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Time trends in the epidemiology and outcome of
perianal fistulizing Crohn’s disease in a
population-based cohort
Kevin W.A. Göttgensa,*, Steven F.G. Jeuringb,c,*, Rosel Sturkenbooma, Mariëlle J.L. Romberg-Campsd, Liekele
E. Oostenbruge, Daisy M.A.E. Jonkersb,c, Laurents P.S. Stassena, Ad A.M. Mascleeb,c, Marieke J. Pierikb,c and
Stéphanie O. Breukinka

Objective Perianal disease is a debilitating condition that frequently occurs in Crohn’s disease (CD) patients. It is currently
unknown whether its incidence has changed in the era of frequent immunomodulator use and biological availability. We studied
the incidence and outcome of perianal and rectovaginal fistulas over the past two decades in our population-based Inflammatory
Bowel Disease South-Limburg cohort.
Patients and methods All 1162 CD patients registered in the Inflammatory Bowel Disease South-Limburg registry were
included. The cumulative probabilities of developing a perianal and rectovaginal fistula were compared between three eras
distinguished by the year of CD diagnosis: 1991–1998, 1999–2005 and 2006–2011. Second, clinical risk factors and the risk of
fistula recurrence were determined.
Results The cumulative 5-year perianal fistula rate was 14.1% in the 1991–1998 era, 10.4% in the 1999–2005 era and 10.3% in
the 2006–2011 era, P=0.70. Colonic disease was associated with an increased risk of developing perianal disease, whereas
older age was associated with a decreased risk (both P<0.01). Over time, more patients were exposed to immunomodulators or
biologicals before fistula diagnosis (18.5 vs. 32.1 vs. 52.1%, respectively, P= 0.02) and started biological therapy thereafter (18.6
vs. 34.1 vs. 54.0%, respectively, P< 0.01). The cumulative 5-year perianal fistula recurrence rate was not significantly different
between eras (19.5 vs. 25.5 vs. 33.1%, P= 0.28). In contrast, the cumulative 5-year rectovaginal rate attenuated from 5.7% (the
1991–2005 era) to 1.7% (the 2006–2011 era), P= 0.01.
Conclusion Over the past two decades, the risk of developing a perianal fistula was stable, as well as its recurrence
rate, underlining the lasting need for improving treatment strategies for this invalidating condition. Eur J Gastroenterol Hepatol
29:595–601
Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.

Introduction

Crohn’s disease (CD) is a chronic inflammatory disease
that can affect the entire gastrointestinal tract, including
the anus. Perianal CD is present in 10–37% of patients at
the time of diagnosis and may even be the presenting
symptom [1–3]. Perianal CD is an umbrella term for
perianal abscesses, skin tags, fissures, strictures and fistulas

[4]. Perianal fistulizing CD comprise perianal fistulas (PF)
and rectovaginal fistulas (RVF) and is probably the most
debilitating form of perianal CD. The natural history is
characterized by frequent episodes of ductal discharge,
abscess formation and perianal pain, often impairing
patients’ daily functioning and quality of life [5].

Several cohort studies have investigated the incidence of
perianal CD. Population-based studies are preferred when
studying the epidemiology of fistulizing CD because
selection bias is likely to occur in referral centre studies as
perianal fistulas are often treatment refractory and, as a
result, patients are often referred to specialized centres. In
population-based studies, the incidence of PFs in CD
patients is estimated to be between 13 and 28% [1,6–9].
Most incidence and outcome data derive from studies that
recruited patients decades ago. An update of these data has
recently been considered an ‘unmet need’ in the field of PFs
[10] and is needed to assess the risk of developing fistu-
lizing disease in an era in which immunomodulators and
biologicals are more frequently used in the medical
management of CD.

Therefore, the aim of this study was to assess the inci-
dence of PFs in our population-based inflammatory bowel
disease (IBD) cohort and to study the evolution thereof in
patients diagnosed between 1991 and 2011, followed until
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2014. Second, we aimed to study the incidence of RVFs
specifically, to identify clinical risk factors for PF, and to
assess changes in PF outcome over the past two decades.

Patients and methods

Cohort description and study population

The IBD South-Limburg (IBDSL) cohort is a population-
based IBD cohort in the well-defined South-Limburg area of
the Netherlands, with a completeness of over 93%. The
cohort has been described in detail previously [11,12]. In
brief, incident adult IBD cases in the area are being registered
as from 1991 and data on demographics, disease phenotype,
IBD medication, IBD-related complications (including fistu-
las), hospitalizations and surgeries are being collected. All
data are retrieved directly from the medical files using
standardized registration forms. For this study, all 1162 CD
patients in the IBDSL registry were included. These patients
were diagnosed between January 1991 and July 2011 at the
age of 18 years or older. Patients were followed from the
date of diagnosis to the end of data collection (2014),
migration out of the area or death. IBDSL has been
approved by the Ethics Committee of the Maastricht
University Medical Centre (NL31636.068.10) and is regis-
tered in https://clinicaltrials.gov (NCT02130349).

Study endpoints

The primary endpoint of the study was the evolution of the
incidence of PF in CD patients over the past two decades.
To assess the time trend, the full cohort (1991–2011) was
equally divided into three separate eras, also considering
the registration of antitumour necrosis factor-alpha (anti-
TNFα) agents in the Netherlands in 1999. The 1991–1998
era included patients with a CD diagnosis between 1991
and 1998, the 1999–2005 era included patients diagnosed
between 1999 and 2005 and the 2006–2011 era included
patients diagnosed between 2006 and 2011. The second-
ary endpoints were time trends in the incidence of RVFs,
clinical risk factors for PFs and RVFs, and the evolution of
the outcome of PFs in terms of the need for surgery and
fistula recurrence. Furthermore, type of IBD therapy before
fistula diagnosis was noted, even as changes in CD therapy
after fistula diagnosis. Treatment status was determined
considering all fistulas that occurred during the course of
CD and considering fistulas that developed within 5 years
after CD diagnosis to adjust for differences in the max-
imum follow-up of the three eras.

Definitions

PFs and RVFs were identified by a thorough review of the
medical records of all CD patients. Fistulas diagnosed by
either radiologic imaging or a physical examination were
included for study. If imaging data (or endoanal ultra-
sound) were available, the PF was subsequently classified
by two authors (K.G./S.B.), including an experienced gas-
trointestinal surgeon, or the classification was extracted
from the radiologic report. In case classification was not
possible, because radiologic imaging was not performed or
unavailable, the classification was coded ‘unknown’. PFs
were classified according to (i) its relation to the sphincter
muscle (low or high fistula) [13], (ii) the Park classification

[14] and (iii) the simple/complex classification [4]. A low
fistula was defined as a fistula involving the lower one-
third of the sphincter complex and a high fistula was
defined as a fistula traversing the middle and/or the upper
third part [13]. A fistula was classified as a simple fistula if
a low superficial, intersphincteric or transsphincteric fis-
tula was observed without complicating factors such as
multiple tracts, abscesses or strictures. A complex fistula is
a simple fistula with the aforementioned complications or
a high fistula [4]. RVFs were described separately in this
study and classified as either a low or a high fistula. Low
fistulas involve the lower half of the rectovaginal septum
and high fistulas involved the upper half. In this study, a
fistula recurrence was defined as either a visible new fistula
at the same location or the return of symptoms after a
symptom-free period.

Disease phenotype was classified according to the
Montreal consensus [15,16]. In contrast to the older
Vienna classification [17], PFs are not included in the
definition of a penetrating disease behaviour (B3), but
classified separately.

Statistical analyses

Continuous data are presented as means with SDs or med-
ians with interquartile ranges (IQR), depending on the
normality of the underlying distribution, and subsequently
compared between groups using an independent Student’s
t-test or the Mann–Whitney U-test, respectively. Discrete
data are presented as absolute numbers with percentages
and subsequently compared between groups using χ2-tests.
Kaplan–Meier survival analyses were used to estimate the
cumulative probabilities of developing a PF or an RVF over
time to adjust for follow-up differences between patients.
PFs and RVFs present before CD diagnosis were described
separately, but considered to have developed at the time of
diagnosis in the cumulative probability analyses to include
these fistulas in the cumulative incidence rates. Cox regres-
sion models were established to assess associations between
fistula incidence and era of diagnosis, adjusting for age at
diagnosis, sex, disease location and disease behaviour.
Because of the low number of RVFs in the cohort, only
univariable models could be used for RVF analyses. Cox
regression model data were expressed as hazard ratios (HR)
with accompanying 95% confidence intervals (95% CI). A
P-value lower than 0.05 was considered statistically sig-
nificant. All statistical analyses were carried out using SPSS,
version 21 (IBM Corp., Armonk, New York, USA).

Results

In the IBDSL database, 1162 CD patients were identified.
The patient group included 728 (62.7%) female patients.
The mean age at CD diagnosis was 37.7 (SD: 15.9) years
and the mean follow-up duration was 8.7 (SD: 5.7) years.
Of the 1162 patients, 316 patients were diagnosed in the
1991–1998 era, 387 patients in the 1999–2005 era and
459 patients in the 2006–2011 era. Over time, the cumu-
lative 1-year and 5-year exposure to immunomodulators
increased from 9.1 and 30.6% (the 1991–1998 era) to
31.0 and 56.7% (the 1999–2005 era) to 49.5 and 70.8%
(the 2006–2011 era), P<0.01. Similarly, the cumulative
1-year and 5-year exposure to anti-TNFα agents increased:
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0 and 3.1% in the 1991–1998 era, 7.1 and 19.9% in the
1999–2005 era and 21.2 and 41.2% in the 2006–2011
era, P<0.01. We identified 284 (24.4%) patients with
fistulizing disease (including perianal, rectovaginal, enter-
ocutaneous and enteroenteral fistulas). The number of
patients with a PF and/or an RVF was 163 (14.0%). Of
these patients, 161 (13.9%) ever had a PF, 17 (2.3%)
women ever had an RVF and 15 (2.1%) women ever
suffered from both a PF and an RVF. Patient character-
istics of CD patients with and without fistulas are shown in
Table 1.

Perianal fistula incidence

In total, 161 (13.9%) CD patients ever had a PF. The
classifications of these fistulas are shown in Table 2. Forty-

nine (30.4%) patients developed the fistula before CD
diagnosis at a median time of 0.8 (IQR: 0.2–2.7) years
before diagnosis. The majority (n= 112, 69.6%) devel-
oped a PF during the course of CD at a median time of 2.1
(IQR: 0.4–6.3) years after diagnosis. The overall cumula-
tive probability of developing a PF during the course of the
disease was 8.3% after 1 year, 11.6% after 5 years and
15.8% after 10 years. The cumulative 5-year probability
of developing a PF was not different between the three eras
(14.1% in the 1991–1998 era, 10.4% in the 1999–2005
era and 10.3% in the 2006–2011 era, P= 0.70; Fig. 1a).
Results were concordant in the multivariable model,
adjusted for age, sex, disease location and disease beha-
viour (P= 0.72). A colonic or an ileocolonic disease loca-
tion at diagnosis was associated with an increased risk of
developing a PF (adjusted HR: 1.90; 95% CI: 1.29–2.81
and adjusted HR: 1.60; 95% CI: 1.06–2.41, respectively).
In addition, the cumulative 5-year PF risk was found to be
the lowest in patients who were older in age at CD diag-
nosis: 18–40 years, 13.6%, 40–60 years, 8.5% and older
than 60 years, 6.2% (P<0.01; Table 3). Medication status
at PF diagnosis is shown in Fig. 2, stratified by era.
Considering PFs that were diagnosed within 5 years after
diagnosis (n= 78), an increasing number of patients had
been exposed to immunomodulator and anti-TNFα agents
before the diagnosis of PF: 18.5% (the 1991–1998 era)
versus 32.1% (the 1999–2005 era) versus 52.1% (the
2006–2011 era), P= 0.02. In particular, the number of
patients with previous exposure to anti-TNFα agents
increased: 0% (the 1991–1998 era) versus 0% (the
1999–2005 era) versus 26.0% (the 2006–2011 era)
(P< 0.01).

Perianal fistula outcome

Of the 161 primary PFs diagnosed, 133 (82.6%) were
treated with antibiotics. Ninety-nine (61.5%) patients
underwent surgery for a PF and the surgery rate was
similar in the three eras (55.9, 63.6 and 58.7%, P=0.71,

Table 1. Patient characteristics of Crohn’s disease patients of the IBDSL cohort with and without perianal or rectovaginal fistulas

n (%)

CD patients without PF/RVF (N=995) CD patients with only a PF (N=150) CD patients with a RVF (N=17)

Age at diagnosis mean (SD) 38.5 (16.3) 32.3 (12.5) 37.3 (15.1) P1<0.01
P2=0.78

Sex: female 620 (62.3) 91 (60.7) 17 (100) P1=0.72
Current smoker at diagnosisa 420 (49.8) 70 (49.6) 7 (46.7) P1=0.99
Follow-up (years) [mean (SD)] 8.3 (5.6) 11.1 (5.8) 13.6 (5.8) P1<0.01

P2<0.01
Disease location at diagnosisb P1=0.03

P2=0.23
L1 – ileal location 448 (45.0) 48 (32.0) 4 (23.5)
L2 – colon location 305 (30.7) 58 (38.7) 8 (47.1)
L3 – ileocolon location 222 (22.3) 40 (26.7) 5 (29.4)
L4 – only upper GI location 20 (2.0) 4 (2.7) –

Disease behaviour at diagnosisb P1=0.52
P2=0.20

B1 – inflammatory 773 (77.7) 116 (77.3) 11 (64.7)
B2 – stricturing 148 (14.9) 26 (17.3) 3 (17.6)
B3 – penetrating 74 (7.4) 8 (5.3) 3 (17.6)

CD, Crohn’s disease; PF, perianal fistula; RVF, rectovaginal fistula.
P1 – P-value of the comparison CD patients without PF/RVF versus CD patients with a PF.
P2 – P-value of the comparison CD patients without PF/RVF versus CD patients with a RVF.
aSmoking status at diagnosis was not available in 169 cases.
bDisease location and behaviour were classified according to the Montreal consensus.

Table 2. Classifications of perianal and rectovaginal fistulas

n (%)

All primary
perianal
fistulas

(N=161)

Operated
primary
perianal
fistulas
(N=95)

Perianal
fistula

recurrences
(N=59)

Rectovaginal
fistulas
(N=17)

Low/high classification
Low fistula 54 (33.5) 34 (35.8) 11 (18.6) 6 (35.3)
High fistula 36 (22.4) 32 (33.7) 14 (23.7) 2 (11.8)
Unknown 71 (44.1) 29 (30.5) 34 (57.6) 9 (52.9)

Park’s classification
Intersphincteric 36 (22.4) 22 (23.2) 14 (23.7) –

Transsphincteric 30 (18.6) 20 (21.1) 4 (6.8) –

Extrasphincteric 12 (7.5) 11 (11.6) 3 (5.1) –

Suprasphincteric 7 (4.3) 6 (6.3) 3 (5.1) –

Superficial 15 (9.3) 7 (7.4) 2 (3.4) –

Unknown 61 (37.9) 29 (30.5) 33 (55.9) –

Simple/complex classification
Simple 39 (24.2) 20 (21.1) 12 (20.3) –

Complexa 39 (24.2) 29 (30.5) 9 (15.3) –

Unknown 83 (51.6) 46 (48.4) 38 (64.4) –

aRectovaginal fistulas were not considered complex perianal fistulas, but described
separately.
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respectively). Thirty-four (63.0%) patients with a low PF
were operated (all fistulotomy) and 32 (88.9%) patients
with a high PF required surgery.

Adjustments to CD maintenance therapy upon PF
diagnosis were made in 46 of the 112 patients who
developed a PF during the course of the disease (41.1%),
adjustments being more common in more recently diag-
nosed patients: 27.9% in the 1991–1998 era versus 47.7%
in the 1999–2005 era versus 52.0% in the 2006–2011 era,
P=0.04. After PF diagnosis, an increasing number of CD
patients were on anti-TNFα therapy (the 1991–1998 era:

18.6%, the 1999–2005 era: 34.1%, the 2006–2011 era:
54.0%, P< 0.01), most (69.5%) in combination with
immunomodulator therapy (Fig. 2).

In total, 58 (36.0%) patients developed a PF recurrence.
The cumulative probability of a PF recurrence was 10.7%
1 year, 25.7% 5 years and 36.7% 10 years after the
diagnosis of the primary PF. The median duration between
the primary PF and recurrent PF was 2.9 (IQR: 0.9–9.0)
years. The cumulative 5-year recurrence rate was not
found to be significantly different between eras: 19.5%

Cumulative probability of developing perianal fistula

Disease duration in years

No at risk
era 1991-1998
era 1999-2005

316
387

262 248 229 211
340 316 297 144

34 37 44 47
29 36 40 47

(N) - era 1991-1998
(N) - era 1999-2005

20
16

No at risk

41 43 46 46 (N) - era 2006-201123

era 2006-2011

era 1999-2005

era 1991-1998

No at risk era 2006-2011459 356 216 77 4

(a)

30%

25%

20%

15%

10%

0%

5%

86420 10

52
52
46

193
251

0

Cumulative probability of developing perianal fistula recurrence

Duration in years between
primary fistula and recurrence

No at risk
59
55

55 45 43 39
40 33 27 18

2 10 11 13
10 13 13 16

(N) - era 1991-1998
(N) - era 1999-2005

0
0

No at risk

era 1991-1998

(b)

100%

80%

60%

40%

0%

20%

86420 10

16
17

era 1999-2005

era 2006-2011

46 31 20 14 6No at risk

era 1991-1998
era 1999-200513
era 2006-2011

32

4

9 13 13 14 (N) - era 2006-20110 14

Fig. 1. Kaplan–Meier survival curves showing the cumulative probability of developing a primary perianal fistula (a) and a perianal fistula recurrence (b).

Table 3. Cox regression models for the risk of developing perianal fistulas and perianal fistula recurrences

HR (95% CI)

Risk of developing a perianal fistula Risk of developing a perianal fistula recurrence

Unadjusted hazard ratio Adjusted hazard ratio Unadjusted hazard ratio Adjusted hazard ratio

Age at diagnosis (years)
18–40 Reference Reference Reference Reference
40–60 0.51 (0.33–0.79) 0.52 (0.33–0.81) 1.12 (0.55–2.29) –

>60 0.42 (0.22–0.84) 0.45 (0.23–0.90) 0.50 (0.07–3.65) –

Sex
Male Reference Reference Reference Reference
Female 1.01 (0.74–1.40) 0.91 (0.66–1.26) 1.18 (0.69–2.03) 1.28 (0.73–2.26)

Era
1991–1998 Reference Reference Reference Reference
1999–2005 0.88 (0.61–1.28) 0.87 (0.60–1.27) 1.16 (0.62–2.17) 1.23 (0.64–2.36)
2006–2011 0.85 (0.57–1.28) 0.86 (0.57–1.31) 1.70 (0.86–3.33) 1.85 (0.92–3.73)

Disease location at diagnosis
L1 – ileal location Reference Reference Reference Reference
L2 – colon location 1.89 (1.30–2.74) 1.90 (1.29–2.81) 1.50 (0.82–2.78) 1.53 (0.82–2.85)
L3 – ileocolon location 1.76 (1.18–2.64) 1.60 (1.06–2.41) 0.87 (0.41–1.85) 0.92 (0.43–1.98)
L4 – only upper GI location 1.86 (0.67–5.14) 2.51 (0.78–8.14) 1.07 (0.14–8.08) 1.10 (0.14–8.60)

Disease behaviour at diagnosis
B1 – inflammatory disease Reference Reference Reference Reference
B2 – stricturing disease 1.06 (0.70–1.61) 1.20 (0.78–1.84) 0.88 (0.43–1.80) –

B3 – penetrating disease 0.78 (0.41–1.48) 0.89 (0.46–1.73) 0.72 (0.22–2.36) –

Upper GI location at diagnosis
No Reference Reference Reference Reference
Yes 0.87 (0.51–1.49) 0.85 (0.46–1.58) 1.08 (0.43–2.69) –

CI, confidence interval; HR, hazard ratio.
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(the 1991–1998 era) versus 25.5% (the 1999–2005 era)
versus 33.1% (the 2006–2011 era), P=0.22 (adjusted for
sex and disease location) (Fig. 1b and Table 3). The
cumulative 5-year recurrence rate was found to be higher
in patients who required surgery for their primary PF than
in patients who were treated medically (33.0 vs. 13.8%,
HR: 4.08; 95% CI: 1.98–8.38).

Rectovaginal fistula incidence

In total, 17 of the 728 (2.3%) female CD patients ever had
an RVF. Two (11.8%) patients already had an RVF before
CD diagnosis, with a time to CD diagnosis of 0.2 and
6.7 years. The other 15 RVFs developed during the course
of disease at a median of 4.7 (IQR: 1.3–8.1) years after CD
diagnosis. The overall cumulative probability of develop-
ing an RVF was 0.7% after 1 year, 1.7% after 5 years and
3.1% after 10 years. For these analyses, eras 1999–2005
and 2006–2011 were combined and subsequently com-
pared with the 1991–1998 era because of the small num-
ber of events (n=17). The cumulative 10-year probability
of developing an RVF was significantly lower in the
1999–2011 era than in the 1991–1998 era (1.7 vs. 5.7%,
HR: 0.28; 95% CI: 0.10–0.78, respectively; see Fig. 3).
Because of the limited number of events, only univariable
analyses could be carried out to assess the risk factors for
developing an RVF. No significant associations were
found with age (P=0.11), disease location (P=0.47) or
disease behaviour (P=0.16).

Seven of the 10 (70.0%) patients in the 1991–1998 era
with an RVF who developed during the course of the
disease had been exposed previously to immunomodulator

or anti-TNFα therapy compared with three of the five
(60.0%) patients in the 1999–2011 era.

Discussion

In this population-based cohort study, we observed a
stable cumulative 5-year PF risk of 11.6% over the past
two decades, whereas the cumulative 5-year RVF risk
decreased from 5.7% in patients diagnosed between 1991

Era 1991-1998
(n=43)

Era 1999-2005
(n=44)

Era 2006-2011
(n=25)

Medication use before perianal fistula diagnosis(a)

41.9% 

37.2%

2. %3

18.6%

45.5%

4.5%
4.5% 4.0%

28.0%

24.0%

31.8%

13.6%
20.0%

24.0%

Therapy naive or
no medication use

Current or past
IMM monotherapy
Current or past
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Fig. 2. Medication use before (a) and after (b) the diagnosis of perianal fistulas that developed during the course of the disease. 5-ASA, 5-aminosalicylate; IMM,
initial methotrexate monotherapy; TNF-α, tumor necrosis factor-α.
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Fig. 3. Kaplan–Meier survival curve showing the cumulative probability of
developing a rectovaginal fistula.
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and 1998 to 1.7% in patients diagnosed between 1999
and 2011. Over time, more patients are exposed to
immunomodulator or anti-TNFα therapy; also before PF
diagnosis, and an increasing number of patients received
anti-TNFα therapy after fistula diagnosis. Patients with
colon involvement had a higher risk of PF and older
patients had a lower risk of developing a PF. More than
half of the patients (61.5%) required a surgical interven-
tion and the surgery rate remained stable over time. The
cumulative 5-year risk of recurrence of PF was 25.7%,
which was also stable over the past 20 years.

The present study is the first to study the evolution of
the PF incidence in a large population-based cohort of CD
patients in an era in which the medical management of CD
and CD-related PFs changed significantly. Overall, a PF
incidence of 13.9% was observed, which is very similar to
the rates observed in other population-based cohorts, such
as Stockholm County (13.7%) [6] and Manitoba
(9.9–14.0%) [7]. Moreover, the cumulative 10-year PF
risk of 15.8% observed in our cohort is in line with the
cumulative 10-year risk observed in Minnesota (21%) [1]
and Canterbury (16.9%) [8]. Over the past two decades,
the cumulative PF risk was stable in our CD population. In
parallel, marked changes have occurred in the medical
management of CD and the medical management of CD-
related PFs, reflected by an increasing number of CD
patients exposed to immunomodulators and anti-TNFα
agents in general and before PF diagnosis. In a clinical trial
that compared the effects of early azathioprine adminis-
tration versus conventional management of CD, the
authors found a lower risk of having active perianal lesions
(14 vs. 27%, P= 0.049) and perianal surgery (3 vs. 13%,
P=0.04) in the treatment arm that commenced immuno-
modulator therapy within 6 months after diagnosis com-
pared with conventional management, respectively [18].
Hence, it could be expected that the incidence of PF is
lower in more recent eras, given that the number of
patients who are exposed early to immunomodulators is
increasing. However, the results of the present study do
not confirm these findings. A possible explanation for this
discrepancy may reside in the fact that, even in the most
recent era, only 40.7% of the CD patients in the IBDSL
cohort were exposed to immunomodulators within
6 months after diagnosis (data not shown). Consequently,
a potential beneficial effect of immunomodulator therapy
on fistula development may therefore be not present at the
population level. Ultimately, early azathioprine use may
prevent the development of PF and PF surgery, but our
findings support the conduction of future studies that
should look at the number needed to treat early with
immunomodulator therapy to prevent one PF. These
findings should then be considered in the clinical discus-
sion on balancing the risks and benefits of early and
longstanding immunomodulator therapy.

The PF recurrence rate was 36.7% within 10 years after
the primary PF. Cohort studies evaluating PF recurrences
are scarce and definitions vary, not allowing a direct
comparion of recurrence rates. Schwartz et al. [1] observed
a recurrence rate of 33% in CD patients diagnosed
between 1970 and 1993 at a median time of 2.8 years after
the primary PF. In a referral hospital setting, 6% of simple
PF persisted and 32% relapsed after a median of
30 months, whereas 30% of the complex PF persisted and

23% relapsed after a median of 11 months [19]. In line
with previously discussed changes in medical management,
we observed that, over time, an increasing number of CD
patients were on immunomodulator or anti-TNFα therapy
after the diagnosis of the primary PF, in line with current
European and Dutch guidelines [20,21]. It is noteworthy
that more than half (54.0%) of the most recently diag-
nosed CD patients were on anti-TNFα therapy after PF
diagnosis, either as monotherapy or as combination ther-
apy with immunomodulators. We found no significant
differences in the PF recurrence rate between the three eras,
indicating that changes in the medical management of PF
seemed not to have resulted in fewer PF recurrences in
general. However, we must acknowledge that the imple-
mentation of MRI and endoanal ultrasound in the follow-
up of CD and PF, in particular, may have had impact on
the reported recurrence rate as subclinical PFs may have
been more often detected in more recent eras.

Next to changes in medical therapy, surgical techniques
for high PFs have also changed over the past two decades,
whereas treatment of low PFs has remained unchanged
(fistulotomy). For a long time, the seton and mucosal
advancement flap were the most used techniques to treat
high PFs. In addition to these classic surgical treatment
options, several other techniques have been used over the
years in our area, such as fibrin glue [22,23], fistula plugs
[23], ligation of the intersphincteric fistula tract [24] and,
more recently, endoscopic techniques [25] and the local
injection of stem cells [26] or platelet-rich plasma [27] and
variations on all these treatment options [28]. Regrettably,
we could not obtain detailed information on the specific
surgical technique used in operated patients from our
cohort. However, the number of patients treated with
these new techniques is limited, and as such, the outcome
of high PFs from the present study can mainly be inter-
preted as the outcome after seton and mucosal advance-
ment flap interventions. Ultimately, the stable recurrence
rate and the stable high surgery rate observed in this study
underline the importance of developing new surgical pro-
cedures and the need for a direct comparison of current
surgical treatment options.

The prevalence of RVFs in the IBDSL cohort was rather
low (2.3% in female CD patients). Nevertheless, we found
that the incidence of RVFs was significantly lower in the
second decade of our cohort. The reason for this decrease
is unclear. Further elaboration on this finding is war-
ranted, particularly because a different time trend was
found for PFs. Unfortunately, the low number of RVFs in
the present study impeded further elaboration on this
finding. As this is the first study that looked into the time
trend of RVF incidence, future studies should confirm our
observation.

Risk factors for the development of PFs have been
reported in several cohort studies [1,6,7,9]. In line with
these studies, we observed that an older age at CD diag-
nosis was associated with a lower risk of developing PFs,
whereas colonic disease involvement was found to be
associated with an increased risk of developing PFs. We
did not find sex to be related to the development of a PF,
which may be related to the fact that we analysed RVFs
separately.

The strengths of the present study are its population-
based nature, the long follow-up of patients and the long
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period of patient inclusion. This allowed us to study time
trends in the PF and RVF incidences in an unselected,
representative population of CD patients. Some limitations
have to be addressed. First, the retrospective identification
of the fistulas on the basis of medical files might have
resulted in an under-representation of the true incidence of
fistula, especially in the first era, in which imaging was not
as commonly used in the diagnosis and follow-up of PFs
and RVFs as it is nowadays. As a result, a theoretical
decrease in the incidence of fistula over time might have
been missed because of a parallel increase in the use of
(new) diagnostic procedures. Second, the lack of detailed
data on the specific surgical procedure did not allow a
direct comparison of surgical techniques, which would
have been of interest, considering the lack of comparative
trials on this subject.

In conclusion, PFs are still common nowadays and the
recurrence rate remains high, despite changes in treatment
options and strategies for CD and CD-related fistulas over
the past two decades. RVFs occur less frequently in CD
patients and its incidence has decreased over time. The
findings of the present study underline the lasting impor-
tance of improving medical and surgical treatment strate-
gies for these invalidating conditions.
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