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Abstract

Purpose Over 50% of patients suffering from Crohn’s disease (CD) require surgery in their lifetime. Predictors/risk factors
of post-operative morbidity and mortality in CD are poorly investigated. We aimed to assess the risk factors of post-operative
morbidity/mortality in CD.

Methods We performed a retrospective cohort study in which all CD patients operated and followed up at our tertiary
Inflammatory Bowel Disease Centre from 2014 to 2019 were enrolled. For each patient, we evaluated patient-dependent,
disease-dependent and surgery-dependent variables. All patients underwent small bowel and/or colic resections.

Results Of the 165 operated patients, forty-two (25.5%) developed post-operative complications (major complication
rate =9.8%) including wound infection (12.1%), respiratory complications (4.8%), prolonged ileum (4.2%), anastomotic
leak (3.6%), urinary infections (3%), abdominal abscess (2.4%), anastomotic bleeding (3.6%), abdominal bleeding (1.2%)
and obstruction (0.6%). Two subjects (1.2%) required re-operation within 30 days, and one died. A surgery duration < 141
min was predictive of a better post-operative outcome (sensitivity 80.9%, specificity 43.1%, PPV 32.7%, NPV 86.9%). The
multivariable analysis showed stricturing/fistulizing behaviour (OR 3.7, 95% CI 1.6-6.4, p=0.02), need for total parenteral
nutrition (OR 4.1, 95% CI1 2.4-9.2, p=0.01), pre-operative bowel cleansing (OR 0.6, 95% CI 0.41-0.83, p=0.01) and surgery
duration < 141 min (OR 0.2, 95% CI 0.08-0.7, p=0.03) as the only risk factors associated with post-operative morbidities.
Conclusions About 25% of CD patients develop post-operative complications. Several patient-related, disease-related and
surgery-related factors should be considered risk factors for post-operative morbidity. The recognition of these factors, as
well as a multidisciplinary approach to the pre-operative management of CD, could reduce post-operative complications.
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Introduction Despite the huge advances in the medical therapy of

Crohn’s disease (CD) and change in its course, especially
Optimal management of inflammatory bowel disease (IBD)  due to the introduction of biologics, over 50% of patients still
requires strict collaboration between gastroenterologists, sur-  require surgery in their lifetime [1, 2]. Moreover, although
geons and other specialists such as radiologists, nutritionists the rate of colectomies for the treatment of ulcerative colitis
and dermatologists [1]. seems to have decreased the biologics era, the number of
intestinal resections in Crohn’s disease has not significantly
improved [3].

At the same time, the burden of post-operative morbidity
is still consistent in some case series, and this might counter-
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in Crohn’s Disease. For example, several studies have tried
to address the association between pre-operative biologics
and the increase in post-operative infectious complications
[4-7], with controversial results obtained sometimes. On the
other hand, hypoalbuminemia, anaemia [8, 9], stoma forma-
tion and pre-operative steroids [10] are more clearly associ-
ated with surgical morbidity.

In this paper, we report our retrospective series in an IBD
referral centre over a 6-year period. We aimed to evaluate
all the possible factors associated with surgical morbidity,
including patient-dependent, disease-dependent and surgery-
dependent factors. Both major and minor complications are
carefully reported and analysed. The identification and pos-
sible correction of some of these factors might be helpful in
careful patient selection, optimization of treatment strategies
and timing, with further improvement in overall results.

Methods
Study design and population

We performed a retrospective cohort study using a prospectively
maintained database, with all consecutive patients affected by
CD from January 2014 to December 2019 enrolled. Each patient
was operated and then followed up for at least 1 year at our
Tertiary Centre for Inflammatory Bowel Disease, School of
Medicine Federico II, Naples (IT). The indication for surgery
was made in accordance with current guidelines [11-13]. In par-
ticular, CD patients underwent surgery for treatment-refractory
disease or for disease complications, such as strictures, fistulas or
abscesses. Patients who underwent surgery for perianal disease
alone were excluded from the analysis.

For each included patient, we evaluated patient-dependent
(comorbidities, smoking, drugs, nutritional status), disease-
dependent (disease duration, location, behaviour, extension)
and surgery-dependent variables (duration, emergency/elec-
tion, laparoscopy/laparotomy, bowel/colic resection, length
of intestinal resection).

We assessed both surgical and medical complications,
which were retrospectively graded using the Clavien—Dindo
staging system [14, 15]. Major complications were defined
as those of grade III and higher (i.e. grades III, IV and V—
those requiring at least endoscopic, radiographic or surgi-
cal intervention, those requiring ICU admission and those
leading to death). Overall complications, number of patients
with any complication and percentage of each single com-
plication were detected. Particularly, we examined the fol-
lowing complications: anastomotic leak, urinary infections,
pneumonia, respiratory complications, abdominal abscess,
wound infection, other infections, prolonged ileum, obstruc-
tion, abdominal bleeding, anastomotic bleeding, need for
re-operation within 30 days and death.
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Statistical analysis

Data were analysed using the Statistical Package for Social
Sciences (SPSS software v.15.0, Chicago, IL, USA) for
Windows and the StatsDirect statistical software (vers.
3.0). The descriptive statistics used included determination
of the mean values and standard deviations (SD)—or of the
medians and interquartile ranges (IQR)—for the continuous
variables and of the percentages and proportions for the cat-
egorical variables. Statistical analysis was performed using
the X*> or Mann—-Whitney U test as appropriate. Receiver
operating characteristic (ROC) curves were constructed to
identify the best cut-off values for the surgery duration, body
mass index (BMI), length of resection and age at surgery
that could predict post-operative morbidity. The sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV) and area under the curve (AUC), with each
95% confidence interval (CI), were calculated. Binary logis-
tic regression was used to examine the relationship between
complication as a dependent variable and the possible risk
factors as independent variables. Further supplementary
multivariable analyses were performed to establish the risk
factors of each specific complication (i.e. wound infection,
urinary infection).

Results

We enrolled 165 CD patients that underwent surgery during
the study period.

Patient-dependent variables

There were more male patients (54.5%). The mean age of all
patients was 39.05 + 15.9 years. A high percentage of patients
were active smokers (38.8%) and had a positive familial
history of IBD (12.2%). As for comorbidities, 6.7% of the
patients suffered from diabetes. The mean pre-operative BMI
was 21.7 +3.08 kg/m?, and a remarkably high percentage of
patients (77.6%) had a BMI value < 24 kg/m?. The patient-
dependent variables are summarized in Table 1.

Disease-dependent variables

The mean disease duration was 103.4 +95.6 months.
Sixty-one patients (37%) had ileal Crohn’s disease, 22
patients (13.3%) had a colic location, 78 patients (47.3%)
had ileocolic disease, and only 3 subjects (1.8%) had upper
gastrointestinal location. As far as the disease location is
concerned, 38 patients were affected by perianal fistulizing
Crohn’s disease (23%).
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Table 1 Baseline features of the study population (Crohn’s disease
n=165)

Patient-dependent variables

Male gender, n (%) 90 (54.5%)
Mean age, years +SD 39.05+15.9
Active smokers, n (%) 64 (38.8%)
Familial history, n (%) 20 (12.1%)
Any comorbidity, n (%) 17 (10.3%)
Diabetes, n (%) 11 (6.7%)
Pre-operative BMI, mean +SD 21.7+3.08
Pre-operative BMI <24, n (%) 128 (77.6%)
Disease-dependent variables
Disease duration, months +SD 103.4+95.6
Perianal disease, n (%) 38 (23%)
Age at diagnosis Al — A2 — A3 52-81-32
Disease behaviour Bl — B2 — B3 22-72-71
Disease Location (CD) L1 - L2 -L3-14 62-22-78-3
Pre-operative anaemia, n (%) 64 (38.8%)
Pre-operative hypoalbuminemia, n (%) 36 (21.8%)
Pre-operative TPN (at least 15 days), n (%) 17 (10.3%)
Pre-operative TPN (at least 30 days), n (%) 14 (8.5%)
Surgery-dependent variables
Previous surgery, n (%) 55 (33.3%)
Pre-operative bowel cleansing, n (%) 131 (79.4%)
Emergency surgery, n (%) 23 (13.9%)
Laparoscopy, n (%) 47 (28.5%)

- Laparoscopy 2015-2017 (28.5%)

- Laparoscopy 2018-2019 (71.5%)
Ileal resection, n (%) 37 (22.4%)
Ileocolic resection, n (%) 111 (67.3)
Colectomy, n (%) 13 (7.9)
Proctectomy, n (%) 2(1.2)
Rectosigmoid resection, n (%) 2(1.2)
Length of ileal resection, cm (mean + SD) 24.39+17.87

Surgical duration, min (mean +SD) 147.12+60.89

n number, SD standard deviation, CD Crohn’s disease, L/ ileal loca-
tion, L2 colic location, L3 ileocolic location, L4 upper gastrointestinal
location, TNP total parenteral nutrition

A total of 64 patients presented with pre-operative anae-
mia (38.8%) and 36 with pre-operative hypoalbuminemia
(21.8%). Seventeen patients (10.3%) needed pre-operative
total parenteral nutrition (TPN). The disease-dependent
variables are summarized in Table 1.

Surgery-dependent variables

As ours is a tertiary centre, the majority of patients (86.1%)
underwent an elective surgery. A laparoscopic approach was
used in 28.5% of cases throughout the entire study dura-
tion; from 2018, the laparoscopy rate adoption increased to
71.5%. About 33.3% of CD patients had already undergone

surgery for their conditions. Pre-operative bowel cleansing
was administered in 131 patients (79.4%). The surgery-
dependent variables are summarized in Table 1.

Pre-operative medical treatment

Twenty-seven patients (16.4%) were on steroid therapy at
the time of surgery; 22 patients (13.3%) underwent steroid
therapy for at least 6 weeks before surgery. Azathioprine
(AZA) was administered in a lower percentage of patients
(6.1%). As for biologics, 2 patients (1.2%) received inflixi-
mab (IFX), 7 patients (4.2%) received adalimumab (ADA),
and 2 patients (1.2%) received vedolizumab (VDZ). The low
rate of patients under biologic treatment at the time of sur-
gery was the result of our protocol, which consisted in inter-
rupting biologic treatment at least 6—8 weeks before surgery.
Both pre-operative antibiotics and antithrombotic prophy-
laxis were widely used in all patients: a cycle of metronida-
zole 500 mg i.v. t.i.d. for 5-7 days and enoxaparine (from
4000 IU/daily to 8000 IU/daily according to the patient’s
weight) was administered. Seventeen patients (10.3%)
received antibiotic therapy for abscess treatment before sur-
gery, with previous abscess drainage in 4 cases. The pre-
operative medical treatments are summarized in Table 2.

Post-operative complications

The overall morbidity, re-operation and readmission rates
were identified. The overall morbidities and their grading
are summarized in Table 3. Forty-two patients (25.5%)
developed post-operative complications; thus, the overall
complications were 70. The overall morbidity is reflective
of the number of patients who had at least 1 complication;
thus, patients who had at least 1 complication were counted
only once. The rate of incidence of major complications was
9.8%. One patient died. The following complications were
described: wound infection (12.1%), respiratory compli-
cations (4.8%), prolonged ileum (4.2%), anastomotic leak
(3.6%), urinary infections (3%), pneumonia (3.6%), abdom-
inal abscess (2.4%), anastomotic bleeding (1.2%), other
infections (3%), abdominal bleeding (2.4%) and obstruction
(0.6%). Two subjects (1.2%) required re-operation within
30 days (Table 4). Only 4 patients needed intraoperative
transfusions, while 11 patients (6.7%) needed post-operative
ones. Three patients needed endoscopic review because of
bleeding. Only 3 patients (1.8%) required hospitalization in
the intensive care unit, whereas 130 patients (78.8%) were
discharged in 6 days.

Factors associated with surgical morbidities

The ROC curve analysis identified a surgery duration < 141
min as the best cut-off value for the prediction of a
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Table 2 Pre-operative medical treatment

Table 4 Thirty-day surgical complications

Crohn’s disease (165)

Steroids at diagnosis, n (%) 67 (40.6%)
Previous AZA, n (%) 68 (41.2%)
Previous IFX, n (%) 39 (23.6%)
Previous ADA, n (%) 48 (29.1%)
Previous VDZ, n (%) 9 (5.5%)
Previous UST, n (%) 2 (1.2%)
Pre-operative steroids (at least 2 weeks), n 27 (16.4%)
(%)
Pre-operative steroids (at least 6 weeks), n 22 (13.3%)
(%)
Pre-operative AZA, n (%) 10 (6.1%)
Pre-operative IFX, n (%) 2 (1.2%)
Pre-operative ADA, n (%) 7 (4.2%)
Pre-operative VDZ, n (%) 2(1.2%)
Pre-operative combo, n (%) 1 (0.6%)
Pre-operative antibiotics, n (%) 126 (76.4%)
Antithrombotic prophylaxis, n (%) 159 (96.4%)

better post-operative outcome (sensitivity 80.95%, 95% CI
65.9-91.4%, specificity 43.1%, 95% CI 34.2-52.3%, PPV
32.7%, 95% CI1 28.2-37.5%, NPV 86.9%, 95% C177.5-92.7%,
AUC 0.62, 95% CI 0.53-0.73) (Fig. 1). Moreover, a BMI
cut-off value <24 was associated with a worse outcome
(sensitivity 50%, 95% CI 33.8-66.2%, specificity 65.2%,
95% CI 55.9-73.8%, PPV 32.8%, 95% CI 21.3-46%, NPV
79.4%, 95% CI 69.9-86.9%, AUC 0.55, 95% CI 0.44-0.65).
The binary logistic regression showed stricturing/fistuliz-
ing behaviour (OR 3.7, 95% CI 1.6-6.4, p=0.02), need for
total parenteral nutrition (OR 4.1, 95% C12.4-9.2, p=0.01),
pre-operative bowel cleansing (OR 0.6, 95% CI 0.41-0.83,
p=0.01) and surgery duration < 141 min (OR 0.2, 95% CI
0.08-0.7, p=0.03) as the only factors associated with post-
operative morbidities (Table 5). A pre-operative BMI <24

Table 3 Clavien—Dindo classification of surgical complications

Complications Patients (n, %)
Number of patients with any complication, n (%) 42 (25.5%)
Overall complications, n 70
Anastomotic leak 6 (3.6%)
Urinary infections 5 (3%)
Polmonitis 6 (3.6%)
Respiratory complications 8 (4.8%)
Abdominal abscess 4 (2.4%)
Wound infection 20 (12.1%)
Other infection 5 (3%)
Prolonged ileum 7 (4.2%)
Obstruction 1 (0.6%)
Abdominal bleeding 2 (1.2%)
Anastomotic bleeding 6 (3.6%)
Need for reoperation within 30 days, n (%) 2(1.2)
Death, n (%) 1(0.6)

was also associated with anastomotic leak (OR 4.3, 95% CI
1.8-8.6, p=0.02) (Supplementary Table 1), pre-operative
hypoalbuminemia was associated with urinary infections
(OR 2.5,95% CI 1.8-7.9, p=0.04) (Supplementary Table 2),
pre-operative infliximab was associated with pneumonia (OR
3.8,95% CI 2.2-6.3, p=0.01) (Supplementary Table 3), and
diabetes (OR 5.7, 95% CI 2.3-9.8, p<0.01) and pre-operative
steroids (OR 6.1,95% CI 1.8-11.4, p <0.01) were associated
with wound infection (Supplementary Table 4).

Discussion

Despite that the rate of surgical treatment of CD seems to
have been decreasing over the last decades, mostly due to
medical therapy optimization, at least 40% of patients with
CD still require surgery within 10 years from the diagnosis

Classification Definition % of patients
Grade 1 Any deviation from the normal post-operative course without the need for pharmacologic treatment 6.3%
or surgical, endoscopic and radiologic interventions. Allowed therapeutic regimens are drugs as
antiemetics, antipyretics, analgetics and diuretics, and electrolytes and physiotherapy. This grade also
includes wound infections opened at the bedside
Grade 2 Requiring pharmacologic treatment with drugs other than such allowed for grade I complications. 9.4%
Blood transfusions and total parenteral nutrition are also included
Grade 3 Requiring surgical, endoscopic or radiologic intervention 8%
3a Intervention not under general anaesthesia
3b Intervention under general anaesthesia
Grade 4 Life-threatening complication (including CNS complications) requiring IC/ICU management 1.2%
Grade 5 Death as a result of complications 0.6%
Overall 25.5%

@ Springer
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[1]. Evidence from old and long-term follow-up studies have
also demonstrated that surgery could be the only therapeu-
tic option in some cases, and up to 50% of patients might
not require further surgery after primary ileocolic resec-
tion, observations that were true even in the pre-biologic
era [16—-19]. On the other hand, despite the enormous
improvements in medical therapy, IBD specialists should
be very cautious when administering prolonged biological
therapy, especially to patients with an acceptable surgical
risk, because of complications mainly related to immuno-
suppression; these risks might become even higher when
patients require subsequent surgery under these drugs. A
meta-analysis by Kopylov et al. [4], for example, includes 8
studies and 1641 patients operated for Crohn’s disease (423
treated with infliximab vs 1219 not treated with infliximab)
and shows a significant increase in infective complications
in patients pre-treated with biologics and an insignificant
increase in overall complications. Similar results have been
achieved in a more recent study by Brouquet et al. [5]. This
study, funded by GETAID, enrolled 92 patients with CD
from 19 hospitals over a 3-year period and demonstrated
how taking anti-TNF (anti-tumour necrosis factor) drugs less

1 - Specificity

than 3 months to surgery was associated with the overall
post-operative morbidity and intra-abdominal septic compli-
cations. Controversially, Bafford et al. reported that neither
anti-TNF biologics nor a combination immunosuppressive
therapy increased post-surgical morbidity. In the study, 177
procedures out of 197 (64.8%) were performed on patients
who received perioperative immunomodulation. Patients
exposed to steroids within 6 weeks of surgery (p=0.21),
those exposed to thiopurines (p=0.10) or anti-TNF agents
(p=1.0) within 90 days of surgery or any combination had
neither a higher rate of overall morbidity nor septic compli-
cations when compared with those who did not receive these
medications pre-operatively [6].

In our series, we found that pre-operative infliximab was
a risk factor for pneumonia (OR: 3.8). Despite some incon-
sistencies in the literature about the association between
pre-operative biologics and post-operative complications
[20-22], most of the studies and meta-analyses show an
increase in the overall and infectious complications after the
administration of pre-operative biologics, including pelvic
sepsis and anastomotic leak. A prudent approach that aims to
discontinue biologic use at least 4 weeks before surgery, or
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Table 5 Predictors of post-operative morbidities in the whole cohort of 165 CD patients

Baseline factors

Univariate analysis

Binary logistic regression

Odds ratio 95% CI P Odds ratio 95% CI p

Male gender 0.7 0.53-1.08 0.8

Al vs A2/A3 0.9 0.69-1.35 0.9

B2/B3 vs B1 24 1.3-6.9 0.01 3.7 1.6-6.4 0.02
L1vs L2/L3 0.9 0.71-1.44 0.8

Perianal disease (yes vs not) 1.2 0.85-1.76 0.3

Previous surgery (yes vs not) 1.1 0.78-1.85 0.9

Smoking habits (yes vs not/ex) 1.5 0.88-2.1 0.5

Comorbidities (yes vs not) 1.3 0.74-1.96 0.5

Diabetes (yes vs not) 1.2 0.65-1.87 0.7

BMI < 24 (yes vs not) 1.1 0.65-1.89 0.6

Pre-operative anaemia (yes vs not) 1.4 0.78-2.21 0.5

Pre-operative hypoalbuminaemia (yes vs not) 1.3 0.69-1.79 0.7

TPN > 30 days (yes vs not) 35 2.4-8.5 <0.01 4.1 24-92 0.01
TPN > 15 days (yes vs not) 2.3 1.7-5.55 0.04 1.3 0.87-3.68 0.09
Pre-operative steroids (at least 2 weeks) (yes vs not) 1.1 0.68-1.86 0.5

Pre-operative steroids (at least 6 weeks) (yes vs not) 1.3 0.72-2.21 0.2

Pre-operative AZA (yes vs not) 32 1.2-6.8 0.01 1.2 0.89-2.21 0.2
Pre-operative IFX (yes vs not) 1.4 0.67-1.98 0.4

Pre-operative ADA (yes vs not) 1.3 0.71-2.2 0.3

Pre-operative VDZ (yes vs not) 1.1 0.56-1.87 0.4

Pre-operative combo (yes vs not) 1.3 0.67-1.89 0.5

Pre-operative bowel cleansing (yes vs not) 0.5 0.21-0.87 0.01 0.6 0.41-0.83 0.01
Emergent surgery (yes vs not) 1.3 0.67-2.13 0.6

Laparoscopy (yes vs not) 0.8 0.45-2.13 0.2

Surgery duration < 141 min (yes vs not) 0.5 0.2-0.7 <0.01 0.2 0.08-0.7 0.03

Statistically significant results have been highlighted in bold

CD Crohn’s disease, CI confidence interval, A/ age< 16, A2 age 17-40, A3 age>40, Bl inflammatory behaviour, B2 stricturing behaviour, B3
fistulizing behaviour, L] ileal location, L2 colonic location, L3 ileocolonic location, BMI body mass index, TNP total parenteral nutrition, AZA
azathioprine, /FX infliximab, ADA adalimumab, VDZ vedolizumab, combo combination therapy (azathioprine plus biologics)

otherwise opt for multi-stage procedures, is also suggested
by recent guidelines [11-13].

Steroids are also a recognised risk factor for post-operative
morbidity, with an increased risk of infectious complications,
independently from the concomitant use of other immuno-
suppressants [23, 24]. A meta-analysis of seven observational
studies that included a total of 1532 patients has also dem-
onstrated that patients operated on a high dose of corticos-
teroids (>40 mg of prednisolone) are at an increased risk of
the overall complications [25]. In our study population, pre-
operative steroid use was only associated with an increased
rate of wound infections; this was certainly due to our strict
policy to opt for multi-stage procedures and diverting stomas
when operating on patients under steroids, after attempting
to wean them off the drugs as much as possible.

Optimization of pre-operative nutritional status is another
key factor for improving surgical outcomes. Our data showed
that a pre-operative BMI less than 24 was associated with

@ Springer

anastomotic leak (OR: 4.5) and a low albumin level was
associated with urinary tract infection. Of course, it is well
known that a BMI of 24 stands for normal nutritional sta-
tus. From a statistical point of view, this was the cut-off
value that indicated a significant association between the
BMI and post-operative leak. Several patients, in fact, had a
much lower BMI. Nevertheless, this data needs to be inter-
preted as showing a trend towards an increased surgical
complication rate with lower BMI levels. Malnutrition is
a well-known risk factor for both surgical morbidity and
mortality, including a higher infection rate and longer hos-
pital stay. It is generally defined as a 10-15% weight loss in
the previous 6 months, besides a low BMI and a low serum
albumin level [26, 27]. With regard to patient optimization,
Ghoneima et al. investigated the role of pre-operative Hb,
albumin and CRP values in determining septic complica-
tions after surgery for CD. In the study, patients with none
or one pre-operative abnormal blood results (low Hb, low
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Alb and high CRP) were categorized as “low risk”, while
patients with two or three abnormal results were defined
as “high risk”. The results demonstrated a statistically sig-
nificant higher rate of intra-abdominal septic complications
(10.6% vs 30.77%, respectively, p <0.0001), surgical site
infections (10.6% vs 30.77%, respectively, p <0.0001) and
overall complications (25.76% vs 53.85%, respectively,
p<0.0001) in patients with two or more pre-operative blood
result abnormalities [28].

In our study, we found 70 overall complications, and the
number of patients with any complication was 42 (25.5%). We
also graded the complications according to the Clavien—Dindo
classification [14]. Thus, considering only severe complica-
tions (grades IIT and IV), which are those that require endo-
scopic intervention, radiologic intervention, surgical interven-
tion or ICU management, our major morbidity rate was 9.8%.

In our study, 86.1% of patients underwent elective sur-
gery, which was performed laparoscopically in 28.5% of
such cases. The laparoscopy rate increased greatly in the
last 2 years (71.5%). In fact, until 2018, we used small right
lower quadrant transverse incision for Crohn’s surgery, with
satisfactory results achieved in respect of complications,
the post-operative course and cosmetics [29]. Nevertheless,
since 2018, this technique has been abandoned in favour of
a full laparoscopic approach, which is less invasive overall
[30-32].

We also found that a shorter operative time, i.e. surgery
duration less than 141 min, was a protective factor against
post-operative morbidity (OR: 0.2). In their prospective
nationwide cohort, Brouquet et al. [S] demonstrated that
an operative time longer than 180 min was associated with
almost three times higher post-operative morbidity (OR:
2.71). These results are perhaps not surprising, considering
that longer operative times are usually associated with more
complicated, recurrent or penetrating diseases, which are in
turn associated with higher post-operative morbidity.

From this standpoint, results from the LIR!C trial [33]
demonstrate the possibility of considering surgery at an early
disease stage, and not only as a last resort, as an alternative
to biologic therapy. Early surgery often translates into easier
and faster operation, with theoretically lower morbidity. We
recently demonstrated that a novel type of ileocolonic anas-
tomosis, Kono-S anastomosis [34], could significantly reduce
endoscopic recurrence at a 6-month follow-up, with excellent
safety profiles [35-37]. Shimada et al. [38] recently demon-
strated that Kono-S anastomosis was also associated with a
significantly lower leak rate (5.1% vs 17.3% in the end-to-end
group).

In our study population, only 6 patients (3.6%) experienced
anastomotic leak, probably thanks to the multidisciplinary
teamwork that ensured patients for surgery were in satisfactory
nutritional condition and given appropriate medical therapy. In
our centre, we tailor surgery according to the medical therapy,

so we prefer to perform multi-stage procedures, even with
diverting temporary stomas, for patients with known risk fac-
tors (steroids, biologics, malnutrition, etc.). Otherwise, when
possible, we prefer to wait for a proper washout from biologics
or steroids and nutritional status optimization [39, 40].

We registered only one death in our series. The patient had
a recurrent fistulizing CD, for which we gave indication for
surgery 1 year before, but the patient refused surgery and was
followed up in peripheral hospitals, where he underwent pro-
longed biological therapy. He then returned to our attention
with a late-stage complicated disease, a large retroperitoneal
abscess, a fistula between the jejunum and a previous colorec-
tal anastomosis and a chronic obstructive syndrome, with a
transverse colon diameter of 8 cm; he was severely malnour-
ished, with hypoalbuminemia, anaemia and septic status. He
died of multi-organ failure 10 days after surgery despite being
placed under intensive medical support in our ICU.

The main limitation of this study lies in its retrospec-
tive design. Moreover, as we included all patients operated
on for abdominal CD, results came from different types of
surgeries; besides having the potential to give rise to bias,
this might have hidden tiny associations between risk factors
and morbidities. On the other hand, we have reported results
from a considerably wide cohort of patients operated on and
followed up in an IBD referral centre. In addition to report-
ing our “case-series” results, we aimed to statistically detect
patient-, disease- and surgery-related variables associated with
complications. We believe this data might represent further
tools to drive the multidisciplinary clinical decision-making,
in order to provide optimal patient-tailored treatment.

Conclusion

Surgery for Crohn’s disease is impaired by around 10% of
major post-operative complications, especially infective
complications. Several patient-related, disease-related and
surgery-related issues should be considered relevant risk fac-
tors for post-operative morbidity. The recognition of these
factors, as well as the adoption of a multidisciplinary and
intensive approach to pre-operative management of the dis-
ease, could minimize these complications.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00384-021-04076-5.

References

1. Frolkis AD, Dykeman J, Negron ME, Debruyn J, Jette N, Fiest
KM et al (2013) Risk of surgery for inflammatory bowel diseases
has decreased over time: a systematic review and meta-analysis
of population-based studies. Gastroenterology 145:996—1006.
https://doi.org/10.1053/j.gastro.2013.07.041

@ Springer


https://doi.org/10.1007/s00384-021-04076-5
https://doi.org/10.1053/j.gastro.2013.07.041

418

International Journal of Colorectal Disease (2022) 37:411-419

11.

12.

13.

14.

15.

Rispo A, Imperatore N, Testa A, Bucci L, Luglio G, De Palma
GD et al (2018) Combined endoscopic/sonographic-based risk
matrix model for predicting one-year risk of surgery: a prospective
observational study of a tertiary centre severe/refractory Crohn’s
disease cohort. J Crohn’s Colitis 12:784-793. https://doi.org/10.
1093/ecco-jccljjy032

Murthy SK, Begum J, Benchimol EI, Bernstein CN, Kaplan GG,
McCurdy JD et al (2020) Introduction of anti-TNF therapy has not
yielded expected declines in hospitalisation and intestinal resec-
tion rates in inflammatory bowel diseases: a population-based
interrupted time series study. Gut 69:274-282. https://doi.org/
10.1136/gutjnl-2019-318440

Kopylov U, Ben-Horin S, Zmora O, Eliakim R, Katz LH (2012)
Anti-tumor necrosis factor and postoperative complications in
Crohn’s disease: systematic review and meta-analysis. Inflamm
Bowel Dis 18:2404-2413. https://doi.org/10.1002/ibd.22954
Brouquet A, Maggiori L, Zerbib P, Lefevre JH, Denost Q, Germain
A et al (2018) Anti-TNF therapy is associated with an increased
risk of postoperative morbidity after surgery for ileocolonic Crohn
disease: results of a prospective nationwide cohort. Ann Surg
267:221-228. https://doi.org/10.1097/SLA.0000000000002017
Bafford AC, Powers S, Ha C, Kruse D, Gorfine SR, Chessin DB
et al (2013) Immunosuppressive therapy does not increase operative
morbidity in patients with Crohn’s disease. J Clin Gastroenterol
47:491-495. https://doi.org/10.1097/MCG.0b013e3182677003
Shah RS, Bachour S, Jia X, Holubar SD, Hull TL, Achkar J-P
et al (2021) Hypoalbuminaemia not biologic exposure is associ-
ated with postoperative complications in Crohn’s disease patients
undergoing ileocolic resection. J Crohn’s Colitis 15:1142-1151.
https://doi.org/10.1093/ecco-jcc/jjaa268

Dong X, Tang S, Liu W, Qi W, Ye L, Yang X et al (2020) Prog-
nostic significance of the Controlling Nutritional Status (CONUT)
score in predicting postoperative complications in patients with
Crohn’s disease. Sci Rep 10:19040. https://doi.org/10.1038/
s41598-020-76115-0

Abdalla S, Benoist S, Maggiori L, Zerbib P, Lefevre JH, Denost Q
et al (2021) Impact of preoperative enteral nutritional support on
postoperative outcome in patients with Crohn’s disease compli-
cated by malnutrition: results of a subgroup analysis of the nation-
wide cohort registry from the GETAID Chirurgie group. Color
Dis Off J Assoc Coloproctology Gt Britain Irel 23:1451-1462.
https://doi.org/10.1111/codi.15600

. Grass F, Ansell J, Petersen M, Mathis KL, Lightner AL (2019)

Risk factors for 90-day readmission and return to the operat-
ing room following abdominal operations for Crohn’s disease.
Surgery 166:1068—1075. https://doi.org/10.1016/j.surg.2019.08.
006

Bemelman WA, Warusavitarne J, Sampietro GM, Serclova Z,
Zmora O, Luglio G et al (2018) ECCO-ESCP consensus on sur-
gery for Crohn’s disease. J Crohn’s Colitis 12:1-16. https://doi.
org/10.1093/ecco-jcc/jjx061

Adamina M, Bonovas S, Raine T, Spinelli A, Warusavitarne
J, Armuzzi A et al (2020) ECCO guidelines on therapeutics in
Crohn’s disease: surgical treatment. J Crohn’s Colitis 14:155-168.
https://doi.org/10.1093/ecco-jcc/jjz187

Pellino G, Keller DS, Sampietro GM, Angriman I, Carvello M,
Celentano V et al (2020) Inflammatory bowel disease position
statement of the Italian Society of Colorectal Surgery (SICCR):
Crohn’s disease. Tech Coloproctol 24:421-448. https://doi.org/
10.1007/s10151-020-02183-z

Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D,
Schulick RD et al (2009) The Clavien-Dindo classification of sur-
gical complications: five-year experience. Ann Surg 250:187-196.
https://doi.org/10.1097/SLA.0b013e3181b13ca2

Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort

@ Springer

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

of 6336 patients and results of a survey. Ann Surg 240:205-213.
https://doi.org/10.1097/01.s1a.0000133083.54934.ae

. Kim NK, Senagore AJ, Luchtefeld MA, MacKeigan JM, Mazier

WP, Belknap K et al (1997) Long-term outcome after ileocecal
resection for Crohn’s disease. Am Surg 63:627-633

Nordgren SR, Fasth SB, Oresland TO, Hultén LA (1994) Long-
term follow-up in Crohn’s disease Mortality morbidity and func-
tional status. Scand J Gastroenterol 29:1122—1128. https://doi.org/
10.3109/00365529409094898

Weston LA, Roberts PL, Schoetz DJ Jr, Coller JA, Murray 1],
Rusin LC (1996) Ileocolic resection for acute presentation of
Crohn’s disease of the ileum. Dis Colon Rectum 39:841-846
Graadal O, Nygaard K (1994) Crohn disease Long-term effects of
surgical treatment. Tidsskr Nor Laegeforen 114:1603-1605
Colombel JF, Loftus EV Jr, Tremaine WJ, Pemberton JH, Wolff
BG, Young-Fadok T et al (2004) Early postoperative complica-
tions are not increased in patients with Crohn’s disease treated
perioperatively with infliximab or immunosuppressive therapy.
Am J Gastroenterol 99:878-883. https://doi.org/10.1111/1.1572-
0241.2004.04148.x

Kunitake H, Hodin R, Shellito PC, Sands BE, Korzenik J, Bordeianou
L (2008) Perioperative treatment with infliximab in patients with
Crohn’s disease and ulcerative colitis is not associated with an increased
rate of postoperative complications. J Gastrointest Surg 12:1730-1737.
https://doi.org/10.1007/s11605-008-0630-8

Marchal L, D’Haens G, Van Assche G, Vermeire S, Noman M,
Ferrante M et al (2004) The risk of post-operative complications
associated with infliximab therapy for Crohn’s disease: a con-
trolled cohort study. Aliment Pharmacol Ther 19:749-754. https://
doi.org/10.1111/j.1365-2036.2004.01904.x

Aberra FN, Lewis JD, Hass D, Rombeau JL, Osborne B, Lichtenstein
GR (2003) Corticosteroids and immunomodulators: postoperative
infectious complication risk in inflammatory bowel disease patients.
Gastroenterology 125:320-327

Sampietro GM, Colombo F, Frontali A, Baldi CM, Carmagnola S,
Cassinotti A et al (2018) Totally laparoscopic multi-stage restora-
tive proctocolectomy for inflammatory bowel diseases A prospec-
tive study on safety efficacy and long-term results. Dig Liver Dis
Off J Ital Soc Gastroenterol Ital Assoc Study Liver 50:1283-1291.
https://doi.org/10.1016/j.d1d.2018.05.009

Subramanian V, Saxena S, Kang J-Y, Pollok RCG (2008) Pre-
operative steroid use and risk of postoperative complications in
patients with inflammatory bowel disease undergoing abdominal
surgery. Am J Gastroenterol 103:2373-2381. https://doi.org/10.
1111/j.1572-0241.2008.01942.x

Hartman C, Eliakim R, Shamir R (2009) Nutritional status and
nutritional therapy in inflammatory bowel diseases. World J Gas-
troenterol 15:2570-2578. https://doi.org/10.3748/wjg.15.2570
Lochs H, Dejong C, Hammarqvist F, Hebuterne X, Leon-Sanz
M, Schiitz T et al (2006) ESPEN Guidelines on Enteral Nutri-
tion: Gastroenterology. Clin Nutr 25:260-274. https://doi.org/10.
1016/.c1nu.2006.01.007

Ghoneima AS, Flashman K, Dawe V, Baldwin E, Celentano V
(2019) High risk of septic complications following surgery for
Crohn’s disease in patients with preoperative anaemia, ypoal-
buminemia and high CRP. Int J Colorectal Dis 34:2185-2188.
https://doi.org/10.1007/s00384-019-03427-7

Campbell MJ, Paull NB, Thirlby RC (2013) Transverse incisions
for resection of ileocolic Crohn’s disease. Am Surg 79:279-283
Aarons CB (2013) Laparoscopic surgery for Crohn disease: a
brief review of the literature. Clin Colon Rectal Surg 26:122-127.
https://doi.org/10.1055/s-0033-1348051

Sevim Y, Akyol C, Aytac E, Baca B, Bulut O, Remzi FH (2017)
Laparoscopic surgery for complex and recurrent Crohn’s disease.
World J Gastrointest Endosc 9:149-152. https://doi.org/10.4253/
wjge.v9.i4.149


https://doi.org/10.1093/ecco-jcc/jjy032
https://doi.org/10.1093/ecco-jcc/jjy032
https://doi.org/10.1136/gutjnl-2019-318440
https://doi.org/10.1136/gutjnl-2019-318440
https://doi.org/10.1002/ibd.22954
https://doi.org/10.1097/SLA.0000000000002017
https://doi.org/10.1097/MCG.0b013e3182677003
https://doi.org/10.1093/ecco-jcc/jjaa268
https://doi.org/10.1038/s41598-020-76115-0
https://doi.org/10.1038/s41598-020-76115-0
https://doi.org/10.1111/codi.15600
https://doi.org/10.1016/j.surg.2019.08.006
https://doi.org/10.1016/j.surg.2019.08.006
https://doi.org/10.1093/ecco-jcc/jjx061
https://doi.org/10.1093/ecco-jcc/jjx061
https://doi.org/10.1093/ecco-jcc/jjz187
https://doi.org/10.1007/s10151-020-02183-z
https://doi.org/10.1007/s10151-020-02183-z
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.3109/00365529409094898
https://doi.org/10.3109/00365529409094898
https://doi.org/10.1111/j.1572-0241.2004.04148.x
https://doi.org/10.1111/j.1572-0241.2004.04148.x
https://doi.org/10.1007/s11605-008-0630-8
https://doi.org/10.1111/j.1365-2036.2004.01904.x
https://doi.org/10.1111/j.1365-2036.2004.01904.x
https://doi.org/10.1016/j.dld.2018.05.009
https://doi.org/10.1111/j.1572-0241.2008.01942.x
https://doi.org/10.1111/j.1572-0241.2008.01942.x
https://doi.org/10.3748/wjg.15.2570
https://doi.org/10.1016/j.clnu.2006.01.007
https://doi.org/10.1016/j.clnu.2006.01.007
https://doi.org/10.1007/s00384-019-03427-7
https://doi.org/10.1055/s-0033-1348051
https://doi.org/10.4253/wjge.v9.i4.149
https://doi.org/10.4253/wjge.v9.i4.149

International Journal of Colorectal Disease (2022) 37:411-419

419

32.

33.

34.

35.

36.

Spinelli A, Sacchi M, Bazzi P, Leone N, Danese S, Montorsi M
(2012) Laparoscopic surgery for recurrent Crohn’s disease. Gas-
troenterol Res Pract 2012:381017. https://doi.org/10.1155/2012/
381017

Ponsioen CY, de Groof EJ, Eshuis EJ, Gardenbroek TJ, Bossuyt
PMM, Hart A et al (2017) Laparoscopic ileocaecal resection
versus infliximab for terminal ileitis in Crohn’s disease: a ran-
domised controlled open-abel, multicentre trial. Lancet Gastroen-
terol Hepatol 2:785-792. https://doi.org/10.1016/S2468-1253(17)
30248-0

Kono T, Ashida T, Ebisawa Y, Chisato N, Okamoto K, Katsuno
H et al (2011) A new antimesenteric functional end-to-end hand-
sewn anastomosis: surgical prevention of anastomotic recurrence
in Crohn’s disease. Dis Colon Rectum 54:586-592. https://doi.
org/10.1007/DCR.0b013e318208b90f

Luglio G, Rispo A, Imperatore N, Giglio MC, Amendola A,
Tropeano FP et al (2020) Surgical prevention of anastomotic
recurrence by excluding mesentery in Crohn’s disease: the
SuPREMe-CD study - a randomized clinical trial. Ann Surg
272:210-217. https://doi.org/10.1097/SLA.0000000000003821
Luglio G, Rispo A, Castiglione F, Imperatore N, Giglio MC,
De Palma GD et al (2016) Kono-type anastomosis in a patient

37.

38.

39.

40.

with severe multi-recurrent Crohn’s disease. Int J Colorectal Dis
31:1565-1566. https://doi.org/10.1007/s00384-016-2567-9
Peltrini R, Greco PA, Manfreda A, Luglio G, Bucci L (2020) Kono-
S anastomosis after intestinal resection for Crohn’s disease. Updates
Surg 72:335-340. https://doi.org/10.1007/s13304-019-00700-w
Shimada N, Ohge H, Kono T, Sugitani A, Yano R, Watadani Y
et al (2019) Surgical recurrence at anastomotic site after bowel
resection in Crohn’s disease: comparison of Kono-S and end-to-
end anastomosis. J Gastrointest Surg 23:312-319. https://doi.org/
10.1007/s11605-018-4012-6

Cioffi I, Marra M, Imperatore N, Pagano MC, Santarpia L, Alfonsi
L et al (2020) Assessment of bioelectrical phase angle as a pre-
dictor of nutritional status in patients with Crohn’s disease: a
cross sectional study. Clin Nutr 39:1564—1571. https://doi.org/
10.1016/j.c1nu.2019.06.023

Cioffi I, Imperatore N, Di Vincenzo O, Pagano MC, Santarpia
L, Pellegrini L et al (2020) Evaluation of nutritional adequacy in
adult patients with Crohn’s disease: a cross-sectional study. Eur J
Nutr 59:3647-3658. https://doi.org/10.1007/s00394-020-02198-0

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1155/2012/381017
https://doi.org/10.1155/2012/381017
https://doi.org/10.1016/S2468-1253(17)30248-0
https://doi.org/10.1016/S2468-1253(17)30248-0
https://doi.org/10.1007/DCR.0b013e318208b90f
https://doi.org/10.1007/DCR.0b013e318208b90f
https://doi.org/10.1097/SLA.0000000000003821
https://doi.org/10.1007/s00384-016-2567-9
https://doi.org/10.1007/s13304-019-00700-w
https://doi.org/10.1007/s11605-018-4012-6
https://doi.org/10.1007/s11605-018-4012-6
https://doi.org/10.1016/j.clnu.2019.06.023
https://doi.org/10.1016/j.clnu.2019.06.023
https://doi.org/10.1007/s00394-020-02198-0

	Post-operative morbidity in Crohn’s disease: what is the impact of patient-, disease- and surgery-related factors?
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and population
	Statistical analysis

	Results
	Patient-dependent variables
	Disease-dependent variables
	Surgery-dependent variables
	Pre-operative medical treatment
	Post-operative complications
	Factors associated with surgical morbidities

	Discussion
	Conclusion
	References


