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Abstract

Background: Indeterminate colitis (IC) remains an enigmatic inflammatory bowel disease (IBD)
phenotype. It is currently not clear whether it constitutes merely a problem of terminology,
classification, or possibly an early stage of IBD distinct from Crohn's disease (CD) and ulcerative
colitis (UC).
Methods: We analysed epidemiological data of studies comparing IC, UC and CD. We selected 14
studies investigating paediatric patients (10 prospective and 4 retrospective) and 18 studies
investigating adult IBD patients (11 prospective and 7 retrospective) for this analysis.
 /277/471975 by guest on 20 Au
Results: Compared to adults (n=15,776) the frequency of IC is higher in children (n=6262) (children
12.7% versus adults 6.0%, pb0.0001). This difference between children and adults has been
detected irrespectivewhether prospective or retrospective studieswere selected. In both, children
and adults IC was more frequent in prospective studies compared to retrospective studies (children
p=0.0004; adults p=0.0024).
Conclusions: IC has been detected in a substantial proportion of paediatric patients with IBD. IC is
more frequently found in children compared to adults. Further studies are required to clarify
whether IC represents an IBD phenotype associated with childhood disease onset or whether the
high IC frequency is due to difficulties in establishing a UC or CD diagnosis.
© 2009 European Crohn's and Colitis Organisation. Published by Elsevier B.V. All rights reserved.
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1. Introduction

30 years ago Price described a subset of patients with
inflammatory bowel disease (IBD) that could not be classified
as Crohn's disease (CD) or ulcerative colitis (UC).1 This IBD
phenotype termed “indeterminate colitis” (IC) still remains
Org
poorly defined and understood.2–7 In 2007 the NASPGHAN/
CCFAWorking Group stated that there are not enough data in
the literature for a clear definition of IC.8 Romano et al.9

described five major criteria to define children with IC:
(1) abdominal pain, bleeding diarrhea, and weight loss,
(2) endoscopic macroscopic features of erosions and ulcers of
the colon, (3) pancolitis with “rectal sparing”, (4) early onset,
(5) diffuse, transmucosal lamina propria cell increase and
patchy inflammation. Indeed, although initially strictly
reserved for surgical resection specimens the term “indeter-
minate colitis” has been extended to clinical, endoscopic and
histologic features of the disease.5,9 IC certainly constitutes a
anisation. Published by Elsevier B.V. All rights reserved.
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problem of classification, since a proportion of patients can
later be diagnosed as having CD or UC.2,5 However, some
patients maintain the clinical and histological picture of IC.
Therefore IC might — at least in some patients — represent a
third IBD phenotype distinct from the CD and the UC.6 It is
possible that IC includes several immune dysregulation
disorders that exhibit a chronic colitis pheno-type distinct
from the UC and the CD.

A recent review states that IC might be more frequent in
children compared to adults.5 We investigated, whether IC is
indeed more frequent in children compared to adults by
performing a meta-analysis including 32 studies.

2. Methods

2.1. Database search and selection criteria

We searched the NCBI Pubmed database (http://www.ncbi.
nlm.nih.gov/sites/entrez?db) for original studies of IC in
children, adolescents and adults. Articles published between
January 1st 1990 and December 31st 2007 were selected
using the term ”indeterminate colitis”. Subsequently the
corresponding bibliographies were reviewed for more eligi-
ble articles. This search strategy was performed iteratively
until no more relevant publications were found. Studies were
selected according to the following criteria:
Figure 1 Data selection.
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(1) Epidemiologic studies investigating the frequency of
CD, UC and IC were included.

(2) Studies were considered when published in English
speaking journals.

(3) To warrant some degree of homogeneity of the study
populations concerning ethnic background and life
style, studies were limited to the area of Europe and
Northern America.

(4) We selected studies when the diagnosis of CD, UC and
IC was differentiated using established clinical criteria
including endoscopy, histology and radiology.

(5) Studies that include a minimum of 50 IBD patients in
total were selected.

(6) There were several studies comprising the same study
cohorts or a substantial overlap (for instance follow-up
studies). In this case, the largest study population was
considered. This selection has been chosen to avoid a
bias due to cohort overlap.

(7) Retrospective and prospective studies were analysed
separately as well as combined.

(8) Paediatric patients were defined as aged less than
18 years. Some studies in the adult patient group
include a minority of paediatric patients (b20%).

(9) We included studies if there was no obvious preselec-
tion in the study population (consecutive patients, all
patients of a circumscribed area, and population of
large IBD registries).

(10) There were epidemiological data sets provided with
follow-up analysis. We used the diagnosis of the initial
presentation or early analysis in order to reduce a
selection bias due to different follow-up periods
between children and adults.
In addition to the paediatric group including all children
and adolescents (age 0 to 18 years of life), we analysed
studies that described the frequency of IC in younger
children with IBD (Supplemental Fig. 1).

3. Statistics

Data are presented as frequency±95% confidence interval
according to the Wald equation. The X2-test was calcu-
lated using GraphPad Prism 5.0 (GraphPad Software, San
Diego California USA). P values≤0.05 were regarded as
significant.

4. Results

We selected 14 studies investigating paediatric patients (10
prospective and 4 retrospective) and 18 studies investigating
adult IBD patients (11 prospective, 7 retrospective, and data
of 2 studies were combined) for this analysis (Fig. 1).

In children (n=6262) the frequency of IC is higher compared
to adults (n=15776) (12.7% versus 6.0%; pb0.0001; Fig. 2).
This difference between children and adults has been
detected irrespective whether prospective or retrospective
studies were selected (prospective studies children 13.5%
versus adults 6.2%; pb0.0001; retrospective studies children
10.2% versus adults 4.8%; pb0.0001). In both, children and
adults IC was more frequent in prospective studies compared
to the retrospective studies (children p=0.0004; adults
p=0.0024).

To investigate whether the increased frequency of IC in
paediatric patients is due to the high frequency of IC in very
young patients, we analysed groups of 0 to 2 as well as 0 to
5 year old IBD patients. In the group of 0 to 2 year old children
(n=133) 34% and in 0 to 5 year old children 21% of IBD
patients were classified as IC (Supplemental Fig. 1). However
it should be noted that the number of patients included
into these studies are small to draw a definitive conclusion.

http://www.ncbi.nlm.nih.gov/sites/entrez?db=PubMed
http://www.ncbi.nlm.nih.gov/sites/entrez?db=PubMed


Figure 2 Increased frequency of IC in paediatric patients compared to adults. A: 18 studies on adult patients including 15776 IBD
patients were analysed.24—41 B: 14 studies on paediatric patients including 6262 IBD patients were selected.11,42—54 ⁎Data of the
studies of Moum were analysed combined.40,41 The frequency of IC among all IBD patients was calculated for all individual studies
separately and for the sum of all patients per group.
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The preliminary analysis suggests that there is a direct
correlation between the age of the patients and the
frequency of IC.
5. Discussion

IC is significantly associated with childhood onset of IBD. Our
meta-analysis shows that 13% of children and 6% of adults
with IBD are classified as IC. Recent studies showed that
among paediatric patients the frequency of IC is highest in
younger age groups.10–12 Indeed, up to one third of children
younger than 2 years and one fifth of children between 0 and
5 years were classified as IC phenotype.11 Although only a
restricted number of studies are available in the very young
age groups, the meta-analysis supports the finding of high IC
frequency in young IBD patients.

The high frequency of IC in children may be due to
difficulties in classifying IBD in young children per se. This
is most likely not due to technical difficulties in pae-
diatrics but due to specific immune reactions in childhood.
The hypothesis of specific intestinal immune mechanisms in
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early childhood is supported by the fact that the pattern of
CD in young children is also different from adult patients.
Young patients with CD frequently present as a colitis pheno-
type.13 Polymorphism in the TNF-alpha promotor gene is
associated with paediatric onset of colonic CD.14 Young
children without NOD2/CARD15 mutations show an isolated
colonic disease.15 It should be noted that in particular in very
young patients immune deficiency disorders may present
phenotypically as chronic intestinal inflammation. Among
those immune deficiency disorders with early onset of
intestinal inflammation are chronic granulomatous disease,
Wiskott Aldrich syndrome, common variable immunodeficiency
disease (CVID), immunodysregulation polyendocrinopathy
enteropathy X-linked syndrome (IPEX), or glycogenosis type
1b.16—20

Our study has several limitations: (1) The term IC is not
clearly defined. We refer to the clinical diagnosis of patients
that cannot be classified as UC or CD. The application of the
term IC might vary among the studies selected. (2) Since we
only considered studies in English there is a selection bias. (3)
There is a heterogeneity of the study population among
different studies. (4) The differentiation of CD, UC and IC has
been performed similarly, but is not based on the identical
selection criteria among different studies. The heterogene-
ity in the frequency of IC in children may be influenced by
factors such as the ones mentioned above.

Whereas the understanding of the molecular processes
involved in the pathogenesis of CD and UC21,22 and specific
phenotypes in paediatric patients are currently emerging,13,14

the immunologicalmechanisms underlying IC remain unsolved.
Obviously, better biomarkers are needed that predict the
childhood development of CD or UC as well as IC. The absence
of the CD specific ASCA and UC associated ANCA antibodies
correlatewith the IC pheno-type.23 Further studies are needed
to clarify the immunopathogenesis of the patients that we
currently classify as IC.

The analysis of current data on childhood IC suggests the
following aspects of future research: (1) Careful prospective
studies are needed to investigate the occurrence of IC in
pediatric patients, in particular in patients below 5 years of
age. (2) Epidemiologic studies should aim to apply a positive
definition of IC. For instance, authors might apply the
definition of Romano et al. (3) Reference pathologists should
reinvestigate all cases of IC in order to avoid misclassifica-
tion. (4) Epidemiological studies of IBD in young children
should include a structured prospective work-up to avoid
initial misclassification of immunodeficiencies as IC. (5)
Genetical studies such as genomewide association studies of
IC patients are needed to better understand the pathogen-
esis of IC.
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