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Abstract

Background The real impact of anti-tumor necrosis alpha
(TNF) therapy in postoperative complications after
intestinal resections in Crohn’s disease (CD) still needs to
be determined.

Aims To compare the postoperative complication rates
after elective intestinal resections in CD patients, with or
without previous exposure to anti-TNF therapy.

Methods This was a retrospective and observational study,
with elective intestinal resections for CD (emergency
procedures were excluded). Patients were allocated in two
groups according to preoperative anti-TNF status. Surgical
and medical complications were analyzed and subse-
quently compared between the groups.

Results A total of 123 patients were included (71 with and
52 without preoperative anti-TNF). The groups were con-
sidered homogeneous, except for perianal CD, previous
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azathioprine, and stomas. There was no significant differ-
ence between the groups regarding overall surgical com-
plications (32.69% in anti-TNF— vs. 39.44% in anti-
TNF+ patients, p = 0.457) or overall medical complica-
tions (21.15 vs. 21.13%, respectively, p = 1.000). In uni-
variate analysis, previous steroids, perianal CD, and stomas
were considered risk factors for surgical complications, and
previous steroids and hypoalbuminemia for medical com-
plications. In multivariate analysis, previous steroids were
associated with higher rates of surgical and medical com-
plications, while hypoalbuminemia was associated with
higher medical complication rates.

Conclusions There was no influence of the previous use of
anti-TNF agents in postoperative surgical and medical
complication rates in elective intestinal resections for CD.
Previous steroids and hypoalbuminemia were associated
with higher complication rates. This was the first case
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series of the literature describing outcomes in exclusively
elective operations.

Keywords Crohn’s disease - Postoperative complications -
Tumor necrosis factor alpha - Biological products

Introduction

Crohn’s disease (CD) is a progressive systemic entity,
caused by genetic predisposition, associated with an
increased intestinal permeability that allows luminal anti-
gens to enter the lamina propria resulting in an uncon-
trolled inflammatory process. This inflammation usually
causes ulcers at the mucosal layer of the affected areas that
can progress transmurally over the muscularis propria and
serosa. As a consequence, CD can often result in fibrosis,
stenosis, abscesses, and fistulas. Due to this possibility to
cause complications, CD is considered to be an aggressive
disease that frequently needs surgery as an important
therapeutic option [1].

Over the last years, a remarkable evolution in medical
therapy of inflammatory bowel diseases (IBD) was
achieved, mainly with the development and overspread use
of anti-TNF (tumor necrosis factor alpha inhibitors) [2]. In
CD, clinical response and remission were observed in some
randomized clinical trials with these agents, and later on,
other studies demonstrated reduction in hospitalization and
surgical rates, with consequent change in the natural course
of the disease [3-5].

The indications for biological agents in CD are mainly
focused on the severe forms of the disease [3, 4]. Fre-
quently, a patient needs some form of surgical treatment
during the use of this class of medications [5]. It is well
established that previous steroids and poor nutritional sta-
tus can increase postoperative complications in CD [6]. As
biologicals result in significant immunosuppression, there
is evident concern if this reduction in the mechanisms of
defense can lead to higher rates of surgical and medical
(mainly infectious) complications after intestinal resections
in CD, directly caused by these drugs. Indeed, there is also
controversy regarding the effects of anti-TNF agents in
tissue healing, at the level of intestinal anastomoses [7-9].

Data from different studies demonstrated controversial
results regarding the impact of anti-TNF agents in surgical
outcomes in CD. Some outlined that these agents can
represent a negative impact in surgical outcomes in CD,
increasing postoperative complications [10, 11]. Other
studies demonstrated opposite results, suggesting that anti-
TNF can be considered safe in the perioperative period
[12—15]. Mostly, these are all retrospective case series from
IBD referral centers, with similar methodology. Moreover,
some meta-analysis that referred almost the same studies

also demonstrated opposite results, making this topic sig-
nificantly controversial in the IBD management [16-19].

The first prospective study that highlighted the relation
between an anti-TNF agent, infliximab (IFX), and surgical
outcomes in CD was published in 2014 [20]. In this study,
a possible relation of higher serum levels of the drug with
higher rates of overall complications and readmissions was
identified in CD patients, but not in ulcerative colitis (UC).
A second prospective study was also recently presented,
with more than 500 patients from several centers from
France, and anti-TNF therapy was associated with higher
postoperative morbidity after ileocaecal resections for CD
[21]. Currently, a multicenter prospective study is being
conducted in the USA, in order to better clarify the relation
of serum levels of anti-TNF agents in surgical outcomes in
IBD (PUCCINI trial), possibly with a higher level of evi-
dence than we currently have [22].

Most of these studies were performed in patients with
intestinal resections due to CD, including the elective and
urgent settings. It is known that emergency operations can
have higher morbidity rates per se, and this was even
demonstrated in a retrospective study from the Mayo Clinic
[23]. To date, there are no data regarding this topic
exclusively in elective operations. Moreover, there are also
scarce published data in Latin American CD patients.

The primary aim of this study was to verify and compare
the postoperative complication rates after elective intestinal
resections in CD, in patients with and without previous
exposure to anti-TNF agents. Secondary objectives were to
define possible risk factors for medical and surgical post-
operative complications.

Methods
Study Design

This was a retrospective longitudinal and observational
study, with CD patients submitted to intestinal resections
due to complications or failure to medical therapy, from 2
different IBD referral units from Brazil, in a 7-year period
(January 2007-July 2014).

Inclusion and Exclusion Criteria

Patients with an established diagnosis of CD with clinical,
imaging, endoscopic, and histological criteria, over 18 years
old at the time of surgery, submitted to any elective abdom-
inal surgical procedure with intestinal resection, were
included in the study. We excluded from the analysis patients
with undetermined IBD or UC, those submitted to stricture-
plasties or to other procedures without intestinal resection
(diverting stomas) and operated in the emergency setting.
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Variables Analyzed

The following variables were analyzed: age at diagnosis
and at surgery, gender, disease duration until the surgical
procedure, and smoking status. Patients’ phenotype was
described according to the Montreal classification. Surgical
characteristics were also evaluated: type of procedure
according to the location, approach (conventional or
laparoscopic) and type of anastomosis. Perianal disease,
hypoalbuminemia (albumin <3.0 mg/dL), and preopera-
tive medication (steroids, immunomodulators, or/and bio-
logical agents) were also checked. Preoperative use of
steroids was defined as any exposure to 20 mg of pred-
nisone or equivalent during any period for at least six
weeks before surgery.

Early postoperative surgical and medical complications
(up to 30 days after the surgical procedure) were evaluated.
We considered as a surgical complication any occurrence
different from a normal postoperative period that needed
intervention (abdominal abscesses, anastomotic dehis-
cence, surgical site infection, reoperation, or small bowel
obstruction). Medical complications were defined as any
postoperative occurrences apart from the surgical site per
se. We checked as medical complications: pneumonia,
urinary tract infections, infections and other complications
in general, readmissions, and death.

Regarding preoperative exposure to medication, patients
with previous anti-TNF agents (IFX or adalimumab
[ADA]) up to 8 weeks from the surgical procedure were
considered exposed. This was in accordance with the def-
initions of most of the similar studies from the literature
[12-14]. Previous steroids and thiopurines were also
checked.

The specific protocols with the variables previously
described were retrospectively completed, after electronic
chart review. The postoperative medical and surgical
complications were identified and then compared between
the 2 different groups.

Group Definition

After patient identification and selection, they were allo-
cated in 2 groups, according to the previous exposure to
anti-TNF agents (ADA or IFX) in the preoperative period.
The study group was composed by patients with preoper-
ative use of anti-TNF (anti-TNF+-), while the control group
by patients with previous conventional therapy (anti-
TNF—-).

Statistical Analysis

The results were expressed as median and standard devi-
ation (SD). For the analysis of group homogeneity, in
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relation to quantitative variables, the Student’s ¢ test or
Mann—Whitney method was used. For qualitative variables,
Fisher’s exact test and the Chi-square method were chosen.
Log-rank test was used for the comparison of the groups in
univariate analysis. For multivariate analysis, in order to
define risk factors for postoperative complications, a Cox
regression model was used in addition to the Wald test,
including as reference variables those that were significant
in the univariate analysis. p values <0.05 were considered
significant. The analysis was performed using SPSS ver-
sion 14.0 software (Chicago, IL).

Ethical Considerations

The study was approved by the board of the ethical com-
mittees of both institutions, according to protocol
63324/2012 and CAAE 03687612.8.1001.5404, from the
ministry of health Web site “plataforma Brasil”.

Results

Initially 144 patients were identified from the surgical
databases of both units, and had their records accessed.
From those, 12 were excluded for having emergency
operations and 9 for having abdominal procedures without
intestinal resection (strictureplasties and stomas). There-
fore, 123 patients composed the final population analyzed
(Fig. 1). From this sample, 52 had no previous exposure to

Initial sample

n=144
Stricturoplasties Diverting stomas
n=07 n=02
Urgency
procedures |
n=12

Included patients
n=123

Anti-TNF -
n=52

Anti-TNF +
n=71

Fig. 1 Study design, with included and excluded patients
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Table 1 Baseline characteristics of the 123 patients, and group homogeneity
Variable Anti-TNF— (n = 52) Anti-TNF+ (n = 71) p value
Mean age at diagnosis (years) (£SD) 30.0 (£12.7) 25.5 (£12.4) 0.053
Mean age at surgery (years) (£SD) 38.5 (£14.1) 354 (£12.3) 0.199
Disease duration from diagnosis to surgery (months) (+=SD) 99.8 (£76.6) 114.0 (£76.4) 0.310
Male gender [n (%)] 28 (53.85) 39 (54.93) 1.000
Montreal A [n (%)]

Al 4 (7.69) 21 (29.58) 0.011*

A2 39 (75) 39 (54.93)

A3 9 (17.31) 11 (15.49)
Montreal L [n (%)]

L1 18 (34.62) 15 (21.13) 0.027*

L2 5(9.62) 21 (29.58)

L3 28 (53.85) 35 (49.30)

L4 1(1.92) 0 (0)
Montreal B [n (%)]

Bl 4 (7.69) 8 (11.27) 0.114

B2 34 (65.38) 33 (46.48)

B3 14 (26.92) 30 (42.25)
Perianal CD [n (%)] 9 (17.31) 37 (52.11) <0.001**
Smoking [n (%)] 8 (15.38) 3(4.23) 0.052
Hypoalbuminemia [n (%)] 18 (34.62) 18 (25.35) 0.317
Previous steroids [n (%)] 20 (38.46) 22 (30.99) 0.443
Previous thiopurines [n (%)] 33 (63.46) 58 (81.69) 0.037*
Laparoscopic approach [n (%)] 11 (21.15) 26 (36.62) 0.075
Conventional open approach [n (%)] 41 (78.85) 45 (63.38) 0.075
Primary anastomosis [n (%)] 51 (98.08) 54 (76.06) <0.001%*%*
Stoma [n (%)] 2 (3.85) 20 (28.17) 0.001 %
Small bowel resection [n (%)] 19 (36.54) 20 (28.17) 0.335
Ileocecal resection [n (%)] 30 (57.69) 29 (40.85) 0.071
Total colectomy [n (%)] 1(1.92) 6 (8.45) 0.237

* p < 0.05; ** p < 0.001

anti-TNF agents, while 71 used these agents preoperatively
(39 on IFX and 32 on ADA).

The baseline characteristics of the patients, according to
the study groups, are described in detail in Table 1, and the
groups were not fully homogeneous. There was no signif-
icant difference between the groups in terms of gender, age
at diagnosis, age at surgery, disease duration until the
procedure, smoking, hypoalbuminemia, and previous ster-
oids. As observed, patients on the anti-TNF+ group were
predominantly younger (Montreal Al) and had colonic
location of CD (Montreal L2) with perianal disease and
more exposure to previous thiopurines as compared to
controls. Moreover, in terms of surgical characteristics,
patients from the anti-TNF+ group also had more stomas
and less primary anastomoses than patients from the con-
trol group.

In relation to the main outcomes of the study, there was
no significant difference between the two groups regarding
overall surgical and medical complications. According to
the type of surgical complications, no difference between
the groups was also found regarding abdominal abscesses,
anastomotic dehiscence, bowel obstruction, surgical site
infection, or reoperations. In terms of the detailed medical
complications, no difference was also found between the
groups in relation to pneumonia, urinary tract infections,
other complications in general, readmissions, and death.
There was a tendency to higher rates of abdominal
abscesses, surgical site infections and readmissions on the
anti-TNF+ patients, without statistical significance. These
data are described in detail in Figs. 2 and 3.

In relation to possible risk factors for an impact in post-
operative morbidity, in univariate analysis, preoperative
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43 Surgical complications
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Overall surgical Abdominal Anastomotic Bowel Surgical site Reoperations
complications abscesses dehiscence obstruction infections $=0.801
p=0.457 p=0.070 p=0.760 p=0.281 p=0.075
Fig. 2 Surgical complications between the groups
anti-TNF exposure was not a risk factor for surgical post-  Discussion

operative complications. Perianal CD, previous exposure to
steroids, lower rates of primary anastomoses, and higher
rates of stomas were associated with higher rates of surgical
complications. These data are illustrated in detail in Table 2.

In multivariate analysis (logistic regression model and
Wald test), it was confirmed that preoperative anti-TNF
agents were not associated with an increase in surgical
complications (OR 0.90; 95% CI 0.37-2.18; p = 0.815).
However, previous steroids were confirmed as a risk factor
associated with these types of complications (Table 3).

Regarding overall medical complications, in univariate
analysis, previous anti-TNF agents equally were not con-
sidered an associated risk factor for higher morbidity.
There was an association of higher complication rates with
hypoalbuminemia and previous steroids, as illustrated in
Table 4.

In multivariate analysis, preoperative anti-TNF agents
were also not confirmed as a risk factor for medical com-
plications (OR 0.98; IC 0.32-3.06; p = 0.976). Again, in
accordance with the univariate analysis findings, hypoal-
buminemia and previous steroids were associated with
higher postoperative medical complications, as illustrated
in Table 5.

@ Springer

Several studies were published regarding the complex
relation between surgery and biological therapy in CD
management. The majority of these data come from ret-
rospective cohort studies, and opposite results were
described. Indeed, currently there is still controversy over
the real impact of preoperative anti-TNF agents in post-
operative outcomes after abdominal surgical procedures in
CD [24].

In the present study, preoperative anti-TNF exposure
was not associated with an increase in postoperative
medical and surgical complications. These findings are in
accordance with the majority of previous retrospective
cohort studies published in the literature. Moreover, most
of the data from experimental studies also suggested that
anti-TNF agents are not related to higher postoperative
complication rates.

A more detailed analysis of the previous reports shows
some differences in the methodology used on the publi-
cations. Some studies included CD and UC patients in the
same sample [14, 19]. Thus, even the meta-analyses that
were published including the same studies came to differ-
ent results, what brings even more controversy over the real
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Fig. 3 Medical complications between the groups
Table .2 Univariate analy51§, Variable Classification Surgical complications+ p value
regarding overall postoperative
surgical complications Previous anti-TNF agents (1, %) No 17 (32.7%) 0.457
Yes 28 (39.4%)
Hypoalbuminemia (n, %) No 28 (32.2%) 0.150
Yes 17 (47.2%)
Perianal CD (n, %) No 22 (28.6%) 0.021%*
Yes 23 (50.0%)
Previous steroids (n, %) No 24 (29.6%) 0.031*
Yes 21 (50.0%)
Primary anastomosis (n, %) No 11 (61.1%) 0.032*
Yes 34 (32.4%)
Stomas (n, %) No 31 (30.7%) 0.006**
Yes 14 (63.6%)

*p <0.05; ** p < 0.01

impact of these agents in the postoperative outcomes in CD
patients [17-19].

The population included in our study reflects real-world
practice of surgical management of CD: young patients,
with median age at surgery of 35-38 years old, with long
disease duration between diagnosis and surgery
(100-114 months) and with similar distribution regarding
gender. The groups were not fully homogeneous, but

comparable in most of the variables analyzed. However,
the patients with preoperative exposure to anti-TNF agents
were considered to have special characteristics that are
usually seen in more severe cases: higher prevalence of
perianal CD, more frequent use of azathioprine, higher
rates of stomas, and less primary anastomoses. With the
retrospective and observational design of the study, these
differences between the groups could be expected, as
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Table 3 Multivariate analysis for overall surgical complications

Table 5 Multivariate analysis for overall medical complications

Variable OR 95% C1 p value Variable OR 95% CI p value
Previous anti-TNF agents 0.90 0.37-2.18 0.815 Previous anti-TNF agents 0.98 0.32-3.06 0.976
Perianal CD 1.68 0.66-4.28 0.273 Hypoalbuminemia 4.11 1.48-11.45 0.006*
Previous steroids 2.55 1.12-5.82 0.024%* Perianal CD 2.62 0.86-7.96 0.086
Primary anastomosis 1.13 0.21-6.09 0.885 Previous steroids 5.88 2.11-16.42 0.001%*%*
Stomas 3.65 0.75-17.78 0.106

OR odds ratio, CI confidence interval
* p <0.05

biological agents are mostly used in more severe cases,
reflecting current practice of CD. Even with more severe
cases in the anti-TNF+ group, higher complication rates
were not observed, what emphasizes the findings of our
analysis.

Waterman et al. [14] in 2013 demonstrated in a retro-
spective cohort of a referral center in Canada that the time
from the last dose of the anti-TNF agent had no influence in
different rates of postoperative complications. In our study,
we could not check that variable due to logistic reasons
(injections and infusions were performed in different
infusion units), but as no serum levels of the drugs were
measured before surgery, anything different from thera-
peutic drug monitoring in an observational study like ours
would question the real biological effect of biologics in
complications.

Our study is one of the first ever published to include
exclusively elective operations with intestinal resection for
CD in the analysis. Moreover, it is the first study to
describe the relation between anti-TNF agents and post-
operative complications in Latin American CD patients. It
is known that emergency procedures can have higher index

OR odds ratio, CI confidence interval
* p < 0.05; ** p <0.01

of postoperative complications per se. Even with the fact
that previous studies included approximately 10% of
patients with emergency operations on their samples, with
homogeneous distribution between the groups, this could
represent a significant bias that was not present in our
cohort of patients. Indeed, a retrospective study from the
Mayo Clinic (USA) demonstrated, in multivariate analysis,
that emergency procedures were considered a risk factor
for an increase in postoperative complications [23].

In univariate analysis, preoperative anti-TNF agents
were not associated with an increase in both surgical and
medical (including infectious) postoperative complications.
Only perianal CD, previous steroids, and stomas were
associated with higher rates of surgical complications.
Hypoalbuminemia and previous steroids were associated
with higher rates of medical postoperative complications.
In multivariate analysis, only previous steroids were asso-
ciated with an increase in surgical complications (OR 2.55;
CI 1.12-5.82; p = 0.024). With the same analysis, previ-
ous steroids (OR 5.88; CI 2.11-16.42; p = 0.001) and
hypoalbuminemia (OR 4.11; CI 1.48-11.45; p = 0.006)
were associated with higher rates of medical postoperative

Table 4 Univariate analysis,
regarding overall postoperative

medical complications

Variable Classification Medical complications+ p value

Previous anti-TNF agents (n, %) No 11 (21.1%) 1
Yes 15 (21.1%)

Hypoalbuminemia (n, %) No 11 (12.6%) 0.001**
Yes 15 (21.1%)

Perianal CD (n, %) No 12 (15.6%) 0.068
Yes 14 (30.4%)

Previous steroids (1, %) No 8 (9.9%) <0.001**
Yes 18 (42.9%)

Primary anastomosis (n, %) No 5 (27.8%) 0.532
Yes 21 (20.0%)

Stomas (n, %) No 20 (19.8%) 0.564
Yes 6 (27.3%)

* p < 0.05; ** p < 0.01
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complications. These findings are in accordance with some
studies and consensus from the literature, which demon-
strated the negative impact of malnutrition and previous
steroids in surgical outcomes in abdominal operations for
CD [6, 25].

Clearly, in a real-world practice, patients using anti-TNF
agents are being operated due to failure of medical therapy.
Thus, most of them would be using steroids in various
dosages at the time of surgery. Moreover, a delay in
decision-making that lead to surgical indication often leads
to nutritional deficit that can be linked to low albumin and
an increase in postoperative complications. As previously
stated, in an observational study like ours, patients using
anti-TNF agents are generally considered more severe
cases, with a tendency to have significant rates of postop-
erative complications not only for the previous medica-
tions, but mostly for their complexities. Even with the
differences observed in group homogeneity, no differences
in the overall rates of complications were observed.

In the analysis, there was a tendency (not statistically
proved) toward higher rates of abdominal abscesses
(p = 0.070), surgical site infections (p = 0.075), and
readmissions (p = 0.077) in patients with preoperative
exposure to anti-TNF agents. With a wider sample, maybe
these variables could be significant, being more prevalent
in patients in the anti-TNF+ group, as demonstrated in
some retrospective studies [10, 11].

Two prospective studies analyzed the impact of anti-
TNF therapy in surgical outcomes in CD. Lau et al. [20]
analyzed 123 patients that had serum levels of IFX mea-
sured 7 days before the surgical procedure. There were
more overall postoperative complications and more read-
missions in patients with IFX levels >8pg/ml as compared
to those with levels <3 pg/ml.

Similar results were observed in a prospective multi-
centric French study (RICCO registry), recently presented
at the ECCO (European Crohn’s and Colitis Organisation)
congress, 2016 [21]. From a total of 592 patients submitted
exclusively to ileocecal resections for CD, prospectively
followed for complications, 23.1% received previous anti-
TNF therapy up to 6 months before surgery. There were
higher rates of overall morbidity (41 vs. 26%, p = 0.001)
and abdominal sepsis (13 vs. 7.1%, p = 0.03) in the group
of patients with previous anti-TNF as compared to controls.
The use of anti-TNF agents less than 6 months prior to
surgery remained a strong predictor of overall postopera-
tive morbidity (OR 2.10, 95% CI 1.60-2.75, p < 0.0001)
and intra-abdominal sepsis (OR 3.13; 95% CI 2.07-4.73;
p < 0.001). The results of this trial were not based on
serum levels, and as it included patients with exposure to
anti-TNF agents up to 6 months before the operations,
some patients even could not have any circulating IFX and
ADA during the procedures. In our study, previous anti-

TNF for 8 weeks before the procedure was the cutoff for
the definition of the groups, in order to avoid the absence of
circulating drug that could bias the results. The PUCCINI
(Prospective Cohort of Ulcerative Colitis and Crohn’s
Disease Patients Undergoing Surgery to Identify Risk
Factors for Postoperative Infection) trial is currently
ongoing in the USA, with serum levels of the agents being
measured [22]. Soon, its results would be available and
there will be more evidence to clarify the real impact of
anti-TNF agents in surgical outcomes in a big sample of
patients coming from important IBD referral centers from
America.

A single-center study from the Mayo Clinic (USA)
described the surgical outcomes in CD patients submitted
to previous use of vedolizumab, an anti-integrin alpha-4-
beta-7 [26]. This was the first description of postoperative
outcomes after abdominal operations in patients using a
gut-selective biological agent, with a different mechanism
of action than the inhibition of TNF-o. In this initial series
of 94 patients, 53% had complications and 36% had sur-
gical site infections. The role of vedolizumab in postop-
erative outcomes still needs to be determined, and with the
increased use of this agent, more solid information
regarding its effect in postoperative outcomes is expected
in the future.

The present study has some limitations that must be
taken into consideration in the analysis of our results. First,
the retrospective and observational methodology could
affect data collection. The included patients came from 2
Brazilian IBD referral centers and were not operated all by
the same surgeon. The analysis was also undertaken in a
convenience sample; there was no sample calculation that
could power the study for the specific detection of differ-
ences in postoperative complications. Thus, the groups
were not fully homogeneous. Additionally, there were no
specific nutritional measurements, only serum albumin.
Preoperative serum levels of IFX and ADA were also not
measured. Patients with previous anti-TNF agents had
lower prevalence of primary anastomoses in their proce-
dures, what can also have influenced the results, mainly in
the surgical complications. On the other hand, the exclu-
sion of patients without resection and patients submitted to
emergency procedures reduced significantly the bias on the
results.

In summary, in this retrospective observational study
that reflects real practice of surgical management in CD,
there was no influence of preoperative anti-TNF agents in
medical and surgical complications after elective intestinal
resections. Perianal CD and stomas were associated with
higher rates of surgical postoperative complications, while
hypoalbuminemia was associated with more medical
complications. Previous steroids were associated with both
complications (medical and surgical), being an important
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risk factor for higher morbidity in this scenario. This was
the first study based exclusively on elective operations.
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