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Addition of Histology to the Paris Classification of Pediatric
Crohn’s Disease Alters Classification of Disease Location

Melissa A. Fernandes, MD?, Sofia G. Verstraete, MD MAS1, Elizabeth A. Garnett, BA, and
Melvin B. Heyman, MD?

Division of Pediatric Gastroenterology, Hepatology, and Nutrition, Department of Pediatrics,
Benioff Children’s Hospital San Francisco, University of California San Francisco

Abstract

Objectives—To investigate the value of microscopic findings in the classification of Pediatric
Crohn’s Disease by determining whether classification of disease changes significantly with
inclusion of histologic findings.

Methods—60 patients were randomly selected from a cohort of patients followed at the Pediatric
Inflammatory Bowel Disease Clinic at the University of California San Francisco (UCSF) Benioff
Children’s Hospital San Francisco (BCHSF). Two physicians independently reviewed the
electronic health records of the included cases to determine the Paris Classification for each
patient by adhering to current guidelines and then by including microscopic findings.

Results—Macroscopic and combined disease location classification were discordant in 34
(56.6%), with no statistically significant differences between groups. Interobserver agreement was
higher in the combined classification (kappa 0.7303, 95% Confidence Interval (C.I.) 0.650-0.821)
as opposed to when classification was limited to macroscopic findings (kappa 0.5318, 95% C.1.
0.403-0.581). When evaluating the proximal upper gastrointestinal tract (Paris L4a) the
interobserver agreement was better in macroscopic compared with the combined classification.

Conclusion—Disease extent classifications differed significantly when comparing isolated
macroscopic findings (Paris Classification) with the combined scheme that included microscopy.
Further studies are needed to determine which scheme provides more accurate representation of
disease extent.

Keywords
Crohn’s Disease; Phenotype; IBD

Introduction

The Paris classification(1), the pediatric modification to the Montreal classification(2),
established standard definitions of pediatric IBD phenotypes. The Paris classification
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addressed nuances unique to pediatric IBD, in particular Crohn’s disease, by distinguishing
upper gastrointestinal tract locations and incorporating growth failure. However, disease
location remained limited to macroscopic disease, a precedent established by adult
classification schemes(2-5). The authors of the Montreal Classification addressed this
limitation: “ The significance of histological evidence of chronic colitis in an endoscopically
normal proximal colon remains unclear /n terms of the risk of colectomy, cancer, proximal
progression of the disease, or mortality(2).” While the significance remains unclear, the need
for a unique pediatric classification system demonstrates that childhood disease needs to be
approached differently. Additionally, improvements in treatment options for IBD have led to
changes in treatment goals and trial endpoints, with an almost universal target of achieving
mucosal healing, optimally defined as endoscopic and histologic remission(6), thus
supporting the inclusion of microscopic information when determining extent of disease.

To further investigate the value of microscopic findings, it is important to first establish if
classification of disease changes significantly with inclusion of this information. We
compared classifications of disease extent between the Paris classification with a modified
scheme that combines macroscopic and microscopic disease findings.

Eighty-eight cases were selected randomly from a cohort of patients followed at the
Pediatric Inflammatory Bowel Disease Clinic at the University of California San Francisco
(UCSF) Benioff Children’s Hospital San Francisco (BCHSF). Patients were included if
diagnosed with Crohn’s disease before age 18, had at least one upper endoscopy and one
colonoscopy that included ileal intubation performed at UCSF, and had no history of any
intestinal resection prior to at least one endoscopy at UCSF. Sixty patient cases met specified
criteria and were included in the study.

Study Design

Two physicians independently reviewed the electronic health records of the included cases to
determine the (1) macroscopic disease location based on the Paris classification, and (2) the
microscopic disease extent determined by pathology alone for each upper endoscopy and
colonoscopy. Each reviewer had access to the electronic health record for all cases which
included endoscopy procedure reports with associated pathology reports, radiology reports,
and clinic notes. Microscopic disease extent was derived from reports written by attending
pathologists at UCSF at the time of each endoscopy. Pathologists adhered to societal
standards when composing the report. No cases were re-reviewed as part of this study. To
determine the macroscopic disease extent based on the Paris classification, reviewers used
information from endoscopy reports performed at UCSF and available radiology reports.
Endoscopy reports were reviewed only if both an upper endoscopy and colonoscopy were
performed and if an attending gastroenterologist finalized the procedure report. Per standard
department practice, biopsies from colonoscopies are obtained from the ileum, cecum,
ascending, transverse and descending and rectosigmoid colon and assessed separately.
Biopsies are obtained from identified lesions and normal appearing mucosa at regular
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intervals throughout the gastrointestinal tract. Abdominal imaging, including magnetic
resonance (MR) enterography or abdominal MR, abdominal CT, and upper gastrointestinal
radiographs with small bowel follow through (UGI-SBFTS) reports were included if they
were interpreted by an attending pediatric radiologist at UCSF and were performed within 6
months of the associated procedure date. Microscopic disease extent was determined from
review of the pathology report associated with each procedure. Findings considered typical
or definitive for colonic Crohn’s disease included chronic or chronic active ileitis or colitis,
architectural distortion including crypt branching or crypt distortion, non-caseating and non-
pericryptic granulomas, fissuring, ulceration or fistula formation, and ileal findings such as
acute inflammation and pyloric metaplasia. Histologic findings considered suggestive of
upper gastrointestinal (GI) tract involvement included non-caseating granulomas, ulcers,
chronic active or chronic inflammation of the esophagus, stomach, and duodenum. As
discussed by Turner et al(7), the definition of Crohn’s disease in the upper Gl tract remains
debated. Given this lack of consensus, each reviewer interpreted the findings according to
the pathology report and whether the pathologist regarded the findings as consistent with CD
or not.

Data were recorded for each encounter and then compiled to create a maximal macroscopic
disease location extent diagnosis throughout the patient’s lifetime and a second combined
diagnosis including microscopic findings. Discordant cases were jointly reviewed to
determine the correct classification of disease extent for each patient. This research was
approved by the Committee on Human Research at UCSF.

Statistical Analyses

Results

Agreement of disease extent between the reviewers (interobserver agreement) was evaluated
using Cohen’s kappa statistic (kappa) calculated separately for macroscopic and combined
disease extent by anatomic location. A kappa value of 1 indicates perfect agreement between
reviewers, while 0 indicates agreement by chance and -1 perfect disagreement. The p-value
for the kappa statistic indicates the probability that the obtained value is due to chance(8);
therefore, we considered kappa values with a p-value of less than 0.05 correct. Strength of
agreement was judged using the categories outlines by Altman (<0.4: Poor or Fair, 0.41-0.6:
Moderate, 0.61-0.8: Good, >0.81: Very Good, see Supplemental Digital Content, Table 1).
Additionally, we calculated a McNemar’s chi? to confirm that asymmetry in disagreements
was reasonably explained by chance.

Sixty patient records were reviewed independently by the two reviewers to establish (1) the
location of disease according to the Paris Classification parameters, and (2) a second
combined location classification that included microscopic findings. Macroscopic and
combined disease location classification was concordant in 26 (43.3%) patients and
discordant in 34 (56.6%). We found no statistically significant differences in demographics
or in disease manifestations between patients in whom macroscopic and combined findings
were discordant compared with those having concordant findings (Table 1)
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Interobserver agreement was analyzed between observers for macroscopic and combined
disease classifications independently (Table 2). In ileocolonic disease, the combined
classification had a substantially higher kappa value (0.7303, 95% C.I. 0.650-0.821) than
the kappa between macroscopic classification (0.5318, 95% C.I. 0.403-0.581). The
interobserver agreement regarding classification of upper Gl disease proximal to the
ligament of Treitz was better in macroscopic compared with the combined classification.
Microscopic findings of upper Gl tract disease included non-caseating granulomas and
chronic active gastritis. Kappa was not calculated for disease distal to the ligament of Treitz,
since no microscopic information was available to alter the macroscopic classification (no
patients had small bowel biopsies).

Agreement between macroscopic and combined classification was also analyzed both by
calculating a kappa coefficient. McNemar’s X2 test was used in order to confirm that
asymmetry in disagreements was reasonably explained by chance (Table 3). Table 4
illustrates the differences between distribution of disease location by classification scheme.
Agreement between these schemes was moderate (Kappa 0.49, 95% C.I. 0.31-0.68) for
ileocolonic disease and poor for upper Gl disease proximal to the ligament of Treitz (Paris
location L4a) (Table 4). With the combination of macroscopic and histologic findings more
patients (n=41, 68.3%) are classified with ileocolonic involvement than using macroscopic
data alone (n=26, 43.3%). Under the combined scheme, the percentage of patients with
proximal upper Gl tract involvement nearly doubles (from 46.7% (n=28) to 85% (n=51),
p=0.111).

Discussion

We evaluated interobserver variability of pediatric Crohn disease classification when using
two different schemes. Using a randomized cohort of 60 pediatric patients with Crohn’s
disease followed at UCSF, patients were first assessed according to the Paris Classification
(using only macroscopic and imaging findings) and then reclassified with added histologic
information. Disease extent classifications differed significantly when comparing isolated
macroscopic findings (Paris Classification) with the combined scheme that included
microscopy. Inclusion of microscopy decreases variability between observers when
assessing disease location in the distal ileum and colon. However, when evaluating upper Gl
disease involvement, inclusion of microscopy lowers the kappa coefficient, demonstrating
increased variability between observers.

Under the combined classification scheme, which included microscopic data, more patients
were diagnosed as having extensive ileocolonic disease (L3), in contrast to those with
isolated ileocecal (L1) disease or disease limited to the colon (L2). This difference likely
explains the improvement in kappa coefficient upon the inclusion of microscopic disease.
Inclusion of histologic findings from upper Gl involvement lowered interobserver
agreement. The variability of upper Gl tract findings associated with Crohn’s disease,
particularly in early and very early onset IBD, and the high prevalence of incidental gastritis
in patients with IBD(9-15) could account for this finding. Consequently, the interpretation
of histologic findings in the upper Gl tract is more challenging than ileocolonic disease,
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where inflammation, particularly in the setting of known IBD, is generally considered a sign
of active disease.

The Paris classification was created to standardize classification of IBD phenotype in
clinical research. Historically, microscopy has not been included in adult classification of
IBD(1-3), since in the absence of macroscopic signs of disease histologic findings have not
been widely accepted as a sign of active disease. However, it is unclear whether microscopic
disease extent can predict characteristics of Crohn’s disease such as disease severity and
response to medication(16). Inclusion of microscopic findings to characterize Crohn’s
disease is a relevant discussion, especially as more therapeutic options become available and
as goals of treatment broaden to target mucosal disease. Additionally, incorporation of this
information decreases the subjectivity and the variability of disease classification. However,
by making Crohn’s disease phenotype more homogenous with the inclusion of microscopy,
more nuanced data about macroscopic disease location may be lost. Furthermore, it remains
unclear which scheme provides more accurate representation of disease extent. Ultimately,
the goal of disease classification is to better predict outcome by improving phenotype
identification.

This study was limited to a single center, which likely introduces little variability in the
description and phrasing of findings by endoscopists, radiologists, and pathologists. This
may result in systematic bias that may differ from other centers. Additionally, data were
collected retrospectively, so determination of macroscopic or microscopic may not have
been done independently. The pathologists, endoscopists and radiologists possibly discussed
cases and accessed each other’s reports, which may have influenced their diagnoses and
interpretations of findings. Reviewers collected data solely from these historical reports, a
clear limitation, but also concordant with how classification is generally conducted by
investigators in the field. Additionally, we did not include disease outcomes or severity of
disease over time in our analyses. Thus, from these data we are unable to assess whether
disease phenotype is predictive of severity of disease or response to medication over time, a
goal beyond the scope of this study but a necessary next step in IBD research since disease
classification according to the Paris Classification is utilized increasingly in pediatric IBD
research.

Our study demonstrates a difference in extent of pediatric Crohn’s disease with inclusion of
microscopic disease in contrast to relying on macroscopic disease alone. While the impact of
this difference remains unclear, it is important to acknowledge that microscopic findings
provide novel information, impact clinical decision making, and may offer a more sensitive
view of disease phenotype. Currently, standard practice among pediatric gastroenterologists
is to obtain biopsies during endoscopic procedures irrespective of whether macroscopic
disease is present, demonstrating that practioners value microscopic information. Thus,
serious consideration should be forthcoming to the incorporation of microscopic findings
into any IBD classification scheme. More systematic investigation is needed to address the
impact microscopic findings have on disease outcomes.
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What is Known

- Classification of Pediatric Crohn’s Disease follows adult schemes by
including only macroscopic and imaging findings.

- Biopsies are obtained routinely in endoscopies for Pediatric Crohn’s disease,
and guide clinical practice.

- There is no evidence that supports or opposes the inclusion of histologic
findings in these classifications.

What is New

- There are significant differences in disease location when comparing the
current scheme with a new classification including histology.

- The interobserver variability of ileocolonic disease location improves when
histology is included.

- Microscopic findings suggestive of Crohn’s disease proximal to the ligament
of Treitz are more controversial.
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Concordance between Macroscopic! and Combined? Classifications for Pediatric Inflammatory Bowel

Table 1

Disease
Concordance between Macroscopic and
Overall Combined Classifications
(n=60) | Yes (n=26) | No (n=34) p-value3
n(%) or n(%) or n(%) or
(mean£SD) (meanxSD) (meanxSD)
Male | 37 (61.67) | 18 (69) | 19 (55.88) | 0.29
Age at Diagnosis in Years | 10.88+0.56 | 10.39+0.81 | 11.25+0.79 | 0.45
Current Age in Years | 16.89+0.52 | 16.62+0.85 | 17.11+0.67 | 0.65
Years since Diagnosis | 6.02+0.46 | 6.23+0.66 | 5.85+0.65 | 0.69
Number of endoscopic procedures | 1.78+1.46 | 1.96+1.34 | 1.65+1.18 | 0.34
Characteristics per Paris Classification Guidelines%
Age at Dx category
Ala (<10 years of age) 24 (40) 12 (46.15) 12 (35.29)
Alb (10 to <17 years of age) 34 (56.67) 14 (53.85) 20 (58.82) 0.36
A2 (17 to <40 years of age) 2(3.33) 0 2(5.88)
Disease Behavior
B1 (Non-stricturing, non-penetrating) 50 (83.33) 22 (84.62) 28 (82.35)
B2 (Stricturing) 8(13.33) 4 (15.38) 4 (11.76) 06
.64
B3 (Penetrating) 1(1.67) 0 1(2.94)
B2B3 (Stricturing & Penetrating) 1(1.67) 0 1(2.94)
Perianal Disease (p) | 14 (23.33) | 6 (23.08) | 8 (2353) | 0.97
Growth Impairment (G;) | 8 (13.33) | 5(19.23) | 3(8.82) | 0.24

'Zlncludes findings from Endoscopy and Imaging.

ZCombines macroscopic and histologic findings.

3. . . .
Chl2 test for categorical variables, 7-testfor continuous.

Page 8

4As defined by Levine A et al, Pediatric Modification of the Montreal Classification for Inflammatory Bowel Disease: The Paris Classification.
Inflamm Bowel Dis 2011: 17 (6). 1314-1321.
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Table 2

Interobserver agreement

Kappa (95% C.I. [Confidence Interval])
Location | pacroscopict Combined?
L1-3 0.53 (0.40-0.58)* | 0.73(0.65-0.82) "
L4a 0.51(0.30-0.72)* | 0.38 (0.06-0.71) "

Jlncludes findings from Endoscopy and Imaging.

ZCOmbines macroscopic and histologic findings

*
p-value <0.001

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2017 March 18.
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Table 3

Agreement between MacroscopicZ and Combined? Classification
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Kappa (95% C.1.) | p-value | McNemar’s X2 | p-value
L1-3 | 0.49(0.31-0.68) <0.001 2.88 0.09
L4a 0.14 (-0.03-0.31) 0.0554 2.27 0.13

llncludes findings from Endoscopy and Imaging.

2 . . . -
Combines macroscopic and histologic findings

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2017 March 18.
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Table 4

Disease location according to Macroscopic and Combined? Findings.

| Macroscopic Diagnosis | Combined Diagnosis | p-value3

Disease Location | n (%) | n (%) |
lleocolonic

None 8(13.33) 4 (6.67)

L1 9 (15) 6 (10) <0.001
L2 17 (28.33) 9 (15) '

L3 26 (43.33) 41 (68.33)

L4a (Proximal Upper Gl tract) 28 (46.67) 51 (85) 0.11

Jlncludes findings from Endoscopy and Imaging.
ZCombines macroscopic and histologic findings.

3Chi2 Test
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