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Summary:

Introduction: It is increasingly recognized that non-opioid analgesia important analgesia in 

the perioperative period. Specifically, NSAIDs (nonsteroidal anti-inflammatory drugs) have been 

touted as an adjunct or even replacement for opioids. However, uptake of NSAIDs has been slow 

due to concern for side effects, including bleeding. We sought to understand the risk of bleeding 

caused by NSAIDs in the perioperative period.

Methods: A physician-librarian team performed a search of electronic databases (MEDLINE, 

EMBASE), using search terms covering the targeted intervention (use of NSAIDs) and outcomes 

of interest (surgical complications, bleeding), limited to English language articles of any date. We 

performed a systematic review and meta-analysis of the data.

Results: A total of 2,521 articles were screened and 229 were selected on the basis of title 

and abstract for detailed assessment. Including reference searching, 74 manuscripts met inclusion 

criteria spanning years 1987–2019. These studies included 151,031 patients. Studies included 12 

types of NSAIDs, the most common being ketorolac, diclofenac and ibuprofen over a wide-range 

of procedures from ENT, breast, abdomen, plastics, and more. Over half were randomized control 

trials. The meta-analyses for hematoma, return to the operating room for bleeding and blood 

transfusions showed no difference in risk in any of three categories studied between the NSAID 

versus non-NSAID groups (p=0.49, p=0.79 and p=0.49, respectively). Quality scoring found a 
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wide range of quality with scores ranging from lowest quality of 12 to highest quality of 25 out of 

a total of 27 (average=16).

Conclusions: NSAIDs are unlikely to be the cause of post-operative bleeding complications. 

This literature covers a large number of patients and remains consistent across types of NSAIDs 

and operations.
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Introduction

Approximately 50 million people have surgery each year in the US, making post-operative 

pain control an important issue. Opioids, which formed the backbone of programs 

to optimize pain management for hospitalized patients, have significant deleterious 

consequences, including delayed return of bowel function, respiratory depression, new 

persistent opioid use or abuse and unintentional overdose.1 The opioid epidemic has 

become a major public health crisis2 and surgeons are considered gatekeepers to opioid 

prescriptions.1 Addressing new persistent opioid use following surgical care is of great 

import. Efforts at the local and national level have sought to better understand and 

address overprescribing after both emergency and elective surgical procedures.1,3–6 In 

approaching opioid overprescribing, It is increasingly recognized that non-opioid analgesia 

is as effective as some opioid analgesia and that multimodal analgesia is better than 

exclusive opioid analgesia.7–9 Specifically, nonsteroidal anti-inflammatory drugs (NSAIDs) 

have been encouraged as an important adjunct or replacement for opioids in certain patients 

and an effective strategy to curb the flow of opioids into our communities.7–9

Despite strong evidence to support multimodal analgesia,10,11 uptake of this practice has 

proven challenging.12,13 In fact, increasing the use of non-opioid analgesia may be more 

challenging than reducing opioid use, especially for the uptake of NSAIDs.13 One barrier 

to use of NSAIDs for perioperative pain management is the perceived risk of bleeding 

associated with use.14–16 This is of particular importance in surgical patients – a population 

where both risk and consequences of bleeding are increased. Therefore, we undertook 

a systematic review and meta-analysis of the existing literature to investigate the risk 

of bleeding associated with use of perioperative NSAIDs with the goal of consolidating 

evidence with regard to perioperative use of NSAIDs and the risk of bleeding.

Methods

Data Sources

In consultation with an experienced medical librarian (EW), we collaboratively developed 

a sensitive three-concept PubMed search composed of a comprehensive set of keywords 

and MeSH terms. The three concepts were perioperative period, NSAIDs, and bleeding 

(complete PubMed search string is found in eAppendix 1 in the Supplement). We adapted 

the MEDLINE search to work optimally in Embase using a combination of Emtree terms 

and keywords. Embase is a biomedical and pharmacological bibliographic database of 

Bongiovanni et al. Page 2

J Am Coll Surg. Author manuscript; available in PMC 2022 July 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



published literature, and Emtree is used to index Embase content based on a hierarchically 

structured, controlled vocabulary for biomedicine and the related life sciences. The searches 

were not restricted by date, language or publication type. The end date of the search 

was August 29, 2019. Articles were combined and duplicates were eliminated in Zotero, 

an open-source reference management software to manage bibliographic data and related 

research materials. These articles were uploaded to Covidence for screening. Covidence is 

an online tool that streamlines parts of the systematic review process. It makes it easy to 

screen references (both title/abstract and full-text), divide up the work among a team of 

reviewers, and track the progress of the project.

Study Selection

Included studies evaluated the effect of administration of perioperative NSAIDs on surgery-

associated bleeding in the postoperative period for adult surgical patients by reporting on 

rates of clinically significant surgical bleeding outcomes. We defined clinically significant 

bleeding as a documented hematoma, the need for a reoperation due to bleeding, and the 

need for a blood transfusion. Gastritis was not included because it is a known and dose-

dependent complication of NSAIDs and is not necessarily related to a surgical procedure. 

All clinical contexts (inpatient, outpatient, clinic) and any study design were included. 

Studies were excluded if: (1) they were review articles, commentaries, editorials or case 

reports (with number of patients <5); (2) they studied the impact of the chronic use of 

NSAIDs or NSAIDs administered only in the preoperative period; (3) they were animal-only 

studies; (4) patients did not actually receive NSAIDs in the peri- or postoperative period; 

(5) they focused only on ophthalmologic procedures; (6) they studied only aspirin; (7) 

they included only pediatric populations, or (8) the report was not in English. Studies 

that evaluated only aspirin were excluded as aspirin is not typically used for pain control. 

Case-control studies were excluded from the meta-analysis because these types of studies a 

priori determine the number of patients in each group.

Four of us (TB, EL, YL, EW), one of whom is also a medical librarian (EW),17 reviewed 50 

randomly chosen titles and abstracts together to test the inclusion/exclusion criteria and train 

the reviewers for consistency. The same four independently assessed titles and abstracts, 

so that two reviewers independently reviewed each title and abstract. Disagreements were 

resolved by discussion during team meetings. The full text of articles retained for further 

review was then examined independently by each of the four reviewers (TB, EL, YL, EW) 

so that each article was fully reviewed by two reviewers.

Cited reference searching revealed additional articles not found by the original search terms, 

and these were added to the final set of articles for analysis. Full manuscripts were obtained 

for all articles not previously excluded and were independently read for inclusion in the 

final review by the same four reviewers (TB, EL, YL, EW). The references of all included 

studies were then searched manually, and the Scopus database was used to search for all 

studies that had subsequently cited the included studies. We also searched the references 

of relevant literature reviews or commentaries that broadly covered bleeding complications 

with perioperative NSAIDs. Additional articles of interest discovered through manual search 

were then subjected to the same review process for inclusion in the study.
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Data Extraction and Synthesis

Data for included studies were extracted by using a standardized form that was created after 

we developed and tested a data abstraction form. The final set of articles was abstracted 

in duplicate by the same four reviewers. This form underwent iterations as necessary to 

ensure it captured all relevant data. Study characteristics were then summarized based 

on reviewer consensus. The major study characteristics extracted for descriptive analyses 

included study design and duration, clinical setting, study size, type of NSAIDs used, timing 

and route of administration, NSAID dosing, body area of specific surgical procedures, type 

of complications, population demographics, years of enrollment, and study location. Since 

NSAIDs can be selective or non-selective in their mechanism of action,18 we recorded 

this distinction. NSAIDs act by inhibiting cyclooxygenase, which has at least two different 

isoenzymes. Selective NSAIDs are those that have the ability to selectively inhibit the COX2 

enzyme only. If patients were taking NSAIDs on a chronic basis as an outpatient, this 

was not independently considered a perioperative administration of NSAIDs. We considered 

the perioperative period to be in the immediate pre-operative holding area, intra-operative 

administration, or in the post-operative period.

Main Outcomes and Meta-analysis Procedures

The main outcomes extracted were the aggregate impact of NSAIDs administered in the 

perioperative period on surgical bleeding including presence of hematoma, the need for a 

return to the operating room secondary to bleeding, and the need for transfusion, which 

we used as a marker of blood loss. We did not include intraoperative blood loss and 

postoperative drain output because they are hard to accurately quantify and may have little 

clinical significance. We included all instances of surgical bleeding, as defined above, for 

two groups, the group that received NSAIDs in the perioperative period, and the group who 

did not receive NSAIDs in the perioperative period.

We then performed a meta-analysis on aggregated data from randomized controlled trials 

and cohort studies to test the association between perioperative NSAIDS and perioperative 

surgical bleeding. This entailed evaluating the differences in postoperative bleeding between 

groups who did receive perioperative NSAIDs and groups who did not. Subgroup analysis 

was performed based on type of bleeding complication (takeback to operating room, 

hematoma, need for blood transfusion) as well as a composite of all three plus two others 

that were studied more rarely, specifically change in hemoglobin and surgical site bleeding 

which were not defined more clearly than that.

All four outcomes (hematoma, return to operating room for surgical bleeding, blood 

transfusions and any other complication) were compared between the NSAID perioperative 

administration and non-NSAID administration groups using random effects models to 

control for heterogeneity and under the assumption that not all studies had similar patient 

mix and similar protocols. Sensitivity analyses were performed to examine heterogeneity 

for small study effects and evaluated using an influence summary. Heterogeneity across 

studies was tested with the I2 statistic. I2 values of 25%, 50%, and 75% were considered to 

indicate low, moderate, and high heterogeneity, respectively.19 To check the effect of various 

factors on the primary outcomes, we performed subgroup analyses according to each type 
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of bleeding outcome (hematoma, return to operating room, blood transfusion, and any other 

surgical bleeding complication). We also analyzed these outcomes by year of publication. 

We assessed publication bias by using the Begg and Egger tests.20,21 We then performed 

an influence summary, to assess if leaving out a test has an effect on the overall result. All 

statistical analyses were performed by Stata 16.1 (StataCorp LP, College Station, TX). The 

results were considered statistically significant if the corresponding 2-sided P value < 0.05.

Study quality was independently evaluated using the Downs and Black checklist, which 

is designed to assess quality of both randomized and non-randomized studies.22 As has 

been done in prior peer-reviewed literature,23 we omitted one checklist item because it 

specifically pertained to adjustment for time to event or time to follow-up that was not easily 

applicable to our studies.

Results

Database searches yielded a total of 2,785 articles. Three hundred and nine duplicates 

were identified and removed. Cited reference searching identified an additional 15 relevant 

abstracts not found in the database searches. Together, this represented a total of 2,521 

abstracts screened. Of these, 229 were selected on the basis of the abstract text for full-text 

assessment. Finally, of those that underwent full-text assessment, 74 satisfied all inclusion 

and exclusion criteria. Thus, 74 total manuscripts representing 151,031 patients met all 

inclusion/exclusion criteria (see eAppendix 2 in the Supplement – PRISMA diagram) and 

were included in the qualitative analysis.14,24–96 Of these, 68 were then included in the 

quantitative analysis (meta-analysis).

Study Characteristics

There was considerable heterogeneity among the 74 studies with regard to design, setting, 

scope and type of NSAID (Table 1). There were 41 randomized controlled trials (RCTs), 

27 cohort studies and 6 case-control studies as detailed in Table 1. Studies were conducted 

in both the inpatient and ambulatory surgery settings, with follow-up occurring in both 

the inpatient and clinic setting, and in both academic and community hospitals. The most 

common categories of operations studied were breast surgery (some with reconstruction) 

(14), abdominal operations including open and laparoscopic (10), ear, nose, and throat 

procedures, which were mostly tonsillectomies (9), and orthopedic operations including 

joints and spine (9). Additional included studies evaluated cosmetic operations (4), thyroid/

parathyroid resections (4), plastic surgery operations including microvascular free flaps 

(4), obstetrical/gynecologic procedures (4), and other categories that included <4 studies 

each, including cardiac, dental, endoscopic retrograde cholangiopancreatography, perianal, 

neurosurgical, and podiatric. Seven studies included a wide variety of operations over 

multiple body areas.

The type of NSAID used varied, as did the timing and route of administration. The 

types of NSAIDs studied included ketorolac (41), diclofenac (8), ibuprofen (8), celecoxib 

(6), ketoprofen (5), and parecoxib (4). NSAIDS in < 4 studies included flubiprofen, 

indomethacin, lornoxicam, meloxicam, rofecoxib, and tenoxicam, with some studies 

evaluating two or more NSAIDs (8). Sixty-two studies were with non-selective NSAIDs 
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only, while the remainder were mixed or selective only. NSAIDs were administered at 

different times throughout perioperative care and sometimes at multiple times (pre/post, 

intra/post, etc.), including preoperatively (13), intraoperatively (24) and postoperatively (56).

In the 44 studies that reported duration of follow-up, the follow-up period ranged from 

12 hours to three days. Studies with longer durations were focused on evaluating pain 

scores and overall complications, rather than only bleeding. Twenty-nine studies reported 

post-operative bleeding complications as a primary outcome. The remainder focused on pain 

control as a primary outcome but tracked other surgical complications, including bleeding.

Study publication dates ranged from 1987–2019, with only two in 1980s, 15 in the 1990s, 

18 in the 2000s, and 39 in the 2010s, with 10 in 2018 alone. In total, 13 (18%) studies were 

sponsored by a pharmaceutical company.24,29,37,38,44,46,47,50,60,66,71,76,79

Studies were grouped by four types of surgical bleeding complication: 1) “hematoma” as 

defined by the study (41); 2) return to the operating room specifically because of bleeding 

(25); 3) need for blood transfusion in the post-operative period (18), and 4) all other 

‘bleeding’ types of complications as reported by the authors (30). These ‘other’ types of 

bleeding included complications such as ‘surgical site bleeding’, ‘post-operative bleeding 

requiring compression’, and ‘perioperative bleeding’. As noted in the Methods section, we 

did not include measurements of drain outputs, lap pads, or estimated blood loss as a 

bleeding complication in our review or meta-analysis.

Findings from Meta-Analysis

Of the 74 included studies, 6 were case-control studies58,72,92,93,95,96 and excluded from 

the meta-analysis. Therefore, 68 were used in the meta-analysis. The meta-analysis for 

hematoma included 35 studies and showed no difference in hematoma risk in the NSAID 

versus non-NSAID groups (p=0.492) and low heterogeneity (I2=19.5%, p = 0.157 from 

the Mantel-Haenszel Q statistic) (Figure 1). The results of the Begg’s test and influence 

summary showed no evidence of bias and no difference between groups by leaving out each 

study out at a time.

The meta-analysis for return to the operating room for surgical bleeding included 19 studies 

and showed no difference in risk in the NSAID versus non-NSAID groups (p=0.792) and 

low heterogeneity (I2=10.6%, p = 0.318 from the Mantel-Haenszel Q statistic) (Figure 2). 

The results of the Begg’s test and influence summary showed no evidence of bias and no 

difference between groups by leaving out each study out at a time.

The meta-analysis for blood transfusions included 16 studies and showed no difference in 

risk in the NSAID versus non-NSAID groups (p=0.492) and no heterogeneity (I2=0.0%, p 

= 0.172 from the Mantel-Haenszel Q statistic) (Figure 3). The results of the Begg’s test and 

influence summary showed no evidence of bias and no difference between groups by leaving 

out each study out at a time.

The results of each meta-analysis showed similar results when performed only for RCTs. We 

could not perform a meta-analysis based on age or sex due to the inability to aggregate data 

for either of these characteristics because both age and gender were either underreported or 
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not reported in a way that was assignable to the NSAID or non-NSAID group. For example, 

the average age of a group of patients might be provided in a table, but then stratified by 

age ranges or gender. Race was not reported in most studies, and so was not included in the 

meta-analysis. We did perform sub-analyses for both drug type and for the RCT studies only, 

and found no evidence for significant differences between the two groups.

Study Quality

Using a modified Downs & Black checklist of 27 items, we found that studies in this 

review had scores that ranged from 11/27 to 25/27, with an average score of 17 (Table 2), 

representing average quality overall. Studies most frequently lost points for not providing 

a list of principal confounders, not describing patients lost to follow-up, not adjusting for 

confounders in the analyses and not determining or reporting sufficient power to detect a 

clinically important effect where the probability for a difference being due to chance was 

<0.05.

Discussion

Bleeding remains a significant concern for surgeons, who must weigh the risk of post-

operative bleeding with adequate analgesia in the setting of an opioid crisis. The results 

of our systematic review and meta-analysis show that over an inclusive range of studies 

on NSAIDs, many of which were published in the last 5 years,14,77–96 NSAIDs are not 

significantly associated with postoperative hematomas, need for a return to the operating 

room, blood transfusions or other bleeding complications. The studies we reviewed were 

heterogeneous in nature, broadly covering a variety of different NSAIDs, doses and areas of 

the body, and overall, were of moderate quality.

Our study expands upon other systematic reviews and meta-analyses that sought to ascertain 

an association between NSAIDs and post-operative bleeding.97,98 Prior studies were limited 

in scope by either part of the body or type of NSAID, for example focusing only on 

plastic surgery, or only on ibuprofen,98,99 whereas our study was not limited by either. More 

recent systematic reviews and meta-analyses, including one published in 2018,99 consist 

of older studies, only as recent as 2012. Our study incorporates the surge of publications 

in 2018 alone that examined use of NSAIDs for pain control and its association with 

postoperative bleeding. A more recent meta-analysis, published in 2019,100 is limited in 

scope to hematoma only, and only evaluates plastic surgery cases. Therefore, our study 

is the most comprehensive in both time period, type of postoperative bleeding and body 

area included. Some of these prior papers come to opposite conclusions about the risk 

of perioperative NSAID use on surgical bleeding, perhaps due to their limited scope and 

smaller number of patients. Our findings are consistent with those of more recent meta-

analyses, that NSAIDs are not associated with an increase in risk of clinically significant 

postoperative bleeding.

Our study had several limitations. First, we included observational studies rather than 

including only randomized controlled trials in the systematic review. However, this allowed 

us to include a broad range of studies and areas of the body, with more than half of the 

studies being RCTs. Importantly, most of the studies were quite recent and well-designed. 
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Second, the definition of ‘bleeding’ as defined by hematoma was not uniform but based on 

how the study authors defined it. Third, the heterogeneity or poor reporting of age, race 

and gender in many studies precluded the ability to stratify our analysis by any of those 

characteristics based on the data presented in the published work. Fourth, two studies38,50 

had a short length of follow-up (12 hours) and therefore may have missed clinically 

significant bleeding. Interestingly, both of these studies were sponsored by drug companies 

(Roche38 and Pfizer50). Finally, we did not study the effect of long-term preoperative 

use of NSAIDs on postoperative bleeding, so our conclusions only apply to immediate 

perioperative use of NSAIDs. Nonetheless, our study demonstrates that NSAIDs are not 

a source of clinically significant postoperative bleeding across a wide range of types of 

NSAIDs and body areas. Therefore, with regards to surgical bleeding, our results suggest 

that NSAIDs can be safely adopted as part of a multimodal analgesic strategy in the 

postoperative period.

Consistent adoption of multimodal analgesia is imperative to stem the opioid crisis while 

continuing to adequately treat patients’ pain in the postoperative period. While interventions 

have been shown to increase uptake of acetaminophen, encouraging the use of NSAIDs has 

been more difficult. While barriers to NSAID use are multifactorial, one major barrier to use 

is the belief that NSAID use in the perioperative leads to increased surgical bleeding. Our 

systematic review and meta-analysis has shown that in fact, NSAID use was not associated 

with statistically significant postoperative bleeding.

Conclusions

The results of our systematic review and meta-analysis provide compelling evidence that 

NSAIDs, whether used in the preoperative, intraoperative or postoperative period, were 

not statistically associated with clinical bleeding in surgical patients. While other risks of 

NSAIDs should be taken into account, NSAID use can likely be safely adopted by many 

surgical specialties without fear of associated postoperative bleeding. Sustainable success 

in reducing opioid analgesia for diverse surgical procedures will require increased adoption 

of multimodal analgesia based on clear and published guidelines.27 Dissemination of these 

results is critical for increased adoption and implementation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Association with NSAIDs and Postoperative Hematoma (no statistically significant 

association)
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Figure 2: 
Association with NSAIDs and Return to the Operating Room for Bleeding (no statistically 

significant association)
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Figure 3: 
Association with NSAIDs and Blood Transfusion (no statistically significant association)
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