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Abstract
Background Enhanced recovery programs following

colorectal resection recommend the use of nonsteroidal

anti-inflammatory drugs (NSAIDs) as part of multimodal
analgesia. The present study aimed to assess whether

postoperative NSAID use increased the risk of anastomotic

leak.
Methods A systematic review of published literature was

performed for studies comparing anastomotic leak fol-

lowing NSAID administration versus control. Meta-ana-
lysis was conducted for studies in human patients and

experimental animal models. The primary endpoint was

anastomotic leak.
Results The final analysis included 8 studies in humans

and 12 experimental animal studies. Use of NSAIDs was

significantly associated with anastomotic leak in humans (8
studies, 4,464 patients, odds ratio [OR] 2.14; p\ 0.001).

This effect was seen with nonselective NSAIDs (6 studies,

3,074 patients, OR 2.37; p\ 0.001), but not with selective
NSAIDs (4 studies, 1,223 patients, OR 2.32; p = 0.170).

There was strong evidence of selection bias from all clin-

ical studies, with additional inconsistent definitions and
outcomes assessment. From experimental animal models,

anastomotic leak was more likely with NSAID use (ten

studies, 575 animals, OR 9.51; p\ 0.001). Bursting pres-
sures at day 7 were significantly lower in NSAID versus

controls (7 studies, 168 animals, weighted mean difference

-35.7 mmHg; p\ 0.001).
Conclusions Emerging data strongly suggest that postop-

erative NSAIDs are linked to anastomotic leak, although

most studies are flawed and may be describing pre-existing
selection bias. However, when combined with experimental

data, these increasing concerns suggest caution is needed

when prescribing NSAIDs to patients with pre-existing risk
factors for leak, until more definitive evidence emerges.

Introduction

The last decade has seen developments in laparoscopic sur-

gery and other measures of perioperative care cumulate in

enhanced recovery after surgery (ERAS) programs [17, 26].
Randomized controlled trials across multi-institution, multi-

country settings have provided evidence of their efficacy [40,

43]. They allow for a reduction in morbidity, rapid recovery,
and reduced hospital stay. Early bowel function recovery is

enhanced through avoidance of opioids for pain control, with

a preference for epidural analgesia and augmentation with
nonsteroidal anti-inflammatory drugs (NSAIDs).

Anastomotic leak following resectional colorectal sur-

gery affects up to 10 % of patients and is associated with
increased risk of mortality and local recurrence of cancer
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[24, 30, 32, 36]. The predisposing factors and causes of

leaks are multifactorial and often multiple [32, 36].
Reducing their risk is a priority for gastrointestinal sur-

geons. Following identification of increased cardiovascular

[20] and gastrointestinal [25] risk with NSAIDs in non-
surgical patients, there has been an interest in possible

association between NSAIDs and anastomotic leak [16,

22].
The use of NSAIDs is recommended in the ERAS

Society evidence-based multimodal care protocol [15].
Published in 2013, the guidelines for perioperative ERAS

care after elective rectal and colonic surgery identify a

possible link between NSAID use and anastomotic leak.
The study found insufficient evidence to stop using NSA-

IDs as a component of multimodal analgesia until more

thorough studies addressing this question have been carried
out [17]. The aim of the present study was to assess the

current evidence in a systematic way for an association

between NSAID use and anastomotic leak. In order to
increase the power of this analysis, evidence was sought

form both human clinical studies and animal experimental

models. By including laboratory data, proxy markers of the
clinical effects of NSAIDs in patients can be assessed.

Although these are imperfect, they can be used to assess

what would otherwise be immeasurable.

Methods

Data sources and search strategy

This study was performed according to a prespecified

protocol devised by the authors. A systematic search of the

OVID SP version of Medline, the PubMed version of
Medline, the Cochrane Library, and Clinicaltrials.gov was

performed for published studies comparing anastomotic

leak rates stratified for postoperative NSAID administra-
tion following colonic or small bowel resection in either

humans or animals. No language or date restrictions were

applied. MeSH terms were used to search Medline, with
the search strategies presented in Supplemental Table 1.

The search was performed independently by two

researchers. The last search was performed in February
2013. A manual search of reference lists in relevant sys-

tematic reviews, meta-analyses, and published papers was

undertaken to further identify studies of potential interest.
Abstracts and conference proceedings were excluded

because of the high probability of incomplete data.

Inclusion and exclusion criteria

The following a priori inclusion criteria were applied: (1)
studies reporting the rate of anastomotic leak from colonic

or small bowel anastomoses in either human patients or

experimental animal models; (2) studies comparing cohorts
receiving NSAIDs to a control group without; (3) study

type was randomized controlled trial (RCT), prospective

observational study, or retrospective cohort study. Studies
were excluded according to the following criteria: (1) case

reports and letters, due to the high probability of incom-

plete data; (2) studies with \10 patients or animals.

Data extraction

Data were extracted by one author with complete, inde-

pendent verification by a second author. Discrepancies in
outcome extraction were resolved by re-examination of the

relevant study until consensus was achieved. Data extrac-

ted on study design of human patient trials included design,
use of protocolized surgical pathways (including defini-

tions of enhanced recovery pathways, standardized surgical

practice, or other standardized perioperative care), defini-
tion of anastomotic leak, name and class of NSAID,

colonic or small bowel resection, other analgesic use. Data

extracted on study design from animal experimental mod-
els included type of animal model used, type of anasto-

mosis, name and class of NSAID, randomization of NSAID

delivery, definition of anastomotic leak, method of
assessment of bursting pressure, and method of assessment

of breaking strength.

Outcomes and definitions

The primary outcome assessed for meta-analysis was the
rate of anastomotic leak from human patient studies. The

secondary outcomes were taken from the experimental

animal studies, and were the comparative rates of anasto-
motic leak, bursting pressure, and breaking strength.

Data were extracted to match pre-set criteria wherever

possible. The best available data were recorded if either no
definition was provided or if an alternative was given.

Determination of anastomotic leak was allowed by radio-

logical, clinical, or reoperative detection; the specific def-
inition from each study was reported. Bursting pressure

was the pressure (in millimetres of mercury [mmHg]) at

which leakage was detected, preferentially from the anas-
tomotic line. Breaking strength was defined as the ruptur-

ing pressure (Newton [N]) at the anastomotic line.

Assessment of bias

Due to the likely mix of RCTs and cohort studies, risk of
bias was assessed using the Newcastle Ottawa Scale

(NOS), with modification to take into account study char-

acteristics of randomized trials [42]. Seven points or above
was taken as indicating high quality.
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Statistical analysis

Meta-analysis was conducted according to guidelines from
the preferred reporting items for systematic reviews and

meta-analysis group (PRISMA) [28]. The odds ratio (OR)

was used as the statistical measure for dichotomous out-
comes and the weighted mean difference (WMD) for

continuous variables. Odds ratios were calculated from the

original data and meta-analyzed with the Mantel–Haenszel
method. An OR of[1.0 indicated greater risk of an adverse

event occurring in the experimental group. Where adjusted

odds ratios were provided, the generic inverse method was
used for meta-analysis. A p value of\0.05 was considered

significant for all analyses. Statistical algorithms were used

to calculate the standard deviation if unavailable.
Between-study heterogeneity was assessed using the I2

and v2 statistic and funnel plots. Higher values of I2 and the

v2 statistic signified increasing levels of heterogeneity, with
a p value \0.05 or an I2 [ 50 % indicating significant

heterogeneity [27]. In these cases, a random-effects model

was used; otherwise a fixed-effects meta-analysis was
performed [13]. Statistical analysis was performed with

Review Manager 5.1 (Copenhagen: The Nordic Cochrane

Centre, The Cochrane Collaboration, 2008).

Subgroup analysis

Analysis was planned to include mixed classes of NSAIDs

to maximize the number of patients included, and then

subgroup analysis of selective and nonselective NSAIDs
was performed. Because of controversy over its definition

as a selective NSAID, diclofenac was considered a non-

selective NSAID [16]. For the mixed class analysis, if
outcome from more than one NSAID was presented, data

related to diclofenac were used. Further pre-planned anal-

yses were conducted for the following subgroups when two
or more studies were available: (1) studies scoring seven

points or above on the NOS; (2) studies with adequate data

for analysis on individual NSAID type.

Results

Demographics of clinical studies

The final analysis included eight studies on human patients

[17], of which five were RCTs and three were retrospective

database reviews (Table 1). Seven studies scored seven
points or above on the Newcastle-Ottawa Scale (supple-

mental Table 2). Four RCTs used return of gastrointestinal

function as the primary outcome, and one used length of
hospital stay; none were powered to detect differences in

rate of anastomotic leak. T
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Of 4,568 patients undergoing bowel resection, 98.1 %

received a primary anastomosis (4,482/4,568). A protoco-
lized approach to surgery was identified in five studies

(Table 1). Details regarding NSAID use are shown in

Table 2. Three nonselective NSAIDs (diclofenac, ibupro-
fen, ketorolac) and two selective NSAIDs (celecoxob,

valdecoxib) were assessed within these studies.

Anastomotic leak in clinical studies

The included studies comprised anastomoses of the colon or

rectum, with\1 % of a single study including anastomoses

of small bowel [41]. A definition of anastomotic leak was
provided by three studies; two of these stipulated radiolog-

ical or clinical findings and one a clinical finding only. The

overall anastomotic leak rate was 6.8 % (305/4,482), which
ranged between 1.0 and 11.4 % between studies.

Overall use of NSAIDs was significantly associated with

anastomotic leak (OR 2.14; p\ 0.001; Table 3; Fig. 1).
Two studies provided adjusted odds ratios for mixed

NSAID use, which when pooled showed an increased

likelihood of anastomotic leak (OR 3.86, 95 % CI
1.18–12.67; p = 0.030). One of these studies adjusted risk

for intraoperative transfusion, rectal versus colonic resec-

tion, gender, and hospital stay [22]; the other adjusted risk
for pulmonary disease and stapled anastomosis [16].

An adverse effect was seen with nonselective NSAIDs

(OR 2.37; p\ 0.001), but not with selective NSAIDs (OR
2.32; p = 0.170; Fig. 1). However, heterogeneity with

selective NSAIDs was high, and there was evidence of

publication bias in funnel plots. Taking only patients
receiving diclofenac, the significant effect with NSAIDs

remained (three studies, 2,869 patients, OR 2.32, 95 % CI

1.66–3.25; p\ 0.001). Considering only patients receiving
ketorolac, the effect was no longer significant (OR 3.10,

95 % CI 0.81–11.82; p = 0.100), although patient numbers

were low (three studies, 205 patients). The effect with
celecoxib remained nonsignificant (two studies, OR 3.24,

95 % CI 0.53–19.77; p = 0.200).

Significance was unchanged for mixed and nonselective
NSAIDs when only high-quality studies (i.e., NOS seven or

above) were included. However, in the selective group,

heterogeneity was reduced (three studies, 673 patients, I2

35 %) and the adverse effect with NSAIDs achieved sig-

nificance (OR 3.67, 95 % CI 1.06–12.64; p = 0.040). To

test the influence of predominating studies, exclusion of the
study with the highest number of patients in each analysis

did not affect significance.

Demographics of experimental studies

Twelve studies including experimental animal models were
included (Fig. 2). The studies reported on a total of 711

animals (animal types are shown in Table 4). Seven studies

included colonic anastomoses only, four mixed colon/intes-
tinal, and one intestinal only. Ten studies were randomized,

with allocation being unclear in two. Eight nonselective

(aspirin, carprofen, diclofenac, ibuprofen, indomethacin,
ketorolac, naproxen, piroxicam) and four selective NSAIDs

(celexob, etodolac, rofecoxib, valdecoxib) were assessed.

Details of outcome assessment are shown in Supple-
mental Table 3. Five studies provided four different defi-

nitions of anastomotic leak, with the remainder stating
either an unclear definition or no definition at all. Nine

studies assessed bursting pressure and six assessed break-

ing strength (technical details shown in Supplemental
Table 3).

Anastomotic leak from experimental studies

Anastomotic leak was significantly associated with NSAID

use (OR 9.51; p\ 0.001; Table 3, Fig. 3). The effect
remained significant with both nonselective (OR 8.29;

p\ 0.001) and selective NSAIDs (OR 13.78; p = 0.002;

Table 3). In six studies with data for nonselective NSAIDs
and four with data for selective NSAIDs, the effects

remained significant (Table 3).

Bursting pressure from experimental studies

Bursting pressures overall and for subgroups at each time
point are shown in Table 5. At day 3–5, overall bursting

pressures in the NSAID group were not significantly different

from controls, but the selective NSAID group had a signifi-
cantly lower bursting pressure (WMD—26.10 mmHg;

p = 0.001). At day 7, overall bursting pressures in the NSAID

group were significantly lower than in controls (WMD—
33.10 mmHg; p\ 0.001); this effect was also seen in non-

selective NSAIDs (-32.32; p\ 0.001) but not in selective

NSAIDs (-30.09; p = 0.260).

Breaking strength from experimental studies

Breaking strength in colonic anastomoses on days 3 and 7,

and ileal anastomoses on day 3, were not significantly

different between the NSAID and control groups.

Discussion

Although emerging clinical findings presented in this study

suggest that postoperative NSAIDs are linked to anastomotic
leak, the data are currently flawed and may well be

describing pre-existing bias. Nevertheless, when combined

with experimental data, these increasing concerns suggest
that caution should be exerted when prescribing NSAIDs to

2250 World J Surg (2014) 38:2247–2257

123

JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1


JohnVogel1




T
ab

le
2

D
em

o
g

ra
p

h
ic

s
o

f
n

o
n

st
er

o
id

al
an

ti
-i

n
fl

am
m

at
o

ry
d

ru
g

s
(N

S
A

ID
s)

tr
ea

tm
en

t
in

cl
in

ic
al

st
u

d
ie

s

S
tu

d
y

In
d

ic
at

io
n

fo
r

N
S

A
ID

N
S

A
ID

g
iv

en
C

la
ss

o
f

N
S

A
ID

A
d

d
it

io
n

al
p

o
st

o
p

er
at

iv
e

an
al

g
es

ic
re

g
im

en

D
efi

n
it

io
n

o
f

an
as

to
m

o
ti

c
le

ak
R

at
e

o
f

le
ak

C
h

en
et

al
.

[8
]

A
ll

o
ca

ti
o

n
ar

m
K

et
o

ro
la

c
N

o
n

se
le

ct
iv

e
P

C
A

w
it

h
m

o
rp

h
in

e
U

n
st

at
ed

4
.8

%
(3

/6
2

)

C
h

en
et

al
.

[9
]

A
ll

o
ca

ti
o

n
ar

m
K

et
o

ro
la

c
N

o
n

se
le

ct
iv

e
P

C
A

w
it

h
m

o
rp

h
in

e
U

n
st

at
ed

3
.9

%
(4

/1
0

2
)

G
o

ri
ss

en
et

al
.

[1
6]

P
h

y
si

ci
an

p
re

fe
re

n
ce

,
o

n
ly

th
o

se
w

it
h

in
fi

rs
t

5
d

ay
s

o
f

su
rg

er
y

in
cl

u
d

ed

D
ic

lo
fe

n
ac

,
m

el
o

x
ic

am
,

C
el

ec
o

x
ib

S
el

ec
ti

v
e

an
d

n
o

n
se

le
ct

iv
e

E
p

id
u

ra
l,

P
ar

ac
et

am
o

l
C

li
n

ic
al

o
r

ra
d

io
lo

g
ic

al
si

g
n

s
o

f
an

as
to

m
o

ti
c

le
ak

co
n

fi
rm

ed
b

y
re

o
p

er
at

io
n

o
r

o
cc

u
rr

en
ce

o
f

an
en

te
ro

cu
ta

n
eo

u
s

fi
st

u
la

1
.0

%
(7

9
/7

9
5

)

H
o

lt
e

et
al

.
[1

8
]

C
h

an
g

e
in

p
ro

to
co

l
o

v
er

ti
m

e
C

el
ec

o
x

ib
S

el
ec

ti
v

e
E

p
id

u
ra

l
R

ad
io

lo
g

ic
al

ly
(c

o
n

tr
as

t
en

em
a

o
r

ab
d

o
m

in
al

co
m

p
u

te
d

to
m

o
g

ra
p

h
y

)
o

r
d

u
ri

n
g

su
rg

er
y

5
.6

%
(2

8
/5

0
2

)

K
le

in
et

al
.

[2
2

]
A

t
le

as
t

2
d

ay
s

tr
ea

tm
en

t
w

it
h

in
th

e
fi

rs
t

7
d

ay
s

A
t

le
as

t
5

0
m

g
d

ic
lo

fe
n

ac
o

r
8

0
0

m
g

ib
u

p
ro

fe
n

p
er

d
ay

N
o

n
se

le
ct

iv
e

U
n

st
at

ed
C

li
n

ic
al

le
ak

ag
es

re
q

u
ir

in
g

ac
u

te
su

rg
ic

al
in

te
rv

en
ti

o
n

,
su

ch
as

re
-

la
p

ar
o

sc
o

p
y

o
r

re
-l

ap
ar

o
to

m
y

6
.5

%
(1

7
9

/
2

,7
5

6
)

S
ch

la
ch

ta
et

al
.[

3
4

]
A

ll
o

ca
ti

o
n

ar
m

K
et

o
ro

la
c

N
o

n
se

le
ct

iv
e

P
C

A
w

it
h

m
o

rp
h

in
e

U
n

st
at

ed
1

1
.4

%
(5

/4
4

)

S
im

et
al

.
[3

5]
A

ll
o

ca
ti

o
n

ar
m

V
al

d
ec

o
x

ib
(fi

rs
t

d
o

se
1

–
3

h
p

re
o

p
er

at
iv

el
y

)
S

el
ec

ti
v

e
P

C
A

w
it

h
m

o
rp

h
in

e
U

n
st

at
ed

1
.4

%
(1

/7
1

)

W
at

tc
h

o
w

et
al

.
[4

1
]

A
ll

o
ca

ti
o

n
ar

m
C

el
ec

o
x

ib
o

r
d

ic
lo

fe
n

ac
S

el
ec

ti
v

e
an

d
n

o
n

se
le

ct
iv

e
P

C
A

o
r

ep
id

u
ra

l
U

n
st

at
ed

4
%

(6
/1

5
0

)

P
C

A
p

at
ie

n
t-

co
n

tr
o

ll
ed

an
al

g
es

ia

World J Surg (2014) 38:2247–2257 2251

123



patients with pre-existing risk factors for anastomotic leak.
At present, ERAS protocols contain advice to administer

NSAIDs to aid opioid sparing, without restriction [17].

Although a change in guidelines may be required to rec-
ommend caution in patients with risk factors, the limitations

of the included studies and careful extrapolation of findings
from experimental studies must be considered prior to a

widespread change in practice affecting all patients.

The five included human RCTs were not powered to
identify anastomotic leak as a primary endpoint, and the

Table 3 Meta-analysis of
effect of NSAIDs on
anastomotic leak

NSAID group Number
of studies

Patients Odds ratio (95 %
confidence interval)

p value Heterogeneity

I2 (%) v2 p value

Human

Mixed 8 4,464 2.14 (1.69, 2.71) \0.001 28 9.12 0.330

Nonselective 6 3,074 2.37 (1.71, 3.28) \0.001 0 1.89 0.860

Selective 4 1,223 2.32 (0.71, 7.63) 0.170 68 9.50 0.020

Animal

Mixed 10 575 9.51 (4.63, 19.53) \0.001 12 7.81 0.350

Nonselective 7 350 8.29 (3.83, 17.94) \0.001 20 7.50 0.280

Selective 4 245 13.78 (2.64, 72.06) 0.002 2 2.05 0.360

Records identified through
database searching

(n = 374)

S
cr

ee
ni

ng
In

cl
ud

ed
E

lig
ib

ili
ty

Id
en

tif
ic

at
io

n

Duplicates removed
(n = 72)

Records screened
(n = 305)

Records excluded on basis of
abstract/title

(n = 256)

Ful-ltext articles assessed
for eligibility

(n = 49)

Full-text articles excluded 
(n=29): 

 No risk associated with 
NSAIDs or no data on 
anastomic leak: 15 

 Overlap: 5 
 Experimental study, no risk 

associated with NSAIDs: 5 
 Review/letter: 4  

Studies included in
qualitativ esynthesis

(n = 20)

Studies included in
quantitative synthesis

(clinical n= 8)
(experimental n = 12)

Additional records identified
through reference lists

(n = 3)

Fig. 1 PRISMA flowchart of
included studies
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nature of the information they provided meant that even

spread of confounding factors could not be ensured.
Combined with the nonrandomized nature of the cohort

studies, confounding must be considered as a potential

source of bias in the present analysis. The indications for
NSAIDs cannot reliably be determined or examined from

these database studies. In their study, Klein et al., showed

only 32 % of patients received NSAIDs, which is unlikely
to represent preoperative guidelines alone, and indicates

that selection must have influenced the treatment group.

Identifying the causes and mechanisms of this selection is
important as it may correlate with other confounding fac-

tors, where prescription may have been for symptoms of a

developing anastomotic leak or may represent additional
morbidity (e.g., more extensive dissection, loop ileostomy

formation). Therefore this meta-analysis, as for the studies

it includes, cannot prove reverse causality between NSAID
use and anastomotic leak.

Both the randomized and nonrandomized studies inad-

equately controlled for the other factors that contribute to
anastomotic leak, and include (but are not limited to):

colon versus rectal location; height within the rectum;

bowel preparation; loop ileostomy; epidural anesthesia;

comorbidity; corticosteroid use; neoadjuvant chemoradio-
therapy; blood transfusion; uptake of ERAS; and laparo-

scopic learning curves [4, 32, 36]. The two studies included

in the present meta-analysis which provided adjusted ORs
maintained a higher risk of anastomotic leak with NSAIDs,

although they were individually adjusted for different

confounding factors [16, 22]. As identified by Klein et al.
[22], however, an adequately powered RCT showing a

30 % reduction in the rate of anastomotic leak would

require 2,100 patients. Setting up such a large RCT may
prove impossible or, at best, challenging.

Some 99 % of the patients included in the present study

had a colorectal anastomosis, and most of the experimental
studies included colonic models, meaning that the results of

this study are most relevant to colorectal surgery. While the

mixture of operation types and indications increases het-
erogeneity, it also allows for a pragmatic and real-world

assessment of the effects of NSAIDs. A consistent defini-

tion of anastomotic leak was lacking from all of the
included studies and is likely to affect the true rates; this is

also a consistent problem in colorectal studies beyond this

Fig. 2 Meta-analysis of effects
of NSAIDs on anastomotic leak
inclinical studies
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meta-analysis [5]. Although the animal experimental

models provide important data to support the notion that
NSAIDs may be harmful, direct extrapolation from these

carefully controlled experiments to human patients must be

done with caution.
The subgroup findings of this study should also be

interpreted with caution. Although the adverse effect seen

from selective NSAIDs in clinical studies was not signifi-
cant, numbers of patients were low and the results from

experimental models were conflicting; it may be that the
power was too low to adequately detect a difference. As

high-quality pelvic surgery evolves into its own specialty, a

large numbered analysis on the influence of NSAIDs in
anterior resection, when adjusted for height of anastomosis,

is warranted.

None of the breaking strength experiments showed
significant differences but all contained low numbers. A

subgroup analysis of colonic versus rectal anastomoses was

not possible because of the lack of published studies.
The mechanism by which NSAIDs affect anastomotic

healing remains unclear. Significant evidence is available

from experimental studies showing the relationship
between NSAIDs, reduced collagen, and anastomotic leak,

with suggested downregulation of prostaglandin expression

(through cyclo-oxygenase [COX] inhibition in healing
tissues) as a proposed mechanism for reduction of mea-

sured hydroxyproline levels [19, 29]. However, conflicting

data also exist [7, 11, 12, 31, 37]. The previous evidence of
increased cardiovascular thrombotic risk from studies on

adenoma prevention suggest that microthrombosis or

microemboli restricting anastomotic blood supply may be
causative [20]; further evidence from gastrointestinal

anastomotic models is needed to support this theory.

Although disruption of the delicate blood supply to the
anastomosis may predispose to anastomotic leak [1], evi-

dence of the relationship of anastomotic leak with NSAIDs

is lacking. Neuss et al. [31], analyzed vessel density in the
anastomotic region in 80 animal models after colonic

anastomosis, and although they noted a wide variation in

microvessel density, they were unable to show a statistical
pattern to this distribution.

A previous meta-analysis on this topic included five

RCTs, and showed no increased risk of anastomotic leak
with NSAID use [6]. The same subgroup analysis was not

performed in the present study, because of the inherent

high risk of bias from including only these RCTs, which
were not designed or optimized to assess anastomotic leak.

Further differences exist between inclusion criteria (one

fewer study was included in the present meta-analysis) and
data extraction (e.g., determination of denominators).

In fact, NSAIDs have been proved to have an important

role in cancer prevention and reduction of cancer progres-
sion. Their use has been shown to reduce the incidence ofT
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Fig. 3 Meta-analysis of effects
of NSAIDs on anastomotic leak
in experimental studies

Table 5 Meta-analysis of
effect of NSAIDs on bursting
pressure in animal models of
colonic and ileal anastomosis

Group Number of
studies

Patients Weighted mean
difference

p value Heterogeneity

I2 (%) v2 P value

Bursting pressure (mmHg)

Day 3–5

Mixed 7 187 -6.70 (–16.43, 3.04) 0.180 72 21.80 0.001

Nonselective 5 83 –1.80 (–11.40, 7.80) 0.710 70 13.27 0.010

Selective 2 104 –26.10 (–41.93, –10.27) 0.001 0 0.81 0.370

Day 7

Mixed 7 168 –35.74 (–50.97, –20.51) \0.001 63 16.17 0.010

Nonselective 4 71 –38.21 (–48.25, –28.18) \0.001 0 1.65 0.650

Selective 3 97 –40.51 (–88.09, 7.08) 0.100 84 12.29 0.002

Breaking strength (N)

Colonic, day 3 5 178 –0.02 (–0.12, 0.07) 0.620 43 6.99 0.140

Colonic, day 7 3 92 0.24 (–0.13, 0.62) 0.200 67 5.98 0.050

Ileal, day 3 3 80 0.00 (–0.04, 0.04) 0.920 40 3.31 0.190
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colorectal cancer [33], improve long-term survival follow-

ing colorectal cancer [10, 33], and reduce recurrence of
adenoma following first treatment [2]. These desirable

effects have been accompanied by severe cardiovascular and

gastrointestinal toxicity [20, 25], which has prevented their
routine use at population level. This means that their role in

cancer prevention remains undefined. Because these bene-

ficial effects are seen after prolonged treatment, any rec-
ommendation to avoid NSAIDs in the postoperative period

should not affect future cancer-prevention strategies.
As avoidance of opioid analgesia during ERAS path-

ways is likely to reduce the rate of complications [39], it

should be considered that the optimum analgesic strategy
has not yet been determined. Use of NSAIDs remains an

extremely useful analgesic adjunct, and further research is

needed to define their precise role following colorectal
anastomosis in terms of the optimum NSAID for the

optimum patient. In their adjusted population level ana-

lysis, Klein et al. [22], showed no increased risk of anas-
tomotic leak in 655 patients when considering ibuprofen

(adjusted OR 1.54, 95 % CI 0.82–2.86). Subgroup analysis

of ibuprofen was not undertaken in the present meta-ana-
lysis, because there were not enough studies. Further evi-

dence is needed to prove the safety of selective NSAIDs, as

their use may come at the risk of increased cardiovascular
and/or gastrointestinal toxicity. There was inadequate

information regarding the timing and duration of NSAID

administration, which may also affect the risk of anasto-
motic leak. The animal experimental model reported by

van der Vijver et al. [38], showed that a short postoperative

delay in administration of NSAIDs reduced the risk of
associated anastomotic leak. However, their experimental

delay period was for 7 days post-anastomosis, by which

time the maximum need for adjunctive analgesia may have
passed.
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