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Abstract

Background: Post-operative pain is frequent following gastrointestinal surgery and

may result in prolonged hospitalisation, delayed recovery, and lower quality of life.

Non-steroidal anti-inflammatory drugs (NSAIDs) are effective analgesics and recom-

mended by Enhanced Recovery After Surgery guidelines as part of opioid-sparing

multimodal treatment. However, perioperative NSAID treatment may be associated

with increased risk of harm. We will investigate the risks of serious adverse events

associated with perioperative NSAID treatment in patients undergoing gastrointesti-

nal surgery.

Methods: This protocol uses the recommendations of the Preferred Reporting Items

for Systematic Review and Meta-Analysis Protocols. We wish to assess the effects of

NSAIDs versus placebo, usual care, or no intervention on the incidence of serious

adverse in patients undergoing gastrointestinal surgery. We will include all random-

ised trials. To identify trials, we will search the medical literature analysis and retrieval

system online, excerpta medica database, cochrane central register of controlled tri-

als, web of science core collection, and BIOSIS. Two authors will screen the literature

and extract data. We will use the ‘Risk of Bias 2 tool’ to assess the risks of systematic

errors. We will perform meta-analyses using R. We will use Trial Sequential Analysis

to account for the risks of random errors. We will create a “Summary of Findings”-
table in which we will present our primary and secondary outcome results. We will

assess the certainty of the evidence using grading of recommendations assessment,

development and evaluation.
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Discussion: This systematic review can potentially elucidate the risks of perioperative

NSAID treatment in gastrointestinal surgery and inform the already established non-

opioid multimodal pain treatment regimen recommended by enhanced recovery after

surgery guidelines.
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1 | BACKGROUND

1.1 | Pain after gastrointestinal surgery

Gastrointestinal surgery includes both open- and laparoscopic sur-

gery. Primary injury in gastrointestinal surgery is direct trauma to

the abdominal wall, damage from tissue mobilisation or surgical

impact on the organs.1 Secondary injury includes for example,

bleeding, anaesthetic effects, and patient positioning in regards

to abdominal pressure of the CO2 pneumoperitoneum.1 Major

abdominal surgery induces an immuno-inflammatory response.1

The impairment of vascular permeability together with excessive

fluid administration, may lead to interstitial oedema, thus delaying

recovery of gastrointestinal function and an increased risk of anas-

tomotic leakage.2 Pain from internal organs following surgery–

arising from hollow organ stretch or distention, traction on the

mesentery and organ ischemia–promotes the inflammatory pro-

cesses of the surgical stress response.3 All of the aforementioned

responses may both individually and in combination lead to pro-

longed rehabilitation, including delayed mobilisation, muscle atro-

phy, decreased insulin sensitivity, thromboembolic disease, and

atelectasis.4,5

1.2 | Gastrointestinal surgery and pain treatment

Post-operative pain following intraabdominal surgery is often

insufficiently treated.6 While laparoscopic surgery has been shown

to reduce pain, shorten length of stay, reduce morbidity, and

decrease short-term analgesic requirements,7 long-term outcomes

have shown equivalence between laparoscopic and open surgery.8

Multimodal pain treatment is the leading treatment principle for

managing acute post-operative pain to reduce surgical stress

response, improve post-operative rehabilitation, and decrease opi-

oid consumption. NSAIDs are an important element in post-

operative pain management. The combination of paracetamol and

NSAIDs are recommended by Enhanced Recovery After Surgery

guidelines in patients undergoing open- and laparoscopic abdomi-

nal surgery.7 The combination has previously been shown to

reduce opioid consumption and therefore reduce opioid related

adverse events.9

1.3 | NSAIDs analgesic profile

NSAIDs have antipyretic, analgesic, and anti-inflammatory properties.

Through blockade of the cyclooxygenase (COX) isoenzymes, COX-1

and COX-2, they impair the synthesis of prostaglandins.10 NSAIDs

have shown to affect both central and peripheral nociception.11 Block-

ing of the COX enzymes in peripheral nociceptors, inhibits prostaglan-

din synthesis, which decreases sensitization in response to tissue

damage.11 Furthermore, by inhibiting the COX-2 enzyme in the dorsal

horn of the spinal cord, which is involved in central sensitization, med-

ullary and cortical descending inhibition pathways are activated,

resulting in reduced pain in the surrounding uninjured tissue.11

1.4 | Serious adverse events from NSAID
treatment

In spite of the extensive therapeutic utilities of NSAIDs, many studies

advocate caution in the use of perioperative NSAIDs, due to risk of

adverse events, including gastrointestinal injury,12 cardiovascular mor-

bidity and mortality,13 and renal impairment.14 Specific risks of serious

injuries related to the gastrointestinal tract include gastric and duode-

nal ulcers, and complications hereof: perforation, haemorrhage, and

obstruction; and risk of anastomotic leakage.15

1.5 | Gastrointestinal ulcers and bleeding

The pathophysiological basis for NSAID-induced upper gastrointesti-

nal injury, is relative deficiency of gastroduodenal mucosal prostaglan-

dins, resulting in weakening of the epithelial barrier function and

secondary acid-related ulceration.12 Mucosal repair in response to

injury is also prostaglandin dependant.12 NSAIDs can therefore

increase the risk of ulcers and due to the antiplatelet action of COX-1

inhibition, promote bleeding.12

1.6 | Anastomotic leakage

In terms of surgery related complications, the possible association

between NSAID use and anastomotic leaks in colorectal surgery is
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primarily based on experimental, retrospective and case-series studies,

and lacks definitive studies.16 However, NSAID use in colorectal sur-

gery with anastomosis is generally cautioned, especially for subgroups

of non-selective NSAIDs with high COX-2 affinity, for example,

diclofenac, and COX-2 inhibitors.17,18

1.7 | Renal impairment

Prostaglandin synthesis is important for renal function through regula-

tion of a variety of physiological kidney processes. NSAID treatment

is cautioned in individuals suffering from renal impairment and under-

lying diseases affecting kidney function.19

1.8 | Cardiovascular events

One of the proposed mechanisms for cardiovascular risk of NSAIDs is

the observed shift in the prothrombotic-antithrombotic balance on

endothelial surfaces, towards thrombosis.20 NSAIDs have been found

to impact renal function and the regulation of fluid balance, accentu-

ating heart failure21 and together with the pro-thromboembolic effect,

contribute to the risk of myocardial infarction and stroke.22

1.9 | Why is this review important

Previous reviews assessing the adverse events associated with periop-

erative NSAID treatment in patients undergoing gastrointestinal sur-

gery have focused on individual serious and non-serious adverse

events across surgical specialities (See ‘Table S1’ in appendix). Fur-

ther, previous reviews have generally addressed short-term follow up

and shown little information regarding long-term events.23

An updated systematic review in gastrointestinal surgery, that

include meta-analyses, evaluation of risk of systematic error (risk of

bias), risk of random errors (trial sequential analysis), and rating cer-

tainty of evidence (GRADE) is lacking (See ‘Table S2’ in appendix).

Focus on gastrointestinal surgery could highlight safety specific to this

patient population, as well as examining if there are procedure-related

correlations for serious adverse events following perioperative NSAID

treatment. This study's importance lies in a needed update of existing

literature with a scope specific to gastrointestinal surgery.

The aim of this study is to assess the beneficial and harmful effects

of NSAIDs versus placebo, usual care, or no intervention in patients

undergoing gastrointestinal surgery. We expect the results from this

review will elucidate the risks of NSAID administration perioperatively.

2 | METHODS

This protocol for a systematic review has been reported based on the Pre-

ferred Reporting Items for Systematic Reviews and Meta-Analysis proto-

cols (PRISMA-P) guidelines.24 This protocol is registered on PROSPERO.25

2.1 | Design

Systematic review of randomised trials with meta-analysis, trial

sequential analysis, and grading of recommendations assessment,

development and evaluation.

3 | ELIGIBILITY CRITERIA

3.1 | Types of studies

We will include all randomised clinical trials irrespective of trial design,

publication year, publication type, publication status, setting, and lan-

guage. We will include cluster-randomised trials. We will exclude

quasi-randomised trials. Large observational studies identified during

our search will be included for a narrative description of rare and

long-term serious adverse events. Observational studies will not be

included in any meta-analysis of intervention effects.

3.2 | Types of participants

We will include adults (≥ 18 years old) undergoing gastrointestinal

surgery. We will include trials on both elective and acute surgeries.

3.3 | Types of interventions

Experimental intervention: NSAIDs in any form, dose, or duration.

Control intervention: placebo, usual care, or no intervention.

3.4 | Co-interventions

We will accept any co-intervention if these are delivered similarly in

both the experimental and control group.

4 | OUTCOME MEASURES

4.1 | Primary outcome

1. Proportion of participants with one or more serious adverse events

according to the International Conference on Harmonisation of tech-

nical requirements for registration of pharmaceuticals for human use

– Good Clinical Practice (ICH-GCP) definition.

ICH-GCP is defined as any untoward medical occurrence that

resulted in death, was life-threatening, required hospitalisation or

prolonging of existing hospitalisation, and resulted in persistent or

significant disability.26 If the trialists do not use the ICH-GCP defi-

nition, we will include data hierarchically based on the trialists

reported “serious adverse event”. If the trialists do not use the

ICH-GCP definition nor use the term serious adverse event, then
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we will also include the data if we judge the event to fulfil the

ICH-GCP definition for a serious adverse event. We will as explor-

atory analyses assess each single specific serious adverse event

separately.

4.2 | Secondary outcomes

1. Specific serious adverse events

a. Acute myocardial infarction (as defined by trialist)

b. Stroke (as defined by trialist)

c. Gastrointestinal ulcer (as defined by trialist)

d. Renal impairment (as defined by trialist)

e. Anastomotic leakage (as defined by trialist)

For all outcomes, we will use the trial results reported at

maximal follow-up. All dichotomous outcomes will be assessed as

proportions.

5 | SEARCH METHODS

5.1 | Electronic searches

We will search the Medical Literature Analysis and Retrieval System

Online, Excerpta Medica database, Cochrane Central Register of

Controlled Trials, Science Web of Science Core Collection, and

BIOSIS.

5.2 | Searching other resources

The reference lists of relevant publications will be checked for any

potential relevant unidentified trials.

5.3 | Data collection and analysis

We will conduct data collection and analysis according to the recom-

mendations in the Cochrane Handbook Systematic Reviews of

Interventions,27 and assess if thresholds for clinical and statistical sig-

nificance are crossed according to the eight-step procedure as

described by Jakobsen and colleagues.28

5.4 | Selection of studies

Two review authors will independently and in pairs screen titles and

abstracts. Relevant full text study reports will be retrieved and

assessed for eligibility by two review authors independently and in

pairs. Disagreements will be resolved through discussion or by con-

sulting a third co-author. Trial selection will be displayed in an adapted

flow diagram.

5.5 | Data extraction and management

Two authors will independently and in pairs extract data from included

trials. Disagreements will be resolved through discussion or by consult-

ing a third author. The following trial characteristics will be extracted:

• Methods: date of publication and duration of trial

• Participants: estimated sample size, number randomised, number

analysed, number lost to follow-up/withdrawn, type of surgery,

mean age, sex, inclusion and exclusion criteria

• Intervention: intervention (type of drug, duration, dose, mode of

administration), co-intervention (type, duration, dose, mode of

administration), comparison (type, duration, dose, mode of adminis-

tration), concomitant medications, and excluded medications

• Outcomes: primary and secondary outcomes specified in the trials,

serious adverse events and specific serious adverse events

• Other: bias risk components (defined in assessment of bias para-

graph), trial funding, and conflict of interest of the trialists

5.6 | Trial characteristics

We will create a “Characteristics of included studies” table. In this

table, we will note if outcome data were not reported in a usable fash-

ion. Disagreements will be resolved by discussion or by consulting a

third co-author if needed.

6 | ASSESSMENT OF RISK OF BIAS

We will use the instructions given in the ‘Revised Cochrane risk-of-

bias tool for randomized trials’ in our assessment of the risks of sys-

tematic errors in included trials.29 Furthermore, we will assess the risk

of for-profit bias. Two authors will independently and in pairs assess

the risk of bias according to the following domains:

• Randomisation process

• Deviations from the intended interventions

• Missing outcome data

• Measurements of the outcome

• Selection of the reported results

• For-profit bias

Disagreements between the two authors will be resolved by dis-

cussion or by consulting a senior co-author if needed. Assessing all

the above enables a classification of the included trials' results as

being at an overall ‘low risk of bias’ or ‘high risk of bias’. Trial results
will be classified as being at an overall “high risk of bias” if any of the

domains are classified as “unclear” or “high risk of bias”. Trial results
with an overall “high risk of bias” tends to overestimate positive inter-

vention effects and underestimate negative effects.30–36 Trial results

will be classified as being at overall “low risk of bias” if all the domains

are judged to be at low risk of bias. We will assess risks of bias for
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each outcome result (bias due to missing outcome data, bias in selec-

tion of the reported result, and bias in measurement of the outcome

as these may differ between outcomes).

Our primary conclusions will be based on the trials results of our

primary outcomes at an overall “low risk of bias”. Our conclusions will

be presented in a “Summary of Findings table”.

7 | MEASURES OF TREATMENT EFFECT

7.1 | Serious adverse events

Two authors will independently categorise serious adverse events

from each trial and any disagreement will be resolved by discussion or

by consulting a third author.

We will calculate risk ratios with 95% confidence intervals (CI) for

all the dichotomous outcomes, as well as Trial Sequential Analysis

(TSA)-adjusted CIs (see below).

7.2 | Dealing with missing data

We will use intention to treat data if provided by the trialists. If any

relevant data is missing from the included trials, we will contact the

authors to obtain said data. We will not use intention-to-treat data if

the original report did not contain such data.

7.3 | Assessment of heterogeneity

We will primarily visually investigate forest plots for signs of hetero-

geneity. Secondly, we will assess statistical heterogeneity by chi2-test

(threshold p < .10), I2-statistics, and τ 2 statistics.27,37,38 We will inves-

tigate possible clinical heterogeneity by performing subgroup ana-

lyses. In the event of substantial or unexpected heterogeneity, we

may conclude that meta-analysis should be avoided.27

To assess reporting bias, we will use funnel plots if 10 or more

trials are included. We will visually inspect the funnel plots for signs of

small study bias. For our dichotomous outcomes, we will test asym-

metry using the Harbord test39 if τ2 is less than 0.1, or with the

arcsine-transformed Thompson test if τ2 is greater than 0.1.27

7.4 | Unit of analysis issues

For trials using a cross-over design, only data from the first period will

be included.27 For cluster randomised trials, we will adjust the original

sample size to the effective sample size using the ‘design effect’,
incorporating the intra-cluster correlation coefficient.27 If multiple trial

arms are used as a study design, we will only use the relevant arms in

our meta-analysis. If two comparisons are combined in the same

meta-analysis we will halve the control group to avoid double-count-

ing.27 These measures will eliminate unit of analysis issues.

8 | DATA SYNTHESIS

8.1 | Meta-analysis

We will conduct our meta-analyses according to the recommendations of

the Cochrane Handbook for Systematic Reviews of interventions27 and

an eight-step assessment procedure for assessing if thresholds for statisti-

cal and clinical significance as crossed.28 We will use the statistical soft-

ware RStudio40 to analyse data. We will perform both random-effects

meta-analysis41 and fixed-effect meta-analysis42 and primarily report the

most conservative results (highest P value). The less conservative result

will be reported and considered as a sensitivity analysis. We use one pri-

mary outcome and multiple secondary outcomes. For our primary out-

comes, we will consider a p value of .05. Our secondary outcomes will

only be considered hypothesis generating, and therefore we will not be

adjusting the p value for the assessment of our secondary outcomes.

8.2 | Trial sequential analysis

To minimise the risks of random errors resulting from sparse data and

repetitive testing for significance in cumulative meta-analysis, we will

use TSA. TSA is a method where the required information size (the

number of participants needed in a meta-analysis to detect or reject a

pre-defined assumed effect of an intervention) is calculated. TSA cre-

ates a graph that allows for the visual detection of breaches of rele-

vant trial sequential monitoring boundaries (benefit, harm, futility)

with adjusted p values.43–48

We will estimate the required information size based on the

observed proportion of patients with an outcome in the control group,

a relative risk increase of 25%, an alpha of 5% for our primary

outcome and secondary outcomes, a beta of 20%, and diversity as

suggested by the meta-analysis.49

9 | SUBGROUP ANALYSIS AND
INVESTIGATION OF HETEROGENEITY

9.1 | Subgroup analysis

By performing subgroup analysis, we will attempt to determine

whether the potential effects are influenced by the risk of bias, type

of participant, type, dose, and duration of NSAID, or the usage of

NSAIDs prior to surgery.

We will perform the following subgroup analysis when analysing

the primary outcome.

• Trial results with high risk of bias compared to trial results with low

risk of bias.

• Trials including participants undergoing upper gastrointestinal sur-

geries compared to trials including participants undergoing lower

gastrointestinal surgeries compared to trials including participants

undergoing other gastrointestinal surgeries.
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• According to type of NSAIDs used.

• According to the duration of NSAID use (trials using at or above

median duration compared to trials using below median duration).

• According to dose of NSAIDs (trials using at or above median dose

compared to trials using below median dose).

• Usage of NSAID prior to surgery, compared with no usage prior to

surgery.

• Meta-regression of dose of NSAIDs.

• Meta-regression of duration of NSAIDs.

We will use the formal test for subgroup interactions in RStu-

dio.40 We expect trials at an overall ‘high risk of bias’ to underesti-

mate potential harm. We expect a higher risk with longer duration of

NASID usage. We expect a higher risk with higher dose of NSAID.

9.2 | Sensitivity analysis

To assess the potential impact of the missing data, we will perform

the two following sensitivity analyses for both our primary and

secondary outcomes.

• ‘Best/worst-case’ scenario
• ‘Worst/best-case’ scenario

In the best-case scenario, we will assume that participants lost to

follow-up did not experience a serious adverse event. In the worst-case

scenario, we will assume that participants lost to follow-up experienced

a serious adverse event. Thereby creating two extremes around our

primary point-estimate. We will present both results in our review.

Other post hoc sensitivity analysis may be warranted if

unexpected clinical or statistical heterogeneity is identified during the

analysis of the review results.28

10 | ‘SUMMARY OF FINDINGS ’ TABLE

We will create a ‘Summary of Findings’ table presenting our prespeci-

fied primary and secondary outcomes. We will use the five GRADE

considerations (risk of bias, inconsistency of trial results, imprecision

[assessed by TSA], indirectness, and publication bias) to assess the

quality of the body of evidence concerning our prespecified outcomes.

Using GRADE will result in the quality of evidence for each outcome

being very low, low, moderate, or high.50 We will present two

“Summary of Findings” tables, one based on the results from trials at

an overall low risk of bias, and one based on the results from all trials.

11 | DISCUSSION

This protocol for a systematic review on randomised clinical trials has

several strengths. The development of the protocol is based on the

PRISMA-P guidelines.24,51 The methodology is pre-defined and

follows the recommendations of the Cochrane Handbook for

systematic Reviews of Interventions,27 the eight-step procedure

assessment as suggested by Jakobsen et al,28 TSA,45 and the GRADE

assessment.52 Through our predefined methodology, we consider the

risk of random as well as systematic errors.

This protocol for a systematic review also has limitations. We

expect potential trials to vary in follow-up, as well as duration and

dose of NSAIDs, giving rise to clinical heterogeneity. Furthermore, we

expect potential trials to not register dose and duration of NSAID

usage prior to inclusion.

With this systematic review, we seek to provide clinicians and

clinical practice decision makers with reliable evidence adjusted for

bias, sparse data, and repetitive testing and inform the already estab-

lished non-opioid multimodal pain treatment regimen recommended

by Enhanced Recovery After Surgery guidelines.

We will conduct a similar systematic review on the risk of serious

adverse events associated with NSAIDs in orthopaedic surgery

patients.
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