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This article has an accompanying continuing medical education activity, also eligible for MOC credit, on page e103. Learning Objectives: Upon
completion of the CME activity, successful learners will be able to: 1. List the changes in risk for surgery in patients with newly diagnosed ulcerative
colitis and Crohn’s disease in the biologic era; 2. List the 5- and 10-year risk of repeat surgery in patients with Crohn’s disease; 3. List 3 factors that
may have contributed to the observed decrease in risk of surgery in patients diagnosed with IBD after 2000.
BACKGROUND & AIMS:
Abbreviations used in this pape
bowel disease; I2, inconsistenc

Most current article
We conducted a systematic review with meta-analysis to estimate rates and trends of colectomy
in patients with ulcerative colitis (UC), and of primary and re-resection in patients with Crohn’s
disease (CD), focusing on contemporary risks.
METHODS:
 Through a systematic review until September 3, 2019, we identified population-based cohort
studies that reported patient-level cumulative risk of surgery in patients with UC and CD. We
evaluated overall and contemporary risk (after 2000) of surgery and analyzed time trends
through mixed-effects meta-regression.
RESULTS:
 In patients with UC (26 studies), the overall 1-, 5-, and 10-year risks of colectomy was 4.0% (95%
CI, 3.3–5.0), 8.8% (95%CI, 7.7–10.0), and 13.3% (95%CI, 11.3–15.5), respectively, with a decrease
in risk over time (P < .001). Corresponding contemporary riskswere 2.8% (95%CI, 2.0–3.9), 7.0%
(95% CI, 5.7–8.6), and 9.6% (95% CI, 6.3–14.2), respectively. In patients with CD (22 studies), the
r: CD, Crohn’s disease; IBD, inflammatory
y index; UC, ulcerative colitis.
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overall 1-, 5-, and 10-year risk of surgery was 18.7% (95% CI, 15.0–23.0), 28.0% (95% CI, 24.0–
32.4), and 39.5% (95% CI, 33.3–46.2), respectively, with a decrease in risk over time (P < .001).
Corresponding contemporary risks were 12.3% (95% CI, 10.8–14.0), 18.0% (95% CI, 15.4–21.0),
and 26.2% (95% CI, 23.4–29.4), respectively. In a meta-analysis of 8 studies in patients with CD
with prior resection, the cumulative risk of a second resection at 5 and 10 years after the first
resection was 17.7% (95% CI, 13.5–22.9) and 31.3% (95% CI, 24.1–39.6), respectively.
CONCLUSIONS:
 Patient-level risks of surgery have decreased significantly over time, with a 5-year cumulative
risk of surgery of 7.0% in UC and 18.0% in CD in contemporary cohorts. This decrease may be
related to early detection and/or better treatment.
Keywords: Natural History; Disease Modification; Inflammatory Bowel Diseases; Resection; Tumor Necrosis Factor.
See editorial on page 2029.

he global incidence and prevalence of inflamma-
Ttory bowel disease (IBD) is increasing.1 By 2030,
the disease is estimated to affect 1% of individuals in the
Western world. IBD is characterized by a lifelong, unpre-
dictable, relapsing-remitting course, leading to substan-
tial morbidity, diminished quality of life, and increased
health care resource utilization.2 Approximately 80% of
patients require hospitalization, with 25% being re-
admitted within 30 to 90 days of admission.3,4 A prior
meta-analysis suggested that approximately one third of
patients with Crohn’s disease (CD) require surgery within
5 years of their diagnosis, with the number increasing to
nearly 50% within 10 years of their diagnosis.5 Similarly,
approximately 1 in 6 patients with ulcerative colitis (UC)
undergo colectomy within 10 years of their diagnosis.
However, the number of cohorts reporting contemporary
surgical risk in patients diagnosed in the 21st century was
very small in this meta-analysis. Over the past 2 decades,
several therapeutic measures have improved disease out-
comes, including the following: (1) earlier diagnosis, (2)
changes in approach to management of IBD with targeted
use of disease-modifying immunosuppressive therapy,
(3) introduction and increasing uptake of biologic agents
such as tumor necrosis factor-a antagonists, and (4)
earlier detection and endoscopic management of colo-
rectal neoplasia.6–8 Accordingly, several studies variably
have shown a decrease in risk of surgery over the past 2
decades.9–11

To better understand surgical risk of IBD in contem-
porary cohorts, we performed a systematic review with
meta-analysis to analyze the cumulative 1-, 5-, and 10-
year risks of major abdominal surgery (and repeat sur-
gery in patients with CD) in patients with UC and CD, in
population-based inception cohorts.
Methods

We performed this systematic review based on an a
priori protocol and reported our findings according to
the guidelines as prescribed by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses.12
Study Selection

We included population-based cohort studies in pa-
tients with incident UC and/or CD, reporting the cumu-
lative risk of major abdominal surgery since their
diagnosis, with at least a 1-year minimum follow-up
period. Population-based studies were identified as
those that investigated the entire population in a defined
geographic area in a defined time period, used appro-
priate sampling techniques to infer risk for the entire
population, or used national registries capturing nearly
the entire population in a region (>90%). For inclusion,
these studies were required to report the number of
patients with incident UC or CD (or the number of pa-
tients with incident CD with initial abdominal surgery to
analyze the risk of repeat surgery), calendar year of
cohort recruitment, and the cumulative risk of surgery
estimated by Kaplan–Meier methodology. When multiple
studies reported surgical risk from the same cohort, the
most comprehensive study reporting from nonoverlap-
ping times was included.

We excluded the following studies: (1) studies that re-
ported only overall annual surgical rates without patient-
level cumulative risk of surgery; (2) studies that reported
risk of surgery in patients with IBD, without distinguishing
CD or UC; (3) were not population-based (single-center or
multicenter referral studies, or clinical trials); or (4) re-
ported the incidencerateofsurgerywithoutcumulativerisk.

Search Strategy, Data Extraction, and Risk of
Bias Assessment

Details of the search strategy are reported in the
"Data Sources and Search Strategy" section and Supple-
mentary Table 1 in the Supplementary Methods. Data
extraction and risk of bias assessment are reported in the
"Data Extraction and Risk of Bias Assessment" section in
the Supplementary Methods. Supplementary Methods
can be found in the Supplementary Appendix.

Outcomes

The primary outcome was the cumulative 1-, 5-, and
10-year risks of major abdominal surgery in patients



What You Need to Know

Background
With evolving management strategies, treatment out-
comes in patients with IBD are improving. We esti-
mated contemporary cumulative risk of surgery in
patients with ulcerative colitis (UC) and Crohn’s dis-
ease (CD).

Findings
Based on a meta-analysis of 44 population-based
cohort studies, contemporary 1-, 5- and 10-y risk of
colectomy in patients with UC is 2.8%, 7.0% and 9.6%,
respectively in patients diagnosed in the 21st century,
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with UC (defined as colectomy with or without an ileal
pouch–anal anastomosis) and CD (intestinal resection in
patients with CD), and the 5- and 10-year risks of repeat
major abdominal surgery in patients with CD with initial
intestinal resection. Although most studies reported cu-
mulative risk at 1, 5, and 10 years, there were some in-
stances in which different cumulative risk at different
years was reported. As such, we grouped 1- to 3-year
risk as 1-year risk, 4- to 6-year risk as 5-year risk, and
7- to 10-year risk as 10-year risk.

Subsequently, to estimate contemporary risks of sur-
gery in patients diagnosed with IBD in the 21st century,
we performed an analysis of cohorts in which themajority
of patients were diagnosed after 2000 (>90% cohort).
which is 26-42% lower than risk estimates in patients
diagnosed before 2000. Similarly, contemporary 1-, 5-
and 10-y risk of colectomy in patients with CD is
12.3%, 18.0% and 26.2%, respectively, which is 44-
50% lower than estimates in patients diagnosed
before 2000.

Implications for patient care
Patient-level risks of surgery have declined signifi-
cantly over time, with 5-year cumulative risk of sur-
gery of 7.0% in UC, and 18.0% in CD, in the 21st
century. This can help inform shared decision-making.
Statistical Analysis

The pooled risk of major abdominal surgery and 95%
CIs at 1, 5, and 10 years for both UC and CD, and the 5-
and 10-year risk of repeat abdominal surgery in patients
with CD with prior resection, was estimated using a
random-effects model.13 To estimate 95% CIs for indi-
vidual study estimates from Kaplan–Meier curves, we
assumed complete follow-up evaluation of the entire
cohort. For time-trend analyses, to assess changes in
surgical risk over time, the start year of inclusion of
patients with incident UC and CD was included as a
continuous variable in a meta-regression model of all
studies.5 When the slope of the surgery incidences fit by
the mixed-effect model had an associated P value of less
than .05, we concluded that the incidence of surgery was
changing significantly over time.

Heterogeneity between studies was assessed using
the inconsistency index (I2), with values greater than
50% suggesting significant heterogeneity.14 We antici-
pated high statistical heterogeneity as a meta-analysis of
cumulative incidence, and took measures to address this
in the design stage (strict study inclusion/exclusion
criteria) and analysis. We performed subgroup analyses
based on geographic location (North America vs Europe
vs other geographic locations) and age of cohort, with a P
value for differences between subgroups of less than .10
considered statistically significant. We also conducted
mixed-effects meta-regression based on population
composition (proportion of males) and disease charac-
teristics (UC: proportion of patients with extensive colitis
[E3 on the Montreal classification]; CD: proportion of
patients with ileum-dominant CD [L1/L3 on the Montreal
classification], proportion of patients with penetrating
and/or fibrostenotic behavior [B2/B3 on the Montreal
classification]); specific data on age at cohort entry was
not reported consistently. Sensitivity analyses were
performed to exclude conference proceedings, and to
estimate the 10-year risk of surgery, by excluding studies
in which the median population follow-up evaluation
since diagnosis was shorter than 5 years or was not re-
ported. Publication bias was assessed quantitatively
using the Egger regression test (publication bias was
considered present if P � .10), and was assessed quali-
tatively by visual inspection of funnel plots.15 All
analyses were performed using Comprehensive Meta-
Analysis software, version 2 (Biostat, Englewood, NJ).

Results

A total 5138 unique studies were identified using our
search strategy. Of these, 137 full-text articles were
reviewed, and 44 studies were included in quantitative
synthesis, reporting on 26 cohorts of patients with
UC,11,16–40 22 cohorts of patients with
CD,9,11,17,21,23,27,30–32,39,41–52 and 8 cohorts of patients
with CD with prior surgery.9,10,45,53–57 Ninety-three
studies were excluded, with detailed reasons reported
in Supplementary Figure 1.

Cumulative Risk of Colectomy in Patients With
Ulcerative Colitis

Table 1 details the characteristics of 26 studies in
patients with UC.11,16–40 These studies included patients
diagnosed between 1962 and 2016, with sample sizes
ranging from 41 to 35,782 patients with UC; the largest
study was a Danish nationwide register-based study.11

Six studies reported only on pediatric-onset UC. Four-
teen studies reported data from patients in the biologic
era, whereas 13 studies reported on surgical risks in the



Table 1. Characteristics of Included Studies on Colectomy Risk in Ulcerative Colitis

Study Country Data source
Study
span, y

Sample
size Age group Sex (%) Disease extent (%)

Time intervals
reported, y

Benchimol et al,16 2010 Canada Ontario Province 1994–2004 – Pediatric – – 3

Charpentier et al,17 2014 France EPIMAD 1988–2006 474 Elderly M (62), F (38) E1 (29), E2 (45), E3 (26) 1, 5, and 10

Chhaya et al,18 2015 United Kingdom CPRD 1989–2009 8673 All ages M (52), F (48) – 1, 5, and 10

Chow et al,19 2009 China Prince of Wales
Hospital

1985–2006 172 All ages M (52), F (48) E1 (28), E2 (30), E3 (42) 1 and 10

Eriksson et al,20 2017 Sweden Orebro University
Hospital

1963–2005 835 All ages – – 10

Gheorghe et al,21 2004 Romania 18 secondary and
tertiary centers

2002–2003 163 Adults M (56), F (44) E1 (22), E2 (54), E3 (24) 1

Gower-Rousseau et al,22

2014
France EPIMAD 1988–2004 159 Pediatric M (42.1), F (57.9) E1 (25), E2 (38), E3 (37) 1, 5, and 10

Guasch et al,23 2018 Spain ENEIDA 1995–2000,
2007–2012

8028 All ages – – 1 and 5

Lakatos et al,24 2011 Hungary Veszprem Province 2002–2006 220 All ages M (56.8), F (43.2) E1 (27), E2 (51), E3 (22) 1 and 5

Langholz et al,25 1997 Denmark Copenhagen 1962–1987 80 Pediatric M (53), F (47) E1 (25), E2 (43), E3 (29) 1, 5, and 10

Leijonmarck et al,26 1990 Sweden Stockholm County 1955–1984 1586 All ages – – 1, 5, and 10

Lirhus et al,27 2018 Norway Norwegian Patient
Registry

2010–2012 5428 All ages M (52.8), F (47.2) – 3

Lund et al,28 2019 Denmark DNPR 1977–2016 4449 Pediatric – – 5

Malaty et al,29 2013 United States Single Pediatric
Center

1989–2003 112 Pediatric M (45), F (55) E1 (25), E2 (40), E3 (35) 1 and 5

Nguyen et al,30 2017 Canada Ontario Province 1999–2008 12233 Adult M (48.7), F (51.3) – 5 and 10

Niewiadomski et al,31 2015 Australia Barwon area 2007–2008,
2010–2013

96 All ages – – 1 and 5

Nordenvall et al,32 2018 Sweden Swedish Patient
Register

2002–2014 2295 Pediatric M (54), F (46) – 3

O’Keefe et al,33 1989a South Africa Cape Town 1970–1979 91 (5 y),
61 (10 y)

All ages – – 5 and 10

Parragi et al,34 2018 Switzerland SIBDCS 2006–2015 1245 All ages M (54.6), F (45.4) E1 (20), E2 (32), E3 (38) 5 and 10

Probert et al,35 1993 England Leicestershire 1972–1989 691 All ages – – 5 and 10
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prebiologic era. Study-level risk of bias assessment
showed an unclear risk of bias, specifically for cohort
attrition and reasons for loss to follow-up evaluation
(Supplementary Table 2).

Onmeta-analysis, the cumulative risk of colectomy at 1,
5, and 10 years after diagnosis was 4.0% (95%CI, 3.3–5.0),
8.8% (95% CI, 7.7–10.0), and 13.3% (95% CI, 11.3–15.5),
respectively, with considerable heterogeneity (I2 ¼ 95%–
98%) (Figure 1A–C). A time-trend, mixed-effects, meta-
regression showed a progressive decrease in the 1-, 5-,
and 10-year risk of colectomy (P < .01). In contemporary
cohorts of patients diagnosed with UC in the 21st century,
the cumulative risk of colectomy at 1, 5, and 10 years after
diagnosis was 2.8% (95% CI, 2.0–3.9; 42% lower than in
patients diagnosed in prior decades; P ¼ .01), 7.0% (95%
CI, 5.7–8.6; 26% lower than in patients diagnosed in prior
decades, P¼ .04), and 9.6% (95% CI, 6.3–14.2; 37% lower
than in patients diagnosed in prior decades, P ¼ .04),
respectively (Supplementary Figure 2).

On subgroup analyses, no significant differences were
observed in the 1-, 5-, and 10-year risk of colectomy
based on geographic location (Supplementary Table 3).
On meta-regression, study-level sex distribution and
disease extent did not affect risk of surgery
(Supplementary Table 4). The cumulative risk of the 1-,
5-, and 10-year risk of colectomy in patients with
pediatric-onset UC was 5.7% (95% CI, 4.2–7.8), 14.1%
(95% CI, 10.0–19.6), and 21.0% (95% CI, 18.8–23.4),
respectively. Sensitivity analyses after exclusion of
studies published only in abstract form, and the cumu-
lative 10-year risk of surgery after excluding studies with
fewer than 5 years of follow-up evaluation, did not
significantly change estimates (data not shown).
Cumulative Risk of First Major Abdominal
Surgery in Patients With Crohn’s Disease

Table 2 details the characteristics of 22 studies in
patients with CD reporting on risk of first
surgery.9,11,17,21,23,27,30–32,39,41–52 These studies included
patients diagnosed between 1955 and 2015, with sample
sizes ranging from 53 to 13,185 patients with CD; a large
study was a Danish nationwide register-based study.11

Two studies were conducted exclusively on pediatric-
onset CD. Thirteen studies each reported data from pa-
tients in the biologic and prebiologic eras.

On meta-analysis, the cumulative risk of first major
abdominal surgery at 1, 5, and 10 years after diagnosis
was 18.7% (95% CI, 15.0–23.0), 28.0% (95% CI,
24.0–32.4), and 39.5% (95% CI, 33.3–46.2), respectively,
with considerable heterogeneity (I2 ¼ 95%–98%)
(Figure 2). A time-trend, mixed-effects, meta-regression
showed a progressive decrease in the 1-, 5-, and 10-year
risk of first major abdominal surgery (P < .001). In
contemporary cohorts of patients diagnosed with CD in
the 21st century, the cumulative risk of first major
abdominal surgery at 1, 5, and 10 years after diagnosis



Figure 1. Cumulative risk of
colectomy in patients with ulcer-
ative colitis by (A) 1 year, (B) 5
years, and (C) 10 years after
diagnosis. Studies are arranged in
order of midyear of cohort
recruitment.
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Figure 1. Continued
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was 12.3% (95% CI, 10.8%–14.0%; 48% lower than in
patients diagnosed in prior decades, P< .01), 18.0% (95%
CI, 15.4%–21.0%; 50% lower than in patients diagnosed
in prior decades, P < .01), and 26.2% (95% CI, 23.4%–
29.4%; 44% lower than in patients diagnosed in prior
decades, P < .01), respectively (Supplementary Figure 3).

On subgroup analyses, no significant differences were
observed in the 1-, 5-, and 10-year risk of major abdom-
inal surgery based on geographic location (Supplementary
Table 3). On meta-regression, study-level sex distribution,
disease extent, and behavior did not affect risk of surgery,
except for a higher 1-year risk of surgery in studies with a
higher proportion of patients with ileum-dominant CD
(Supplementary Table 4). The cumulative risk of 1-, 5-,
and 10-year risks of major abdominal surgery in patients
with pediatric-onset CD was 8.9% (95% CI, 6.8–11.6),
15.5% (95% CI, 3.0–52.2), and 44.1% (95% CI,
39.9–48.3), respectively. Sensitivity analyses after exclu-
sion of studies published only in abstract form, and the
cumulative 10-year risk of surgery after excluding studies
with fewer than 5 years of follow-up evaluation, did not
significantly change estimates (data not shown).
Cumulative Risk of Re-resection in Patients
With Crohn’s Disease With Prior Surgery

Supplementary Table 5 details the characteristics of 8
studies in patients with CD with prior resection, reporting
on risk of re-resection.9,10,45,53–57 These studies included
patients diagnosed between 1982 and 2016, with sample
sizes ranging from 130 to 8172 patients with CD with
prior resection. Two studies were conducted exclusively
in pediatric-onset CD. Three studies each reported data
from patients in the biologic and prebiologic eras.

On meta-analysis, the cumulative risk of re-resection
at 5 and 10 years after the first resection was 17.7%
(95% CI, 13.5–22.9) and 31.3% (95% CI, 24.1–39.6),
respectively, with considerable heterogeneity (I2 ¼
97%–98%) (Figure 3). A time-trend, mixed-effects, meta-
regression did not show a significant decrease in the risk
of re-resection (5- and 10-year re-resection, P ¼ .21 and
P ¼ .16, respectively). In contemporary cohorts of pa-
tients diagnosed with CD in the 21st century, the cu-
mulative risk of re-resection in patients with CD with a
prior resection 5 and 10 years after diagnosis was 14.8%
(95% CI, 11.0–19.7) and 25.5% (95% CI, 11.9–46.6),
respectively. The cumulative risk of re-resection in pa-
tients with pediatric-onset CD with prior resection at 5
and 10 years after diagnosis was 21.4% (95% CI,
14.5–30.4) and 33.6% (95% CI, 27.5–40.2), respectively.

Because of considerable heterogeneity for all analyses, a
statisticalassessmentofpublicationbiaswasnotperformed.
Discussion

In this systematic review of 44 population-based
cohort studies, we estimated the cumulative risk of
surgery in patients with UC and CD and observed that



Table 2. Characteristics of Included Studies on Primary Resection Risk in Crohn’s Disease

Study Country Data source
Study
span, y

Sample
size

Age
group Sex (%)

Location at
diagnosis (%)

Behavior at
diagnosis (%)

Time intervals
reported, y

Bernell et al,41 2000 Sweden Stockholm County 1955–1989 1936 All ages M (47) F (53) – – 1, 5, and 10

Burr et al,9 2019 United
Kingdom

Research One 1994–2013 3059 All ages M (47) F (53) – – 1, 5, and 10

Charpentier et al,17

2014
France EPIMAD 1988–2006 367 Elderly M (38) F (62) – B1 (78), B2 (17),

B3 (5)
1, 5, and 10

Chatu et al,42 2014 United
Kingdom

CPRD 1989–2010 5640 All ages M (42) F (57) – – 5

Gheorghe et al,21

2004
Romania 18 secondary and

tertiary centers
2002–2003 85 Adults M (57) F (43) L1 (15), L2 (52),

L3 (32), L4 (2)
– 1

Guasch et al,23 2018 Spain ENEIDA 1990–1995,
2007–2012

7496 All ages – – – 1 and 5

Jeuring et al,43 2015 The
Netherlands

IBD-SL 1991–2011 1159 All ages – – – 1, 5, and 10

Lakatos et al,44

2012
Hungary Veszprem Province 1977–2008 506 All ages M (49.6) F (50.4) L1 (32.8), L2

(36.0), L3 (30.6),
L4 (0.6)

B1 (56.9), B2
(19.8), B3 (23.3)

1, 5, and 10

Lirhus et al,27 2018 Norway Norwegian Patient
Registry

2010–2012 2829 All ages M (47.5) F (52.5) – – 3

Nguyen et al,30 2017 Canada Ontario Province 1999–2008 8985 Adult M (44.3) F (55.7) – – 5 and 10

Niewiadomski
et al,31 2015

Australia Barwon area 2007–2008,
2010–2013

146 All ages – – – 1 and 5

Nordenvall et al,32

2018
Sweden Swedish patient

register
2002–2014 2174 Pediatric M (58) F (42) – – 3

O’Keefe et al,45

1989 b
South Africa Cape Town 1970–1979 72 (5 y),

53 (10 y)
All ages – – – 5 and 10

Pandey et al,46 2015 Singapore 8 hospitals 1970–2013 430 All ages M (61.8) F (38.2) L1 (27.7), L2
(27.7), L3 (41.9),

L4 (17.9)

B1 (78.1), B2
(14.0), B3 (7.9)

5 and 10

Peneau et al,47 2012 France EPIMAD 1988–2004 538 Pediatric – – – 1, 5, and 10

Peyrin-Biroulet
et al,48 2012

United States Olmsted County 1970–2004 310 All ages M (50.3) F (49.7) L1 (31.2), L2
(33.1), L3 (33.4),

L4 (2.3)

B1 (81.3), B2
(4.6), B3 (14.1)

5 and 10

Rabilloud et al,49

2016
France Brittany area 1994–1997 272 All ages – – – 1, 5, and 10
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the short- and long-term risk of surgery was 25% to
50% lower in patients diagnosed with IBD in the past 2
decades than prior decades. In contrast to prior esti-
mates, the contemporary 5-year risk of major abdom-
inal surgery was 7.0% in UC and 17.8% in CD in the
21st century. These risks were comparable in patients
in North America and Europe; contemporary data from
other parts of the world are evolving. Overall, these
findings confirm decreasing trends in risk of surgery,
which may be related to the disease-modifying effect
of a contemporary management approach in patients
with IBD.

Our systematic review updates a prior compre-
hensive review on risk of surgery in patients with IBD
that was published in 2013.5 In that review, Frolkis
et al5 included 30 population-based studies in patients
with IBD, largely diagnosed before 2007 and followed
up until 2011. The number of cohorts reporting
contemporary surgical risk in patients diagnosed after
2000 was very small: 3 and 0 cohorts reporting 5- and
10-year risks of surgery in UC, and 2 and 0 cohorts
reporting 5- and 10-year risks of surgery in CD. They
inferred a progressively lower 5-year risk of surgery in
patients with CD, but not UC, over 5 decades. They
speculated that a lower burden of surgery would be
observed for patients diagnosed with IBD in the 21st
century, but could not provide reliable estimates of
contemporary surgical risks owing to a paucity of
studies. With an updated literature search, based on
13 and 12 cohorts of patients with UC and CD,
respectively, diagnosed after 2000, we have observed
significantly lower 5- and 10-year risks of major
abdominal surgery in patients diagnosed at the
beginning of the 21st century than those observed in
the 20th century.

Several population-based studies have attempted to
examine surgical trends in IBD over the past decade.
However, most studies have examined annual rates of
IBD-related surgery among patients with prevalent IBD,
rather than evaluating individual patient-level cumula-
tive risks of surgery in incident cases. These studies
generally have shown a decrease in annual rates of
emergent surgeries in patients with IBD over time. By
using administrative claims data from Ontario between
2003 and 2014, Rahman et al58 observed an approxi-
mately 40% decrease in resection surgeries in patients
with CD between 2003 and 2014, with a corresponding
33% increase in risk of outpatient nonresection sur-
geries for CD (related to perianal fistulae and stricture
dilations) over the same time period. Ma et al59 similarly
observed a 3.5% annual decrease in rates of surgery in
patients with CD between 2002 and 2010, driven pri-
marily by a 10.1% annual decrease in rates of emergent
surgery, offset by a 3.7% annual increase in rates of
elective surgeries. Based on an administrative claims
study, Barnes et al60 observed similar trends in risk of
colectomy in patients with UC. They observed a signifi-
cant 46% decrease in risk of colectomy between 2007



Figure 2. Cumulative risk of major
abdominal surgery in patients with
Crohn’s disease by (A) 1 year, (B)
5 years, and (C) 10 years after
diagnosis. Studies are arranged in
order of midyear of cohort
recruitment.
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Figure 2. Continued
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and 2016, with a 4.5-fold increase in use of biologic
therapy in the same time period. Kayal et al61 observed a
7.4% annual decrease in risk of emergent colectomy in
patients with UC, without a significant change in risk of
elective ileal pouch–anal anastomosis surgeries.
Although these studies are helpful in informing the
overall burden of IBD-related surgeries to the health
system, they do not provide patient-level risk estimates,
which are critical for prognostication for both patient
care and development of risk-based treatment
algorithms.

The exact factors at play contributing to a decrease in
risk of surgery in patients with IBD are unclear, although
the causes likely are multifactorial and merit further
assessment. Although a reduction in surgical rates has
been associated with a parallel increase in the use of
biologic agents, their exact contribution is hard to
quantify. Through claims-based analyses in Ontario,
Murthy et al62 determined that introduction of infliximab
may not have resulted in a substantial decrease in risk of
CD- and UC-related surgeries, despite high market
penetration in patients with CD. They attributed these
findings to a “misguided use of infliximab in CD patients
and underuse of infliximab in UC.”62 Other factors such
as early diagnosis resulting from increased patient and
provider awareness and improved diagnostics may allow
timely introduction of disease-modifying therapy,
decreasing risk of early surgery. Clinical monitoring and
algorithmic treatment escalation also have been shown
to decrease the risk of surgery and disease-related
complications in patients with CD.8,63 The population-
wide, patient-level impact evolving treat-to-target stra-
tegies remains to be seen and will be better examined in
the coming decade when there is penetration into
routine clinical practice. Finally, with better disease
control, risk of dysplasia in patients with long-standing
UC is decreasing; with advanced endoscopic imaging
and therapeutic modalities, several neoplastic lesions,
which previously warranted colectomy, now are being
managed endoscopically, which also likely is contributing
to the lower risk of colectomy in patients with UC.64

Despite the merits and strengths of our synthesis,
there were important limitations. First, considerable
heterogeneity was observed in most analyses. However,
it is important to note that the implications and inter-
pretation of a statistical measure such as I2 is not the
same for studies of incidence and prevalence, as for
comparative observational or interventional studies.
High statistical heterogeneity often is observed in these
analyses and could not be explained despite subgroup
and sensitivity analyses, and meta-regression. We tried
to minimize conceptual heterogeneity through strict in-
clusion and exclusion criteria. Other factors including
differences in diagnostic evaluation and evolving treat-
ment paradigms and access in different populations may
account for unexplained heterogeneity. Second, as noted
earlier, we were unable to examine factors that may have
contributed to a decrease in the risk of surgery. There



Figure 3. Cumulative risk of re-resection in patients with Crohn’s disease with prior surgery by (A) 5 years and (B) 10 years after
first surgery. Studies are arranged in order of midyear of cohort recruitment.
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was limited information on the use of disease-modifying
therapy in these cohorts. Moreover, the potential impact
of newer non–tumor necrosis factor–directed biologics,
and the practice of cycling through multiple biologics
before surgery, could not be assessed in these
population-based cohorts. Future individual patient-level
syntheses are required to comprehensively understand
the multitude of factors that may contribute to
decreasing surgical risks. Third, the number of studies
examining rates of re-resection in patients with CD was



October 2021 Risk of Surgery in IBD 2043
limited, and, hence, time-trend analysis was underpow-
ered. Future studies are needed to quantify the risk of
repeat surgery better. Fourth, studies did not distinguish
between types of surgery, including emergent and elec-
tive surgeries, resection vs nonresection surgeries, and
indications for surgery (eg, medically refractory UC vs
colorectal neoplasia). Risk of surgery for perianal CD was
not well reported. Finally, in pooling cumulative risks, we
assumed complete follow-up evaluation of the cohort,
which may have biased findings, particularly for 10-year
risks of surgery; however, our estimates for long-term
risk of surgery were unchanged when limited to
studies with more than 5 years of follow-up evaluation.
Future studies with individual patient-level syntheses of
risks, or alternative statistical approaches such as boot-
strapping, may provide more reliable estimates.

In conclusion, based on a systematic review of 44
population-based cohorts, we provided robust contem-
porary cumulative risks of first major abdominal surgery
in patients with UC and CD (and repeat surgery in pa-
tients with CD) diagnosed in the 21st century. The
contemporary cumulative 5-year risk of surgery of 7.0%
in UC and 17.8% in CD is substantially lower than that
observed in patients diagnosed in the 20th century.
Factors contributing meaningfully to these decreased
risks, and the cost effectiveness of those strategies, merit
further evaluation, including the impact of newer bi-
ologics and treat-to-target strategies, to promote value-
based care.

Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.org,
and at https://doi.org/10.1016/j.cgh.2020.10.039.
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Supplementary Methods

Data Sources and Search Strategy

A medical librarian (L.J.P.) designed and performed a
comprehensive literature search with input from study
investigators using various databases (included Ovid
Epub, Medline In-Process and Other Non-Indexed Cita-
tions, Ovid MEDLINE, Ovid EMBASE, Ovid Cochrane
Central Register of Controlled Trials, Ovid Cochrane
Database of Systematic Reviews, Scopus, and Web of
Science) from inception to September 3, 2019. Controlled
vocabulary supplemented with keywords was used to
search for population-based cohort studies of natural
history and outcomes in inflammatory bowel disease.
The references of all identified relevant studies, as well
as recent Cochrane reviews on the topic, also were
reviewed manually to identify any potentially relevant
studies. Two study reviewers (L.T., S.S.) independently
reviewed each title and abstract of all studies to exclude
nonrelevant studies and reviewed full texts of selected
studies for inclusion based on predefined selection
criteria. Discrepancies in article selection were reviewed
by both reviewers together to resolve with discussion,
and, if unable to resolve, were resolved by a third
reviewer (W.J.S.). Details of the search strategy are re-
ported in Supplementary Table 1. Supplementary
Figure 1 shows the schematic diagram of study selection.
Data Extraction and Risk of Bias Assessment

Data abstraction was conducted with a standardized
electronic form to capture data on study-, patient-, dis-
ease-, and treatment-related characteristics. Two re-
viewers (L.T., S.S.) independently reviewed and
abstracted data, with discrepancies resolved by
consensus in consultation with a third reviewer (W.J.S.).
Risk of bias assessment was adapted for prevalence
studies, and focused on identification of appropriate
target population, systematic method of data ascertain-
ment, validated criteria for disease diagnosis and major
abdominal surgery, complete follow-up evaluation for
more than 70% of the cohort, and a description of pa-
tients lost to follow-up evaluation.5 Risk of bias assess-
ment was performed by 1 reviewer (L.T.), and a random
sample was verified by a second reviewer (S.S.).



Supplementary Figure 1. Study selection flowchart. CD, Crohn’s disease; IBD, inflammatory bowel disease; UC, ulcerative
colitis.
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Supplementary Figure 2. (A) One-year, (B) 5-year, and (C) 10-year cumulative risk of colectomy in patients with ulcerative
colitis, diagnosed in the 21st century vs the 20th century. IBD, inflammatory bowel disease.
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Supplementary Figure 2. Continued
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Supplementary Figure 3. (A) One-year, (B) 5-year, and (C) 10-year cumulative risk of major abdominal surgery in patients with
Crohn’s disease, diagnosed in the 21st century vs the 20th century.
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Supplementary Figure 3. Continued
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Supplementary Table 1. Detailed Search Strategy

Number Searches Results

Ovid

1 exp Inflammatory Bowel Diseases/ 220,485

2 enteritis/ 59,505

3 exp Crohn disease/ 125,513

4 exp ulcerative colitis/ 103,377

5 ("cleron disease" or "colitis ulcerativa" or "colitis ulcerosa" or "crohn disease*" or "crohns disease*" or enteritis or
"inflammatory bowel disease*" or "inflammatory enteropath*" or "morbus crohn" or "mucosal colitis" or
"regional enterocolitis" or "ulcerative colitis" or "ulcerative colorectitis" or "ulcerative procto colitis" or
"ulcerative proctocolitis" or "ulcerous colitis").ti,ab,hw,kw.

320,562

6 1 or 2 or 3 or 4 or 5 324,798

7 ((("population-based" or populationbased or nationwide or "nation-wide" or national) adj7 (study or cohort* or
studies)) or ((trend or trends or trending) and (cohort* or study or studies or analysis) and (population* or
nationwide or national or retrospectiv* or database*))).ti,ab,hw,kw

626,872

8 6 and 7 7585

9 limit 8 to yr¼"2000 -Current" 7237

10 limit 9 to (editorial or erratum or note or addresses or autobiography or bibliography or biography or blogs or
comment or dictionary or directory or interactive tutorial or interview or lectures or legal cases or legislation or
news or newspaper article or overall or patient education handout or periodical index or portraits or published
erratum or video-audio media or webcasts) [Limit not valid in CCTR,CDSR,Embase,Ovid MEDLINE(R),Ovid
MEDLINE(R) Daily Update,Ovid MEDLINE(R) In-Process,Ovid MEDLINE(R) Publisher; records were retained]

87

11 from 10 keep 1 1

12 (9 not 10) or 11 7151

13 limit 12 to yr¼"2015 -Current" 3855

14 remove duplicates from 13 2940

15 12 not 13 3296

16 remove duplicates from 15 2281

17 14 or 16 5221

Scopus

1 TITLE-ABS-KEY("cleron disease" or "colitis ulcerativa" or "colitis ulcerosa" or "crohn disease*" or "crohns disease*" or enteritis
or "inflammatory bowel disease*" or "inflammatory enteropath*" or "morbus crohn" or "mucosal colitis" or "regional
enterocolitis" or "ulcerative colitis" or "ulcerative colorectitis" or "ulcerative procto colitis" or "ulcerative proctocolitis"
or "ulcerous colitis")

2 TITLE-ABS-KEY((("population-based" or populationbased or nationwide or "nation-wide" or national) W/7 (study or cohort*
or studies)) or ((trend or trends or trending) and (cohort* or study or studies or analysis) and (population* or nationwide
or national or retrospectiv* or database*)))

3 PUBYEAR AFT 1999

4 1 and 2 and 3

5 DOCTYPE(ed) OR DOCTYPE(bk) OR DOCTYPE(er) OR DOCTYPE(no) OR DOCTYPE(sh)

6 4 and not 5

7 INDEX(embase) OR INDEX(medline) OR PMID(0* OR 1* OR 2* OR 3* OR 4* OR 5* OR 6* OR 7* OR 8* OR 9*)

8 6 and not 7

NOTE. The database(s) were as follows: Evidence-Based Medicine Reviews - Cochrane Central Register of Controlled Trials July 2019; Evidence-Based Medicine
Reviews - Cochrane Database of Systematic Reviews 2005 to August 29, 2019; Embase 1974 to 2019 August 30; Ovid MEDLINE(R) and Epub Ahead of Print, In-
Process & Other Non-Indexed Citations and Daily 1946 to August 30, 2019.
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Supplementary Table 2. Risk of Bias Assessment of All Included Studies

Study
Target population

defined

Used a systematic
method of

collecting data

Used validated
criteria for disease

diagnosis

Used a clear
definition of
surgery

Patient retention
>70%

Describes patients
lost to follow-up

evaluation Other bias

Beelen et al,53 2019 Yes Yes Yes Yes NR NR No

Benchimol et al,16 2010 Yes Unclear Yes Yes NR NR No

Benchimol et al,54 2011 Yes Unclear Yes Yes NR NR No

Bernell et al,41 2000 Yes Yes Yes Yes Yes NR No

Boualit et al,55 2013 Yes Yes Yes Yes NR NR No

Burr et al,9 2019 Yes Yes Yes Yes NR NR No

Charpentier et al,17 2014 Yes Yes Yes Yes NR NR No

Chatu et al,42 2014 Yes Yes Yes Yes NR NR No

Chhaya et al,18 2015 Yes Yes Yes Yes NR NR No

Chow et al,19 2009 Yes Yes Yes Yes Yes NR No

Eriksson et al,20 2017 Yes Yes Yes Yes NR NR No

Gheorghe et al,21 2004 Yes Yes Yes No Yes NR No

Gower-Rousseau et al,22

2014
Yes NR NR NR NR NR No

Guasch et al,23 2018 Yes Yes Unclear No NR NR No

Jeuring et al,43 2015 Yes Unclear Unclear No NR NR No

Lakatos et al,24 2011 Yes Yes Yes Yes NR NR No

Lakatos et al,44 2012 Yes Yes Yes Yes No NR No

Langholz et al,25 1997 Yes Yes Yes No NR NR No

Leijonmarck et al,26 1990 Yes Yes Yes Yes Yes NR No

Lirhus et al,27 2018 Yes Yes Yes Yes NR NR No

Lund et al,28 2019 Yes Unclear Yes Yes NR NR No

Malaty et al,29 2013 Yes Yes Unclear Yes Yes NR No

Nguyen et al,56 2012 Yes Yes Yes Yes NR NR No

Nguyen et al,30 2017 Yes Yes Yes Yes NR NR No

Niewiadomski et al,31 2015 Yes Unclear Unclear Yes NR NR No

Nordenvall et al,32 2018 Yes Yes Yes Yes Yes NR No
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Supplementary Table 2.Continued

Study
Target population

defined

Used a systematic
method of

collecting data

Used validated
criteria for disease

diagnosis

Used a clear
definition of
surgery

Patient retention
>70%

Describes patients
lost to follow-up

evaluation Other bias

O’Keefe et al,33 1989a Yes Unclear Yes Yes Yes NR No

O’Keefe et al,45 1989b Yes Unclear Yes Yes Yes NR No

Pandey et al,46 2015 Yes Yes Yes Yes NR NR No

Parragi et al,34 2018 Yes Yes Yes Yes NR NR No

Peneau et al,47 2012 Yes Unclear Unclear Yes NR NR No

Peyrin-Biroulet et al,48

2012
Yes Yes Yes Yes Yes NR No

Probert et al,35 1993 Yes Yes NR Yes Yes NR No

Rabilloud et al,49 2016 Yes Unclear Yes No NR NR No

Ramadas et al,50 2010 Yes Yes Yes Yes Yes NR No

Ronnblom et al,36 2016 Yes Yes Yes Yes Yes Yes No

Rungoe et al,11 2014 Yes Yes Yes Yes NR NR No

Samuel et al,37 2013 Yes Yes Yes Yes NR NR No

Shinagawa et al,10 2019 Yes Yes Yes Yes NR NR No

Solberg et al,51 2007 Yes Yes Yes Yes Yes Yes No

Solberg et al,38 2009 Yes Yes Yes Yes Yes Yes No

Spizzo et al,39 2016 Yes Unclear Unclear No NR NR No

Targownik et al,40 2012 Yes Yes Yes Yes NR NR No

Vester-Andersen et al,57

2014
Yes Yes Yes Yes Yes NR No

Zhulina et al,52 2016 Yes Yes Yes Yes Yes NR No

NR, not reported.
aArticle on ulcerative colitis.
bArticle on Crohn’s disease.
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Supplementary Table 3. Subgroup Analysis: Difference in 1-, 5-, and 10-Year Risk of Surgery in Patients With Ulcerative
Colitis and Crohn’s Disease, Based on Geographic Location

Location 1-year risk 5-year risk 10-year risk
Difference between

groups

Ulcerative colitis
Europe 4.0% (95% CI, 3.0–5.3) 8.0% (95% CI, 6.7–9.6) 12.9% (95% CI, 10.5–15.9) 1-year risk: P ¼ .31
North America 4.3% (95% CI, 3.3–5.6) 10.7% (95% CI, 8.6–13.1) 14.0% (95% CI, 11.4–17.2) 5-year risk: P ¼ .12
Others 2.2% (95% CI, 1.0–4.9) 7.7% (95% CI, 4.3–13.6) 13.5% (95% CI, 4.2–35.6) 10-year risk: P ¼ .86

Crohn’s disease, first surgery
Europe 18.6% (95% CI, 14.8–23.1) 27.2% (95% CI, 22.3–32.6) 38.6% (95% CI, 30.2–47.7) 1-year risk: P ¼ .13
North America – 32.7% (95% CI, 23.0–44.2) 42.7% (95% CI, 28.4–58.3) 5-year risk: P ¼ .56
Others 13.0% (95% CI, 8.5–19.5) 25.2% (95% CI, 16.2–36.9) 47.5% (95% CI, 15.2–82.1) 10-year risk: P ¼ .84

Supplementary Table 4.Meta-Regression: P Values for Differences in 1-, 5-, and 10-Year Risk of Surgery in Patients With
Ulcerative Colitis and CD, Based on Study-Level Factors Using Mixed-Effects Meta-Regression

1-year risk
of surgery

5-year risk
of surgery

10-year risk
of surgery

Ulcerative colitis
Proportion of males in cohort .40 .26 .28
Proportion of patients with extensive colitis .20 .30 .44

Crohn’s disease
Proportion of males in cohort .30 .37 .84
Proportion of patients with ileum-dominant CD (ileal or ileocolonic CD) .08 .81 .86
Proportion of patients with penetrating or stricturing behavior .68 .78 .93

CD, Crohn’s disease.
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Supplementary Table 5. Characteristics of Included Studies on Re-resection Risk in Crohn’s Disease

Study Country Data source
Study
span, y

Sample size,
with prior
surgery Age group Sex (%)

Phenotype at
diagnosis (%)

Behavior at
diagnosis (%)

Time intervals
reported, y

Beelen et al,53 2019 The Netherlands PALGA 1991–2015 8172 All ages M (40) F (60) – – 5 and 10

Benchimol et al,54

2011
Canada Ontario Crohn’s and

Colitis Cohort
1994–2007 553 Pediatric – – – 2, 5, and 10

Boualit et al,55 2013 France EPIMAD 1988–2004 130 Pediatric M (45) F (55) L1 (19), L2 (10), L3
(71), L4 (20)

B1 (45), B2 (45), B3
(10)

2, 5, and 10

Burr et al,9 2019 United Kingdom Research One 1994–2013 3059 All ages M (47) F (53) – – 1, 5, and 10

Nguyen et al,56 2012 Canada Ontario Province 1996–2009 2943 All ages M (45) F (55) – – 2, 5, and 10

O’Keefe et al,45

1989
South Africa Cape Town 1970–1979 31 All ages – – – 5 and 10

Shinagawa et al,10

2019
Japan RGIBD 1982–2016 1871 All ages M (72.6) F (27.4) L1 (31.4), L2 (8.9),

L3 (59.8)
B1/B2 (54.0), B3

(46.0)
5 and 10

Vester-Andersen
et al,57 2014

Denmark Copenhagen
County and

City, Frederiksberg
City

2003–2004 213 All ages M (46.5) F (53.5) L1 (26.7), L2 (41.3),
L3 (23.5), L4 (8.5)

B1 (77.9), B2 (9.4),
B3 (12.7)

1, 5, and 7

B1, inflammatory; B2, fibrostenotic; B3, penetrating; F, female; L1, ileal; L2, colonic; L3, ileocolonic; L4, upper gastrointestinal tract; M, male; PALGA, Pathologisch-Anatomisch Landelijk Geautomatiseerd Archief; RGIBD,
Research Group for Intractable Inflammatory Bowel Disease of the Ministry of Health, Labour and Welfare of Japan.
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