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Crohn’s disease involves different gastrointestinal sites and may be
characterized by high rates of strictures and penetrating complica-
tions. The present study applied the newly described Montreal
schema of classification to a large, prospectively accumulated clinical
database. In addition, age dependence was evaluated at diagnosis,
with regard to disease location and disease behaviour. There were
1015 consecutively evaluated patients (449 male and
566 female). Disease was most often localized in the ileocolon and
was usually complex with stricture formation or penetrating
complications. For both sexes, with increasing age at diagnosis,
Crohn’s disease was less extensive, more often localized in the colon
alone and characterized by less complex disease behaviour, especially
with less penetrating disease complications. Using the Montreal
classification for Crohn’s disease, these results define the clinical
features in a large, single clinician database and demonstrate age
dependence in the phenotypic clinical expression of Crohn’s disease.
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Lapplication de la classification de Montréal
pour la maladie de Crohn a la base de données
de 1 015 patients d’un clinicien

La maladie de Crohn touche divers foyers gastro-intestinaux et peut étre
caractérisée par un taux élevé de rétrécissements et de complications
pénétrantes. Pour la présente étude, on a appliqué le nouveau schéme de
classification de Montréal & une importante base de données cliniques
colligée de maniere rétrospective. De plus, on a évalué le rapport avec
I’age au moment du diagnostic, compte tenu du foyer et du comportement
de la maladie. La base de données contenait 1 015 patients évalués con-
sécutivement, soit 449 hommes et 566 femmes. En général, la maladie se
situait dans l'iléocdlon et était complexe, car elle s'accompagnait de
rétrécissements et de complications pénétrantes. Pour les deux sexes, plus
les patients étaient Agés au diagnostic, moins la maladie de Crohn érait
répandue, se limitant surtout au cdlon seul et se caractérisant par un com-
portement moins complexe de la maladie, notamment des complications
moins pénétrantes. Au moyen de la classification de Montréal pour la
maladie de Crohn, ces résultats définissent les caractéristiques cliniques
de la grande base de données provenant d’un seul clinicien et démontrent
le lien avec I'age de I'expression clinique et phénotypique de la maladie de

Crohn.

Crohn’s disease is a heterogeneous inflammatory disorder
that may affect different sites in the gastrointestinal tract
(1). In earlier studies (2-7), using a database accumulated over
20 years, Crohn’s disease was defined as a predominantly
female disorder, often familial, and usually characterized by a
high rate of stricture formation and penetrating disease
complications.

Recently, efforts have focused on defining more homoge-
neous patient groups with specific molecular, genetic or sero-
logical markers (eg, antineutrophil cytoplasmic autoantibodies
and anti-Saccharomyces cerevisiae antibodies), or clinical char-
acteristics, such as patient age at diagnosis, disease location
and disease behaviour (8). At the recent World Congress of
Gastroenterology in Montreal, Quebec (9), a classification for
Crohn’s disease was presented by an expert group to replace
the prior Vienna schema (8). The main changes included
refinement of age groups at diagnosis (ie, to include a pediatric
group 16 years of age or younger); introduction of an upper
gastrointestinal disease site modifier (ie, so as to not disregard
disease localization in the ileum, colon and ileocolon, if
concomitant upper gastrointestinal tract involvement was

present); and the introduction of a perianal disease modifier
(ie, to permit independent definition of disease behaviour
categories, including strictures or other penetrating disease
complications).

The present study applied this new Montreal schema to a
large consecutively evaluated Crohn’s disease database
propectively accumulated over 20 years of clinical practice and
further explored the age-dependent phenotypic clinical
expression at different sites along the gastrointestinal tract, as
well as disease behaviour.

PATIENTS AND METHODS

Definitions and inclusions

Patients were derived from a clinical database containing informa-
tion on over 1015 consecutively evaluated patients with Crohn’s
disease, defined using a combination of clinical, endoscopic, imag-
ing and pathological investigations, and directly treated by the
investigator over more than two decades (July 1979 to June 2003).
The mean period of direct patient follow-up was over 10 years with
a range from three to 26 years, but records were available for some
for over 50 years (2-7). In an earlier preliminary report using the

Department of Medicine (Gastroenterology), University of British Columbia, Vancouver, British Columbia
Correspondence: Dr Hugh Freeman, Gastroenterology, UBC Hospital, 2211 Wesbrook Mall, Vancouwer, British Columbia V6T 1W5.

Telephone 604-822-7216, fax 604-822-7236, e-mail hugfree@shaw.ca

Received for publication March 28, 2006. Accepted July 19, 2006

Can J Gastroenterol Vol 21 No 6 June 2007

©2007 Pulsus Group Inc. All rights reserved 363



Freeman

TABLE 1
Single clinician database of 1015 Crohn’s disease patients
(n=1015)

TABLE 2
Upper gastrointestinal (UGI) tract involvement in Crohn’s
disease (n=119)

All, <17 years, 17-40 years, >40 years, All, <17 years, 17-40 years, >40 years,
n (%) n (%) n (%) n (%) Site n (%) n (%) n (%) n (%)

Sex L1 30 (25.2) 4(16.7) 23 (27.1) 3(30.0)
Male 449 (44.2) 52 (45.6) 318 (43.4) 79 (46.7) L2 14 (11.8) 3(12.5) 9 (10.6) 2 (20.0)
Female 566 (55.8) 62 (54.4) 414 (56.6) 90 (53.3) L3 72 (60.5) 17 (70.8) 50 (58.8) 5 (50.0)

Site UGI only 3(2.5) 0(0.0) 3(3.5) 0(0.0)

L1 268 (26.4)  25(21.9) 201 (27.4) 42 (24.9) For the ileocolon (L3) category, P<0.05 compared with the ileum (L1), colon
L2 313 (30.8) 24 (21.1) 206 (28.1) 83 (49.1) (L2) or UGI categories
L3 431 (42.5) 65 (57.0) 322 (44.0) 44 (26.0)

Behaviour
B1 358 (35.3) 36 (31.6) 253 (34.6) 69 (40.8)

B2 341(33.6) 38(33.3) 239 (32.6) 64 (37.9) was required to define a ‘stable’ Bl disease behaviour phenotype.
B3 316 (31.1) 40 (35.1) 240 (32.8) 36 (21.3) In the prior Vienna schema, disease behaviour was classified as

For complex disease behaviour (stricturing [B2] and penetrating [B3]), P<0.05
compared with nonstricturing and nonpenetrating (B1) behaviour for all age
groups. B3 excludes perianal fistulas and/or abscesses. L1 lleum; L2 Colon;
L3 lleocolon

prior Vienna schema (2), this database was originally noted to be
predominantly female (56.1%), with 84.4% diagnosed before 40
years of age. In addition, disease was observed to be localized to
the ileum in 25.3%, colon in 27.2%, ileocolon in 34.6% and upper
gastrointestinal tract in 13.1% of patients, despite disease in other
areas. Finally, disease behaviour was classified as stricturing (or
stenosing) in 33.6% and penetrating (or perforating) in 37.2% of
patients.

For all patients in the present study, office and inpatient hospi-
talization records, as well as endoscopic, radiological imaging,
surgical and pathology reports, were recorded. Statistical analyses
were perfomed using Student’s t test or 32 analysis.

Classification method

In the present study, male and female patients were each classified
based on a recently published schema (ie, the Montreal classifica-
tion for Crohn’s disease) (9).

Age at diagnosis: This Montreal schema presently defines two
new age groups younger than 40 years of age at diagnosis, specifi-
cally a patient age group 16 years or younger (Al) and a second
group for patients 17 to 40 years of age (A2). The previous cate-
gory that included patients older than 40 years of age at diagnosis
was not changed (A3).

Disease location and behaviour: Other defining features of the
prior Vienna schema were used (8) but were modified by the
Montreal schema (9).

First, disease location was defined as the maximal extent of dis-
ease or disease at the first resection (ie, L1 ileum, possibly involv-
ing cecum; L2 colon; L3 ileocolon, and L4 upper gastrointestinal
tract). In the new Montreal schema, L4 is now listed as a modifier
for L1, L2 and L3 (ie, so as to not disregard ileal and/or colon
involvement if upper gastrointestinal tract disease is present) (9).

Second, disease behaviour definitions (eg, Bl nonstricturing
and nonpenetrating, B2 stricturing and B3 penetrating) were
modified. In the new Montreal schema, Bl disease behaviour was
refined as an ‘interim’ category to define a more ‘stable’ behav-
ioural phenotype (9). Based on previous studies (4) on the natural
history of Crohn’s disease from UBC hospital (Vancouver, British
Columbia) and others (10,11), a minimum of three to five years
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penetrating if an intra-abdominal fistula, inflammatory mass
and/or abscess developed, even if a coexisting stricture were pres-
ent. In the new Montreal schema, a further disease behaviour
modifier was proposed to exclude perianal fistulas and/or abscesses
from classification as penetrating disease behaviour (11).

RESULTS

Patient population and classification

The 20-year-old accumulated database for the 1015 consecu-
tively evaluated Crohn’s disease patients is shown in Table 1.
The predominant population was the 17- to 40-year age group
(P<0.05) with disease mainly localized in the ileocolonic
region (P<0.05). In the new Montreal classification (9),
disease involvement in the upper gastrointestinal tract is con-
sidered to be a modifier, rather than a separate and exclusive
disease site, as in the Vienna classification (8). Table 2 shows
the locations of concomitant disease for 119 patients (11.7%)
with upper gastrointestinal tract involvement. Most patients
with disease in the upper gastrointestinal tract also had disease
in the ileocolonic region (P<0.05). There were only three
patients with disease localized in the upper gastrointestinal
tract alone, without evidence of ileal or colonic disease; all
three patients were in the 17- to 40-year patient age group (ie,
two male and one female). Overall, for disease behaviour, most
patients (657 [64.7%]; P<0.05) in the present cohort had dis-
ease that could be characterized as complex, being complicated
with strictures (ie, stenosis) or penetrating (ie, perforating)
complications. Similarly, complex disease (ie, with strictures or
penetrating disease complications) was noted for each of the
different age groups (younger than 17 years of age [68.4%],
17 to 40 years of age [65.4%], and older than 40 years of age
[59.2%]; all P<0.05).

Sex distribution

In the present series of 1015 consecutively evaluated patients
with Crohn’s disease, there were 449 male (44.2%) and
566 female (55.8%) patients, similar to earlier data that
reflected a predominantly female population (2).

Figure 1 shows the locations or sites of disease for both male
and female patients, expressed as percentages for the entire
group. In the overall population group, no significant differ-
ences were detected between male and female patients for
different disease sites. Most male (n=183 [40.8%]) and most
female patients (n=248 [43.8%]) had ileocolonic disease (both
P<0.05). Concomitant involvement of an upper gastrointestinal
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Montreal schema in Crohn’s disease

L1 L2 L3
Males 25.8 33.0 40.8
Females 26.9 29.2 43.8
50
40
by 30 O Males
(1)
20 [ Females
10
0 T T
L1 L2 L3

Figure 1) Percentages of males and females with disease localized at
different sites (n=1012; three patients had isolated upper gastrointesti-
nal tract involvement). L1 Ileum; L2 Colon; L3 Ileocolon

tract site was similar in both males (n=58 [13.4%]) and females
(n=59 [10.4%]).

Figure 2 shows the type of disease behaviour for both male
and female patients, expressed as percentages for the entire
group. In the overall population group, no significant differ-
ences were detected between males and females for different
types of disease behaviour. Most males (281 [62.6%]) and most
females (376 [66.4%]) had complex disease; their disease
behaviour may be classified as either stricturing or penetrating.

In the present cohort, previously defined with the Vienna
schema (7), 74 patients with B3 disease behaviour or penetrat-
ing disease (because of removal of the ‘perianal disease only’
modifier) were reclassified to either Bl ‘nonstricturing and
nonpenetrating’ disease behaviour (55 patients) or B2 strictur-
ing disease behaviour (19 patients).

Effect of age on disease location

Table 1 also shows the effects of age at diagnosis on disease
location for all patients with Crohn’s disease. One of the most
striking findings was the age-dependent effect for colonic dis-
ease. With increasing age at diagnosis, disease involvement
within the colon alone was significantly increased (P<0.05),
while ileocolonic disease involvement was decreased (P<0.05).
Table 2 also shows that with increasing age at diagnosis, the
percentages with concomitant disease in the upper gastrointesti-
nal tract were progressively decreased (ie, younger than 17 years,
21.1%; 17 to 40 years, 11.2%; older than 40 years, 5.9%; all
P<0.05).

Similar results were seen with increasing age for both males
and females. For both sexes over 40 years of age, more colonic
disease involvement alone and less upper gastrointestinal tract
disease were detected. These results suggest that there is a
time-dependent effect of age at diagnosis on the extent of
disease involvement in Crohn’s disease. With increasing age at
diagnosis, the extent of disease involvement is less, and more
often, this remains localized to the colon alone.

Effect of age on disease behaviour

Table 1 shows the effects of age at diagnosis on disease behav-
iour for the entire Crohn’s disease population. An age-related
effect on the appearance of less complex ‘inflammatory’ or
nonstricturing and nonpenetrating Bl disease behaviour was
suggested if the diagnosis of Crohn’s disease was established
after 40 years of age compared with both younger adults or
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Figure 2) Percentages of males and females with different forms of dis-
ease behaviour. BI Nonstricturing and nonpenetrating, or ‘inflamma-
tory’; B2 Stricturing or stenosing; B3 Penetrating or perforating

pediatric patients diagnosed before 17 years of age. The most
striking finding, however, was that complex penetrating
disease complications occur less often if Crohn’s disease is
initially diagnosed after 40 years of age (P<0.05).

Similar findings in both males and females were seen with
increasing age.

These results suggest that there is a ‘age at diagnosis’-
dependent effect on the appearance of complex penetrating
disease complications. With increasing age at diagnosis, the
complexity of disease appears to be less, particularly for
penetrating disease, with the definition of more Bl ‘inflam-
matory’ (ie, nonstricturing and nonpenetrating) disease
behaviour.

DISCUSSION

Using a large, consecutively accumulated Crohn’s disease
patient database acquired over 20 years, the present study
showed significant age-dependent effects in both males and
females for the phenotypic clinical expression of this heteroge-
neous disorder. Although this is not a population-based study
and the proportion of patients in each category may reflect
referral bias, these results are consistent with findings in earlier
historical studies (12-14), as well as investigations using the
prior Vienna schema (2). In the present study, however, the
newly developed Montreal schema (9) was used for classification
of patients into more homogeneous or ‘reagent-grade’ groups.

Time-dependent effects, based on ‘age at diagnosis’, on both
the site and extent of disease involvement appeared to be
evident. For both males and females, more colonic disease and
less upper gastrointestinal tract involvement were observed
with increasing age. These results suggest that there is an effect
of age at diagnosis on the extent of disease involvement in
Crohn’s disease. With increasing age at diagnosis, the extent of
disease appears to be less and, more often, remains localized to
the colon alone. These results, using the new Montreal classi-
fication method, are consistent with earlier studies (12-14)
that also showed decreased small bowel and/or increased
colonic involvement with older age.

The present study also suggested a time-dependent effect,
based on ‘age at diagnosis’, on the clinical behaviour of Crohn’s
disease. More complex disease, particularly with penetrating
disease complications, was more likely with a younger age at
diagnosis, while less complex ‘inflammatory’ disease without
significant complication, particularly penetrating disease, was
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more likely if diagnosis was established after 40 years of age.
These results suggest that age at the time of diagnosis is a
critical variable in determining the long-term outcome of
Crohn’s disease. Diagnosis at an earlier age appears to be
associated with more extensive disease involvement of the
gastrointestinal tract and more complex disease, particularly
with penetrating disease complications.

The present study was not intended to directly compare the
prior Vienna schema with the newly devised Montreal schema.
The Vienna classification, however, was initially used to
explore similarities and differences in Crohn’s disease cohorts
from Europe and North America, including Canada (2,8).
Later, it was used to explore the natural history of Crohn’s
disease, age-dependent changes in the phenotypic expression
of the disease, and other factors, including the role of disease
site and disease behaviour (2-7,10,11). The Montreal schema
was really a consensus document, and the present evaluation
now provides the first independent verification that this classi-
fication can be applied to a Crohn’s disease cohort.
Classifications, such as the prior Vienna schema and the
Montreal modification, however, will likely prove to be even
more useful in the comparison of more homogeneous Crohn’s
disease populations from a global perspective, despite being
derived from different geographical sites.

Although a need for segregation of the under 40-year-old
population (at diagnosis) into different age groups was earlier
appreciated by the investigator, leading to a prior modification
of the Vienna classification (5,7), the Montreal schema
formalized this important distinction with a new under
17-year-old age group. In addition, the Vienna schema defined
a distinctive but exclusive category for upper gastrointestinal
tract disease, despite the presence of disease in other sites (eg,
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