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Abstract

Aim: Non-steroidal anti-inflammatory drugs (NSAIDs) are commonly used to con-
trol postoperative pain; however, their postoperative use has been associated with
anastomotic leakage after gastrointestinal surgery. This systematic review and meta-
analysis aimed to determine the correlation between the use of NSAIDs and anasto-
motic leakage.

Methods: We conducted a comprehensive electronic literature search up to August
2018 to identify studies comparing anastomotic leakage in patients with and without
postoperative NSAID use following gastrointestinal surgery. We then carried out a
meta-analysis using random-effects models to calculate odds ratios (OR) with 95%
confidence intervals (Cl).

Results: Twenty-four studies were included in this meta-analysis, including a total of
31 877 patients. Meta-analysis showed a significant association between NSAID use
and anastomotic leakage (OR 1.73; 95% Cl = 1.31-2.29, P < .0001). Subgroup analyses
showed that non-selective NSAIDs, but not selective cyclooxygenase-2 inhibitors,
were significantly associated with anastomotic leakage. However there was no sig-
nificant subgroup difference between selective and non-selective NSAIDs.
Conclusion: Results of this meta-analysis indicate that postoperative NSAID use is
associated with anastomotic leakage following gastrointestinal surgeries. Caution is
warranted when using NSAIDs for postoperative analgesic control in patients with

gastrointestinal anastomoses.
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1 | INTRODUCTION

Anastomotic leakage has long been a concern among gastrointes-
tinal surgeons. Its occurrence not only causes postoperative mor-
bidity and mortality, but also lengthens hospital stay and increases
hospital costs.>? Importantly, anastomotic leakage worsens onco-
logical outcomes in patients with resectable and curable malignan-
cies, leading to poorer disease-free survival, overall survival, and
functional outcome.>*

Multiple factors contribute to anastomotic leakage, and its
incidence varies depending on the location of the anastomosis.
Esophageal anastomoses have the highest incidence of leakage, and
gastric anastomoses the lowest incidence, whereas the incidence of
colorectal anastomotic leakage differs among publications and anas-
tomosis sites, ranging from 1% to 20%.°

The early recovery after surgery protocol has been proposed to
reduce postoperative stress. The protocol aims to promote post-
operative recovery, reduce hospital stay and, most importantly,
reduce postoperative complications, especially cardiovascular and
pulmonary complications.® Non-steroidal anti-inflammatory drugs
(NSAIDs) play a major part in this protocol as a means of postoper-
ative pain control. However, application of the early recovery after
surgery protocol has been associated with an increased incidence of
anastomotic Ieakage,7 and it has been suggested that NSAIDs may
be a causative factor in impaired anastomotic healing.

Many potential mechanisms have been proposed to explain how
postoperative NSAID use may cause anastomotic leakage. NSAIDs
decreased protective prostaglandins, and inhibited mucosal cyclo-
oxygenase (COX)-1, intestinal epithelial cell migration, and mucosal
restitution in animal models® which, in turn, reduced anastomotic
tensile strength and collagen deposition causing delayed anasto-
motic healing.” ™!

Previous reviews have examined the correlation between post-
operative NSAID use and anastomotic leakage, but most have con-
sidered colorectal anastomoses only.”'? However, we suggest that
the mechanisms shown in animal models may be applicable to all
gastrointestinal anastomoses. Furthermore, it is also possible that
selective COX-2 inhibitors may be safer than non-selective NSAIDs
in terms of preventing anastomotic leakage based on the above-men-
tioned mechanism.

The primary objective of this systematic review and meta-analysis
was to determine the effect of postoperative NSAID use on gastro-
intestinal anastomotic leakage, regardless of the site of anastomosis.
The secondary objective was to compare the anastomotic leakage
risk between non-selective NSAIDs and selective COX-2 inhibitors.

2 | METHODS
2.1 | Search strategy

We conducted a literature search of the Medline, PubMed, Cochrane

Library, clinicaltrial.gov, and Web of Science databases up to August
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2018. The search was limited to English language and human studies.
The search terms used were “Anastomosis or anastomotic leakage”
AND “NSAIDs” [MesH term]. Additional articles were retrieved by
manually searching the reference lists of the included studies and

other reviews.

2.2 | Selection criteria

Studies were included if they met the following criteria: (i) study with
anastomosis of the gastrointestinal tract; (ii) study compared post-
operative NSAID use with non-use; and (iii) investigations reported
anastomotic leakage. Case reports or reports with incomplete data

were excluded.

2.3 | Data extraction

The studies were independently and critically assessed by two au-
thors using a standard protocol and discrepancies were resolved by
consensus. Extracted data included study design, number of insti-
tutes, definition of anastomotic leakage, operative diagnosis, loca-
tion of anastomosis, urgency of surgery, type of NSAIDs, sample

size, and numbers of anastomotic leakage per group.

2.4 | Quality assessment

Qualities of the included studies were assessed using the Jadad
score’® and the Newcastle-Ottawa scale (NOS)' for randomized
controlled trials (RCT) and observational studies, respectively.
Studies were considered to be high quality if they had a Jadad score
>3 or NOS 27.

2.5 | Data synthesis and meta-analysis

Meta-analysis was done by computing the OR from the original data
using the Cochrane-Mantel-Haenszel method, with 95% CI. P < .05
was considered significant in all analyses. Data analysis was car-
ried out using Review Manager (RevMan) v5.3 software (Cochrane
Collaboration) and a random-effect model was used for graphical
presentation. Statistical heterogeneity was quantified using I? sta-
tistics and Cochrane Q tests. 12 values >50% indicated heterogene-
ity.?® In the presence of heterogeneity, we conducted subgroup and
meta-regression analyses to determine if the inter-study variation
could be explained by certain co-variates, including type of study,
NSAID class, NSAID administration, urgency of surgery, location
of anastomosis, and operative diagnosis. Sensitivity analyses were
done to assess the impact of individual potential confounding varia-
bles. Publication bias was assessed visually by funnel plot, and asym-
metry was assessed formally by rank correlation test (Begg's test).1¢

Publication bias was analyzed using WINPEPI software.'’


http://clinicaltrial.gov
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3 | RESULTS
3.1 | Study selection

The initial systematic search identified 430 studies and an additional
search for reviews identified a further five studies. After adjusting for
duplicates and critical assessment, a total of six RCT!®23 and 18 obser-

vational studies?*

were included in the meta-analysis. The PRISMA
flow diagram of the detailed literature search and selection process is
shown in Figure 1. Of 27 full-text article reviews, three were excluded
from the quantitative analysis because we could not extract the origi-
nal data from two, and the other study compared multimodal interven-

tions in which NSAIDs were also distributed to the control group.

3.2 | Characteristics of included studies

Six RCT and 18 observational studies were included in this
meta-analysis. Sample sizes varied from 40 to 220 for the RCT
and from 75 to 13 082 for the observational studies. Most stud-
ies included the anastomotic location as colorectal anastomoses
(four RCT,!®192122 13 gpservational studies?*29:31,32:34-36,38.40)
a diagnosis of malignancy (three RCT,*"%! six observational stud-

jes2428:36,38.40.41) 4 surgery carried out as an elective procedure

(all RCT, 12 observational studies?#-2¢:28:29.31,32.35.36,38,40.41) '\jqt
studies reported the classes of NSAIDs used, except for five ob-
servational studies, from some of which we were able to extract
the original data. Data on non-selective NSAIDs were extracted
from 15 studies!®19:21-24,26-28.31,36-38.4041 5 o selective COX-2
inhibitors from eight studies.?0:23:25.27.29.35,38,40 Quality assess-
ment showed that all the RCT and all but two of the observational

2435 \with the two observational studies

studies were high quality,
considered low quality. Characteristics of the included studies are

outlined in Table 1.

3.3 | Association of NSAIDs with
anastomotic leakage

Overall anastomotic leakage rate in this study was 6.0% (1922/31 877).
Patients who received NSAIDs postoperatively had a higher leak-
age rate (7.5%; 777/10 318) than those without NSAIDs (5.3%;
1145/21 558). Meta-analysis showed a significantly higher rate of anas-
tomotic leakage after postoperative NSAID use (pooled OR 1.73, 95%
Cl 1.31-2.29, P < .001), but with evidence of heterogeneity across the
included studies (12 = 80%, Cochrane Q test P < .00001) (Figure 2). The
funnel plot appeared relatively symmetrical, suggesting no publication

bias, as confirmed by Begg's test (P = .444) (Figure 3). There was some

Records identified through Additional records identified
database searching through other sources
(n=430) n=5)
Total records Duplication excluded
(n=435) (n=158)
Records screened Records excluded
n=377) (n=350)
Full-text articles Full-text articles

assessed for eligibility excluded (n = 3),

(n=27 2 = cannot extract
original data,
1 =included NSAIDs in
Studies included in control group
qualitative and

quantitative synthesis

n=24)
FIGURE 1 PRISMA flow shows study
GRCTsand 18 selection process. NSAIDs, non-steroidal
Observational studies anti-inflammatory drugs; RCT, randomized
controlled trial




Annals of Gastroenterological S

 AGSurg

-~

JAMJITTRONG ET AL.

@

e

(senunuo))

S

nu._._wr—._mmvmmw
Ayend

S dOod ulym asn sglvsN

uoljeinp
pajsodau JoN ‘Ajiep
92u0 3w OZT q1X0214013

£ AOd ulyim
P Z 3583 18 95N SAIVSN

S dOod utyym ssn sglvsN

8- A0d eyt Aans
3w QOg qix029) Joy 8
AJans 3w 0Q9 usjoidnq|

uolneinp pajiodal
JON ‘p/3W QST deuajopIa
uoleinp
pajsodau JoN ‘Ajiep
92IM} 3w G/ deuajo|diqg

934eyosip
[13un Jo p /£ 4o} Ajiep 221m}
Ajleso 3w Qg deusjopiqg
10 Sw QQT qIX029[3D)
€> 91025 uled |13un 3N0oX0|
Ul QT pue snjoqju g
qu/8w T aulydiow + Jw
/8’7 2840|033 1y Dd
uolsIdUl UIS J23je
Y 9 pue aiojaq uiw g
Al 33/3w T usjoudiquni4
uonesado
1914 p G JoJ Ajlep aduo
pue uoijesado-aud aduo0
Al|edo 3w Ot qIx0d3ap|eA

uojjesado uayje p z 1oy Yy 9
AJaA9 A Bw QE deI0|03DY
€> 91025 uled |13un 3NoXD0|

ulw T pue snjoq Jw g
qw/8w T aulydiow + Jw

/8’7 2€40]033) 1y Dd

uonensiuwpe sAIYSN

c9¢

S0¢

(4744

S6L

c0s

74

(012>

0ce

[40)%

(04

6L

14%

VL

(%¥ve
192Ued ‘%9°G9 3uipuly aA13eI9dO-BAUL 9|3ulIs |0J3Uu02-35Ed ¥10C
9A1323]3 1€32340]0D ai) paxin 1o 3uipuly s130jolpey ¢10¢-100¢C ‘epeued  9A1}09dso.19y ¢ UBIpUS(QNS
(%925 ETENS 140402
9A13233 1€32940]0D J9dueD) paxiN AN 600¢-800¢ ‘USpams  9AIRdadsollay €102 ;' 1PNIZ
uonesadoal sa1nIsul 140402
9A1129]3 |e12240|0D Jadue) Sulinbaies 6002-900C 9 dewusaq aAIldadso.1ay ZT0T gz BN
(%¥'98 Suipuly [ediuld 4o
9A1393|3) (%L Suipuly aAnelado-eul sajnjisul g }10yod (44014
paxiA |e32240|0D J32ueD) paxiin J0 Suipuly 2130j01pey 0T02-800Z7  ‘SpueliayiaN  oA130adsoliay 7 Uass1IoD
Sulpuiy |eaulpd 1o
3uipuly sA1jesado-eajul 9|3uIs 1104od
9A1323[3 uojop dN Jo 3uipuly d130jolpey 900C-L661 “lewusq  aAidadsolay 600C ¢, ®3OH
(%96 uonesadoal 9|8uls |0J3U02-35ED
9A11293 |e12240|0D J93ueD) paxiin Suninbau yea £002-7002 “Sdewus  9AIdadsol9y 600C o7 U1
ajduls }0yod £00¢
9A1393|7 |e32240|0D J20Ue) 4N 900Z-7002 “Sdewuaq  aAIdadsoulay 4z 849quasoy
(%1
duiIsaUI [[BWS ‘%66 soymjsul - pulig-sjqnog 600¢
9A13233 [B32340]0D) PaXIN PaXIN AN 900¢-£€00¢ ¢ ‘eljelysny 10y ¢z MOY21IBA
pulig-siqnog
9A1323]3 |e323.10]03 PaxIIN AN £00T-900Z  3|3uls ‘uemie| 10y 600C 4z 'Udyd
pulig-siqnog
9A1323]3 1€32940]0D Jadue) AN £002-900Z  9j8uls ‘eulyd 10y 800¢ 17 NX
(%616 (%616 3j8uls  puijg-3|qnoQ
9A13233 [B32310]0D) PaXIN JadueD) paxin dN 00¢-¢00¢ ‘aiodesuls 104 £00T o WIS
(%05 9j3uis  pulg-sjgnog £00¢C
9A13233 1€32940]0D J9dueD) paxiN AN S00¢-¢00¢ ‘epeue) 10y o1 B3Y2BIY2S
pulig-siqnog
9A1323]3 1€32340]0D PaxIIN AN €00C 33uls ‘uemie| ‘104 S00T g;'Udyd
A1984ns sisowojseue sisougeiq 7V Jo uoniuyag pouiad ajnisu| usisap Apmis Jeah ‘Joyiny
Jo Aduasin Jo uones’o JuswWNIDDY ‘Auno)

a8exea| dj30wolseue pue QSN 4O 2SN 3Y3} USIM]SQ UOIFE|SI0 S} SUIWISISP 0F SIIPNIS PapN|dul 4O so3siia3deley) T 379VL



m "AJ9A13D9dsal ‘Sa1pN3s [BUOIIRAIDSCO PUE (S| DY) S|el] Pa||0J1u0d pasiwopuel 1o (SON) 2|eds BMe11(-2[1SEDMAN pue 2402S peper Sulsn $a1pN3s [BUOIIBAISSCO pue | DY J10) Juswssasse Allfend,
.,Nu ‘[el1} P3]|043U0d pasiwopuel ‘| Oy
m ‘Aep aAnjesadolsod ‘qOd ‘elsad|eue pajjoJiuod jualied ‘yDd s3nip Alojewweljul-1jue [eplotals-uou ‘sqlySN pa11odal Jou YN 9seasip [omoq Alojewwefjul ‘qg| 93exes| 21jo0wolseue 1y :suoljeiAsiqqy
T
_|H, 3uipuly o1dodsopu3
AMH 10 Suipuly [e21ul]d 40
- £.Aaod u! Suipuly aAnelado-eul Soyn}sul }40yod L10¢C
6 P Z 1se3| 3e 3sn sAlvSN 14" 9AI323|3 |39y Jadue) Jo 3uipuly o130jolpey €10¢-L00¢ GT ‘USpamMS  aAI3dadsol}ay oy 349G3INH
3uipuly o1dodsopua sajn3isul 110402 8T0¢
6 £ Qaod ulynmasn saivsN 9sS 9A1123|3  Awojsounfafogeydos3 J9due) 4o Suipuly o130jolpey Z102-£00¢ g “tewusq  aAidadsolyay 1 Hoyapaly
(%99
T dOd 03 dn uonjesado 1812240[0D ‘%t'E6 s91niIsul 140402
L 03 Joud p £ 3sn sAIVSN €65 Adusdiowz  aunsaqul |jews) paxiiA ewneJ] AN SGT0¢-€T0¢C -nW ySN 9A1R9dsou39y  LTOT . ‘PePPeH
sisAjeue
91025 Alls
(%88 -uadoud
3AIRI33) (%veL (%8°CS 3j3uls Y3m poyod 910¢
8  §dO0d ulymasnsqlvsN 8¢y paxiiA [B39340]0D) PaxXIN Jasue)) paxi dN 600¢-£00¢C ‘AeMION  9A13Dads0.3RY 16 PIRAYSNY
uolesadoal sayny
Jo a8eujelp snoauey -13sul-1Inw 140402 910¢C
8 5092 9A1323|3 wn3oay J30ue) -noJad Suninbal yesq 2102-2002 ‘Uspams  aAI3dadso.lay e PIESINY
uojetadoal
a84eydsip 1aun J0 a8eujelp snoauey EIENS 140402
8 p Z 3sea|1e asn sq|yYSN 968 9A11233 |e12310]0D Ja0ue) -naJad Sunlinbau yea €702-900C  ‘SPUBLIBYIBN  2A13ads0uy  9TOT 40 UadMeq
3 / AOd 031 uonjesado uolesadoal
& 210J3q Y Z 1€ 11e1s Ajlep (%9°0L J0 a8eujelp snoauey sa1n3iysul 140402
m 9 921M} Sw QQOT gIX023[3D) 192 9A1393)3 |e32240|0D J32UeD) paxiin -noJad Suninbal yeaq #102-8002C Z ‘ellesysny  2A1309dsol1ay GTOT ¢¢'Nley
m (%928 uolesadoal
g 9A1393|3) J0 28eujelp snoauey sa1nIsul 140402 ST0¢C
nm 6 1Ad0dulyumasnsalysSN  ¢80€T PaxiN [e32340]0) ijelieg AN -naJad 3ulinbai yes 010¢-900¢ Ly VSN dARdadsonay  ‘usuleledpiey
m (%982 uonesadoal
< 9A11939|3) JO UOIIUSAJSIUL 1O D130 sa1nIsul 140402
Wb 6 TAOd ulyumasn sglysN 09€v PaxiN 1€39340]0D AN -1qi3ue Suninba. s)eaT ¥10¢-¢T10¢ -NInW YSN 9AIRdds0NIRy  GTOT 4 ISINed
Su (%1CL Sulpuyy |eajuljo Jo
b) CYGRETE) (%6'SL (%T'z9  8ulpuy annesado-enul sayn3sul }4oyod ¥102
A 8  2AaO0d ulyumasn sq|vSN €0ST PaxiN [B32340]0D) PaXIN Ja3ueD) paxi 1o 3uipuly o130jolpey €10¢ -nnuwN 9A1323ds0Id o MN BINSYVLS
A Suipuly
_., (%S°59 |edi30|olpey 40 uoljela 9|8uls 140402
= 8  GdOd ulymasn sqlvSN 1€L 9A13233 1€32940]0D J9dueD) paxin -doal je juswindoQg 110¢-700¢ ‘epeue)  dAIdadsolRy 10T 1¢'U2IesS
w LJudwissasse uonesisiuiwpe sglvSN N A1a8ins sisowojseue sisouselq 7V Jo uoniulyaqg pouiad oainyisul  usSisap Apnis Jeak ‘aoyny
— Ajjenp 10 Aduasin Jo uones’o JuUaWINNIISY ‘A3unod

e |

(panuRuOD)

T 319vl



JAMJITTRONG ET AL.

Odds Ratio

Weight M-H, Random, 95% CI
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NSAIDs Control
Study or Subgroup Events Total Events Total
1.1.1 RCTs
Chen et al, 2005 1 39 1 35 0.9%
Chen et al, 2009 3 52 1 50 1.2%
Schlachta et al, 2007 5 22 1 22 1.3%
Sim et al, 2007 1 40 0 39 0.7%
Wattchow et al, 2009 4 153 2 67 1.9%
Xu et al, 2008 0 20 0 20
Subtotal (95% CI) 326 233 6.0%
Total events 14 5

Heterogeneity: Tau? = 0.00; Chi® = 2.38, df = 4 (P = .67); I* = 0%
Test for overall effect: Z = 1.24 (P =.21)

1.1.2 Observational studies
Bakker et al, 2016
Fjederholt et al, 2017
Gorissen et al, 2012
Haddad et al, 2017
Hakkarainen et al, 2015
Holte et al, 2009
Hultberg et al, 2017
Klein et al, 2009

Klein et al, 2012
Paulsir et al, 2015
Raju et al, 2015
Rosenberg et al, 2007
Rushfeldt et al, 2016
Rutegard et al, 2016
Saleh et al, 2014
STARSurg UK, 2014
Subendran et al, 2014
Zittel et al, 2013
Subtotal (95% ClI)
Total events

49
20
43
34
151
18
47

83
37

16
52
102
12
13
69
8

763

534
98
324
244
3158
119
411
33
881
1297
221
78
311
1458
355
242
127
101
9992

17 322 5.8%
22 458  5.4%
36 471 6.3%
31 289  6.0%

417 9924  7.4%
10 383  4.7%
156 1084  6.8%

1 42 1.4%
95 1871  7.0%
79 3063  6.6%

0 46 0.7%

7 232 4.1%
15 117  5.6%
124 1147  7.1%
12 376 4.6%
53 1261  5.5%
62 135  6.2%

3104 2.7%

21325 94.0%
1140

0.89 [0.05, 14.86]
3.00 [0.30, 29.85]
6.18 [0.66, 58.03]
3.00[0.12, 75.90]
0.87 [0.16, 4.88]
Not estimable
1.91 [0.69, 5.35]

1.81[1.03, 3.21]
5.08 [2.65, 9.75]
1.85 [1.16, 2.95]
1.35 [0.80, 2.27]
1.14 [0.95, 1.39]
6.65 [2.98, 14.85]
0.77 [0.54, 1.09]
11.04 [1.28, 94.97]
1.94 [1.43, 2.64]
1.11[0.75, 1.65]
1.06 [0.05, 22.43]
8.29 [3.27, 21.06]
1.37[0.74, 2.53]
0.62 [0.47, 0.82]
1.06 [0.47, 2.39]
1.29 [0.69, 2.41]
1.40 [0.86, 2.28]
2.90 [0.75, 11.24]
1.68 [1.25, 2.24]

Heterogeneity: Tau? = 0.27; Chi? = 102.25, df = 17 (P <.00001); /> = 83%
Test for overall effect: Z = 3.48 (P =.0005)

Total (95% CI)
Total events

777

10318

21558 100.0%
1145

1.69 [1.28, 2.23]

Heterogeneity: Tau? = 0.26; Chi? = 105.22, df = 22 (P < .00001); /> = 79%

Test for overall effect: Z = 3.69 (P = .0002)

Test for subgroup differences: Chi? = 0.06, df = 1 (P = .81), I> = 0%

0.01

Odds Ratio
M-H, Random, 95% CI
~il—
<
<&
0.1 10 100

Favours [NSAIDs] Favours [control]

FIGURE 2 Forrest plot of meta-analysis between randomized controlled trials (RCT) and observational studies. NSAIDs, non-steroidal

anti-inflammatory drugs

FIGURE 3 Funnel plot with pseudo
95% Cl (random-effect model). OR, odds

ratio; SE, study effect

0. SE(0g[OR))

1.5+
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discrepancy in the results between the study types: RCT showed a
non-significant difference in anastomotic leakage between the NSAID
and placebo groups (pooled OR 1.91, 95%Cl 0.69-5.35, P = .67) without
heterogeneity (I = 0%, Cochrane Q test P = .67), whereas observa-
tional studies found a significantly higher leakage rate after postopera-
tive NSAID use (OR 1.72, 95%Cl 1.28-2.31, P < .001) with evidence of
heterogeneity (I? = 84%, Cochrane Q test P < .001) (Figure 2).

3.4 | Protocol-based versus non-systematic
NSAIDs use

To investigate the effect of NSAID dose on anastomotic leakage,
we categorized NSAID use in the included studies into proto-
col-based and non-systematic use. In the protocol-based group,
NSAIDs were given according to the institutional protocol (11
studies; n = 1918), whereas in the non-systematic group, NSAIDs
were given at any given time during the postoperative period (13
studies; n = 30 140). Details of NSAID use are shown in Table 1.
The protocol-based group had a significantly higher anastomotic

leakage rate compared with non-users (pooled OR 4.67, 95% Cl
2.84-7.67, P < .001) without evidence of heterogeneity (I? = 5%,
Cochrane Q test P = .40), whereas the non-systematic group
also had a significantly increased risk for anastomotic leakage
compared with non-users (pooled OR 1.38, 95% Cl 1.06-0.181,
P =.02), but with evidence of heterogeneity (1? = 82%, Cochrane
Q test P <.001). However, there was a statistically significant sub-
group difference between the protocol-based group and the non-
systematic group (P < .001) (Figure 4).

3.5 | Non-selective NSAIDs versus selective COX-
2 inhibitors

Among all the included studies, we extracted information on non-
selective NSAID use from 15 (n = 4110) and on selective COX-2 in-
hibitor use from eight (n = 1063) studies. Subgroup analysis showed
that patients who received postoperative non-selective NSAIDs
had a significantly higher rate of anastomotic leakage than patients
who did not receive NSAIDs (pooled OR 1.80, 95% Cl 1.12-2.91,

NSAIDs Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
1.2.1 Protocol-based
Chen et al, 2005 1 39 1 35 0.9% 0.89 [0.05, 14.86]
Chen et al, 2009 3 52 1 50 1.2% 3.00[0.30, 29.85]
Holte et al, 2009 18 119 10 383 4.7% 6.65 [2.98, 14.85] e —
Klein et al, 2009 7 33 1 42 1.4% 11.04 [1.28, 94.97]
Raju et al, 2015 2 221 0 46 0.7% 1.06 [0.05, 22.43]
Rosenberg et al, 2007 16 78 7 232 4.1% 8.29 [3.27, 21.06] e —
Schlachta et al, 2007 5 22 1 22 1.3% 6.18 [0.66, 58.03]
Sim et al, 2007 1 40 0 39 0.7% 3.00[0.12, 75.90]
Wattchow et al, 2009 4 153 2 67 1.9% 0.87 [0.16, 4.88]
Xu et al, 2008 0 20 0 20 Not estimable
Zittel et al, 2013 8 101 3 104 2.7% 2.90[0.75, 11.24] ]
Subtotal (95% Cl) 878 1040 19.6% 4.67 [2.84, 7.67] ‘
Total events 65 26
Heterogeneity: Tau? = 0.03; Chi? = 9.46, df = 9 (P =.40); I = 5%
Test for overall effect: Z = 6.07 (P <.00001)
1.2.2 Unsystematic NSAID use
Bakker et al, 2016 49 534 17 322 5.8% 1.81[1.03, 3.21] —
Fjederholt et al, 2017 20 98 22 458 5.4% 5.08 [2.65, 9.75] —_—
Gorissen et al, 2012 43 324 36 471 6.3% 1.85[1.16, 2.95] I
Haddad et al, 2017 34 244 31 289 6.0% 1.35 [0.80, 2.27] T
Hakkarainen et al, 2015 151 3158 417 9924 7.4% 1.14 [0.95, 1.39] ™
Hultberg et al, 2017 47 411 156 1084 6.8% 0.77[0.54, 1.09] T
Klein et al, 2012 83 881 95 1871 7.0% 1.94 [1.43, 2.64] -
Paulsir et al, 2015 37 1297 79 3063 6.6% 1.11 [0.75, 1.65] T
Rushfeldt et al, 2016 52 311 15 117 5.6% 1.37[0.74, 2.53] 1T
Rutegard et al, 2016 102 1458 124 1147 7.1% 0.62[0.47, 0.82] -
Saleh et al, 2014 12 355 12 376 4.6% 1.06 [0.47, 2.39] I
STARSurg UK, 2014 13 242 53 1261 5.5% 1.29 [0.69, 2.41] i
Subendran et al, 2014 69 127 62 135 6.2% 1.40 [0.86, 2.28] T
Subtotal (95% CI) 9440 20518 80.4% 1.34 [1.03, 1.75] &
Total events 712 1119
Heterogeneity: Tau? = 0.17; Chi® = 63.48, df = 12 (P <.00001); /* = 81%
Test for overall effect: Z = 2.20 (P =.03)
Total (95% CI) 10318 21558 100.0% 1.69 [1.28, 2.23] ‘
Total events 777 1145
Heterogeneity: Tau? = 0.26; Chi? = 105.22, df = 22 (P <.00001); I = 79% :0 01 0:1 1:0 100:

Test for overall effect: Z = 3.69 (P =.0002)

Favours [experimental] Favours [control]

Test for subgroup differences: Chi? = 18.78, df = 1 (P <.0001), I* = 94.7%

FIGURE 4 Forrest plot of meta-analysis between protocol-based non-steroidal anti-inflammatory drugs (NSAIDs) use and non-systematic
NSAIDs use
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P = .02) with evidence of heterogeneity (1> = 85%, Cochrane Q test
P < .00001). In contrast, the anastomotic leakage rate in patients
taking selective COX-2 inhibitors was not significantly higher than
in those not taking NSAIDs (pooled OR = 1.67, 95% Cl 0.90-3.13,
P = .11), with evidence of heterogeneity (12 = 67%, Cochrane Q test
P = .004). However, comparison between users of non-selective
and selective NSAIDs showed no significant subgroup difference
(P =.85) (Figure 5).

3.6 | Colorectal anastomoses versus other
gastrointestinal anastomoses

We carried out subgroup analyses between studies restricted to
colorectal anastomoses (17 studies; n = 15 475) and studies with
anastomoses not limited to colorectal (seven studies; n = 16 538).
Studies with colorectal anastomoses had significantly increased
anastomotic leakage rates when perioperative NSAIDs were used
(pooled OR 1.80, 95% Cl 1.22-2.66, P = .003), with evidence of
heterogeneity (12 = 83%, Cochrane Q test P < .00001). Studies of

NSAIDs Control

Study or Subgroup Events Total Events Total

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

"F; AG Surg Annals oszmmcmcmlogiu/l

anastomoses of all sites also showed significantly higher rates of
anastomotic leakage (pooled OR 1.61, 95% Cl 1.25-2.66, P = .02),
72%, Cochrane Q test

P = .002). There were no subgroup differences between the two

with evidence of heterogeneity (I* =

groups of studies (P = .85) (Figure S1).

3.7 | Meta-regression and sensitivity analyses

Meta-regression analysis stratified by location of anastomoses
showed pooled OR for anastomotic leakage of 1.80 (95% CI
1.22-2.66, I? = 83%) for colorectal anastomoses and 1.70 (95%
Cl 1.09-2.66, 1 = 72%) for studies that were not limited to colo-
rectal anastomoses. Meta-regression analysis showed no sig-
nificant difference between various anastomotic sites (P = .85).
Furthermore, separate stratified and meta-regression analyses
showed no significant differences in the OR of anastomotic leak-
age rates after postoperative NSAID use in relation to the type
of study, NSAID class, urgency of surgery, or operative diagnosis
(Table 2).

Odds Ratio
M-H, Random, 95% ClI

1.3.1 Non-selective
Bakker et al, 2016 49 534 17 322 6.5% 1.81[1.03, 3.21]
Chen et al, 2005 1 39 1 35 1.4% 0.89[0.05, 14.86]
Chen et al, 2009 3 52 1 50 1.9% 3.00 [0.30, 29.85]
Fjederholt et al, 2017 13 66 22 458 5.8% 4.86 [2.31, 10.21] e —
Gorissen et al, 2012 29 201 36 471 6.6% 2.04 [1.21, 3.43] I —
Hultberg et al, 2017 36 344 156 1084 7.1% 0.70[0.47, 1.02] —
Klein et al, 2009 7 33 1 42 2.1% 11.04 [1.28, 94.97]
Klein et al, 2012 83 881 95 1871 7.3% 1.94 [1.43, 2.64] -
Rosenberg et al, 2007 16 78 7 232 5.1% 8.29 [3.27, 21.06] I —
Rushfeldt et al, 2016 52 311 15 117 6.3% 1.37[0.74, 2.53] I
Rutegard et al, 2016 66 1095 124 1147 7.2% 0.53[0.39, 0.72] —_
Saleh et al, 2014 12 355 12 376 5.6% 1.06 [0.47, 2.39]  —
Schlachta et al, 2007 5 22 1 22 2.0% 6.18 [0.66, 58.03]
Wattchow et al, 2009 2 79 2 67 2.4% 0.84[0.12, 6.16]
Xu et al, 2008 0 20 0 20 Not estimable
Subtotal (95% CI) 4110 6314 67.3% 1.80 [1.12, 2.91] P 2
Total events 374 490
Heterogeneity: Tau? = 0.54; Chi? = 87.04, df = 13 (P <.00001); I* = 85%
Test for overall effect: Z = 2.42 (P =.02)
1.3.2 Selective COX-2
Gorissen et al, 2012 7 79 36 471 5.4% 1.17 [0.50, 2.74] [ —
Holte et al, 2009 18 119 10 383 5.6% 6.65 [2.98, 14.85] I —
Hultberg et al, 2017 11 66 156 1084 6.1% 1.19[0.61, 2.32] B e
Raju et al, 2015 2 221 0 46 1.2% 1.06 [0.05, 22.43]
Rutegard et al, 2016 36 363 124 1147 7.0% 0.91 [0.61, 1.34] T
Sim et al, 2007 1 40 0 39 1.1% 3.00 [0.12, 75.90]
Wattchow et al, 2009 2 74 2 67 2.4% 0.90[0.12, 6.59]
Zittel et al, 2013 8 101 3 104 3.8% 2.90[0.75, 11.24] T
Subtotal (95% CI) 1063 3341 32.7% 1.67 [0.90, 3.13] <‘
Total events 85 331
Heterogeneity: Tau? = 0.42; Chi® = 20.91, df = 7 (P =.004); I* = 67%
Test for overall effect: Z = 1.62 (P =.11)
Total (95% CI) 5173 9655 100.0% 1.75 [1.21, 2.53] ‘
Total events 459 821
o 2 . 2 .2 o I s ' |
Heterogeneity: Tau’ = 0.46; Chi* = 108.04, df = 21 (P <.00001); I = 81% -0.01 0:1 t 100-

Test for overall effect: Z = 2.97 (P =.003)
Test for subgroup differences: Chi? = 0.03, df = 1 (P =.85), I* = 0%

Favours [experimental] Favours [control]

FIGURE 5 Forrest plot of meta-analysis between non-selective non-steroidal anti-inflammatory drugs (NSAIDs) and selective COX-2

NSAIDs
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TABLE 2 Stratified analysis and meta-regression of included studies

Heterogeneity

2

Studies N OR (95% ClI) I? x I? P value
1. Type of studies
RCTS 6 559 1.91 (0.69-5.35) 0 0.06 0 .81
Cohort studies 18 31317 1.68 (1.25-2.24) 83
2. NSAIDs class
Non selective 15 10 424 1.80(1.12-2.91) 85 0.03 0 .85
Selective COX-2 8 4404 1.67(0.90-3.13) 67
3. Urgency of surgery
Elective 18 11 175 2.08(1.31-3.29) 84 4.55 72 .03
Not limit to elective surgery 6 20701 1.23 (1.06-1.42) 0
4. Location of anastamoses
Colorectal 17 15475 1.80 (1.22-2.66) 83 0.20 0 .66
Not limit to colorectal 7 16 401 1.58 (1.04-2.42) 72
5. Diagnosis
Cancer 7 8614 1.88(0.96-3.69) 93 0.31 0 .58
Not limit to cancer 17 23262 1.54 (1.21-1.96) 44
6. NSAIDs administration
Protocol based 11 1918 4.67 (2.84-7.67) 5 18.78 94.7 <.0001
Unsystematic 13 29 958 1.34 (1.03-1.75) 81

Abbreviations: Cl, confidence interval; NSAIDs, non-steroidal anti-inflammatory drugs; OR, odds ratio; RCT, randomized controlled trial

Sensitivity analyses were carried out to assess the impact of
low-quality studies (Table 1). Exclusion of the two low-quality stud-
ies did not affect the significance of the results (pooled OR 1.61, 95%
Cl1.22-2.11, P <.001).

4 | DISCUSSION

Numerous mechanisms have shown how NSAIDs can damage
human intestines, although some remain controversial. Non-
selective NSAIDs have been associated with enterocyte mito-
chondrial dysfunction leading to increased epithelial permeability,
invasion of luminal bacteria, neutrophil infiltration, and free radi-
cal production.*?** Inhibition of COX by NSAIDs also decreases
protective prostaglandins.*> Non-selective NSAIDs and their
acidic compounds can cause topical mucosal injury.9 However,
most COX in the intestinal mucosal layer are COX-1, and selec-
tive COX-2 inhibitors may thus be more tolerable in the normal
gastrointestinal tract.

Selective COX-2 inhibitors and non-selective NSAIDs confound
the anastomotic healing process. Submucosal collagen fibers provide
a core structure that determines tensile strength, and both selec-
tive COX-2 inhibitors and non-selective NSAIDs adversely affected
this structure in an animal model which, in turn, led to decreased
tensile strength of the anastomoses and reduced bursting pres-
sure.*¢"*8 NSAIDs also inhibited epithelial cell migration and mucosal

restitution by depolarization and decreased surface expression of

potassium channels.® However, unlike in normal tissue, enterocytes
express high levels of COX-2 during inflammation, which catalyzes
prostaglandin E2, resulting in increased vascular endothelial growth
factor expression and angiogenesis.49

The above results and hypotheses shed doubt on the safety of
postoperative NSAID use for analgesic control. Numerous previous
meta-analyses have shown significantly higher anastomotic leakage
rates in patients given NSAIDs.”*?°° The current systematic review
and meta-analysis confirmed the association between postopera-
tive NSAID use and higher anastomotic leakage (pooled OR 1.73,
95% ClI 1.31-2.29, P < .001). However, our analysis of RCT did not
show a significant effect of postoperative NSAIDs on anastomotic
leakage rate compared with placebo. This meta-analysis included
only six RCT. Furthermore, the primary outcome of all RCT were not
anastomotic leakage; therefore, we extracted corresponding data
from each RCT. Finally, the sample size from RCT was very small
compared to observational studies (n = 559 vs 31 499), which makes
it relatively reasonable to integrate both study designs in order to
make a conclusion from current evidence. From the result of no sig-
nificant subgroup difference between studies, RCT and all designs,
we believe that the controversial result may be explainable by the
small sample sizes of the RCT, thus limiting their statistical power,
rather than by the absence of a relationship between NSAIDs use
and anastomotic leakage.

Subgroup analysis showed that patients taking NSAIDs accord-
ing to hospital protocol had significantly higher rates of anasto-
motic leakage than those not taking NSAIDs (pooled OR 4.67, 95%
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Cl 2.84-7.67, P < .001), without evidence of heterogeneity (12 = 5%,
Cochrane Q test P = .40). Patients in the protocol-based group were
supposedly given NSAIDs in a regular way, with higher cumulative
doses compared with the non-systematic group. This suggests that
the association between NSAID use and anastomotic leakage may
be dose-related, although further studies are needed to confirm this
theory.

Subgroup analysis also showed that patients taking non-selec-
tive NSAIDs had a significantly higher rate of anastomotic leakage
than patients not taking NSAIDs (pooled OR 1.80, 95% ClI 1.12-
2.91, P = .02). In contrast, selective COX-2 inhibitors tended to
increase the risk of anastomotic leakage, but the effect was not
significant (pooled OR = 1.67, 95% Cl 0.90-3.13, P = .11). However,
there was no significant subgroup difference between patients
taking non-selective and COX-2-selective NSAIDs. These results
support the hypotheses that both classes of NSAIDs had adverse
effects on anastomotic healing, leading to increased anastomotic
leakage; however, non-selective NSAIDs might cause greater dam-
age then selective COX-2 inhibitors by causing intestinal mucosal
injury, at least in part.

In animal models, adverse effects of NSAIDs were found in
both small intestine and colon resulting in increased anastomotic
leakage rate.8%114244 |5 human studies, consistent results were
also reported regardless of anastomotic site; however, the majority
were colorectal anastomoses. In our study, studies with colorectal
anastomoses had significantly increased anastomotic leakage rates
when perioperative NSAIDs were used (pooled OR 1.80, 95% ClI
1.22-2.66, P = .003). Consistently, studies of anastomoses of all
sites also showed significantly higher rates of anastomotic leakage
(pooled OR 1.61, 95% CI 1.25-2.66, P = .02). There were no sub-
group differences between the two groups of studies (P = .85).
In fact, Fjederholt et al*! reported a strong association between
NSAIDs use and the risk of anastomotic leakage (ketorolac; OR 6.05,
95% Cl 2.71-13.5) (other NSAIDs; OR 5.24, 95% Cl 1.85-14.8) after
surgery for gastroesophageal junction only. Two other studies®%?
of which majority of anastomosis site is not colorectal, were also
included in our meta-analysis. These results support our hypothesis
that NSAIDs were associated with increased anastomotic leakage in
all gastrointestinal anastomoses.

The present study had several limitations. First, our conclusions
were mainly based on observational studies; however, subgroup
analysis showed no significant subgroup difference between RCT
and observational studies, suggesting that this potential bias was
not significant. Second, there was statistical heterogeneity, and
the included observational studies were clinically heterogenous in
terms of patient characteristics, indications for surgery, and location
of anastomoses. Although stratified and meta-regression analyses
showed no significant differences, heterogeneity decreased the
validity of the results. Third, most of the included studies (17/24)
only considered colorectal anastomoses, and the implication of the
results for all gastrointestinal anastomoses might not be completely

accurate.
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In conclusion, postoperative NSAID use appears to be as-
sociated with an increased incidence of anastomotic leakage
following gastrointestinal surgery. Selective COX-2 inhibitors
might be safer than non-selective NSAIDs, although the results
were inconclusive. Caution is warranted when using NSAIDs for
postoperative analgesic control in patients with gastrointestinal

anastomoses.
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