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Objective: This meta-analysis aimed to evaluate whether ketorolac administration is
associated with an increased anastomotic leak rate after colorectal surgery.

Methods: The literature was searched using the Web of Science, Embase, and PubMed
databases, and the search ended on May 31, 2020. The Newcastle-Ottawa Scale was
used to assess methodological quality. Statistical heterogeneity was assessed using the
Chi-square Q test and I statistics. Subgroup analysis was performed, and Egger’s test
was used to assess publication bias.

Results: This meta-analysis included seven studies with 400,822 patients. Our
results demonstrated that ketorolac administration after surgery increases the risk
of anastomotic leak [OR = 1.41, 95% Cl. 0.81-2.49, Z = 1.21, P = 0.23].
Low heterogeneity was observed across these studies (¥ = 0%, P = 0.51). The
results of subgroup analysis showed that the use of ketorolac in case-control and
retrospective cohort studies significantly increased the risk of anastomotic leak
(P < 0.05). Furthermore, the subgroup analysis revealed that ketorolac use increased
anastomotic leak rate in patients in the United States and Canada, and ketorolac plus
morphine use did not increase anastomotic leak rate in Taiwanese patients (P < 0.05).
No significant publication bias was observed (P = 0.126). Moreover, the analysis of risk
factors related to anastomotic leak rate indicated that the total use of ketorolac did not
increase the risk of anastomotic leak similar to the control group (P > 0.05).

Conclusion: The meta-analysis indicates that the use of ketorolac increases the risk of
anastomotic leak after colorectal surgery.

Systematic Review Registration: PROSPERO, identifier CRD42020195724.
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INTRODUCTION

Colorectal cancer affects more than 1.9 million people worldwide
per year (1). Surgery is the most common treatment for
colorectal cancer. Anastomotic leak after colorectal surgery is a
serious postoperative complication that may be life-threatening.
Communication between the hollow organ lumen and the
peritoneal cavity at the level of the anastomosis is referred to
as anastomotic leak (2). According to reports, the incidence of
anastomotic leak in colorectal surgery varies from 1 to 19%
(3, 4). Moreover, postoperative deaths related to complications
of anastomotic leak account for approximately one-third of
all deaths after colorectal cancer surgery (5). Currently, the
physiological mechanism that underlies anastomotic fistula is
unknown. Nonsteroidal anti-inflammatory drugs (NSAIDs) are
analgesics that play an important role in opioid-sparing protocols
(6, 7). The use of NSAIDs has been shown to reduce the length
of hospital stay and the time to recover bowel function (8, 9).
Ketorolac is a non-selective NSAID that can affect the formation
of cyclooxygenase (COX) and thus reduce the production of
prostaglandins. In many studies, its analgesic effect is stronger
than that of other NSAIDs, such as tramadol and diclofenac (10—
13). Therefore, ketorolac has been widely used in various types of
postoperative analgesia for colorectal surgery (14-16).

However, some evidence suggested that a higher incidence
of surgical complications (anastomotic leak) is associated with
an increase in the use of ketorolac (17, 18). Recently, other
studies have shown that ketorolac exposure is not associated
with anastomotic leak during elective colorectal surgery (19, 20).
Therefore, the purpose of this study was to determine whether the
administration of ketorolac after colorectal surgery will increase
the anastomotic leak rate, to provide a basis for clinicians to use
ketorolac after colorectal surgery.

MATERIALS AND METHODS

Data Source and Search Strategy

This meta-analysis was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Supplementary Table S1) and
it was registered in PROSPERO with the registration
number CRD42020195724.

The Web of Science, Embase, and PubMed databases were
searched to identify related articles. There was no language
restriction during the search, and the deadline was May 31, 2020.
The literature was searched using a combination of free-text
terms and MeSH terms; the main search terms were: “Ketorolac,”
“Acular,” “Toradol,” “Colorectal surgery,” “Surgery Specialty,” and
“Anastomotic leaks.” In addition, the reference list of related
reviews was manually searched to identify more related articles.

Eligibility Criteria

The following studies were included in the analysis: (1) studies
that involved patients who underwent colonic or rectal resection
with anastomosis; (2) studies that involved intervention and
comparison as follows: (a) patients who received ketorolac and
morphine must be compared to a control group that received

morphine and (b) patients who received ketorolac must be
compared to a control group that did not receive ketorolac; and
(3) studies that provided the anastomotic leak rate data. Patients
were regarded to have an anastomotic leak if it was documented
during reoperation and/or it was clinically suspected and
radiologically verified based on contrast leakage or abscess at the
site of the anastomosis with or without percutaneous drainage.
Besides, due to the limited number of studies currently available,
both randomized controlled trials (RCTs) and non-randomized
observational studies were included.

Animal-based research and research that did not involve
gastrointestinal, colon, or rectal surgery; meeting abstracts,
editorials, and case reports; and studies that did not have
anastomotic leak rate as the outcome or studies involving
interventions with drugs other than ketorolac in the treatment
group were excluded.

Data Extraction and Quality Assessment
Two investigators (Jing Liu and Wen Chen) independently
searched, selected, and extracted publications from the databases
used. Inconsistent data were discussed by the two investigators
to reach a consensus. The Newcastle-Ottawa Scale (NOS) is a
representative tool used to measure the quality of case-control
or cohort studies. NOS includes three classifications: low quality
(0-3), medium quality (4-6), and high quality (7-9, 21). The risk
of bias in the included RCT studies was assessed independently
by both reviewers using the Cochrane Collaboration’s tool for
assessing the risk of bias.

In addition, the following information was collected: first
author’s name, publication date, country in which the study
was conducted, study design, number of cases and controls,
intervention and control groups, average age, diagnosis, type of
surgery, adjustment confounders, and adjusted odds ratios (OR)
(95% confidence interval [CI]). All entries were confirmed by two
authors (Jing Liu and Wen Chen) and examined at least two times
to ensure accuracy and completeness.

Statistical Analysis

Data were statistically analyzed using RevMan version 5.3. The
multivariate-adjusted ORs and corresponding 95% Cls reported
in the studies were used to produce forest plots, and the total dose
of ketorolac was quantified using the weighted mean difference
(WMD) with a 95% CI. Heterogeneity among different studies
was quantified using I>. When I? > 50%, which was considered
to be highly heterogeneous, the randomized control model was
used for analysis, and when I2 < 50%, it was considered to have
low heterogeneity, and the fixed model was used for analysis. The
reasons for heterogeneity were explored using subgroup analyses.
Publication bias was quantified using funnel plots and Egger’s
test. Differences were considered statistically significant at P <
0.05, which indicates that there is no publication bias.

RESULTS

Search Results
A systematic search identified 546 eligible studies. After
removing duplicate documents, 326 studies remained. Based
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FIGURE 1 | Flow chart of studies identified and included in the current meta-analysis.

on the title and abstract, 280 studies that did not meet the
inclusion criteria were excluded. The remaining 46 studies were
screened based on full-text reading. Ten of the 46 studies did
not describe related surgery, nine did not use ketorolac for
intervention, and 20 did not describe appropriate outcome
measures. Finally, seven studies that met these requirements
were included. A flow chart of the article selection process is
shown in Figure 1. A total of 400,822 patients with colorectal
cancer were included, including 20,929 and 379,893 patients
in the intervention and control groups, respectively (Table 1).
Two studies described patients who received either ketorolac

plus intravenous patient-controlled analgesia (PCA) morphine
(K+M) or intravenous PCA morphine (M) after elective
colorectal resection (8, 9). One study compared patients who
received ketorolac with those who received other NSAIDs
(23). The other four studies compared the group that received
ketorolac with the no ketorolac group (17, 19, 22, 24). With
respect to their study methodology, three of the selected studies
were RCTs, three were retrospective cohort studies, and one was
a nested, matched case—control study.

The three cohort studies and one case report study were
shown to be of moderate or high quality using the NOS
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TABLE 1 | Brief characteristics of included studies.

Reference Study type  Race Intervention Male / Average age Weight (kg) Diagnosis Type of surgery The number of Adjustment by Adjusted
(n) female anastomotic OR(95% CI)
leak
Chen (8) RCT Taiwan K4+M (41)vs.  K4+M (22/13) vs. 64.5(48.5-71.0) 61.1 £10.9 vs. / K4+M (Rectal K4+M (2/41) vs. / OR 1.9
M (38) M (19/20) vs. 68 61+ 13.4 surgery 7 and M(1/38) (0.17-21.82)
(47.8-74.0) colon surgery
32) vs. M (Rectal
surgery 8 and
colon surgery
27)
Schlachta (22) RCT Canada K(@22)vs.no  K(12/10) vs. 59.5 £ 8.2 vs. 77.5+13.0vs. / / K (4/22) vs. no K / OR 4.67
K (22) no K (8/14) 61.4+12.4 79.4 +£17.0 (1/22) (0.48-45.62)
Chen (9) RCT Taiwan K+M (63) vs.  K+M (23/29)vs. 57.3 + 11.6vs. 58.7 £ 11.2vs. / K+M (Rectal K+4+M (3/53) vs. M / OR 3.3
M (56) M (30/20) 60.5 +£12.2 62.2+12.4 surgery 11 and (1/56) (0.33-32.76)
colon surgery
39)vs. M
[(Rectal surgery
10 and colon
surgery 42)]
Subendran Case -Control Canada K(181)vs.no K (72/89)vs.no 47.0+ 17.9vs. / K (colorectal K (leal surgery K (68/131) vs.no  age, sex, year of OR 2.09
(23) K (131) K (73/58) 46.5 +17.8 cancer 45 and no 61, Rectal K (63/131) surgery, type of  (1.12-3.89)
cancer 86) vs. no surgery 25 and surgery,
K(colorectal colon surgery underlying
cancer 45 and no 45) vs. no K (leal disease, use of
cancer 86) surgery 61, preoperative
Rectal surgery steroids, smoking
25 and colon status, other
surgery 45) comorbidities,
total ketorolac
dose, and
method of
detection of the
anastomotic leak
Saleh (24) cohort Canada K (B355)vs.no K (186/169)vs. 59.7 + 13.5vs. / K (colorectal K (Rectal surgery K (12/355) vs. no Age, OR1.21
K (376) no K (230/146) 66.9 + 13.7 cancer 223 and 126 and colon K (12/376) smoking,Steroid  (0.52-2.84)
no cancer 132)  surgery 229) vs. use
vs. no K no K (Rectal
(colorectal cancer surgery 112 and
256 and no colon surgery
cancer 121) 264)
(Continued)
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TABLE 1 | Continued

Reference Study type  Race Intervention Male / Average age Weight (kg) Diagnosis Type of surgery The number of Adjustment by Adjusted
(n) female anastomotic OR(95% Cl)
leak
Kotagal (17) cohort USA K (19,780) vs. K (6489/13291) 48 (39,56) vs. 52 / K (colorectal K(Rectal and / demographic  OR 1.2
no K (37,8972) vs.no K (41,59) cancer 718 and  colon surgery characteristics, (1.06-1.36)
(171510/207462) no cancer 11,622 and comorbidities,
19,062) vs. no K Noncolorectal Gl surgery
(colorectal cancer Tract 8,158) vs. type/indication,
21,812 and no  no K(Rectal and and preoperative
cancer 357,160) colon surgery medications
310,959 and
Noncolorectal Gl
Tract 168,013)
Hawkins (19)  cohort USA K (547)vs.no K (256/291)vs. 52.3 / K (colorectal K(leal surgery K (17/547) vs. no Sex, OR0.98
K (298) no K(127/171)  (37.6-61.)vs. cancer 255 and 278, Rectal K (10/298) race/ethnicity, ~ (0.38-2.57)
68.8 (60.1-75.3) no cancer 292) surgery 116 and age, obesity
vs. no K colon surgery (BMI=30), and
(colorectal cancer 153) vs. no K(leal reason for
181 and no surgery 119, procedure
cancer 117) Rectal surgery (neoplasia, 1BD,
83 and colon and benign
surgery 96) disease).
Comorbidities
included chronic
corticosteroid or
other
immunosuppressant
use within 30
days, diabetes
mellitus with
medical

treatment, being
a current smoker
within 1 year,
dyspnea,
functional status,
history of severe
chronic
obstructive
pulmonary
disease, weight
loss >10%,
hypertension
requiring
medication, and
ASA physical
status
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TABLE 2 | Quality assessment of the case-control and

cohort studies.

First author Representativeness Case Ascertainment Same Control for  Selection of Definition Non- Total quality
of the cases definition of exposure method of important Controls of Controls Response scores
adequate ascertainment factor or rate
for cases additional
and controls factor
Malecki % - ¥ - g ¥ ¥ ¥ 6

TABLE 3 | Quality assessment of the cohort studies.

First Year Representativeness Selection of Ascertainment Demonstration Comparability Assessment Was Adequacy Total quality
author of the exposed the non of exposure that outcome of cohorts on of outcome follow-up of follow up scores
cohort exposed of interest was the basis of the long of cohorts
cohort not present at design or enough for
start of study analysis outcomes
to occur

Saleh 2014 ¥ Yo * Yo Yo Yo ¥ Yo 8
Kotagal 2016 ¥ Yo g b b b ¥ Yo 8
Hawkins 2018 W - Yo RAd Yo Yo e ¥ 7

Incomplete outcome data (attrition bias)

Random sequence generation (selection hias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)

@® | ~ | @ | Blinding of participants and personnel (performance bias)

® | @ | @ | Blinding of outcome assessment (detection bias)

® | ® | @ | selective reporting (reporting bias)

® | ® | ® | Random sequence generation (selection bias)
® | ® | @ | Alocation concealment (selection bias)

& Blinding of outcome assessment (detection bias)

§ Incomplete outcome data (attrition bias)

o Selective reporting (reporting hias)

Chen 2005 ? ® Other bias
Chen 2009 ? ® e 25% 50% 78%  100%
Schlachta 2007 . ? | . Low risk of bias [:] Unclear risk of bias - High risk of bias |

FIGURE 2 | Risk of bias assessment of RCT studies.

(Tables 2, 3). Figure 2 shows that all RCT studies had a low risk

of bias.

difference was statistically significant (OR = 1.23, 95% CI =
1.09-1.39, Z = 3.41, P = 0.0007) (Figure 3). Heterogeneity, as
defined by I? statistics, was low (I> = 0%, P = 0.51). Since

Ketorolac Use and Anastomotic Leak Rate

All included studies, which involved 400,822 patients, reported
an anastomotic leak rate. The results showed that the use of
ketorolac increased the risk of anastomotic leak in patients
compared with the risk observed in the control group, and the

this meta-analysis included fewer than 10 studies, no funnel plot
was generated to assess publication bias. Egger’s test showed no
significant publication bias (P = 0.126).

The subgroup analysis based on different study designs
showed that the risk of anastomotic leak was significantly
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Odds Ratio Odds Ratio

Study or Subgroup _ log[Odds Ratio] SE Weight [V, Random, 95% CI _Year IV, Random, 95% CI

Hawkins 2018 -0.0202 04834 1.6% 0.98 [0.38, 2.53] 2018

Kotagal 2016 0.1823 0.0633 92.0% 1.20[1.06,1.36] 2016

Saleh 2014 01906 0.4309 2.0% 1.21[0.52,2.82] 2014 -1

Subendran 2014 0.7372 03183 3.6% 2.09[1.12,3.90] 2014 o

Chen 2009 11939 11748 03% 3.30[0.33,33.000 2009

Schlachta 2007 15412 11608 0.3% 467 [0.48, 45.44]) 2007

Chen 2005 06419 1.2316 0.2% 1.890([0.17,21.24) 2005

Total (95% CI) 100.0% 1.23[1.09, 1.39] ¢

Testforoveral efect 22341 (P2 0000 oot o1 1 o 100

stior over ect Z=3.41 (P=0. ) Favours [experimental) Favours [control]
FIGURE 3 | Forest plots of anastomotic leak rate in the intervention and control groups.
Odds Ratio Odds Ratio

Study or Subgroup __log[Odds Ratio] SE _Weight IV, Random, 95% CI _Year IV, Random, 95% CI

1.14.1K+Mvs M

Chen 2005 06419 1.2316 0.2% 1.80([0.17,21.24) 2005

Chen 2009 11939 11748 0.3% 3.30[0.33,33.00) 2009

Subtotal (95% Cl) 0.5%  2.54[0.48, 13.42] ————

Heterogeneity: Tau*= 0.00; Chi*=0.11,df=1 (P=0.75); F= 0%

Test for overall effect. Z=1.10(P=0.27)

1.142Kvsno K

Schlachta 2007 15412 11608 0.3% 467 [0.48, 45.44]) 2007

Subendran 2014 07372 03183 36% 2.08([1.12,3.90] 2014 —

Saleh 2014 01906 0.4309 2.0% 1.21[0.52,2.82] 2014 - 1

Kotagal 2016 01823 0.0633 92.0% 1.20[1.06,1.36] 2016 -

Hawkins 2018 -0.0202 0.4834 16% 0.98 [0.38, 2.53] 2018

Subtotal (95% Cl) 99.5% 1.28 [1.03, 1.59] L g

Heterogeneity: Tau*= 0.01; Chi*= 4.47 df=4 (P=0.35); F=10%

Test for overall effect. Z=2.21 (P =0.03)

Total (95% CI) 100.0% 1.23[1.09, 1.39] ¢

Testloroveral efect Z= 341 (o= 00007 oot o1 1 o 100

Testfor subaroun differences: Chi*= 0.64. df=1 (P = 0.42). F= 0% Ravours kerimaniall Favois cammi
FIGURE 4 | Forest plots of subgroups according to different study designs: 1.14.1 K+M (ketorolac plus morphine) vs. K (ketorolac); 1.14.2 K (ketorolac) vs. (no
ketorolac).

increased with the use of ketorolac (n = 400,699) (OR = 1.28,
95% CI = 1.03-1.59, P = 0.03) with low heterogeneity (I*> =
10%). The addition of morphine to ketorolac (n = 123) can
eliminate the risk of anastomotic leak (OR = 2.54, 95% CI =
0.48-13.42, P = 0.27) without significant heterogeneity (I* = 0%)
(Figure 4).

Subgroup analysis was performed according to the type of
study. The analysis of RCTs (including 232 patients) did not
show a significant difference in the incidence of anastomotic leak
between the ketorolac group and the control group (OR = 3.14,
95% CI = 0.82-12.04, P = 0.10). However, the risk of anastomotic
leak was significantly increased in case-control (n = 262) (OR
= 2.09, 95% CI = 1.12-3.9, P = 0.02) and retrospective cohort
studies (n = 400,328) (OR = 1.2, 95% CI=1.06-1.35, P = 0.004)
(Figure 5).

Furthermore, a subgroup analysis of geographical location
found that the incidence of anastomotic leak in Taiwanese

patients (n = 188) was not significantly different between the
ketorolac plus morphine group and the control group (OR =
2.54, 95% CI = 0.48-13.42, Z = 1.1, P = 0.27). However, this
risk was observed in patients treated with ketorolac in Canada (n
= 1,037) (OR = 1.80, 95% CI = 1.11-2.95, Z = 2.36, P = 0.02)
and in the United States (n = 399,597) (OR = 1.20, 95% CI =
1.06-1.35, Z = 2.85, P = 0.004) (Figure 6).

The Total Dose of Ketorolac Use and

Anastomotic Leak Rate

Only two studies (19, 23) reported the total dose of
ketorolac use, and these studies involved 1,107 patients. No
difference was found between the total dose of ketorolac
and the incidence of anastomotic leak (OR = 1.88,
95% CI = —5.969.71, Z = 047, P = 0.64) (12 = 22%,
P =10.26) (Figure 7).
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Odds Ratio Odds Ratio
Study or Subgrou| log[Odds Ratio SE Weight IV, Random, 95% CI _Year IV, Random, 95% CI
1.13.1RCT
Chen 2005 06419 1.2316 0.2% 1.80[0.17,21.24) 2005
Schlachta 2007 15412 11608 0.3% 467 [0.48, 45.44] 2007
Chen 2008 11939 11748 0.3% 3.30([0.33,33.000 2008
Subtotal (95% ClI) 0.8%  3.14[0.82, 12.04] R
Heterogeneity: Tau*= 0.00; Chi*=0.28, df=2 (P=0.87); F=0%
Test for overall effect. Z=1.67 (P=0.10)
1.13.2 Case-control
Subendran 2014 07372 03183 3.6% 209(1.12,3.90) 2014 .
Subtotal (95% Cl) 3.6%  2.09[1.12,3.90] -
Heterogeneity: Not applicable
Test for overall effect. Z=2.32 (P =0.02)
1.13.3 Cohort
Saleh 2014 01906 0.4309 2.0% 1.21[0.52,2.82) 2014 — =
Kotagal 2016 01823 0.0633 92.0% 1.20(1.06,1.36) 2016
Hawkins 2018 -0.0202 0.4834 1.6% 0.98(0.38,2.53) 2018
Subtotal (95% CI) 95.6% 1.20 [1.06, 1.35]
Heterogeneity: Tau*=0.00; Chi*=0.17,df=2 (P=0.92); F=0%
Test for overall effect: Z= 2.88 (P = 0.004)
Total (95% ClI) 100.0% 1.23[1.09, 1.39] ¢
v T IR
Test for subaroun differences: Chi*= 4.84. df= 2 (P = 0.09). = 58.7% ARLGISRENIRMA oo a0t
FIGURE 5 | Forest plots of subgroups according to different experimental study designs.
Odds Ratio Odds Ratio
or Subgrou log[Odds Ratio SE Weight [V, Random, 95% CI _Year IV, Random, 95% CI
1.15.1 Taiwan
Chen 2005 06419 1.2316 0.2% 1.80[0.17,21.24] 2005
Chen 2008 11939 11748 0.3% 3.30(0.33,33.00) 2008
Subtotal (95% Cl) 0.5%  2.54[0.48, 13.42) e —
Heterogeneity: Tau®*= 0.00; Chi*=0.11,df=1 (P=0.75); F= 0%
Testfor overall effect Z=1.10 (P =0.27)
1.15.2 Canada
Schlachta 2007 15412 11608 0.3% 467 [0.48, 45.44] 2007
Subendran 2014 07372 03183 3.6% 209(1.12,3.900 2014 -
Saleh 2014 01906 04309 2.0% 1.21[0.52,2.82) 2014 I
Subtotal (95% CI) 59%  1.80[1.11,2.95] >
Heterogeneity: Tau*= 0.00; Chi*=1.74, df=2 (P=0.42); F=0%
Test for overall effect. Z= 2.36 (P = 0.02)
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FIGURE 6 | Forest plots of subgroups according to different geographical location.
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FIGURE 7 | The relation between total dose of ketorolac use and anastomotic leak rate.
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Sensitivity Analysis

Sensitivity analysis was used to evaluate the stability of the results.
The significance of the results did not change after deleting
one study at a time, indicating that the combined OR was
relatively stable.

DISCUSSION
Overall, the evidence from this study suggests that
ketorolac is associated with an increased risk of

anastomotic leak after colorectal surgery. Besides, further
subgroup analysis revealed that this effect varied between
the use of ketorolac alone and the use of ketorolac
plus morphine.

Nonsteroidal anti-inflammatory drugs are a powerful class of
analgesics that are an important part of the multimodal approach
used in ERAS programs to control postoperative pain (25). They
operate as analgesics by inhibiting the activity of cyclooxygenase
(COX) enzyme 2 (COX-2 selective) or both COX-1 and COX-
2 enzyme activity (non-selective). Ketorolac is a non-specific
COX inhibitor and an injectable non-steroidal anti-inflammatory
drug with a good analgesic effect. This meta-analysis is the first
to study the anastomotic leak rate associated with ketorolac
use in patients undergoing colorectal surgery. A previous meta-
analysis has examined the effect of NSAIDs on the healing
of anastomoses after colorectal surgery (26, 27). Modasi et al.
discovered that post-colorectal surgery NSAID administration
increases anastomotic leak rate, while Arron et al. discovered that
post-colorectal cancer surgery NSAID administration does not
increase anastomotic leak rate (26, 28). There is still controversy
over whether post-colorectal surgery NSAID administration will
increase the anastomotic leak rate, and more clinical studies are
needed to verify it. Arron et al. also found that neither non-
selective NSAID use nor COX-2 selective NSAID use caused
an increased anastomotic leak rate (28). Besides, Huang et al.
and Modasi et al. discovered that ketorolac was not associated
with an increase in leak rate; however, their meta-analyses only
included 2-3 studies on ketorolac (26, 27). In contrast to their
findings, this study discovered that ketorolac was correlated with
an increase in anastomotic leak. Some studies have reported that
the increased risk of anastomotic leak is related to certain risk
factors (such as the male sex, obesity, drug dosage, and smoking)
(29-32). Three of the included studies did not provide data
after adjusting for risk factors, which may be the reason for the
positive associations.

Furthermore, a subgroup analysis was performed on the study
type, and an association between ketorolac and the anastomotic
leak was observed in case-control and retrospective cohort
studies, but not in RCT studies. In addition, the use of ketorolac
was associated with an increased risk of anastomotic leak in
patients in the United States and Canada, but not in Taiwanese
patients. Some studies reported that there is a dose-dependent
relationship between ketorolac administration and anastomotic
leak (10, 33). This is inconsistent with the results of the present
study. We did not find a relationship between the ketorolac
dose and the leak. This may be because we only included
two studies that reported the relationship between the dose of
ketorolac and leak, and further research is needed to verify
our findings.

Anastomotic leak is a serious complication that occurs after
colorectal surgery, which can lead to increased morbidity and
mortality (34-36). Non-selective NSAIDs (such as ketorolac)
may affect the healing of the intestine by inhibiting the action
of cyclooxygenase (37, 38). NSAIDs have been shown to weaken
granulocyte function, which is an essential part of the acute phase
of wound healing (39, 40). NSAIDs may also inhibit epithelial
cell migration and mucosal recovery, which are important in the
pathophysiology of intestinal ulcer healing (41). These findings
suggest a potential biological mechanism that may explain the
association identified in this study.

This meta-analysis has several limitations. First, the included
studies were not RCTs; therefore, they may have been affected by
potential bias. Second, the confounding factors adjusted in each
study were different, and some unadjusted confounding factors
may exist in some original studies. In addition, there may be other
factors that caused anastomotic leaks in the included studies.
Third, Fjederholt et al. (18) showed that the use of ketorolac
in men results in a higher risk of an anastomotic leak than in
women. Unfortunately, none of the included studies provided
data after adjusting for all the risk factors. Fourth, two of the
included studies have a large sample size. Although sensitivity
analysis has been conducted and it is found that these two studies
will not reverse the overall results, more high-quality studies are
needed to verify these findings.

In conclusion, our findings indicated that ketorolac
exposure is associated with the anastomotic leak, and the
use of ketorolac increases the risk of anastomotic leak.
Therefore, the use of ketorolac after colorectal surgery should
be done with caution after weighing the potential risks
and benefits.
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