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Abstract

Background Current enhanced recovery guidelines suggest that opioid sparing medications should be used for analgesia
whenever possible following colorectal surgery. The present study aims to assess whether post-operative NSAID use is
associated with an increased anastomotic leak rate after a colonic or rectal anastomosis.

Methods A systematic review was performed for studies investigating anastomotic leak rate following NSAID use vs control
after colonic or rectal anastomosis. Meta-analysis was performed to assess for overall risk of anastomotic leak with NSAID
use, as well as sub-group analysis to compare selective vs non-selective NSAIDs and drug-specific NSAID safety profiles.
Results Seven studies were included in the final review. Use of an NSAID post-operatively was associated with an overall
increased risk of anastomotic leakage [OR 1.58 (1.23, 2.03), P=0.0003]. Non-selective NSAIDs were associated with an
increased risk [OR 1.79 (1.47, 2.18), P<0.00001], but selective NSAIDs were not. The non-selective NSAID diclofenac
was associated with an increased leak rate [OR 2.79 (1.96, 3.96), P <0.00001], but ketorolac was not [OR 1.36 (0.89, 2.06),
P=0.16].

Conclusions Great caution must be taken when prescribing NSAIDs following colonic or rectal anastomotic creation. The
safety profile varies within the NSAID class and further research is needed to clarify which NSAIDs are safe for use and
which are not.

Keywords Early recovery after surgery (ERAS) - Non-steroidal anti-inflammatory drugs (NSAIDs) - Colorectal
anastomosis - Anastomotic leak

It can be argued that no domain within general surgery has
undergone as much scrutiny and refinement within the last
decade as the post-operative management of colorectal
patients. With increasing acceptance and implementation
of Early Recovery after Surgery (ERAS) protocols, much
focus has been placed on decreasing the length of hospital
stay post-operatively without compromising patient safety.
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Given the myriad of complications associated with opioid
use, a multi-modality approach using non-steroidal anti-
inflammatories (NSAIDs) for pain control has increasingly
become an integral component of patient care in many cent-
ers. However, questions still remain regarding the impact
that NSAIDs have on anastomotic healing. The implications
of a clinically significant association between NSAIDs and
post-operative anastomotic leakage would be far-reaching,
requiring significant reassessment of our current post-oper-
ative management regime.

The discussion surrounding NSAIDs and anastomotic
leak risk is a complicated one, with several important con-
siderations. A recent meta-analysis by Pang et al. [1] demon-
strated that there may be a class-dependent effect associated
with NSAID use, with non-selective NSAIDs being associ-
ated with a greater incidence of leakage compared to selec-
tive NSAIDs. Furthermore, animal studies performed by
Yauw et al. [2], de Hingh et al. [3], and van der Vijver et al.
[4] all demonstrated that NSAIDs have a location-dependent
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effect on anastomotic healing within the GI tract, with small
bowel to small bowel anastomosis demonstrating a greater
effect (higher association between NSAIDs and leakage)
than colon to colon anastomoses.

This study aims to determine if NSAID administration
given post-operatively after performing an anastomosis
involving the colon or rectum increases the incidence of
anastomotic leakage. Given data from the animal studies
performed within this field, a decision was made to exclude
small bowel to small bowel anastomoses as these anastomo-
ses may harbor a different risk profile altogether.

Materials and methods
Search strategy and selection criteria

The following systematic review and meta-analysis was
completed using the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines [5].
Studies were identified by searching electronic databases
and scanning reference lists of articles. No limits were
placed on language. It was decided that if foreign papers
were identified they would be translated and included in the
article review. The databases searched included MEDLINE,
EMBASE, and CINAHL.

Studies were included if the following criteria were met:
(1) The primary outcome assessed was the anastomotic leak
rate. (2) Patients underwent a colonic or rectal resection with
an anastomosis. (3) Administration of an NSAID post-oper-
atively (within the first 7 days) was compared to a control
group without NSAID administration. As there is currently
limited research available that is designed and powered to
assess anastomotic leakage after NSAID use as its primary
outcome, a decision was made to use both randomized con-
trol trials and non-randomized observational studies.

Colonic anastomoses were defined as any anastomosis in
which at least one limb involved colonic tissue (i.e., ileocolic
anastomoses involving small bowel and colon were classi-
fied as a colonic anastomosis). Similarly, rectal anastomoses
were defined as an anastomosis whereby at least one limb
included rectal tissue (i.e., colorectal anastomosis follow-
ing proximal rectal resection). Studies were excluded if
they were animal based, did not involve a colonic or rectal
anastomosis, were editorials or case reports, did not look at
anastomotic leak rates as a primary outcome, or involved an
additional intervention in addition to NSAID analgesia in
the treatment arm (i.e., NSAIDs plus steroids vs. placebo).
Studies that included small bowel anastomoses were not
included.

A broad search strategy was employed to ensure that any
and all relevant articles were assessed. The following two
search terms were used with all 3 databases: “anastomosis”
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and “NSAIDs.” Given that the search term “NSAIDs” is syn-
onymous with the term “non-steroidal anti-inflammatory”
and the singular form—*“NSAID,” these three terms were
grouped together using the “OR” function. As an exam-
ple, our database search consisted of the following inquiry:
“Anastomosis AND (NSAID OR NSAIDs OR non-steroidal
anti-inflammatory).” Study eligibility was evaluated in an
un-blinded standardized manner by two independent physi-
cians/authors. Any disagreements between reviewers were
resolved by consensus. Initial screening was performed by
analysis of article titles/abstracts. Articles were then read in
full to assess for final inclusion/exclusion into the systematic
review and meta-analysis.

Risk of bias assessment

A risk of bias assessment was performed using the Risk
of Bias in Non-Randomized Studies of Interventions
(ROBINS-I) tool [6]. Studies were graded on risk of bias
due to confounding, selection of participants, classification
of interventions, deviations from intended interventions,
missing data, measurement of outcomes, and selection
of the reported units. A final overall risk of bias was then
determined. Overall risk of bias was placed into one of five
categories:

1: Low risk of bias—the study is comparable to a well-
performed RCT.

2: Medium risk of bias—the study provides sound evi-
dence for an RCT, but cannot be considered comparable
to a well-performed RCT.

3: Serious risk of bias—the study has some important
problems.

4: Critical risk of bias—the study is too problematic to
provide any useful evidence and should not be included
in any synthesis.

5: No information on which to base a judgment about
risk.

Data analysis

Meta-analysis was performed by computing the odds ratio
(OR) from the original data using the Cochran—Man-
tel-Haenszel method (with a 95% confidence interval). A
P value of 0.05 was considered significant for all analyses.
Synthesis and graphical representation of the meta-analysis
was performed with the Review Manager (Rev-Man) 5.3
software, using a random-effects model. Inter-study hetero-
geneity was assessed using the I statistic. Publication bias
was assessed via a graphical representation of precision vs
effect estimate (i.e., a funnel plot).

Given the hypothesis that there may be a drug-spe-
cific effect that NSAIDs have on the healing of colorectal



Surgical Endoscopy (2019) 33:879-885

881

anastomoses, further sub-group analysis was performed to
stratify patients based on the type of NSAID they received
(selective vs. non-selective). Furthermore, we examined
the drug-specific effects of ketorolac and diclofenac, non-
selective NSAIDs.

Results
Study selection/characteristics

A database search and review of reference lists of relevant
papers yielded a total of 432 articles. After adjusting for
duplicates, we were left with a total of 373 non-duplicate
articles (Fig. 1). These 373 articles were then screened
and we were then left with 31 articles remaining for full-
text review. Of these remaining articles, 24 were excluded
because they did not meet our inclusion/exclusion criteria.

In total, 9835 participants were involved in the seven
selected studies (Table 1). All studies were published in
English with three originating from North America, and
four from Europe. Three were single-centered studies
and four were multi-centered. With respect to their study
methodology, 6 of the selected studies were of a retro-
spective cohort design, while one was a nested, matched
case—control study.

Risk of bias within studies

All studies were graded using the official ROBINS-I scor-
ing guidelines [6]. Four studies were deemed Moderate
Risk based on baseline differences in potential confound-
ing variables between the control and intervention groups.
Interestingly, in three of those four studies (Bakker et al. [7],
Klein et al. [9], and Saleh et al. [12]) patients in the control
group began with poorer baseline health, while in the end it
was the NSAID group that was found to have a significantly
higher leak rate. The three other studies were rated as Seri-
ous Risk because important confounding variables were not
mentioned and taken account of in the analysis.

NSAID use and anastomotic leak rate

NSAIDs were associated with a significantly higher anas-
tomotic leak rate in four of the seven studies, with an over-
all leak rate of 300/3555 (8.44%) compared to 302/6280
(4.81%) (Fig. 2). When synthesized using our pre-ordained
parameters (M—H analysis, OR with random-effects model),
the overall anastomotic leak rate was found to be signifi-
cantly higher in the NSAID group [OR 1.58 (1.23, 2.03),
P=0.0003]. Heterogeneity as defined by our I statistics was
classified as moderate (38%).

Of the 7 included studies, documentation of NSAID type
was provided by 6 (the exception being Paulasir et al. [11]).
All 6 studies included non-selective NSAIDs in their inter-
vention group, while 1 (Gorrisen et al. [8]) included both

Fig. 1 PRISMA flowchart of

! ! MEDLINE EMBASE CINAHL
included studies Up to November 24, 2016 Up to November 24, 2016 Up to November 24, 2016
312 Citation(s) 118 Citation(s) 2 Citation(s)

S

373 Non-Duplicate
Citations Screened

Inclusion/Exclusion
Criteria Applied

Y

31 Articles Retrieved

Inclusion/Exclusion
Criteria Applied

4

8 Articles Included

/

342 Articles Excluded
After Title/Abstract Screen

23 Articles Excluded
After Full Text Screen

0 Articles Excluded
During Data Extraction
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Table 1 Characteristics of included studies

Study

Year/country

Risk of bias

Design

Intervention

Result (leak rate)

Bakker et al. [7]

Gorrisen et al. [8]

Klein et al. [9]

Klein et al. [10]

Paulasir et al. [11]

Saleh et al. [12]

2016, Netherlands

2012, Netherlands

2009, Denmark

2012, Denmark

2015, United States

2015, Canada

Subendran et al. [13] 2014, Canada

Moderate

Moderate

Moderate

Serious

Serious

Moderate

Serious

856

Retrospective cohort

Retrospective cohort 795

Retrospective cohort 75

Retrospective cohort 2756

Retrospective cohort 4360

Retrospective cohort 731

Nested matched 262

case—control study

NSAID starting POD 2

until resumption of oral
diet

Any NSAID use within

the first 5 days post-
operatively

Oral diclofenac (150 mg/

day) starting POD #1

NSAID taken post-oper-

atively within the first
7 days

NSAID (not specified)

taken on post-op day 1

Ketorolac administered

within 5 days of surgery

Any post-operative

NSAID use within the
first 5 days post-surgery

Intervention: 9.2%

Control: 5.3%

P<0.05

Odds ratio: 1.81 [1.03,
3.21]

Intervention: 13.2%

Control: 7.6%

P<0.05

Odds ratio: 1.85 [1.16,
2.95]

Intervention: 21.2%

Control: 2.4%

P<0.05

Odds ratio: 11.04 [1.28,
94.97]

Intervention: 9.4%

Control: 5.1%

P<0.05

Odds ratio: 1.93 [1.42,
2.63]

Intervention: 2.9%

Control: 2.6%

P>0.05

Odds ratio: 1.11 [0.75,
1.65]

Intervention: 3.4%

Control: 3.2%

P>0.05

Odds ratio: 1.06 [0.47,
2.39]

Cases: 52.7% exposed to
NSAIDs

Control: 44.3% exposed to
NSAIDs

P>0.05

Odds ratio: 1.40 [0.86,
2.28]

P values and odds ratio are bolded

Study or Subgroup

NSAID group
Events Total

No NSAID group
Events

Total

Odds Ratio
Weight M-H, Random, 95% CI

Odds Ratio
M-H, Random, 95% CI

Bakker, 2016
Gorissen, 2012
Klein, 2009
Klein, 2012
Paulasir, 2015
Saleh, 2014
Subendran, 2014

Total (95% Cl)
Total events

49 534
43 324
7 33
83 885
37 1297
12 355
69 127

3555
300

17
36

1
95
79
12
62

302

322
471
42
1871
3063
376
135

6280

13.0% 1.81[1.03, 3.21]
16.8% 1.85[1.16, 2.95]

1.3% 11.04 [1.28, 94.97]
25.2% 1.93 [1.42, 2.63]
20.1% 1.11[0.75, 1.65]

7.6% 1.06 [0.47, 2.39]
16.0% 1.40 [0.86, 2.28]

100.0% 1.58 [1.23, 2.03]

Heterogeneity: Tau? = 0.04; Chi? = 9.68, df = 6 (P = 0.14); I> = 38%

Test for overall effect: Z = 3.59 (P = 0.0003)

Fig.2 NSAIDs post colorectal surgery and anastomotic leak rate
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selective and non-selective NSAIDs. When looked at in iso-
lation, Gorrisen et al. [8] found an increased anastomotic
leak rate with non-selective NSAIDs compared to selective
NSAIDs [OR 2.13 (1.24, 3.65); P=0.006]. Selective COX-2
inhibitors were not associated with an increased risk of anas-
tomotic leak when compared to controls [OR 1.17 (0.50,
2.74), P=0.7]. Sub-group analysis was then performed on
the 6 studies comparing non-selective NSAID use to con-
trols. Of this patient group, a significantly elevated anasto-
motic leak rate was found following non-selective NSAID
use in four of the six studies (Fig. 3). The overall leak rate
in the non-selective NSAID group was found to be 248/2310
(11.64%), compared to 240/3499 (6.86%) in the control
group (OR 1.77 [1.43, 2.20], P <0.00001). Heterogeneity
between groups was low (I>=8%).

Diclofenac was the most commonly used medica-
tion across studies. The second most commonly used

medication was ketorolac. Of the four studies in which
diclofenac was used, three provided isolated anastomotic
leak rates for patients taking diclofenac (Fig. 4). In all three
studies, diclofenac was associated with a statistically sig-
nificant increased anastomotic leak rate [OR 2.74 (1.94,
3.88), P <0.00001]. The overall leak rate in patients tak-
ing diclofenac across these studies was 81/631 (12.84%)
compared to 113/2235 (5.06%) in controls. The one study
that did not include specific numbers for diclofenac (Gor-
risen et al. [8]) did however indicate that diclofenac was
the most commonly used non-selective NSAID among their
study population, and non-selective NSAIDs as a class were
found to be associated with a significantly increased post-
operative leak rate [14.5% leak rate; OR 2.13 (1.24, 3.65);
P=0.006]. Ketorolac-specific leak rates were documented
in two studies (Fig. 5), with neither finding ketorolac to be
associated with a significant change in the post-operative

Non-Selective NSAID group  No NSAID group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bakker, 2016 49 534 34 604 20.1% 1.69 [1.08, 2.67] =
Gorissen, 2012 29 201 36 471 15.7% 2.04[1.21, 3.43] —_
Klein, 2009 7 33 1 42 1.0% 11.04 [1.28, 94.97]
Klein, 2012 83 885 95 1871 39.2% 1.93 [1.42, 2.63] =
Saleh, 2014 12 355 12 376 6.7% 1.06 [0.47, 2.39]  a
Subendran, 2014 68 122 62 135 17.3% 1.48[0.91, 2.43] e
Total (95% CI) 2130 3499 100.0% 1.77 [1.43, 2.20] [
Total events 248 240
Heterogeneity: Tau? = 0.01; Chi? = 5.44, df = 5 (P = 0.36); I* = 8% I t t {
Test for overall effect: Z = 5.22 (P < 0.00001) 0.001 Decreaseg.iL Rate Increasi(c)i AL Rate 1000
Fig.3 Non-selective NSAIDs post colorectal surgery and anastomotic leak rate
Diclofenac group  No NSAID group Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Bakker, 2016 45 372 17 322 35.7% 2.47 [1.38, 4.41] —
Klein, 2009 7 33 1 42 2.6% 11.04 [1.28, 94.97]
Klein, 2012 29 226 95 1871 61.7% 2.75[1.77, 4.28] R
Total (95% CI) 631 2235 100.0% 2.74 [1.94, 3.88] <&
Total events 81 113

e 2 _ . Chi2 = - - S22 = 09 [} + t {
Heterogeneity: Tau = 0.00; Chi 1.74,df =2 (P = 0.42); | 0% 0001 o 0 1000
Test for overall effect: Z = 5.71 (P < 0.00001) Decreased AL Rate Increased AL Rate

Fig.4 Diclofenac post colorectal surgery and anastomotic leak rate
Ketorolac group  No NSAID group Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Saleh, 2014 12 355 12 376  26.8% 1.06 [0.47, 2.39]
Subendran, 2014 68 122 62 135  73.2% 1.48[0.91, 2.43]
Total (95% CI) 477 511 100.0% 1.36 [0.89, 2.07]
Total events 80 74

[ 2 _ . ChiZ = _ - 12 = 09 [ } 1 t {
Heterogeneity: Tau’ = 0.00; Chi 0.48,df =1 (P = 0.49); | 0% 0001 o 1 0 1000

Test for overall effect: Z = 1.42 (P = 0.16)

Fig.5 Ketorolac post colorectal surgery and anastomotic leak rate
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leak rate [OR 1.36 (0.89, 2.06), P=0.16]. Heterogeneity
was absent (I>=0%) in both the diclofenac and ketorolac
sub-group analyses.

Risk of bias across studies

Moderate heterogeneity was found in the overall NSAID
versus control group analysis (I>=38%). This heterogene-
ity was further assessed using a funnel plot (Fig. 6). Given
the relatively low number of studies accounted for in this
analysis, the general shape of our funnel plot remained fairly
symmetrical.

Discussion

Overall, the evidence in this study indicates that NSAIDs
are associated with an increased risk of anastomotic leak-
age following colorectal surgery. With further sub-group
analysis however, this effect was not found to be consistent
across all NSAIDs, with medications within the same class
demonstrating conflicting risk profiles.

This meta-analysis is the first to look at isolated colonic
and rectal anastomotic leak rate associated with NSAID
use. As demonstrated in several animal studies, the effect
that NSAIDs have on anastomotic healing varies based on
the location within the gastrointestinal tract [2—4]. Small
bowel anastomoses have been shown to be affected by post-
operative NSAID use to a greater extent than distal colonic
anastomoses. As to why NSAIDs impair anastomotic healing
and why different segments of the gastrointestinal tract are
affected differently, the pathophysiological mechanism still
remains up for debate. Histological factors associated with
the healing process certainly seem to be affected following
NSAID use. These medications appear to decrease fibroblast
infiltration, decrease granulation tissue formation, decrease
re-epithelialization, and increase microscopic necrosis [14].

o SE(0gIOR])

0.5+

1.5+

i OR
2 + + + J
0.001 0.1 1 10 1000

Fig.6 Funnel plot (NSAID use vs. No NSAID use)

@ Springer

Taken all together, this can certainly lead to impaired wound
healing and tissue regeneration. Furthermore, NSAIDs
appear to have an effect on collagen deposition and cross-
linking, although this effect is not yet clear [15].

Although it is unclear what the overall effect is on intes-
tinal collagen structure/function, studies have shown that
COX-2 expression is greatest in the ileum and that this
expression decreases after NSAID use [4, 16]. This has
led to theories that the increased leak rate associated with
NSAIDs may in fact be a COX-2-specific inhibitory effect.
When tested clinically however, this has not been proven to
be the case. Bhangu et al. [17] performed sub-group analysis
in their meta-analysis to stratify selective vs non-selective
NSAIDs. They found that only the non-selective NSAID
group was associated with an increased anastomotic leak rate
post-operatively, while the selective COX-2 inhibitor group
did not demonstrate any significant change in leak rate. A
more recent meta-analysis by Pang et al. [1] demonstrated
similar results, with significantly increased leak rates with
non-selective NSAIDs, but not with selective NSAID use.
These findings are in line with our own results, in which we
found that when patient data were analyzed based on class
of NSAID received, only the non-selective NSAID group
demonstrated an increased risk of anastomotic leakage.

In our study, we found the association between post-
operative leak rate and medication use inconsistent when
two non-selective NSAIDs, ketorolac and diclofenac, were
compared to controls. While both are categorized within the
same class of medication, only diclofenac was associated
with an increased leak rate. This would indicate that the
question regarding NSAID safety is much more complicated
than once believed, and there may be drug-specific effects.

There are limitations that must be taken into account
when interpreting these data. In comparison to previous
meta-analyses performed on this topic, we narrowed our
focus to only colonic and rectal anastomoses, and only on
studies that had been designed and powered with anasto-
motic leak rate as their primary outcome. Because we nar-
rowed down our research question, the number of studies
present within this meta-analysis is relatively low. This is
especially important when considering the sub-group analy-
sis that was performed. Only one study included selective
NSAID medications in their published data, and when per-
forming our medication-specific analysis only 3 studies were
included in the diclofenac group, and two in the ketorolac
group. Given the limitations of these sub-group analyses,
further research is needed to truly clarify these class and
drug-specific risk profiles. Another limitation of this review
is the reliance on non-randomized data. Within this paper,
nearly half of the studies examined posed potential bias sec-
ondary to confounding factors that were unaccounted for
by the study authors. Of the remaining studies that meas-
ured these confounding factors, they all contained baseline
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differences between intervention and control groups that
made final size effect interpretations difficult. As with any
study reliant on observational data, it is difficult to differenti-
ate association with causation. While some studies did show
an increased leak rate with NSAID usage, there also remains
the possibility that those patients with a post-operative leak
required greater pain control in the immediate post-operative
setting, necessitating the addition of an NSAID to their man-
agement plan. Finally, while this study has taken a first step
towards stratifying the impact that NSAIDs have based on
anastomotic location, our study grouped all colonic and rec-
tal anastomoses as one category. We did not analyze patients
based on proximal or distal colonic anastomoses, nor did we
stratify them based on colonic versus rectal anastomoses.
This was in large part due to limited data available in this
regard.

In conclusion, our findings indicate that the use of
NSAIDs in the immediate post-operative period (within 7
days) in these patients may increase the risk of a post-opera-
tive anastomotic leak. Going forward significant efforts will
need to be made to confidently identify which individual
NSAIDs increase the risk of anastomotic leakage and which
do not. Where no conclusive recommendation currently
exists regarding post-operative NSAID use, we advise great
caution when prescribing NSAIDs following colonic or rec-
tal anastomotic creation.

Compliance with ethical standards

Disclosures Drs. Aryan Modasi, David Pace, Marshall Godwin, Chris
Smith, and Bryan Curtis have no conflicts of interest or financial ties
to disclose.

References

1. Pang F, Liu S, Hu Y, Yu M, Chen J, Liu C (2016) Influence of
perioperative nonsteroidal anti-inflammatory drugs on complica-
tions after gastrointestinal surgery: a meta-analysis. Acta Anaes-
thesiologica Taiwanica 54:121-128

2. Yauw S, Lomme R, van der Vijver R, Hendriks T, van Laarhoven
K, van Goor H (2015) Diclofenac causes anastomotic leakage in
the proximal colon but not in the distal colon of the rat. Am J Surg
210(2):382-388

3. de Hingh I, van Goor H, de Man B, Lomme R, Bleichrodt R,
Hendriks T (2006) Selective cyclo-oxygenase 2 inhibition affects
ileal but not colonic anastomotic healing in the early postoperative
period. BrJ Surg 93(4):489-497

4. Van der Vijver R, van Laarhoven C, de Man B, Lomme R, Hen-
driks T (2013) Perioperative pain relief by a COX-2 inhibitor

10.

11.

12.

13.

14.

15.

16.

affects ileal repair and provides a model for anastomotic leakage
in the intestine. Surg Innov 20(2):113-118

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioan-
nidis JP, Clarke M, Devereaux PJ, Kleijnen J, Moher D (2009)
The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions:
explanation and elaboration. J Clin Epidemiol 62(10):1-34
Sterne JAC, Hernan MA, Reeves BC, Savovic J et al (2016) ROB-
INS-I: a tool for assessing risk of bias in non-randomized studies
of interventions. BMJ 355:i14919

Bakker N, Deelder JD, Richir MC, Cakir H, Doodeman HJ,
Schreurs WH, Houdijk A (2016) Risk of anastomotic leakage
with nonsteroidal anti-inflammatory drugs within an enhanced
recovery program. J Gastrointest Surg 20(4):776-782

Gorissen KJ, Benning D, Berghmans T, Snoeijs MG, Sosef MN,
Hulsewe KW, Luyer M (2012) Risk of anastomotic leakage with
non-steroidal anti-inflammatory drugs in colorectal surgery. BrJ
Surg 99(5):721-727

Klein M, Andersen LP, Harvald T, Rosenberg J, Gogenur I (2009)
Increased risk of anastomotic leakage with diclofenac treatment
after laparoscopic colorectal surgery. Dig Surg 26(1):27-30
Klein M, Gogenur I, Rosenberg J (2012) Postoperative use of non-
steroidal anti-inflammatory drugs in patients with anastomotic
leakage requiring reoperation after colorectal resection: Cohort
study based on prospective data. BMJ 345:e6166. https://doi.
org/10.1136/bmj.e6166

Paulasir S, Kaoutzanis C, Welch KB, Vandewarker JF, Krapohl
G, Lampman RM, Franz M, Cleary R (2015) Nonsteroidal
anti-inflammatory drugs: do they increase the risk of anasto-
motic leaks following colorectal operations? Dis Colon Rectum
58(9):870-877

Saleh F, Jackson TD, Ambrosini L, Gnanasegaram JJ, Kwong
J, Quereshy F, Okrainec A (2014) Perioperative nonselective
non-steroidal anti-inflammatory drugs are not associated with
anastomotic leakage after colorectal surgery. J Gastrointest Surg
18(8):1398-1404

Subendran J, Siddiqui N, Victor JC, McLeod RS, Govindarajan
A (2014) NSAID use and anastomotic leaks following elective
colorectal surgery: a matched case-control study. J Gastrointest
Surg 18(8):1391-1397

Drakopoulou S, Kontis E, Pantiora E, Vezakis A, Karandrea D,
Aravidou E, Konti-Paphiti A, Argyra E, Voros D, Polydorou AA,
Fragulidis GP (2016) Effects of lornoxicam on anastomotic heal-
ing: a randomized, blinded, placebo-control experimental study.
Surg Res Pract. https://doi.org/10.1155/2016/4328089

Klein M, Krarup P, Kongsbak MB, Agren MS, Ggenur I, Jor-
gensen LN, Rosenberg J (2012) Effect of postoperative diclofenac
on anastomotic healing, skin wounds and subcutaneous collagen
accumulation: a randomized, blinded, placebo-controlled, experi-
mental study. Eur Surg Res 48(2):73-78

Haworth R, Oakley K, McCormack N, Pilling A (2005) Differen-
tial expression of COX-1 and COX-2 in the gastrointestinal tract
of the rat. Toxicol Pathol 33:239-245

. Bhangu A, Singh P, Fitzgerald JE, Slesser A, Tekkis P (2014)

Postoperative nonsteroidal anti-inflammatory drugs and risk of
anastomotic leak: meta-analysis of clinical and experimental stud-
ies. World J Surg 38(9):2247-2257

@ Springer


https://doi.org/10.1136/bmj.e6166
https://doi.org/10.1136/bmj.e6166
https://doi.org/10.1155/2016/4328089

	NSAID administration post colorectal surgery increases anastomotic leak rate: systematic reviewmeta-analysis
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Search strategy and selection criteria
	Risk of bias assessment
	Data analysis

	Results
	Study selectioncharacteristics
	Risk of bias within studies
	NSAID use and anastomotic leak rate
	Risk of bias across studies

	Discussion
	References


