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Abstract

Background: Crohn’s disease (CD) is a chronic condition with
increasing prevalence, where early management is crucial for im-
proving long-term prognosis. This study aimed to assess the rate of
early surgery, identify associated factors, and compare the outcomes
of patients undergoing early surgery, late surgery, and those treated
medically.

Methods: We conducted a retrospective single-center study of 120
CD patients hospitalized at Mohamed Taher Maamouri Hospital be-
tween 2012 and 2023. Early surgery was defined as intestinal resec-
tion within 12 months of diagnosis. Three groups were defined: early
surgery, late surgery, and no surgery. Clinical characteristics, predic-
tive factors, and long-term outcomes, were analyzed using multivari-
able logistic regression and Kaplan—Meier survival analysis.

Results: The mean age was 39 years, with a male-to-female ratio
of 1.22. Surgery was performed in 47.5% of patients (n = 57), with
25.8% (n = 31) undergoing early surgery. Twelve patients (10%)
had surgery at diagnosis, mainly due to acute intestinal obstruction.
Ileocecal resection was performed in 77.2% of cases. Postopera-
tively, 53.7% achieved durable clinical remission, while 24.5% had
postoperative adverse outcomes. Multivariate analysis identified a
complicated onset (P = 0.02) and no initial corticosteroid use (P
= 0.016) as factors associated with early surgery. Although over-
all follow-up duration was longer among patients undergoing early
surgery, recurrence-free, postoperative adverse event-free survival,
corticosteroid-free, and reoperation-free survival were significantly
longer in the late surgery group. The no surgery group had shorter
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survival, though this difference was not significant (P = 0.9).

Conclusions: In our cohort, patients undergoing early surgery
frequently presented with complicated diseases requiring urgent
surgical intervention. Consequently, the less favorable long-term
outcomes observed after early surgery probably reflect greater
disease severity at presentation rather than the timing of surgery
itself. These findings should therefore be interpreted cautiously,
particularly when comparing our cohort with populations managed
in healthcare systems where earlier diagnosis and wider access to
biologic therapy are available.
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Introduction

Crohn’s disease (CD) is a chronic, progressive, and destruc-
tive inflammatory bowel disease characterized by alternating
periods of relapse and remission [1]. Despite advancements
in medical therapy, surgical intervention remains almost in-
evitable in the management of complicated or refractory CD
[2]. The timing of surgical intervention, particularly early
surgery, has gained increasing attention due to its potential
impact on long-term disease outcomes [3, 4]. However, the
decision to perform early surgery remains a subject of de-
bate, with conflicting evidence regarding its benefits and
risks.

Recent studies suggest that early surgical intervention may
improve outcomes by rapidly addressing complications such
as strictures, fistulas, and abscesses, which contribute signifi-
cantly to morbidity and reduced quality of life [5, 6]. Further-
more, surgery may offer a more durable remission compared to
long-term medical therapy, which can lose efficacy over time
[7, 8]. However, early surgery may also be associated with
higher rates of postoperative complications and a more com-
plex disease course, warranting careful patient selection based
on disease severity and phenotype.

In Tunisia, data on CD and the role of early surgery are
scarce. Therefore, our study aimed to provide insights into the
clinical profile of Tunisian patients undergoing early surgery
for CD and to compare their short- and long-term outcomes
with those of patients undergoing late surgery or no surgery.
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Therefore, we conducted a retrospective cohort study to de-
termine the rate of early surgical intervention in a Tunisian
population with CD and identify associated clinical and epi-
demiological factors and to compare the short- and long-term
outcomes of patients undergoing early surgery with those un-
dergoing late surgery or managed medically.

Materials and Methods

Study design

This was a retrospective, observational, single-center study
conducted at the Gastroenterology Department of Mohamed
Taher Maamouri Hospital in Nabeul, Tunisia, from January
2012 to December 2023.

This study was approved by the Institutional Ethics Com-
mittee of Mohamed Taher Maamouri Hospital and conducted
in accordance with the Declaration of Helsinki.

Population

Inclusion criteria

Patients over 16 years old with ileal, ileocecal, colonic, or il-
eocolic CD, whether medically treated or having undergone
ileal, ileocecal, colonic, or ileocolic resection were included.

Exclusion criteria

Patients with isolated anorectal or upper gastrointestinal in-
volvement, colorectal cancer secondary to CD, or a follow-up
duration of less than 6 months were excluded.

Definition of early surgery

Early surgery was defined as surgical intervention (intestinal
resection) within 12 months of CD diagnosis, a timeframe cho-
sen based on its adoption in the majority of publications.

Study outcomes

The primary objective of this study was to identify factors as-
sociated with early intestinal resection in patients with CD.

Secondary objectives were to compare the postoperative
and long-term outcomes of patients undergoing early surgery
with those undergoing late surgery, as well as with patients
managed medically.

Postoperative recurrence included both clinical recurrence
and endoscopic recurrence during follow-up.

Early postoperative complications were defined as direct
surgery-related adverse events occurring during the immediate
postoperative period, including intra-abdominal collections.

Anastomotic strictures diagnosed during long-term follow-up
were considered long-term postoperative outcomes rather than
surgical complications.

Reoperation was defined as any subsequent intestinal sur-
gical procedure performed after the initial resection, whether
for CD recurrence or postoperative surgical complications.

Time-to-event analyses included recurrence-free survival,
postoperative adverse event-free survival, corticosteroid-free
survival, therapeutic escalation-free survival, and reoperation-
free survival. For each endpoint, survival time was calculated
from the date of surgery until the occurrence of the corre-
sponding event or the end of follow-up.

Additional exploratory analysis

To further address the potential influence of surgical indications
on postoperative outcomes, an additional exploratory analysis
was performed. Patients who underwent surgery were classified
according to the surgical setting as either emergency or elective
surgery. Emergency surgery was defined as surgery performed
for acute complications requiring urgent intervention, whereas
elective surgery referred to planned procedures performed after
clinical evaluation and preoperative optimization.

Data collection

Data were collected from medical records using a standardized
data sheet, including: (1) demographic and clinical character-
istics; (2) laboratory, radiological, and endoscopic findings at
diagnosis; (3) surgical details, including indications, type of
surgery, and postoperative outcomes; and (4) long-term fol-
low-up data, including the duration of postoperative follow-
up, clinical and endoscopic recurrence, postoperative compli-
cations and outcomes, reoperations, corticosteroid exposure,
therapeutic escalation, and maintenance therapy.

Statistical analysis

Data were analyzed using SPSS version 25. Descriptive sta-
tistics were used to summarize the population’s characteris-
tics. Comparative analyses were conducted using Chi-square
and t-tests for categorical and continuous variables, respec-
tively. Time-to-event analyses were performed using the Ka-
plan—Meier method to estimate recurrence-free, adverse out-
come-free, corticosteroid-free, therapeutic escalation-free,
and reoperation-free survival. Survival distributions were
compared using the log-rank test.

Ethical consideration

Strict anonymity of the individual data was respected
throughout the study. Given the retrospective nature of the
study, it was not possible to obtain informed consent from
the patients.
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Table 1. Clinical and Biological Characteristics of the Patients at Diagnosis

Parameters Subcategory Percentage (%) Mean values (extremes)
Age at onset (Montreal classification) Al 6.7 39+ 14 (16-73)
A2 51.6
A3 41.7
Sex Male 55 Sex ratio (male/female) = 1.22
Female 45
Smoking status Non-smokers 57.1 —
Active smokers 42.9 —
Family history of IBD — 16.7 —
BMI (kg/m?) Underweight 18.4 22.8+£5.2(13.3-38.7)
Normal 51.8
Overweight 20.2
Obesity 9.6
Initial presentation Chronic diarrhea 47.1
Subocclusive syndrome 16.8
Abdominal pain 14.3
Acute intestinal obstruction 10
Other 11.8
Disease location (Montreal classification) L1 43.3 —
L2 14.2 —
L3 425 —
Disease behavior (Montreal classification) Bl 333 —
B2 40.8 —
B3 25.9 —
P (perianal) 233 —
Anemia — 67.7 Hb: 11.9£2.3 (2.47-16.4)
BIS — 54 WBC: 9,513 +4,761 (3,000-28,900)

CRP: 46.8 + 50.8 (0-238)
Platelets: 381,819 = 158,102 (127,000-975,000)

IBD: inflammatory bowel disease; BMI: body mass index; BIS: biological inflammatory syndrome; Hb: hemoglobin; WBC: white blood count; CRP:

C-reactive protein.

Results

Baseline characteristics of the patients

A total of 120 patients with a confirmed diagnosis of CD were
enrolled in our study. The mean follow-up period was 77.5 +
70.8 months, with a maximum follow-up time of 369 months.
The mean age at diagnosis was 39 + 14 years, with a male-to-
female ratio of 1.22. The clinical and biological characteristics
of the population are summarized in Table 1.

The initial imaging examination revealed complica-
tions in 38 patients (29.2%). Ulcerative ileitis and congestive
ileo-colitis were the two most common endoscopic findings
(25.9% and 25%, respectively). Histopathological examina-

tion showed chronic inflammatory lesions in 48.1% of cases.
The main therapies included corticosteroids (50.8%), immuno-
suppressants (44.2%), salicylates (30.8%) and anti-tumor ne-
crosis factor (anti-TNF, 5%). Approximately 60% of patients
experienced disease flare-ups, and 41.7% needed a therapy
escalation.

Rate of surgery

The overall prevalence of surgery in the studied population
was 47.5% (57 patients), with an early surgery rate of 25.8%
(31 patients). The mean time to surgery in this group was 4 +
4.3 months. In 10% of cases, surgery was required at the time
of diagnosis.
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Table 2. Postoperative Outcomes in Early Versus Late Surgery Groups

Outcome Early surgery (%) Late surgery (%) P
Clinical recurrence 46 42 0.56
Endoscopic recurrence 41.9 53.8 0.37
Adverse outcomes (abscesses/stricture) 25.8 23 0.588
Reoperation 16.1 3.8 0.0132
Corticosteroid treatment 22.5 19.2 0.757
Therapy optimization 355 30.8 0.7

Indications and types of surgery

The primary indications for surgery were acute intestinal ob-
struction (26.3%), localized ileal disease (22.8%) and failure
of medical treatment (19.3%).

In the early surgery group, the main surgical indications
were acute intestinal obstruction in nine cases (29%), as well
as the presence of intra-abdominal collections and fistulas,
each observed in four cases (12.9%). The most performed pro-
cedure was ileocecal resection (ICR) in 77.2% of cases, as well
as for the early surgery group, accounting for 83.9% of cases.

The mean ileal resection length was 28 + 18.5 cm (5-70
cm).

Postoperative outcomes

After surgical treatment, 29 patients (53.7%) achieved sus-
tained clinical remission, with endoscopic remission in 23.8%
of cases. Among patients who experienced postoperative recur-
rence (47.3%), 41.3% required optimization of maintenance
therapy. Postoperative adverse outcomes occurred in 24.5% of
patients and mainly consisted of intra-abdominal abscesses (as
early direct surgical complications) and anastomotic strictures
(in the long term).

The rate of reoperation was 10.5%, with clinical remission
achieved in 66.7% of cases. The majority of operated patients
(n =31, 55.4%) received azathioprine (AZA) for postoperative
recurrence prevention.

The comparison of postoperative outcomes between the
early and late surgery groups is summarized in Table 2.

Comparative analysis

Comparison of demographic, clinical, and paraclinical pa-
rameters between the early surgery group and the non-op-
erated group revealed significant differences for obesity
(3.2% vs. 14.3%, P = 0.049), inflammatory behavior (3.2%
vs. 60.3%, P < 0.001), colonic location (3.2% vs. 23.8%, P
= 0.006), hyperleukocytosis at diagnosis (P = 0.029), and
the presence of complications on initial imaging (67.7% vs.
32.3%, P<0.001).

Comparison between the “early surgery” and “late sur-
gery” groups showed significant differences regarding the
timing of the first colonoscopy (P = 0.037), corticosteroid use

at diagnosis (29% vs. 80.8%, P < 0.001), and the presence of
complications at diagnosis (67.7% vs. 15.4%, P <0.001).

Patients undergoing early surgery were more likely to pre-
sent with obstructive symptoms and have localized ileal in-
volvement at diagnosis compared to those managed medically
or undergoing late surgery.

Factors associated with early surgery

Univariate analysis identified normal body mass index (BMI,
P = 0.05), intestinal obstruction at diagnosis (P < 0.001), ileal
location (P = 0.025), penetrating behavior (P < 0.001), ileoce-
cal valve stenosis at first colonoscopy (P = 0.013), presence of
complications on initial imaging (P < 0.001), and absence of
corticosteroid use at diagnosis (P = 0.005) as factors signifi-
cantly associated with early surgery.

Multivariate analysis identified the presence of complica-
tions at diagnosis (P = 0.02) and the absence of initial corticos-
teroid therapy (P = 0.016) were the only independent factors
associated with early surgery (Table 3).

Survival analysis

The overall follow-up duration was longer in patients undergo-
ing early surgery than in those undergoing late surgery (Table
4). However, Kaplan—Meier analyses demonstrated signifi-
cantly shorter recurrence-free (Fig. 1a), adverse outcome-free
(Fig. 1b), therapeutic escalation-free, reoperation-free (Fig.
Ic) and corticosteroid-free (Fig. 1d) survival in the early sur-
gery group compared with the late surgery group (Table 5).

Among medically managed patients, event-free follow-up
was shorter than in the early surgery group, although these dif-
ferences did not reach statistical significance.

Comparison between emergency and elective surgery

An additional exploratory analysis was conducted to investi-
gate whether the surgical setting influenced long-term postop-
erative outcomes.

Among the 57 operated patients, 27 underwent emergency
surgery and 30 underwent elective surgery. Patients undergo-
ing emergency surgery were significantly more frequently
male (81.5% vs. 46.7%, P =0.007), active smokers (66.7% vs.
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Table 3. Factors Associated With Early Surgery in Univariable and Multivariable Analysis

Univariable analysis I;’I[ll:llltyi:iz;riable
Variable g:‘ilg ls)“rgery {;lafg;; surgery Pvalue  OR (CI) P value
Nutritional status 0.05 1.56 (0.97-2.51)
Malnutrition 7 (22.5%) 14 (15.7%)
Normal BMI 20 (64.5%) 39 (43.8%)
Overweight 2 (6.5%) 21 (23.6%)
Obesity 1(3.2%) 10 (11.2%)
Initial presentation <0.001 7.39 (2.31-23.65)
Intestinal obstruction 8 (25.8%) 4 (4.5%)
Subocclusive symptoms 8 (25.8%) 12 (13.5%)
Chronic diarrhea 3(9.7%) 53 (59.6%)
Abdominal pain 6 (19.4%) 11 (12.4%)
Other 6 (19.4%) 9 (10%)
CD location 0.025 2.69 (1.25-5.79)
L1 19(61.3%) 33(37.1%)
L2 1(3.2%) 16 (18%)
L3 11 (35.5%) 40 (44.9%)
CD behavior <0.001 0.042 (0.01-0.29)
Bl 1 (3.2%) 39(43.8%)
B2 15 (48.4%) 34 (38.2%)
B3 15(48.4%) 16 (18%)
Endoscopic findings 0.013 3.09 (1.25-7.64)
ICV stenosis 8 (25.8%) 9 (10.1%)
Ulcerated ileitis 3(9.7%) 25 (28.1%)
Ulcerated ileocolitis 6 (19.4%) 20 (22.5%)
Other 9 (29%) 27 (30.3%)
Complication at first imaging <0.001 10.33 (3.907-27.332) 0.02
Yes 21 (67.7%) 14 (15.7%)
No 10 (32.3%) 75 (84.3%)
Corticosteroids at diagnosis 0.005 3.47 (1.42-8.47) 0.016
Yes 9 (29%) 52 (58.4%)
No 22 (71%) 37 (41.6%)
BMI: body mass index; ICV: ileocecal valve; CD: Crohn’s disease; OR: odds ratio; Cl: confidence interval.
36.7%, P =0.024), and had a lower mean BMI (20.3 + 3.5 vs. Kaplan—Meier analyses demonstrated no statistically sig-
22.8 + 4.6 kg/m?, P = 0.030). No significant differences were nificant differences between emergency and elective surgery
observed regarding disease location (P = 0.337) or disease phe- regarding recurrence-free survival (log-rank P = 0.626), long-
notype (P = 0.985). term postoperative adverse event-free survival (P = 0.799),
Table 4. Comparison of the Estimated Overall Follow-Up Duration According to Treatment Group
Estimated follow-up duration Late surgery Early surgery No surgery
159.2 months 172.2 months 144.65 months

P value 0.003
0.966
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Figure 1. Kaplan—Meier survival curve for (a) postoperative recurrence-free survival in early and late surgery groups; (b) post-
operative adverse outcome-free survival in early and late surgery groups; (c) reoperation-free survival in early and late surgery
groups; (d) corticosteroid-free survival in early and late surgery groups.

reoperation-free survival (P = 0.249), or corticosteroid-free
survival (P = 0.856).

Discussion

The definition and reported rates of early surgery in CD vary
across studies, depending largely on how early surgical inter-
vention is defined in relation to diagnosis. Agrawal et al [3]
considered early surgery as a resection performed within 30
days before or up to 1 year after diagnosis, reporting a rate of
45.4%. Sarikaya et al [9] defined early surgery as any intesti-

Table 5. Time-to-Event Analyses According to Treatment Group

nal resection within 6 months of diagnosis and observed a rate
of 38.9%. Magro et al [10] focused on resections performed
within 6 months before the initiation of immunosuppressive
therapy, reporting a 32.3% early surgery rate. In our cohort,
the early surgery rate was 25.8%, which is slightly lower than
those previously reported. This difference may be explained
by variations in study design, patient selection, healthcare or-
ganization, and access to biological therapies.

Unlike several contemporary studies evaluating elective
early surgery, the majority of patients in our early surgery
group underwent urgent surgical intervention because of com-
plicated disease at presentation, including intestinal obstruc-

Early surgery Late surgery P value (early No surgery P value (early

Event (months) (months) vs late) (months) VS NO surgery)
New flare-ups 128 201.3 0.027 109 0.241
Postoperative adverse outcome 167.6 258 0.022

Reoperation 209.6 369.6 0.007

Corticosteroid use 160 278 0.048

Therapeutic escalation 127 229.5 0.019 116.5 0.517
Postoperative endoscopic recurrence 118 173.4 0.050
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tion, intra-abdominal abscesses, or fistulas. Consequently, in
many cases, surgery reflected advanced disease at diagnosis
rather than an intentionally adopted early therapeutic strategy.
This distinction is important when interpreting our findings
because surgical timing in our cohort was strongly influenced
by disease severity and delayed diagnosis.

Numerous studies have explored predictive factors asso-
ciated with early surgery in CD. Zhu et al [11] reported that
younger age at diagnosis and longer disease duration were as-
sociated with early surgery. In their multivariate analysis, pre-
vious intestinal resection and a high Lemann index (8.99) [12]
emerged as independent risk factors, while an inflammatory
phenotype was inversely correlated. Similarly, Yao et al [13]
found that complicated behaviors, smoking, low BMI, elevat-
ed C-reactive protein (CRP) at diagnosis, prior intestinal resec-
tions, exclusive enteral nutrition, and intestinal wall thickness
>4 mm were significantly associated with early surgery. Nota-
bly, biologic therapy was negatively associated with early sur-
gical intervention. Golovics et al [4] highlighted corticosteroid
use, ileal or colonic disease localization, and complicated dis-
ease behavior (B2 or B3) at diagnosis as significant factors.

In our study, late surgery was associated with longer recur-
rence-free survival compared to early surgery. This contrasts
with findings by Margagnoni et al [14] and Aratari et al [15],
who reported better long-term remission and lower reoperation
rates with early surgical intervention.

Similarly, corticosteroid-free survival was longer in the
late surgery group, whereas previous studies (Golovics et al
[4], Latella et al [16], Agrawal et al [3]) suggested reduced
corticosteroid use after early surgery.

Although escalation rates were similar, the time before
treatment optimization was longer in the late surgery group.
Some studies (Sarikaya et al [9], Kelm et al [17], Aratari et
al [15]) support reduced need for immunosuppressants after
early surgery, while Lee et al [18] found no difference. As for
anti-TNF use, the LIR!C trial [6] and studies by An et al [19]
showed lower biologic exposure following early resection.

Early postoperative surgical complication rates were com-
parable between groups. However, long-term postoperative
outcome-free survival was longer in the late surgery group.
This aligns with the study by Kelm et al [17], though Kotze et
al [20] reported more adverse outcomes with delayed surgery,
possibly due to more advanced disease.

Finally, while reoperation rates were similar between
groups, the time to reoperation was significantly longer with
late surgery. This contrasts with some studies (Margagnoni
et al [14] Sarikaya et al [9], Latella et al [16]) favoring early
surgery, but agrees with Magro et al [10], who found higher
reintervention rates in early operated patients.

It is important to emphasize that in our cohort, most pa-
tients who underwent early surgery did so in an emergency
setting, with complicated disease at presentation.

This context likely contributed to the less favorable long-
term outcomes observed in our study compared to others where
early surgery is often elective and performed in less advanced
disease stages. Thus, the more aggressive clinical profile of
our early surgery group may explain the divergence from pre-
viously reported benefits of early intervention.

Another important characteristic of our cohort is the very
limited use of biological therapy. Only 5% of patients received
anti-TNF treatment, reflecting the restricted access to biolog-
ics during much of the study period in our healthcare setting.
Consequently, caution is warranted when extrapolating our
findings to contemporary cohorts from high-income countries,
where earlier diagnosis and widespread biologic use have sub-
stantially modified the natural history of CD.

To further address the potential confounding effect of
surgical indication, we performed an additional exploratory
analysis comparing emergency and elective surgery. Patients
requiring emergency surgery more frequently presented with
male sex, active smoking, and lower BMI, suggesting distinct
baseline characteristics. However, no significant differences
were observed in long-term postoperative outcomes between
the two groups. These findings suggest that, in our cohort, the
surgical setting itself did not appear to significantly influence
long-term prognosis. Nevertheless, the relatively limited sam-
ple size may have reduced the statistical power to detect mod-
est differences.

This study has several limitations. First, its retrospective
single-center design may have introduced selection and infor-
mation biases. Second, the study population was heterogene-
ous, including patients who underwent elective surgery as well
as those requiring emergency surgery because of complicated
disease at presentation. Consequently, the interval between di-
agnosis and surgery may not accurately reflect the true dura-
tion of disease, particularly in patients with delayed diagnosis.
Third, despite multivariable analysis, residual confounding
related to disease severity and surgical indication cannot be
excluded. Fourth, the limited availability of biological thera-
pies during the study period may reduce the applicability of
our findings to contemporary cohorts managed in healthcare
systems with broader access to biologics. Finally, postopera-
tive follow-up duration varied between patients, which may
have influenced time-to-event analyses.

Despite these limitations, our study provides one of the
largest single-center cohorts evaluating early surgery in CD in
Tunisia. The prolonged follow-up and the comparison of early
surgery, late surgery, and medically managed patients allowed
a comprehensive assessment of long-term outcomes in a real-
world clinical setting.

Conclusions

In conclusion, this study provides valuable insights into the
management of CD by highlighting factors associated with
early surgery and offering a comparative evaluation of avail-
able therapeutic strategies. Our findings underscore the impor-
tance of personalized care, which involves a comprehensive
assessment of the clinical and paraclinical characteristics of
the disease, as well as patient preferences and economic con-
siderations. Although early surgery presents potential benefits,
it should be considered with caution given the risks of postop-
erative complications and the need for long-term follow-up.
Clinicians must continue to carefully balance the benefits and
risks of each therapeutic approach based on the best available
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evidence and tailor their strategy to the individual needs of
patients.

Further research is needed to establish clear guidelines for
early surgical intervention in CD, particularly in regions with
limited data, such as Tunisia.
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