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Abstract

Background: The advantage of early ileocecal resection after Crohn’s disease diagnosis is a matter of debate. This study aims to assess 
the timing of ileocecal resection on prognosis, after correction for possible confounders.

Methods: Patients with Crohn’s disease with primary ileocecal resection between 2000 and 2019 were included in a retrospective 
multicentre cohort. The primary endpoint was endoscopic recurrence (Rutgeerts score ≥i2b) within 18 months. Secondary 
endpoints were escalation of inflammatory bowel disease medication within 18 months and re-resection during follow-up. The 
association between timing of ileocecal resection and these endpoints was investigated using multivariable proportional hazard 
models, corrected for covariates including Montreal classification, postoperative prophylaxis, smoking, indication for surgery, 
medication before ileocecal resection, perianal fistulas, surgical approach, histology, length of resected segment and calendar year.

Results: In 822 patients ileocecal resection was performed after a median of 3.1 years (i.q.r. 0.7–8.0) after Crohn’s disease diagnosis. The 
lowest incidence of endoscopic recurrence, escalation of inflammatory bowel disease medication and re-resection was observed for 
patients undergoing ileocecal resection shortly after diagnosis (0–1 months). After correction for covariates, patients with ileocecal 
resection at 0, 4 and 12 months after diagnosis had a cumulative incidence of 35 per cent, 48 per cent and 39 per cent for endoscopic 
recurrence, 20 per cent, 29 per cent and 28 per cent for escalation of inflammatory bowel disease medication and 20 per cent, 30 per 
cent and 34 per cent for re-resection, respectively. In the multivariable model ileocolonic disease (HR 1.39 (95 per cent c.i. 1.05 to 
1.86)), microscopic inflammation of proximal and distal resection margins (HR 2.20 (95 per cent c.i. 1.21 to 3.87)) and postoperative 
prophylactic biological and immunomodulator (HR 0.16 (95 per cent c.i. 0.05 to 0.43)) were associated with endoscopic recurrence.

Conclusion: The timing of ileocecal resection was not associated with a change of disease course; in the multivariable model, the 
postoperative recurrence was not affected by timing of ileocecal resection.
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Introduction
Despite the availability and increased use of immunomodulating 
therapy, intestinal resection remains an important treatment 
modality for Crohn’s disease (CD)1,2. Ileocecal resection (ICR) is 
the most common intestinal resection in CD3. ICR can provide 
immediate relief of symptoms in CD patients with ileal or 
ileocecal disease and may induce long-term remission. Data 
from the pre-biologic era show 80 per cent of patients are still 

symptom-free after 5 years, and 48 per cent of patients 10 years 
after ICR4. However, early endoscopic postoperative recurrence 
rates, preceding clinical symptoms, are estimated at 60–85 per 

cent and up to 35 per cent of CD patients require re-resection 

during long-term follow-up2,5–7. Identification of CD patients at 

high risk of postoperative recurrence remains a challenge8. 

Active smoking was found to be an individual and consistent 

risk factor in several studies9. Other risk factors proposed by 
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current literature are penetrating disease and prior intestinal 
surgery8,10. Nonetheless, available studies do not show 
consistent results8,10–13 and large studies investigating risk 
factors in multivariable models are necessary.

The introduction and widespread availability of 
immunomodulating therapy might have led to postponement and 
reservation of surgical interventions for patients with refractory 
disease. However, the landmark randomized controlled ‘LIR!C’ 
trial has shown that laparoscopic ICR may be considered a valid 
alternative to step-up treatment with infliximab in patients with 
non-complicated (non-stricturing, non-penetrating) ileal disease 
activity, with regard to the endpoints of patient-reported quality 
of life and cost-effectiveness at 12 months14,15. Nevertheless, the 
advantage of early ICR after CD diagnosis, as compared to ICR 
during a later stage of disease, remains a matter of debate. Early 
ICR performed shortly after CD diagnosis would fit the idea that 
this period hosts the largest window of opportunity to change the 
disease course of CD. According to this hypothesis, early ICR 
could prolong clinical remission, reduce the need for long-term 
exposure to immunomodulators and biologicals, and reduce the 
risk of complications caused by progressive bowel damage due to 
chronic intestinal inflammation16,17. Data comparing clinical 
outcome after ICR at different periods of disease duration are 
scarce and limited to a few cohorts18–20. Furthermore, the 
definition of early ICR is arbitrary and the study populations are 
small, heterogeneous and mostly not corrected for confounding 
factors (including disease severity, smoking, prophylactic 
medication), hampering interpretation of the results.

Therefore, this study aimed to assess the impact of timing of 
ICR on postoperative prognosis of CD adjusted for confounding 
factors.

Materials and methods
Study design and study population
A retrospective, multicentre study was performed in patients who 
had undergone an ICR for the indication of CD between January 
2000 and December 2019. Eligible patients were identified from 
local hospital pathology databases of the participating centres, 
including six academic and four teaching hospitals. All CD 
patients aged ≥16 years with ileal disease localization with or 
without colon involvement and who underwent a primary ICR 
with one- or two-stage ileocolonic anastomosis were included. 
In case of a two-stage procedure (with ileocolonic anastomosis 
after temporary ileostomy) the moment of anastomosis was 
chosen as baseline. Exclusion criteria were a permanent stoma, 
clinical or endoscopic recurrence before intestinal continuity 
was restored, prior intestinal resections, other indications for 
ICR (for example, malignancy), and absence of follow-up data. 
This study was performed in accordance with the declaration of 
Helsinki and its protocol was assessed and approved by the 
Medical Ethical Research Committee of the Erasmus University 
Medical Centre on 10 November 2017.

Data collection
Electronic patient files were searched to include demographics, 
patient-related factors (for example, smoking habit and 
family history of inflammatory bowel disease (IBD)), disease- 
related factors (for example, medication use and Montreal 
classification) and surgery-related factors (for example, 
indication for ICR, surgical technique, length of the resected 
segment and histologic inflammation of resection margins). The 
initiation or continuation of IBD medication after surgery for the 

prevention of postoperative recurrence was also noted. Data 
were collected until loss to follow-up, re-resection, death or end 
of study.

Endpoints
The primary endpoint was endoscopic recurrence (defined as 
Rutgeerts score ≥ i2b,  ≥ 5 aphthous ulcers with normal 
intervening mucosa or skip areas of larger lesions in the 
neo-terminal ileum21) and/or radiologic recurrence (CD disease 
activity as assessed by a local radiologist on ultrasonography, 
CT or MRI scan) within 18 months after ICR. The secondary 
endpoints were escalation of IBD medication within 18 months 
after ICR (defined as the need for initiation of or switch to 
mesalazine, corticosteroids, immunomodulators or biologicals 
for symptomatic disease after ICR) and re-resection during 
long-term follow-up.

Statistical analysis
Categorical variables were described using frequencies and 
percentages and continuous variables were described using 
median and 1st and 3rd quartiles (Q1–Q3) and range for 
non-normally distributed variables. All calculations were 
performed in R version 4.0.3 (R Core Team 2020) and with the 
help of the package JointAI22.

Risk factors for endoscopic recurrence were analysed using a 
multivariable proportional hazard model. The included covariates 
were timing of ICR, smoking status, age at diagnosis, disease 
localization (Montreal L), disease behaviour (Montreal B), 
prophylactic postoperative medication use, indication for surgery 
(non-complicated disease refractory to medical therapy or ICR 
instead of therapy escalation, stricturing disease, penetrating disease 
or another indication), gender, perianal fistulas, immunomodulator 
use prior to ICR, biological use prior to ICR, surgical approach 
(laparoscopy or laparotomy), histologic inflammation of the surgical 
resection margins (proximal (ileal) inflammation, distal (colonic) 
inflammation or both), length of the resected segment and the 
calendar year of ICR. A limited number of these variables were 
selected to display differences in cumulative incidence of 
endoscopic and/or radiologic recurrence. These variables were 
selected based upon current literature and/or statistical 
significance in the model.

The association between timing of ICR and the postoperative 
endpoints was investigated using multivariable proportional 
hazards models, adjusted for all above-mentioned covariates, in 
the multivariable model. To avoid bias by creating predefined 
categories, timing of ICR was analysed as a continuous variable. 
The characteristics of patient groups with different timings of 
ICR were subsequently assessed in detail. These groups were 
defined according to the results of the primary analysis. Due to 
the lower number of events for re-resection, the model for this 
outcome only included six covariates (timing of ICR, active 
smoking, age at diagnosis, Montreal L, Montreal B, postoperative 
prophylactic medication). To allow for a non-linear effect of the 
time between diagnosis and surgery we used a natural cubic 
spline with six degrees of freedom. To be able to include 
patients in the analysis for whom some covariates were missing, 
the models were fitted in the Bayesian framework, which 
allowed us to simultaneously fit the three models and impute 
missing covariates23. In addition, the models were refitted with 
timing of ICR as the only explanatory variable.

A sensitivity analysis for the endpoint of severe endoscopic 
recurrence, defined as Rutgeerts score ≥ i3 (diffuse aphthous 
ileitis with diffusely inflamed mucosa6), was also performed. 
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Due to the lower number of events in this sensitivity analysis, the 
multivariable model included six covariates (timing of ICR, active 
smoking, age at diagnosis, Montreal L, Montreal B, postoperative 
prophylactic medication).

Results
Study population
Overall, 835 patients with CD who underwent a primary ICR 
between 2000 and 2019 and were followed afterwards in the 
hospitals were included. All pathology reports were captured in 
the nationwide Dutch PALGA database (see website as 
reference, https://www.palga.nl). This ascertains full coverage of 
these cases.

Four patients were excluded because they had a permanent 
stoma and nine patients were excluded because they had 
recurrence before the stoma was removed. The total cohort of 
patients analysed comprised 822 patients (317 (38.6 per cent) 
male, median age 32.3 years (Q1–Q3 24.1–45.1, range 16.0–78.0)) 
who had undergone primary ICR (Table 1). Patient inclusion over 
time is included in Fig. S1. One-stage ileocolonic anastomosis 
was performed in 781 (95.0 per cent) patients and a two-stage 
procedure, with ileocolonic anastomosis after temporary 

ileostomy, was performed in 41 (5.0 per cent) patients. The 
affected disease location at the timing of surgery was limited to 
the ileum in 523 (63.6 per cent) patients, whereas 299 (36.4 per 
cent) patients had ileal and caecal or ascending colon 
involvement. In 224 (27.3 per cent) patients the indication for 
ICR was non-complicated disease, refractory to current 
treatment or ICR as alternative to therapy escalation. In 398 
(48.4 per cent) patients the indication was a symptomatic CD 
stricture, and in 185 (22.5 per cent) patients penetrating disease 
causing an intra-abdominal fistula or abscess. In a small 
proportion of patients, 15 (1.8 per cent), another indication for 
ICR was recorded, 5 (0.6 per cent) patients with suspected 
appendicitis and 10 (1.2 per cent) diagnostic laparoscopy or 
laparotomy. In total, 285 (34.7 per cent) patients were active 
smokers at the time of ICR. At ICR, 281 (34.2 per cent) patients 
were immunomodulator naïve, 456 (55.4 per cent) patients 
biological naïve, and 240 (29.2 per cent) patients were naïve to 
both.

Postoperative disease recurrence and medical 
escalation
ICR was performed at a median of 3.1 years (Q1–Q3 0.7–8.0, range 
0–46) after CD diagnosis. Median total follow-up was 5.6 years 

Table 1 Characteristics of the study population. Shown are median (i.q.r.) or count (proportion)

Total population 
(N = 822)

Missing

Sex, male 317 (38.6%) 0
Age at ICR in years, median 32.3 (24.1–45.1) 0
Positive family history of IBD 167 (20.3%) 275 (33.5%)
Active smoking 285 (34.7%) 53 (6.4%)
BMI, median 22.6 (19.8–25.7) 239 (29.1%)
Age at diagnosis in years 25.5 (19.9–37.0) 0
Montreal L

Ileum 523 (63.6%) 0
Ileocolonic 299 (36.4%)

Montreal B
Non-stricturing, non-penetrating 177 (21.5%) 0
Stricturing 400 (48.7%)
Penetrating 245 (29.8%)

Perianal fistulas 97 (11.8%) 0
Biological use prior to ICR 366 (44.5%) 0
Immunomodulator use prior to ICR 541 (65.8%) 0
Indication for ICR

Non-complicated disease refractory to therapy/instead of step-up 224 (27.3%) 0
Stricture 398 (48.4%)
Fistula/abscess 185 (22.5%)
Other* 15 (1.8%)

Surgical approach
Laparotomy 362 (44.0%) 34 (4.1%)
Laparoscopy 426 (51.8%)

Microscopic inflammation of resection margin
No inflammation 386 (47.0%) 223 (27.1%)
Proximal inflammation 135 (16.4%)
Distal inflammation 37 (4.5%)
Both sides inflammation 41 (5.0%)

Length of resected segment in cm, median 25.0 (18.0–33.5) 63 (7.7%)
Type anastomosis

Side-to-side 597 (72.6%) 100 (12.2%)
End-to-side 51 (6.2%)
End-to-end 74 (9.0%)

Prophylactic postoperative medication
None/5ASA/corticosteroid 514 (62.5%) 2 (0.2%)
Immunomodulator 187 (22.8%)
Biological 69 (8.4%)
Immunomodulator and biological 50 (6.1%)

*Other indications for ileocecal resection (ICR) comprised: suspected appendicitis in five (0.6%) patients, diagnostic laparoscopy or laparotomy in ten (1.2%) patients. 
IBD, inflammatory bowel disease.
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(Q1–Q3 2.5–10.7, range 0.1–19.9). Postoperative endoscopy or 
radiologic imaging within 18 months after ICR was performed in 
527 patients, in whom endoscopic and/or radiologic recurrence 
was diagnosed in 218 (41.4 per cent) patients, after a median of 
6.5 months (Q1–Q3 4.1–10.1, range 0.1–18.0). In 256 (31.1 per 
cent) CD patients, IBD medication was escalated after a median 
of 7.6 months (Q1–Q3 5.1–11.3, range 0.2–203.2). During total 
follow-up, 136 patients (26.5 per cent) underwent a re-resection 
(25 (18.5 per cent) ileum, 12 (8.9 per cent) colon, 98 (72.6 per 
cent) ileocolonic) after a median of 4.4 years (Q1–Q3 1.8–7.7, 
range 0.1–16.3).

The impact of timing of ileocolic resection
The lowest incidence of endoscopic recurrence, escalation of 
IBD medication within 18 months after ICR and re-resection 
during total follow-up, was observed for patients undergoing 
ICR immediately at or shortly after diagnosis (0–1 months). 
After 1 month, recurrence rates increased and stabilized when 
the interval between initial diagnosis and ICR exceeded 4 
months. For ICR during the rest of the disease course, no 
evidence for a difference in postoperative prognosis was 
found. Figures corresponding to the uncorrected model can be 
found in Fig. S2.

After correction for possible confounding factors in a 
multivariable model documented in Table 2, similar trends were 
observed, although differences in recurrence rates between 
patients with ICR shortly after diagnosis (0–1 months) versus 

those performed at later stages of the disease course were 
smaller (Fig. 1). The cumulative incidence of endoscopic and/or 
radiologic recurrence at 18 months was estimated at 34.6 per 
cent, 48.2 per cent and 39.0 per cent for patients who underwent 
ICR, respectively, at 0, 4 and 12 months after diagnosis (Fig. 1). 
The estimated incidence of escalation of IBD medication at 
18 months, for ICR performed 0, 4 and 12 months after 
diagnosis, was 20.2 per cent, 28.8 per cent and 28.3 per cent, 
respectively. Incidence of re-resection during total follow-up for 
patients who underwent ICR at 0, 4 and 12 months was 19.8 per 
cent, 29.8 per cent and 34.0 per cent, respectively (Fig. 1). To 
evaluate clinical characteristics of patients undergoing ICR 
during different stages of disease, the population was 
subdivided into three groups based on these curves. In the first 
group patients with ICR between 0 and 1 months after diagnosis 
were grouped (78 patients), then patients with ICR 1–4 months 
after diagnosis (52 patients) and thirdly patients with ICR 
>4 months after diagnosis (692 patients). Clinical and surgical 
characteristics of the different subgroups are displayed in 
Table S1.

In the sensitivity analysis of severe endoscopic recurrence, 
using Rutgeerts score ≥ i3 as cut-off for the outcome endoscopic 
and/or radiologic recurrence, comparable results were found 
regarding the effect of timing of ICR on recurrence rates. The 
estimated incidence of severe endoscopic recurrence was 23 per 
cent, 38 per cent and 31 per cent for ICR at 0, 4 and 12 months 
after CD diagnosis, respectively (Fig. S3).

Table 2 Results from the multivariable proportional hazards models for endoscopic and/or radiologic recurrence (n = 527). Shown are 
HRs and corresponding 95% c.i.

Endoscopic and/or radiologic recurrence

HR 95% c.i.

Timing of ICR *
Active smoking 1.21 0.90–1.62
Age at diagnosis 1.00 0.99–1.01
Montreal L

Ileum Ref
Ileocolonic 1.39 1.05–1.86

Montreal B
Non-stricturing, non-penetrating Ref
Stricturing 0.82 0.48–1.39
Penetrating 0.77 0.42–1.35

Postoperative prophylactic medication
None/5ASA/corticosteroid Ref
Immunomodulator 0.60 0.40–0.87
Biological 0.70 0.42–1.17
Immunomodulator and biological 0.16 0.05–0.43

Indication for surgery
Non-complicated, refractory disease/therapy escalation Ref
Stricturing disease 1.03 0.62–1.67
Penetrating disease 0.91 0.50–1.75
Other 0.13 0.01–0.93

Gender, female 0.84 0.64–1.12
Perianal fistula 1.21 0.80–1.83
Immunomodulator use prior to surgery 1.24 0.84–1.83
Biological use prior to surgery 1.03 0.73–1.47
Surgical approach, laparotomy 0.98 0.70–1.37
Microscopic activity at resection margin

Free of inflammation Ref
Proximal inflammation 1.39 0.94–2.05
Distal inflammation 1.32 0.67–2.43
Both sides inflammation 2.20 1.21–3.87

Length of resected segment in cm 1.00 0.99–1.01
Year of ICR 1.03 0.99–1.07

*HR of the non-linear effect component has no meaningful interpretation. Statistically significant results are shown in bold. ICR, ileocecal resection.
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Risk factors for endoscopic recurrence
Results of the multivariable proportional hazards model, with HRs 
and 95 per cent c.i., for endoscopic and/or radiologic recurrence 
are displayed in Table 2. In the multivariable model, ileocolonic 
disease (HR 1.4(95 per cent c.i. 1.1–1.9)) and microscopic 
inflammation of both proximal and distal resection margins (HR 
2.2 (95 per cent c.i. 1.2–3.9)) were associated with endoscopic 
and/or radiologic recurrence. Postoperative prophylaxis with 
monotherapy of immunomodulators (HR 0.6 (95 per cent c.i. 0.4 
to 0.9)) or in combination with biologicals (HR 0.2 (95 per cent 
c.i. 0.05 to 0.4)) and other indication for ICR (HR 0.1 (95 per cent 
c.i. 0.01 to 0.93)) were associated with a lower risk of endoscopic 
and/or radiological recurrence. The estimated cumulative 
incidence of endoscopic and/or radiologic recurrence after ICR is 
displayed for a selection of covariates (smoking status, biological 

use prior to ICR, disease localization, microscopic inflammation 
of the resection margins, disease behaviour and postoperative 
prophylactic medication; all other covariates set to reference 
values) in Fig. 2.

Discussion
In this multicentre study, patients with an indication for ICR 
shortly after CD diagnosis or who were diagnosed following ICR 
had the most favourable postoperative disease course, although 
differences were small. Studying prognosis after correction for 
possible confounding factors revealed a 4 per cent lower 
endoscopic recurrence rate, 8 per cent lower frequency of 
escalation of IBD medication and a 14 per cent lower long-term 
re-resection rate in patients who had ICR shortly after diagnosis 
(0–1 months), as compared to patients with ICR 1 year after 
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Fig. 1 Visualization of the effect of the timing of ileocecal resection (ICR) on recurrence, modelled with natural cubic splines. Shown is the expected 
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other covariates. The shaded area represents the corresponding 95% c.i. The inset plots zoom in on the first 12 months. CD, Crohn’s disease.
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diagnosis. The prognosis stabilized for patients who had 
undergone ICR approximately 4 months after diagnosis and 
remained stable throughout follow-up. Therefore, a benefit of 
early ICR after CD diagnosis to change the disease course is not 
substantiated by the data of this cohort study.

The group of patients with urgent ICR shortly after diagnosis 
comprises mainly patients who are diagnosed with severe 
stricturing disease or penetrating disease complications, and in a 
small number of patients the primary indication for ICR was the 
suspicion of appendicitis or diagnostic laparoscopy. Unfortunately, 
the number of patients in this study did not allow the study of 
subgroups within this mixed patient population. A beneficial 
prognosis for this group of patients may seem counterintuitive, 
because they have a delayed CD diagnosis when complications 
have already developed, which seems substantiated by a higher 
median age of 40 years at CD diagnosis. However, the finding of a 
beneficial disease course for this subgroup has also been shown in 
previous cohorts. An Italian retrospective study in 207 CD patients 
observed that surgery performed in an acute or subacute setting 
at diagnosis of CD was associated with a significantly lower 
incidence of clinical recurrence (defined as the need for 
corticosteroids in the presence of endoscopic or radiologic disease) 
during long-term follow-up, as compared to a postponed ICR18. 
Two other reports found lower overall surgery rates in patients 
with limited surgery immediately at diagnosis as compared to 
patients without surgery at diagnosis, although this result did not 
persist after propensity-score matching in one of the studies19,24. 
In addition, lower use of biologics in patients with ICR within 
1 month after diagnosis has been reported20. With regard to the 
clinical implication of these findings, the identification of the 
subgroup of CD patients with an urgent ICR at diagnosis will not 
influence a decision in timing of ICR in clinical practice, because 

the decision to proceed to intestinal resection at first 
manifestation is often inevitable. Furthermore, it should be taken 
into account that differences in endoscopic recurrence rates are 
small and confidence intervals overlap. However, these findings 
may influence decisions on the need for prophylactic medication, 
in which the more favourable disease course of this subgroup may 
be taken into account.

Investigating the effect of timing of ICR on postoperative 
prognosis as a continuous variable in a multivariable model 
instead of predefined categories has allowed us to assess 
changes in recurrence rate throughout the CD disease course. 
Interestingly, recurrence rates increased strongly for patients 
with ICR more than 1 month after diagnosis and peak between 
1 and 2 months after diagnosis for escalation of IBD medication 
and re-resection. One could speculate that this spike might be 
explained by a subset of CD patients with a high proportion of 
complicated disease (82.4 per cent stricturing or penetrating) 
but also with more extensive disease localization (47.1 per cent 
ileocolonic disease), in whom ICR was postponed at diagnosis 
but appeared inevitable shortly after, resulting in a poorer 
postoperative disease course characterized by symptoms 
necessitating the start or switch of IBD medication and a higher 
chance of re-resection. However, importantly, due to a small 
number of patients (N = 17) in this timeframe and wide 
confidence intervals, these results should be interpreted with 
caution and no further statistical analyses could be performed.

Postoperative prognosis stabilized for patients who had 
undergone ICR approximately 4 months after diagnosis and 
remained stable throughout follow-up. No evidence was found of 
an advantage for early surgery more than 1 month after diagnosis 
with regard to endoscopic and/or radiologic recurrence, escalation 
of IBD medication and re-resection. These study results indicate 
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that timing of primary ICR in CD is not associated with 
postoperative prognosis. Although these findings do not provide 
guidance for the decision on when to perform ICR (early or late 
after CD diagnosis), they support the conception that early and 
late ICR may be considered equally effective alternatives with 
regard to long-term prognosis. Previous results from the LIR!C 
trial showed ICR to be comparable to step-up to infliximab in 
terms of quality of life and costs in biological-naïve patients, with 
a median disease duration of 13 months14,15. In a follow-up study, 
survival without additional treatment (escalation of IBD 
medication or resection) was comparable between both groups25. 
In addition, previous studies on timing of resection from the 
patients’ perspective showed patients to be satisfied with the 
results of the resection, and up to 74 per cent of patients would 
have preferred the resection to be performed earlier26,27. 
Naturally, this decision requires a multidisciplinary approach, 
taking into account disease extent and localization, disease 
behaviour, patient-related factors, including nutritional status 
and performance status, and patient preference.

Factors associated with postoperative recurrence after 
ileocolonic resections in CD have been studied extensively, 
mostly in retrospective cohorts and often with contradicting 
results. In contrast to most studies, this study only concerns 
patients after primary ileocecal resection. Active smoking status 
is an established individual risk factor for postoperative 
recurrence in CD with a two-fold risk of clinical recurrence and 
2.5-fold risk of surgical recurrence9. Unexpectedly, smoking was 
not associated with an increased risk of endoscopic recurrence 
in our study. A possible explanation is the interaction of 
smoking with other risk factors in multivariable analysis. Next 
to active smoking, current guidelines consider penetrating 
disease behaviour as a risk factor8,10. However, conflicting data 
exist with regard to penetrating disease behaviour and the risk 
of early recurrence8,12. In this study, penetrating disease 
behaviour was not associated with endoscopic and/or radiologic 
recurrence. These differences might be explained by smaller 
population size and lower event rate in our study. Microscopic 
inflammation of both the proximal and distal margin 
was associated with an increased hazard of endoscopic 
recurrence. This is in line with recent reports showing that 
microscopic inflammation of the resection margins is associated 
with postoperative recurrence28–31. Furthermore, our study 
showed that patients receiving combination therapy with an 
immunomodulator and biological were at 20 per cent lower risk 
of endoscopic and/or radiologic recurrence after 18 months. 
This is consistent with published network meta-analyses, and 
may be a valuable option for patients with a high risk of 
recurrence32,33.

Although this study is based on a large data set of patients with 
a long-term follow-up, a few limitations of this study need to be 
taken into account, mostly inherent to its retrospective design. 
First, the analysis on the indication for ICR as a possible 
prognostic factor could benefit from further refinement of the 
subgroup of patients with refractory disease. For instance, the 
prognosis of CD irresponsive to a limited trial of one biologic 
may differ from CD failing multiple biologics. Unfortunately, 
subanalysis on the effect of timing of ICR in the population with 
prior biological use is hampered by the low number of patients 
exposed to a biological with ICR early after diagnosis. Second, 
postoperative follow-up was not standardized and therefore 
endoscopy was not routinely performed in all patients. 
Endoscopies may have been performed primarily in 
symptomatic patients, especially during earlier calendar years. 

As a result, endoscopic recurrence rates might be overestimated. 
Since a sensitivity analysis on the total study population results 
in similar observations on prognosis with regard to timing of ICR 
(Supplementary material), it can be speculated that the influence 
of this selection of patients on the primary analysis is limited. 
Thirdly, timing and indication of ICR were chosen by discretion 
of the treating physicians, which represents real-world clinical 
data, but also creates heterogeneity in the patient population. It 
cannot fully be excluded that the association between timing of 
ICR and postoperative prognosis was influenced by other 
factors that lead to the decision when to perform ICR which 
were not available in the data of the present study. However, the 
effect of this limitation was minimized by correcting for 
confounding factors like disease severity, age and indication for 
ICR in the present Cox model. Furthermore, although both 
secondary and tertiary centres were included, the largest 
proportion of patients (58 per cent) was treated in a tertiary or 
academic setting.

Overall, the short- and long-term postoperative prognoses are 
unaffected by the timing of ICR, when corrected for confounding 
factors. Therefore, the timing of ICR in CD is not associated with 
a change of the disease course and should not be weighed in 
clinical decisions.

Funding
The authors have no funding to declare.

Acknowledgements
The authors of this manuscript would like to acknowledge the 
contribution of the Erasmus University Medical Center 
Pathology Research and Trial Service, the pathology department 
of Radboud University Medical Center, the Pathology 
Department of Amphia Hospital, the Pathology Department of 
University Medical Center Groningen, the Pathology Department 
of Zuyderland Medical Center, the Pathology Department of 
Amsterdam UMC Vrije Universiteit Amsterdam, the Pathology 
Department of Maastricht University Medical Center, the 
Pathology Department of Leiden University Medical Center, the 
Pathology Department of Fransiscus Gasthuis & Vlietland and 
the Pathology Department of IJsselland hospital for performing a 
search in the pathology database to acquire the study population.

Disclosure
E.B., J.A., J.S., N.E., M.R. and O.R. report no conflicts of interest. F.H. 
has served on advisory boards or as speaker for AbbVie, 
Janssen-Cilag, MSD, Takeda, Celltrion, Teva, Sandoz and Dr Falk, 
reports research funding from Dr Falk, Janssen-Cilag, AbbVie and 
Takeda and consulting fees from Celgene and Janssen-Cilag, 
outside the submitted work. A.B. has served on the advisory 
board of Takeda, AbbVie and Janssen, outside the submitted 
work. G.D. reports grant support from DSM Nutritional Products 
Ltd and speakers fees from Janssen Pharmaceuticals, AbbVie and 
Takeda, outside the submitted work. N.d.B. has served as a 
speaker for AbbVie and MSD and has served as consultant and 
principal investigator for TEVA Pharma BV and Takeda. He has 
received an (unrestricted) research grant from Dr Falk, TEVA 
Pharma BV, MLDS and Takeda, outside the submitted work. L.S. 
has served as a speaker and received research support from 
Takeda, outside the submitted work. A.v.d.M. reports 
presentation fees from Janssen and has served on the advisory 

Beelen et al. | 7
D

ow
nloaded from

 https://academ
ic.oup.com

/bjsopen/article/7/5/zrad097/7286234 by Jacob H
eeren user on 06 N

ovem
ber 2024

http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zrad097#supplementary-data


board of Takeda and Galapagos, outside the submitted work. R.W. 
has served on the advisory board and as invited speaker for 
Janssen, Pfizer and Takeda, outside the submitted work. C.v.d.W. 
has served on the advisory board of Celltrion, AbbVie and Takeda, 
outside the submitted work. A.d.V. reports a research grant from 
MLDS and Tramedico and has served on the advisory board of 
Jansen, Takeda and AbbVie, outside the submitted work.

Supplementary material
Supplementary material is available at BJS Open online.

Data availability
The data underlying this article will be shared on reasonable 
request to the corresponding author.

References
1. Frolkis AD, Dykeman J, Negron ME, Debruyn J, Jette N, Fiest KM 

et al. Risk of surgery for inflammatory bowel diseases has 
decreased over time: a systematic review and meta-analysis of 
population-based studies. Gastroenterology 2013;145:996–1006

2. Tsai L, Ma C, Dulai PS, Prokop LJ, Eisenstein S, Ramamoorthy SL 
et al. Contemporary risk of surgery in patients with ulcerative 
colitis and Crohn’s disease: a meta-analysis of population- 
based cohorts. Clin Gastroenterol Hepatol 2021;19:2031–2045.e11

3. Beelen EMJ, van der Woude CJ, Pierik MJ, Hoentjen F, de Boer NK, 
Oldenburg B et al. Decreasing trends in intestinal resection and 
re-resection in Crohn’s disease: a nationwide cohort study. 
Ann Surg 2021;273:557–563

4. Cullen G, O’Toole A, Keegan D, Sheahan K, Hyland JM, 
O’Donoghue DP. Long-term clinical results of ileocecal 
resection for Crohn’s disease. Inflamm Bowel Dis 2007;13: 
1369–1373

5. Kim NK, Senagore AJ, Luchtefeld MA, MacKeigan JM, Mazier WP, 
Belknap K et al. Long-term outcome after ileocecal resection for 
Crohn’s disease. Am Surg 1997;63:627–633

6. Rutgeerts P, Geboes K, Vantrappen G, Beyls J, Kerremans R, Hiele 
M. Predictability of the postoperative course of Crohn’s disease. 
Gastroenterology 1990;99:956–963

7. De Cruz P, Kamm MA, Hamilton AL, Ritchie KJ, Krejany EO, 
Gorelik A et al. Crohn’s disease management after intestinal 
resection: a randomised trial. Lancet 2015;385:1406–1417

8. Gionchetti P, Dignass A, Danese S, Magro Dias FJ, Rogler G, 
Lakatos PL et al. 3rd European evidence-based consensus on 
the diagnosis and management of Crohn’s disease 2016: part 
2: surgical management and special situations. J Crohn’s Colitis 
2017;11:135–149

9. Reese GE, Nanidis T, Borysiewicz C, Yamamoto T, Orchard T, 
Tekkis PP. The effect of smoking after surgery for Crohn’s 
disease: a meta-analysis of observational studies. Int J 

Colorectal Dis 2008;23:1213–1221
10. Nguyen GC, Loftus EV Jr, Hirano I, Falck–Ytter Y, Singh S, Sultan 

S et al. American Gastroenterological Association Institute 
Guideline on the management of Crohn’s disease after 
surgical resection. Gastroenterology 2017;152:271–275

11. Auzolle C, Nancey S, Tran-Minh ML, Buisson A, Pariente B, 
Stefanescu C et al. Male gender, active smoking and previous 
intestinal resection are risk factors for post-operative endoscopic 

recurrence in Crohn’s disease: results from a prospective cohort 

study. Aliment Pharmacol Ther 2018;48:924–932
12. Maggiori L, Brouquet A, Zerbib P, Lefevre JH, Denost Q, Germain 

A et al. Penetrating Crohn disease is not associated with a higher 
risk of recurrence after surgery: a prospective nationwide cohort 
conducted by the GETAID Chirurgie Group. Ann Surg 2019;270: 
827–834

13. Bernell O, Lapidus A, Hellers G. Risk factors for surgery and 
postoperative recurrence in Crohn’s disease. Ann Surg 2000; 
231:38–45

14. Ponsioen CY, de Groof EJ, Eshuis EJ, Gardenbroek TJ, Bossuyt 
PMM, Hart A et al. Laparoscopic ileocaecal resection versus 
infliximab for terminal ileitis in Crohn’s disease: a randomised 
controlled, open-label, multicentre trial. Lancet Gastroenterol 
Hepatol 2017;2:785–792

15. de Groof EJ, Stevens TW, Eshuis EJ, Gardenbroek TJ, Bosmans JE, 
van Dongen JM et al. Cost-effectiveness of laparoscopic 
ileocaecal resection versus infliximab treatment of terminal 
ileitis in Crohn’s disease: the LIR!C trial. Gut 2019;68:1774–1780

16. Cosnes J, Cattan S, Blain A, Beaugerie L, Carbonnel F, Parc R et al. 
Long-term evolution of disease behavior of Crohn’s disease. 
Inflamm Bowel Dis 2002;8:244–250

17. Pariente B, Cosnes J, Danese S, Sandborn WJ, Lewin M, Fletcher 
JG et al. Development of the Crohn’s disease digestive damage 
score, the Lemann score. Inflamm Bowel Dis 2011;17:1415–1422

18. Aratari A, Papi C, Leandro G, Viscido A, Capurso L, Caprilli R. 
Early versus late surgery for ileo-caecal Crohn’s disease. 
Aliment Pharmacol Ther 2007;26:1303–1312

19. Golovics PA, Lakatos L, Nagy A, Pandur T, Szita I, Balogh M et al. Is 
early limited surgery associated with a more benign disease 
course in Crohn’s disease? World J Gastroenterol 2013;19:7701–7710

20. Lee JM, Lee K-M, Kim JS, Kim YS, Cheon JH, Ye BD et al. 
Postoperative course of Crohn disease according to timing of 
bowel resection: results from the CONNECT study. Medicine 
(Baltimore) 2018;97:e0459

21. Ma C, Gecse KB, Duijvestein M, Sandborn WJ, Zou G, Shackelton LM 
et al. Reliability of endoscopic evaluation of postoperative recurrent 
Crohn’s disease. Clin Gastroenterol Hepatol 2020;18:2139–2141.e2

22. Erler NS, Rizopoulos D, Lesaffre EMEH. JointAI: joint analysis 
and imputation of incomplete data in R. arXiv preprint 
arXiv:190710867. 2019

23. Erler NS, Rizopoulos D, Jaddoe VWV, Franco OH, Lesaffre EMEH. 
Bayesian imputation of time-varying covariates in linear mixed 
models. Stat Methods Med Res 2017;28:555–568

24. An V, Cohen L, Lawrence M, Thomas M, Andrews J, Moore J. 
Early surgery in Crohn’s disease a benefit in selected cases. 
World J Gastrointest Surg 2016;8:492–500

25. Stevens TW, Haasnoot ML, D’Haens GR, Buskens CJ, de Groof EJ, 
Eshuis EJ et al. Laparoscopic ileocaecal resection versus 
infliximab for terminal ileitis in Crohn’s disease: retrospective 
long-term follow-up of the LIR!C trial. Lancet Gastroenterol 
Hepatol 2020;5:900–907

26. Scott NA, Hughes LE. Timing of ileocolonic resection for 
symptomatic Crohn’s disease–the patient’s view. Gut 1994;35: 
656–657

27. Mui M, An V, Lovell J, D’Souza B, Woods R. Patients’ perspective 
on bowel resection for inflammatory bowel disease. Int J 
Colorectal Dis 2018;33:219–222

28. Hammoudi N, Cazals-Hatem D, Auzolle C, Gardair C, Ngollo M, 
Bottois H et al. Association between microscopic lesions at ileal 
resection margin and recurrence after surgery in patients with 
Crohn’s disease. Clin Gastroenterol Hepatol 2020;18:141–149.e2

8 | BJS Open, 2023, Vol. 7, No. 5

D
ow

nloaded from
 https://academ

ic.oup.com
/bjsopen/article/7/5/zrad097/7286234 by Jacob H

eeren user on 06 N
ovem

ber 2024

http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zrad097#supplementary-data


29. Poredska K, Kunovsky L, Marek F, Kala Z, Prochazka V, Dolina J 

et al. The influence of microscopic inflammation at resection 
margins on early postoperative endoscopic recurrence after 
ileocaecal resection for Crohn’s disease. J Crohns Colitis 2020; 
14:361–368

30. Riault C, Diouf M, Chatelain D, Yzet C, Turpin J, Brazier F et al. 
Positive histologic margins is a risk factor of recurrence after 
ileocaecal resection in Crohn’s disease. Clin Res Hepatol 
Gastroenterol 2020;45:101569

31. Wasmann K, van Amesfoort J, van Montfoort ML, Koens L, 
Bemelman WA, Buskens CJ. The predictive value of inflammation 

at ileocecal resection margins for postoperative Crohn’s 

recurrence: a cohort study. Inflamm Bowel Dis 2020;26:1691–1699
32. Burr NE, Hall B, Hamlin PJ, Selinger CP, Ford AC, O’Connor A. 

Systematic review and network meta-analysis of medical 
therapies to prevent recurrence of post-operative Crohn’s 
disease. J Crohns Colitis 2019;13:693–701

33. Singh S, Garg SK, Pardi DS, Wang Z, Murad MH, Loftus EV Jr. 
Comparative efficacy of pharmacologic interventions in 
preventing relapse of Crohn’s disease after surgery: a 
systematic review and network meta-analysis. Gastroenterology 
2015;148:64–76.e2; quiz e14

Beelen et al. | 9
D

ow
nloaded from

 https://academ
ic.oup.com

/bjsopen/article/7/5/zrad097/7286234 by Jacob H
eeren user on 06 N

ovem
ber 2024


	Impact of timing of primary ileocecal resection on prognosis in patients with Crohn’s disease
	Introduction
	Materials and methods
	Study design and study population
	Data collection
	Endpoints
	Statistical analysis

	Results
	Study population
	Postoperative disease recurrence and medical escalation
	The impact of timing of ileocolic resection
	Risk factors for endoscopic recurrence

	Discussion
	Funding
	Acknowledgements
	Disclosure
	Supplementary material
	Data availability
	References




