described. 13) Does the response
rate raise concerns about non-response bias. 14) If appropriate, was information about non-responders described. 15) Were the results internally consistent. 16) Were the results presented for all
the analyses described in the methods. 17) Were the authors” discussions and conclusions justified by the results. 18) Were the limitations of the study discussed. 19) Were there any funding

sources or conflicts of interest that may affect the authors’ interpretation of the results. 20) Was ethical approval or consent of participants attained.

DISCUSSION Data from our analysis also suggests that the previously held
perception that IBDU is — 2 fold commoner in PIBD as compared
Our meta-analysis found that in studies published after 2014, to those with an adult-onset may not hold true. IBDU frequency in
7.1% children with childhood onset IBD are given a label of IBDU  adults has remained constant over the last few decades despite the
at initial diagnosis. This has considerably decreased as compared  availability of better diagnostic modalities®. It is likely that IBDU
to reports published in the early 2000s where it constituted — 13%  frequency is similar in both children and adults and previously
of all PIBD!"¥. Clearer diagnostic criteria and a more complete  reported higher rates in children were simply a result of a higher
initial diagnostic assessment because of access to better diagnostic ~ rate of incomplete initial assessment.
tools are potential reason for this occurrence. The frequency of It was found that on follow-up investigations 50% of children
IBDU was lower in prospectively conducted studies which is likely ~  are re-classified into UC or CD. With such a high re-classification
areflection of a comprehensive initial assessment because of more  rate, it is prudent that the threshold for re-evaluating patients
stringent diagnostic criteria and a protocolized approach. with IBDU with a repeat endoscopy and/or imaging should be
IBDU rates were not affected by geographical location. This ~ low especially if symptoms are persistent or the follow-up clini-
indicates that even in areas with a low IBD prevalence the frequency ~ cal/laboratory parameters suggest a likelihood of CD or UC. The
of IBDU remains constant. EUROKIDS registry which included data from 20 centres across
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Europe between the years 2005-2013 found that prevalence of
IBDU reduced from 7.7% to 5.6% after re-investigations during
a median follow-up of 5.7 years. However, in this study only half
(48%) of patients initially classified as IBDU had undergone a
complete diagnostic workup. Furthermore, only a limited number
of patients were completely re-evaluated (endoscopy in 54%, and
a repeat radiological evaluation in 38%) on follow-up and it is
conceivable that if more patients would have been re-evaluated
then more might have been re-classified®.

The overall re-classification rate observed in this study is much
higher than the report by Birimberg-Schwartz et al. who have recently
reported a reclassification rate of 21%?. A short follow-up duration
(median 2.8 years) in the study by Birimber-Schwartz could be a
possible reason for this occurrence. Previous pediatric studies have
demonstrated a median time to reclassification of — 6 years®.

Data from this meta-analysis suggests that the likelihood of re-
classification of IBDU to UC is higher. Patients with IBDU should
be managed on the lines of UC rather than CD. In a recent large
multicentre retrospective longitudinal study of 797 pediatric IBD
patients with isolated colitis comprising of 250 children with CD,
287 with UC, and 260 with IBDU it was found that the discase
course of IBDU is in general mild and more in sync with UC than
CD®©. It was observed that — 17% of children with IBDU are also
re-classified into CD and it is important to identify this subset early
so that their treatment is not delayed. The over-liberal use of the
term “backwash ileitis” should be avoided at the initial diagnosis
and on follow-up a close — eye should be kept on those with a fa-
milial history of CD, hypoalbuminemia at diagnosis and the need
for nutritional support during follow-up as these factors have been
found to be predictors of re-classification to CD®,

The strength of our meta-analysis is that it is updated, includ-
ing all relevant studies from across the globe published before
July, 2021. Most children were diagnosed in large tertiary pediatric
referral centres. Only studies in which the diagnosis of IBDU was
based on an accepted diagnostic criteria were included.

Limitations include the fact that none of the included studies
used the recently validated PIBD-classes algorithm to classify their
IBD patients as IBDU®. In the future there would likely be the
need for an updated meta-analysis that includes patients in which
this criteria have been used to identify patients with IBDU. We
could not stratify the prevalence of IBDU by age-group as this
data was available only in a small number of studies. There is also
a variability of the follow-up duration in the studies included in
the analysis and it is possible that studies with a shorter follow-up
duration might have under-reported the proportion of IBDU re-
classified on follow-up. A definitive attempt to reclassify (i.e. repeat
assessment) all patients was not made in the studies included in
the re-classification analysis. These included studies represent “real
world” data where attempts to re-classify are made only when the
follow-up clinical, laboratory parameters or imaging suggests a
likelihood of CD or UC. There is a need for a prospective proto-
colized follow-up study of patients with IBDU which would give
the true rate of re-classification. Another limitation was significant
heterogeneity among the studies included which we tried to elimi-
nate with a sensitivity analysis.

To conclude, IBDU comprises 7.1% of PIBD at initial diag-
nosis. Half of these children are re-classified into UC or CD on
follow-up with a higher likelihood of re-classification to UC as
compared to CD.
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RESUMO - Contexto — O termo doenga inflamatoria intestinal ndo classificada (DIINC) é usado quando um individuo tem colite cronica, mas nao pode

ser sub tipificado em colite ulcerativa (UC) ou doenga de Crohn (DC) com base nas caracteristicas clinicas, endoscopicas, de imagem e histopatologicas.
No acompanhamento, uma proporgao de pacientes com DIINC sao reclassificadas como DC ou UC. Houve consideravel variabilidade nas taxas de
frequéncia e reclassificagdo de DIINC pediatrico na literatura publicada. Métodos — Foram procuradas publica¢des no PubMed e Scopus relaciona-
das a doenga inflamatodria pediatrica intestinal publicadas entre janeiro de 2014 e julho de 2021. Dois revisores pesquisaram e selecionaram estudos
independentemente relatando a frequéncia da DIINC e/ou sua reclassificagdo. A prevaléncia agrupada foi expressa em proporgao e para IC95%. A
meta-analise foi realizada utilizando o modelo de heterogeneidade de variancia inversa. Resultados — Foram identificados 2.750 estudos por meio de
uma busca sistematica, dos quais 27 estudos foram incluidos nesta revisao sistematica. A frequéncia total agrupada da DIINC (n=16064) foi de 7,1%
(1C95% 5,8-8,5%). Nao houve variagao na frequéncia da DIINC por localizagdo geografica. Sete estudos (n=5880) foram incluidos na analise de
reclassificagao da DIINC. No geral, 50% (1C95% 41-60%) foram reclassificadas no seguimento. Entre esses 32,7% (95% 21-44%) foram reclassificados
para UC e 17% (I1C95%12-22%) foram reclassificados para DC. Conclusdo — DIINC compreende 7,1% da doenga inflamatoria pediatrica intestinal
no diagnostico inicial. Metade dessas criangas sao reclassificados em UC ou DC no seguimento com maior probabilidade de reclassificagdo para UC
em comparagao com o DC.

Palavras-chave — Doenga inflamatoria intestinal; nao classificado; doenga inflamatoéria intestinal pediatrica; doenga de Crohn; colite ulcerativa.
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