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Background and Aims: The terminal ileum is the most frequent site of Crohn’s Disease (CD) that ne-
cessitates surgery. Of the postoperative complications (POCs) associated with ileocaecal resection for CD,
intra-abdominal septic complications (IASCs) include anastomotic leak, abscesses, and entero-cutaneous
fistula.

We aimed to identify predictors of IASCs and severe POCs (Clavien-Dindo >3) after primary ileocaecal
resection for CD.
Methods: This is a retrospective single-centre cohort study including all consecutive primary ileocaecal
resection for CD in a tertiary IBD centre between 2004 and 2021.
Results: A total of 853 patients underwent primary ileocaecal resection for CD. 307 (36.6 %) patients were
receiving antibiotics, 253 (29.8 %), systemic steroids, and 178 (21.0 %) oral budesonide at surgery. At 90
days, 260 (30.8 %) patients developed POCs, 62 (7.3 %) severe POCs, and 56 (6.6 %) IASCs. At multivariate
analysis, severe POCs were associated with lower preoperative albumin levels (OR1.58, 95 %CI 1.02-2.50,
p = 0.040) and a history of cardiovascular diseases (OR2.36, 95 %CI 1.08-7.84, p = 0.030). IASCs were as-
sociated with lower preoperative albumin levels (OR1.81, 95 %CI 1.15-2.94, p = 0.011) and oral budesonide
(OR2.07, 95 %CI 1.12-3.83, p = 0.021) with a dose-dependent effect.
Conclusions: The independent association, dose-dependent effect, and biological plausibility of budes-
onide and IASCs suggest a robust causal effect. Oral budesonide should be carefully assessed before pri-
mary ileocaecal resection for CD.

© 2024 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Crohn’s disease (CD) is an inflammatory bowel disease (IBD)
which can result in progressive bowel damage and disability [1].
The terminal ileum is the most frequently affected intestinal site,
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and up to 50 % of the patients will undergo surgery for CD within
their lifetime [2-4].

Of the potential postoperative complications (POCs) associated
with ileocaecal resection in CD patients, intra-abdominal septic
complications (IASCs) occur in approximately 10 % of the cases and
include anastomotic leak, intra-abdominal abscesses, and entero-
cutaneous fistulae [5-7]. While hypoalbuminemia, preoperative
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steroid therapy, and abscess at the time of surgery have been de-
scribed as risk factors for these complications, their impact is still
under debate [5,8,9].

The aim of this study was to identify the predictors of the POCs
and postoperative IASCs in a large homogeneous cohort of patients
undergoing primary ileocaecal resection for CD in a tertiary IBD
referral centre.

2. Methods

This was a retrospective single-centre cohort study which en-
rolled all consecutive adult patients who underwent primary ileo-
caecal resection for CD in a tertiary IBD centre between 2004 and
2021. Patients with recurrent ileocolic disease were excluded. All
the cases were discussed preoperatively in a multidisciplinary IBD
meeting involving surgeons, gastroenterologists, and nurse special-
ists. Surgical indications were made on a case-by-case basis which
took into account disease and patient features, according to the
national and international guidelines [10-14]. Briefly, in our Cen-
tre systemic steroids are suspended or tapered prior to the oper-
ation when possible. Biologics are discontinued as well, although
the timing is variable based on the specific case. Oral budesonide
is often prescribed in a de-escalating fashion in view of surgery.

Data were obtained from a prospectively-maintained database
using the Research Electronic Data Capture (REDCAP) platform of
the University of Bologna [15]. Patient demographic, medical his-
tory, clinical presentation, imaging, endoscopy, and medical ther-
apy history for CD, and intraoperative characteristics, such as sur-
gical approach, other concomitant interventions, ileocolic anasto-
motic technique, and stoma diversion were collected in the peri-
operative period of 4 weeks before surgery.

The POCs were recorded 90 days after surgery. For descriptive
purposes, the POCs were divided into medical and surgical. Car-
diovascular (myocardial infarction, arrhythmias, deep vein throm-
bosis), pulmonary (embolism, pneumonia), and septic events from
other sources (bacteriemia, urinary tract infection), as well as re-
nal dysfunction, were the medical complications recorded in the
database. Surgical complications included IASCs, bleeding (defined
as the need for blood transfusions, endoscopic, percutaneous, or
surgical treatment), mechanical small bowel obstruction, postop-
erative ileus, and wound dehiscence/infection. The IASCs were de-
fined as the evidence of an anastomotic leak, intra-abdominal ab-
scess, or entero-cutaneous fistula assessed at 90 days after surgery
[5]. Severe POCs were defined as grade 3 or higher according to the
Clavien-Dindo classification [16]. Briefly, Clavien-Dindo classifica-
tion grades POCs in an objective and reproducible manner, accord-
ing to the treatment required to correct the complication. Grade
3 or higher POCs require surgical, endoscopic, or radiological in-
tervention, life-threatening complications requiring management in
the Intensive Care Unit, and death.

The aim of the study was to identify predictors of the IASCs
(primary) and severe POCs (secondary) after primary ileocaecal re-
section for Crohn’s disease.

Statistical analyses were carried out using STATA version 13.1
(Stat Corp., College Station, TX, 2014). The categorical variables
were expressed as numbers and percentages (%), while continuous
variables were expressed as mean and standard deviation (SD). For
each outcome, the differences in the categorical and the continu-
ous variables were initially evaluated using the chi-squared test for
categorical variables, and the t-test and the Kruskal-Wallis test for
the parametric and non-parametric continuous variables, respec-
tively (normality was assessed using the Shapiro-Wilk test). The
potential independent predictors of each outcome were then eval-
uated using logistic regression. Covariates were selected for inclu-
sion in the final models using a stepwise forward process with
the following inclusion criteria: (a) p-value <0.15 at univariate
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analysis; (b) clinical relevance, and (c) age and gender forced to
entry. A minimum events-to-variable ratio of 10 was maintained
in the multivariate modelling, and standard diagnostic procedures
were adopted to check the validity of all the models: influen-
tial observation analysis (Dbeta, change in Pearson chi-square), the
Hosmer-Lemeshow test for the goodness of fit and the C statis-
tic (area under the Receiving Operator Curve). The missing data
were <5 % in all the primary analyses; thus, no missing imputa-
tion technique was adopted. Receiver Operator Curve (ROC) analy-
sis was performed at the best cut-off determined at Youden’s In-
dex to test the role of serum albumin levels in predicting IASCs

Table 1
Overall characteristics of the sample.

Variables N = 853
Demographic and clinical characteristics:
Mean age in years (SD) 38.5 (14.5)
Male gender,% 57.4

(n =787)
Mean BMI in Kg/m? (SD) 21.6 (4.1)
Smoking status,’% (n=733)
- Never smoked 50.8
- Current or former smoker 49.2
Comorbidities,%
- Cardiovascular diseases,% 4.0
- Diabetes 1.2
- Renal diseases,% 1.6
Previous abdominal surgery,% * 313
Mean duration of disease in years (SD) 8.2 (7.7)
Clinical bowel occlusion,% 30.5
Extra-intestinal manifestations,% 9.4
Additional disease location (other than the terminal ileum),%  36.2
Pharmacological therapy at time of surgery,%
- Antibiotics 36.6
- Steroids 29.8
- Azathioprine 9.0
- Oral Budesonide 21.0
History of biologic therapy,% 29.7
Mean preoperative serum albumin levels in g/dL, (SD) 3.8 (0.6)
Mean preoperative serum hemoglobin levels in g/dL, (SD) 13.0 (7.4)
Year of surgery,%
- 2004 - 2010 28.1
- 2011 - 2014 27.0
- 2015 - 2018 244
- 2019 - 2021 20.5
Timing of intervention,%
- Elective 96.2
- Urgent 3.8
- Emergency 0.0
ASA score >3,% 14.0
Laparoscopy,% 425
Abscess,% 27.4
Stenotic disease,% 68.0
Penetrating disease,% 50.5
Surgical treatment location,% **
- lleum 16.8
- Jejunum 4.5
- Colon-rectum 25.1
- Perianal 4.7
Any additional surgical location,% 473
Stoma formation,% 11.0
Outcomes:
POCS,% 30.8
Severe complications (Clavien-Dindo score >3),% 7.4
1ASCs,% 6.6
Postoperative medical complication,% 16.7
Postoperative surgical complication,% 18.5
Bleeding,% 13.2
Ileus or bowel occlusion,% 49

SD: standard deviation; BMI: body mass index; IASCs: intra-abdominal septic
complications; ASA: American Society of Anesthesiologists; POCs: postoperative
complications.

* Surgery due to reasons other than IBD. ** More than one site possible.
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and severe POCs. Statistical significance was defined as a two-sided
p-value<0.05.

3. Results

A total of 853 patients underwent primary ileocaecal resection
for CD for a period of 17 years. The overall characteristics of the
cohort are shown in Table 1. The mean age was 38.5 (14.5) years
with a mean duration of the disease of 8.2 (7.7) years. At the time
of the surgery, there were 307 (36.6 %) patients receiving treat-
ment with antibiotics, 253 (29.8 %), with systemic steroids, and
178 (21.0 %) with oral budesonide. A total of 252 (29.7 %) pa-
tients had received previous biologic therapy. The most frequently
administered biologic was adalimumab (54 %), followed by inflix-
imab (35 %), ustekinumab (6 %), vedolizumab (4 %), and etanercept
(1 %). Only 24 (9.5 %) patients were treated with biologics periop-
eratively, while in 82 (32.5 %) cases, biologics were discontinued
at least 3 months before surgery. Ileocaecal resection with a pri-
mary anastomosis was carried out in 833 (97.7 %) patients, and the
remaining 20 (2.3 %) patients underwent end-ileostomy formation.
Side-to-side anastomosis was the most common configuration (799

Table 2
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cases, 96 %), in stapled or handsewn fashion in 586 (71 %) and 241
(29 %) cases, respectively. A stoma diversion was performed in 98
(11.0 %) patients, of which 63 (7.4 %) underwent concomitant col-
orectal resection and 10 (1.2 %) perianal surgery.

Overall, 260 (30.8 %) patients developed POCs within 90 days.
Medical and surgical POCs occurred in 141 (16.5 %) and 156 (18.3%)
patients, respectively. Severe POCs (Clavien-Dindo classification >3)
occurred in 62 (7.3 %) patients. The most frequent medical POCs
were infective (31 cases, 3.6 %) and pulmonary (18 cases, 2.1 %).
The most common surgical POCs were bleeding (112 cases, 13.2 %)
and IASCs (56 cases, 6.6 %). Postoperative anastomotic leak, intra-
abdominal abscess, and entero-cutaneous fistulae were observed in
32 (3.8 %), 31 (3.6 %), and 5 (0.6 %) patients, respectively. The over-
all characteristics reported according to IASCs and other complica-
tion status (Clavien-Dindo classification >3, medical POCs, surgical
POCs, bleeding) are shown in Table 2 and Supplementary Tables
1-4, respectively.

Multivariate analysis for the primary outcome (IASCs) is shown
in Table 3, while those of the secondary outcomes are shown
in Supplementary Tables 5 and 6. The risk of experiencing IASCs
was significantly associated with lower preoperative serum albu-

Demographic and clinical characteristics of the sample classified according to the intra-abdominal

septic complications (IASCs).

Variables IASCs No IASCs p*
(n = 56) (n = 796)
Demographic and clinical characteristics:
Mean age in years (SD) 40.2 (14.4) 385(146) 04
Male gender,% 64.3 57.0 0.3
Mean BMI in Kg/m? (SD) 21.5(39) 216(4.1) 09
(n =57) (n = 680)
Never smoked 46.2 51.2 0.5
Comorbidities,%
- Cardiovascular diseases,% 8.9 3.6 0.05
- Diabetes 1.8 1.1 0.7
- Renal diseases,% 3.6 1.5 0.2
Previous abdominal surgery,% ** 375 30.8 0.3
Family history of IBD,% 5.6 7.6 0.6
Mean duration of disease in years (SD) 8.8 (9.5) 8.1 (7.6) 0.6
Clinical bowel obstruction,% 20.8 31.2 0.11
Extra-intestinal manifestations,% 8.9 9.4 0.9
Additional disease location,% 304 36.6 0.4
Pharmacological therapy at time of surgery,%
- Antibiotics 30.9 37.1 0.4
- Steroids 25.5 30.2 0.5
- Azathioprine 3.6 9.4 0.2
- Oral Budesonide 30.9 20.4 0.06
History of biologic therapy,% 33.9 28.5 0.5
Mean preoperative serum albumin levels in g/dL, (SD) 3.62 (0.61) 3.83 (0.59) 0.013
Mean preoperative serum hemoglobin levels in g/dL, (SD) 12.3 (2.1) 13.0 (7.6) 05
Parenteral nutrition before surgery,% 3.1 6.2 0.5
Elective intervention,% 96.4 96.2 0.9
ASA score >3,% 18.2 13.5 0.4
Laparoscopy,’% 43.6 425 0.9
Abscess,% 30.9 27.2 0.6
Stenotic disease,’% 67.9 68.0 0.9
Penetrating disease,% 53.6 50.3 0.6
Surgical treatment additional location,% ***
- lleum 12.5 17.0 0.4
- Jejunum 3.6 4.5 0.7
- Colon-rectum 26.8 249 0.8
- Perianal 0.0 5.0 0.09
Any additional surgical location,% 393 47.7 0.2
Stoma formation,% 143 113 0.5

SD: standard deviation; BMI: body mass index; IBD: inflammatory bowel disease: ASA: American

Society of Anesthesiologists.

* T-test and Kruskal-Wallis test for parametric and non-parametric continuous variables; the chi-

squared test for categorical variables.

** Surgery due to reasons other than IBD. *** More than one site possible.
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Table 3
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Multivariate analyses of intra-abdominal septic complications (IASCs) and severe complications (Clavien-Dindo

classification>3).

Variables 1ASCs Severe complications

(n = 56) (n =62)

OR (95 % CI) p OR (95 % CI) p
Age, 10-year increase 1.06 (0.87-1.29) 0.5 1.09 (0.99-1.02) 0.3
Male gender - - 0.77 (0.45-1.30) 0.3
History of cardiovascular diseases, yes vs. no 2.36 (0.75-7.43) 0.14 2.91 (1.08-7.84) 0.03
Pre-surgery serum Albumin levels, 1-g/dL increase  0.55 (0.34-0.87)  0.011 0.63 (0.40-0.98) 0.04
Oral budesonide, yes vs. no 2.07 (1.12-3.83)  0.021 - -
Penetrating disease, yes vs. no 1.39 (0.75-2.57) 0.3 1.12 (0.63-1.99) 0.7
Additional surgical location, yes vs. no 0.70 (0.38-1.30) 0.3 0.81 (0.45-1.44) 0.5
Stoma formation, yes vs. no 1.07 (0.44-2.62) 0.9 1.69 (0.79-3.61) 0.2

OR: odds ratio. CI: confidence interval.

Table 4

Univariate analyses evaluating the impact of oral budesonide dosage and duration on intra-abdominal septic
complications (IASCs) and severe postoperative complications (Clavien-Dindo classification>3).

Variables IASCs Severe complications

OR (95 % CI) p OR (95 % CI) p
Oral budesonide dosage
- 0 mg/day (n = 669) (reference) (reference)
- 3 mg/day (n = 53) 0.995 (0.30-3.34) 0.9 0.841 (0.25-2.80) 0.8
- >6 mg/day (n = 117) 2.253 (1.180-4.305)  0.014  1.750 (0.91-3.36)  0.09
Duration of oral budesonide treatment
- No budesonide treatment (n = 669) (reference) (reference)
- <3 months (n = 63) 2.072 (0.88-4.86) 0.09 2.035 (0.91-4.54)  0.08
- >3 months (n = 47) 1.974 (0.74-5.28) 0.2 0.958 (0.29-3.21) 0.9

OR: odds ratio. CI: confidence interval.

min levels (OR 1.81, 95 % CI 1.15-2.94, p = 0.011) and therapy with
oral budesonide at the time of surgery (OR 2.07, 95 % CI 1.12-3.83,
p = 0.021). Severe POCs were associated with lower preoperative
albumin levels (OR 1.58, 95 % CI 1.02-2.50, p = 0.040) and a history
of cardiovascular diseases (OR 2.36, 95 % CI 1.08-7.84, p = 0.030).
A subgroup analysis of dosage and duration of preoperative oral
budesonide was carried out. The detrimental association be-
tween oral budesonide and the risk of IASCs was dose-dependent,
but not duration-dependent, at the univariate analysis shown in
Table 4. In particular, a preoperative dosage > 6 mg/daily of
oral budesonide was associated with a significantly higher risk of
IASCs.

As additional analysis, we defined the optimal cut-off for serum
albumin levels in predicting IASCs. At the ROC analysis, we found
an albumin level of 3.65 mg/dL with an area under the curve (AUC)
of 0.58 (sensitivity 66 %, specificity 51 %) as shown in supplemen-
tary Figure 1. The best cut-off for albumin in predicting severe
POCs (Supplementary Figure 2) was 3.95 mg/dL (AUC 0.57, sensi-
tivity 45 %, specificity 70 %).

4. Discussion

Despite the advances and innovations in medical manage-
ment, surgery remains a mainstay in the treatment of CD [12].
Population-based studies have shown that up to 50 % of patients
require surgery within five years after diagnosis [17,18]. Surgery for
CD is associated with a high POCs rate, ranging from 20 to 37 %
[4,19-22]. In the present cohort, the overall POC rate was 30 %
while the severe POCs rate (Clavien-Dindo classification >3) was
7 %. These results were in line with the previously reported litera-
ture, taking into account the variability of the potential risk factors
for complications among the different study populations.

Based on previous studies, IASCs occur in approximately 10 % of
ileocaecal resections for CD, and are associated with higher mor-
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bidity and a longer length of hospital stay [23-25]. In addition,
IASCs were shown to be associated with a greater risk of recur-
rence [26-28]. Therefore, identification of the risk factors for IASCs
remains of primary importance in view of improving the postop-
erative outcomes of CD patients requiring surgery. In recent years,
several factors have been associated with postoperative IASCs, such
as a penetrating type, poor nutritional status, preoperative ab-
scess, low albumin, steroid use, and the need for blood transfu-
sions [8,19,23-25,29-34]. Not surprisingly, low preoperative serum
albumin levels were also associated with higher rates of IASCs and
severe POCs in the present cohort of patients. Recent studies have
confirmed the role of preoperative nutritional assessment and pre-
habilitation [35,36], while sarcopenia has also emerged as an in-
teresting variable associated with worse outcome after surgery for
CD [37].

The medical management of CD has evolved in the last two
decades, especially after the introduction of biologic therapy [38].
The impact of biologics on the postoperative outcomes after
surgery for CD is still debated. While various retrospective studies
have reported higher rates of IASCs in patients receiving preoper-
ative biologic therapy [39-43], others showed no association be-
tween the preoperative use of biologics and POCs [8,23,44,45]. The
REMIND group presented a prospective multicentric study with
209 patients aimed at identifying risk factors for POCs after ileoce-
cal resection, in which anti-TNFs were not associated with a higher
risk of complications after surgery [23]. The present study con-
firmed that the exposure to the biologics within either the last
4 or 12 weeks before surgery was not related with either IASCs
or POCs, while a history of biologic therapy was associated with
medical POCs and postoperative bleeding, due to the bias associ-
ated with the retrospective nature of the study,

Systemic steroids represent another pillar in the medical treat-
ment of CD. Despite their efficacy in inducing remission, they have
a high rate of adverse effects [46]. In the metanalysis published
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by Huang et al. in 2015, steroid therapy was as an independent
risk factor for IASCs[5], especially if prescribed within the 4 weeks
before surgery[23]. In our cohort perioperative systemic steroids
were not associated with IASCs which can be explained by the
lower number of complications due the routinely adopted practice
of steroid suspension or tapering prior to surgery. However, sys-
temic steroids were still related to a higher risk of medical POCs
and bleeding in our cohort.

The novel finding of the present study was the association be-
tween the preoperative use of oral budesonide and a significantly
higher risk of IASCs. Budesonide is a strong topical-acting steroid
with low systemic bioavailability. It is recommended for remission
induction in mild-to-moderate active CD, while its indication as
maintenance therapy is still under discussion [38,47,48]. As budes-
onide is associated with lower rates of adverse effects due to its
low systemic bioavailability, it represents a possible alternative to
systemic steroids in surgical patients requiring disease control. In
the Authors’ centre, in fact, it is often prescribed in a tapered fash-
ion in view of surgery [4,49,50].

In this cohort of patients who underwent primary ileocaecal re-
section for CD, oral budesonide was independently associated with
IASCs, the risk of which was more than twice as high in patients
taking oral budesonide at the time of surgery as compared to the
control group (OR 2.07, 95 % CI 1.12-3.83, p = 0.021). Moreover, ac-
cording to the univariate analysis, this association appeared to be
dose-dependent, increasing significantly in patients receiving more
than 6 mg/day. The association looks even more noteworthy con-
sidering that the majority of patients with preoperative oral budes-
onide prescriptions were monotherapy or with lower rates of con-
comitant systemic steroids or biologics (Supplementary Table 7) To
the Authors’ knowledge, similar findings have not previously been
reported in the literature. Scarpa et al. reported an association be-
tween oral budesonide and overall postoperative complications af-
ter all types of surgery in a significantly smaller cohort of patients
with CD [50]. In the REMIND study, oral budesonide was included
in the steroid therapy group; however, its role was not analyzed
separately from systemic steroids [23]. Furthermore, in addition to
the anti-inflammatory action, oral budesonide has been shown to
alter the tissue repair mechanisms and increase the risk of bleed-
ing in an in-vitro study [51]. However, no association between oral
budesonide and postoperative bleeding was found in the present
study.

The present study had a few limitations, in particular related to
its retrospective nature which would not allow differentiating the
presence of more severe disease or other risk factors in the pop-
ulation of patients taking oral budesonide before surgery. In addi-
tion, further data would be required for a more thorough assess-
ment of the nutritional status and its impact on outcome. On the
other hand, the study included a large population of patients who
were treated homogeneously by the same multiprofessional team
throughout the perioperative course.

Considering its strong topical-acting effect which is predom-
inant in the terminal ileum [52]. it is reasonable to think that
oral budesonide could affect the anastomotic healing process
and lead to a higher rate of IASCs. The independent associa-
tion, dose-dependent effect, biological plausibility, and laboratory-
clinical coherence set a robust causal effect of oral budesonide
on IASCs satisfying the Bradford-Hill criteria, which are used
to determine causality[53]. Additional prospective studies are re-
quired to confirm these results. Based on the results presented,
the use of oral budesonide before surgery should be carefully
assessed.
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