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Ketorolac analgesia in the emergency 
department in adults: a systematic 
review and meta-analysis
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Objective Acute painful conditions are a common reason for emergency department (ED) refer-
ral, and a broad variety of analgesic drugs can be used. Among them, ketorolac is a nonsteroidal 
anti-inflammatory drug (NSAID) that has been increasingly used in the past two decades. To 
clarify the evidence for using ketorolac in EDs, a systematic review and meta-analysis was per-
formed.

Methods A search was performed in PubMed for English-language articles published on or be-
fore February 2023. Only randomized controlled trials in adult patients with acute painful condi-
tions treated in an ED were selected. A meta-analysis was performed to evaluate the effective-
ness of ketorolac in different pain conditions.

Results Forty randomized controlled trials were selected, including studies focused on acute re-
nal colic, headache, traumatic and nontraumatic musculoskeletal pain, and biliary colic. In these 
studies, ketorolac was mainly compared to opioids and showed a similar analgesic efficacy. On 
the other hand, ketorolac does not seem to have a stronger analgesic effect than other NSAIDs.

Conclusion This systematic review indicates that ketorolac may be a valuable alternative to opi-
oids for inducing analgesia in adult ED patients. This meta-analysis showed no significant differ-
ence in efficacy between ketorolac and other drugs. Nevertheless, the evidence comparing its 
efficacy with other common NSAIDs is sparse and should be further explored in future studies.
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System
atic Review

What is already known
Ketorolac is a nonsteroidal anti-inflammatory drug (NSAID) that is increasingly 
used in emergency departments (EDs) to treat acute painful conditions.

What is new in the current study
A meta-analysis was performed to evaluate the effectiveness of ketorolac in 
different pain conditions: acute renal colic, headache, traumatic and nontrau-
matic musculoskeletal pain, and biliary colic. In the 40 studies selected, ketoro-
lac showed analgesic efficacy similar to opioids and other NSAIDs. This system-
atic review indicates that ketorolac could be a valuable alternative to opioids 
for inducing analgesia in adult ED patients.
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INTRODUCTION

Adequate management of acute pain is one of the main goals of 
emergency department (ED) care. Various analgesic drugs are 
currently available in this clinical setting, with nonsteroidal an-
ti-inflammatory drugs (NSAIDs) and opioids the most frequently 
used. Among NSAIDs, ketorolac has emerged as a potent analge-
sic that inhibits cyclo-oxygenase I and II and reduces prostaglan-
dins, prostacyclin, and thromboxane synthesis, producing analge-
sic and anti-inflammatory effects. It is commonly used for short-
term management of severe acute pain in adults [1]. Although its 
use in patients younger than 16 years is still off-label, several 
studies have demonstrated its efficacy and safety in children in 
EDs [2–4]. A recent systematic review addressed this topic, but 
clear evidence supporting the effectiveness of ketorolac remains 
limited due to the small number of available studies. Ketorolac 
generally performed at a level comparable to other drugs [5].

Previous systematic reviews have focused on ketorolac use for 
specific acute painful conditions, such as migraine or renal colic 
[6–8]. Although ketorolac appears comparable to other pharma-
cological agents for migraine treatment [6,9], it showed greater 
efficacy for renal colic in a 2021 meta-analysis and performance 
similar to ibuprofen in a 2023 meta-analysis [8,10]. However, 
conditions that are frequently managed in the ED, such as mus-
culoskeletal pain (traumatic and nontraumatic) and biliary colic, 
remain unexplored.

Consequently, clear recommendations have yet to be estab-
lished to support or discourage ketorolac use in those broader 
contexts. Moreover, to the best of our knowledge, no systematic 
review has comprehensively examined the use of ketorolac in the 
ED setting across a range of conditions.

Therefore, we systematically reviewed the literature to find evi-
dence for the effectiveness of ketorolac in adult patients present-
ing to an ED for various pain-related conditions. By including a 
broad spectrum of clinical scenarios that might potentially be 
managed with ketorolac, we seek to provide a comprehensive 
overview. Additionally, we performed a meta-analysis to evaluate 
the efficacy of ketorolac in different conditions.

METHODS

This systematic review was conducted according to the PRISMA 
(Preferred Reporting Items for Systematic Reviews and Me-
ta-Analyses) guidelines. A literature search up to February 2023 
was performed in the PubMed electronic database using the 
terms "ketorolac" and "emergency department." All returned pa-

pers that were written in English and available in full-text form 
were screened, but only randomized controlled trials (RCTs) com-
paring the efficacy of ketorolac with that of other drugs for man-
aging pain, whatever the cause, in adult ED populations (>16 
years) were included. Case series, cohort studies, cross-sectional 
studies, uncontrolled studies, and reviews were excluded.

Two authors independently assessed the potential eligible stud-
ies and selected those that met the inclusion criteria. Any dis-
crepancies were resolved by consensus or by involving a third au-
thor.

The original search returned 228 items with 1 duplicate. After 
manual screening, 187 were excluded: 152 for being irrelevant to 
the scope of the review, 27 for not being RCTs, and 8 for involving 
pediatric subjects. Ultimately, 40 research articles met the inclu-
sion criteria and are reviewed here (Fig. 1).

The following information was collected from each selected 
study: study design, sample size, age of participants, type of pain, 
type of intervention, study outcomes, and key results (mainly me-
dian with interquartile range and mean±standard deviation of 
pain assessment). All the information was collected in an elec-
tronic sheet specifically developed for this study.

The comparison drugs used in the studies were morphine, ibu-
profen, ketamine, metoclopramide, valproate, diphenhydramine, 
prochlorperazine, chlorpromazine hydrochloride, meperidine plus 

228 Identified through database searching

227 Screened

75 Full-text articles assessed for eligibility

40 Included

40 Analyzed
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1 Duplicate removed

152 Excluded (not relevant)
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27 Non-RCTs
  8 Referred to pediatric population

Fig. 1. PRISMA (Preferred Reporting Items for Systematic reviews and 
Meta-Analyses) flow diagram of the selection process. RCT, randomized 
controlled trial.
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promethazine, meperidine plus hydroxyzine, lidocaine, desmo-
pressin, diclofenac, acetaminophen, codeine, butorphanol, and 
meperidine.

Meta-analysis
The metafor and dmetar packages in RStudio (Posit) were used to 
perform the meta-analysis. Effect sizes were estimated using the 
"escalc" function and expressed as standardized mean differences 
(SMDs), calculated from changes in pain scores from baseline 
(pain score reductions). Random-effects models were fitted using 
the rma function with restricted maximum likelihood estimation. 
The influence analysis was conducted using the “influence” func-
tion, and outliers were identified with the “find.outliers” function. 
The studies were divided based on the types of drugs analyzed 
within each group and then by route of ketorolac administration.

The US National Heart, Lung, and Blood Institute (NHLBI) Study 
Quality Assessment of Controlled Intervention Studies was used 
to grade the risk of bias [11], which was visualized using the 
“robvis” online tool. Two authors examined the articles and cate-
gorized each item on the risk-of-bias scale as low (numeric value, 
0), moderate (numeric value, 1), high (numeric value, 2), critical 
(numeric value, 3), or not informative. The sum of all items for 
each article was categorized as low (range, 0–10), moderate 
(range, 11–21), high (range, 22–31), or critical (range, 32–42).

The judgments used to inform the recommendation were 
structured using the GRADE (Grading of Recommendations As-
sessment, Development and Evaluation) evidence-to-decision 
framework [12].

RESULTS

Acute renal colic
We included 14 trials focused on analgesia in adult patients with 
acute renal colic (Table 1) [13–26]. These trials included 1,776 
patients aged 18 to 80 years. Ketorolac was administered intra-
venously in 11 trials [13–15,19–26] and intramuscularly in the 
remaining 3 trials [16–18].

Four trials compared intravenous ketorolac with intravenous 
morphine alone or in combination with other drugs (ibuprofen, 
butylscopolammonium bromide, or ketorolac itself) [13,24–26]. In 
one trial, the combination of 800 mg of intravenous ibuprofen 
and 5 mg of intravenous morphine and the combination of 30 
mg of intravenous ketorolac and 5 mg of intravenous morphine 
were similarly effective and more effective than 5 mg of mor-
phine alone [13]. Moreover, the combination of 0.1 mg/kg of in-
travenous morphine and 30 mg of ketorolac was superior to both 

single drugs alone [24]. In the same way, the combination of 5 
mg of intravenous morphine and 15 mg of intravenous ketorolac 
was more effective than either drug alone [26]. On the contrary, 
5 mg of intravenous morphine alone was as effective as an intra-
venous combination of 5 mg of morphine, 30 mg of ketorolac, 
and 20 mg of butylscopolammonium bromide [25].

One trial compared 0.6 mg/kg of intravenous ketamine and 30 
mg of intravenous ketorolac and reported that the analgesic ef-
fects of the two regimens were similar at 5, 15, 30, 60, and 120 
minutes after administration [19]. However, patients in the ket-
amine group experienced significantly more frequent side effects.

One trial reported that 800 mg of intravenous ibuprofen was 
more effective than 30 mg of intravenous ketorolac in reducing 
renal colic pain [20].

The combination of 30 mg of intravenous ketorolac and 50 mg/
kg of intravenous magnesium sulphate was not more effective 
than ketorolac alone [22]. In the same way, the combination of 
30 mg of intravenous ketorolac and 0.125 mg of hyoscyamine did 
not produce any additive effect over ketorolac alone [15].

A dose of 40 μg of intranasal desmopressin was less effective 
than 30 mg of intravenous ketorolac [23].

One trial compared doses of intravenous ketorolac and report-
ed that 10, 20, and 30 mg were equally effective in decreasing 
pain related to renal colic [14].

In three trials that administered ketorolac through the intra-
muscular route, 60 mg was more effective than 100 and 150 mg 
of intramuscular meperidine [16] and as effective as 75 mg of in-
tramuscular diclofenac [18]. In the third study, 30 mg of intra-
muscular ketorolac had the same efficacy as 75 mg of intramus-
cular diclofenac [17].

Collectively, the available results are inconclusive in establish-
ing the intensity of ketorolac effects compared to those of other 
therapeutic agents. Consequently, we conducted a meta-analysis 
to statistically aggregate and compare the findings systematical-
ly. Only the studies by Sotoodehnia et al. [19], Forouzanfar et al. 
[20], Motov et al. [21], Maleki Verki et al. [22], Arhami Dolatabadi 
et al. and Cohen et al. [17] were included in the meta-analysis.

The results indicate no different effectiveness of ketorolac over 
that of the other drugs (estimated coefficient, –0.09; 95% confi-
dence interval [CI], –1.11 to 0.93; P>0.05; I2 =84.73%; H2 =6.55) 
(Fig. 2A, Suppl. 1) [17,19–21,23]. No outlier was identified (Suppl. 
2).

Headache
Ten RCTs focused on treatment of headache in adult patients com-
prised of 942 subjects from 18 to 65 years old (Table 2) [27–36]. 
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Ketorolac was administered intravenously at a dose of 30 mg in 
five trials [27–31], intramuscularly at a dose of 30 mg in one trial 
[32], and intramuscularly at a dose of 60 mg in four trials [33–
36].

Intravenous ketorolac was compared with 10 mg of intrave-
nous metoclopramide in two trials [28,29], to 0.75 mg/kg of in-
tranasal ketamine in one trial [27], to 1 g of intravenous val-
proate in one trial [29], to a combination of 20 mg of metoclopr-
amide and 25 mg of diphenhydramine in one trial [30], and to 10 
mg of intravenous prochlorperazine in one trial [31].

Intramuscular ketorolac was compared with 25 mg of intrave-
nous chlorpromazine in one trial [33], to a combination of 50 mg 
of intramuscular meperidine and 25 mg of intramuscular pro-
methazine in one trial [34], to a combination of 75 mg of intra-
muscular meperidine and 25 mg of intramuscular promethazine 
in one trial [35], to a combination of 100 mg of meperidine and 
50 mg of hydroxyzine in one trial [36], and to 75 mg of meperi-
dine in one trial [32].

The two trials that compared 30 mg of intravenous ketorolac 
with 10 mg of intravenous metoclopramide reported similar ef-
fectiveness after 60 minutes [28,29]. The trial that compared 30 
mg of intravenous ketorolac with a combination of 20 mg of in-
travenous metoclopramide and 25 mg of diphenhydramine re-
ported that the combination was more effective than ketorolac 
after 60 minutes [30]. The trial that compared 0.75 mg/kg of in-
tranasal ketamine with 30 mg of intravenous ketorolac found 
that ketorolac was less effective after 30 minutes and more ef-
fective after 60 and 120 minutes [27]. The trial that compared 1 
g of intravenous valproate and 30 mg of intravenous ketorolac 
showed that valproate was less effective than ketorolac after 60 
minutes [29]. The study that compared 30 mg of intravenous ke-
torolac with 10 mg of intravenous prochlorperazine reported that 
prochlorperazine was more effective than ketorolac after 60 min-
utes [31].

The trial that compared 60 mg of intramuscular ketorolac with 
25 mg of intravenous chlorpromazine showed that the two regi-
mens were similarly effective after 120 minutes [32].

Among the four trials that compared intramuscular ketorolac 
with intramuscular meperidine, alone or in combination with 
promethazine or hydroxyzine, three showed that ketorolac and 
meperidine were similarly effective [34–36], and one reported 
that ketorolac was less effective after 60 minutes [32]. Unlike the 
other trials, in which the dose of intramuscular ketorolac was 60 
mg, Larkin [32] administered it at a dose of 30 mg.

When the meta-analysis was performed to statistically com-
pare the studies, the work by Larkin [32] was excluded due to the 
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Fig. 2. Forest plot of the meta-analysis for effectiveness of ketorolac versus other drugs in treating painful conditions. Values left of 0 (negative stan-
dardized mean difference [SMD]) favor ketorolac. (A) Renal colic. (B) Headache. (C) Nontraumatic musculoskeletal pain. (D) Traumatic musculoskeletal 
pain. (E) Biliary colic. CI, confidence interval; OMT, osteopathic manipulative treatment.
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Fig. 2. (Continued).

use of a different pain assessment method than the other studies. 
The results of the meta-analysis did not demonstrate a clear ad-
vantage or inferiority of ketorolac compared with the other ther-
apeutic agents (estimated coefficient, 0.62; 95% CI, –0.11 to 
1.35; P>0.05). Although a trend of minor efficacy for ketorolac 
was observed, the heterogeneity was medium-high (I2 =86.14%, 
H2 =7.21) (Fig. 2B, Suppl. 1, 2) [27–31,33–36].

When assessing outliers, the studies by Sarvari et al. [27] and 
Harden et al. [34] (only ketorolac vs. meperidine promethazine) 
were identified and removed. The new results showed that ke-
torolac was slightly less effective than the other drugs used to 
treat headaches (estimated coefficient, 0.67; CI, 0.02 to 1.21; 
P=0.02; I2 =74.13%; H2 =3.87).

Nontraumatic musculoskeletal pain
Six RCTs focused on the treatment of nontraumatic musculoskel-
etal pain, mainly low back pain, in adults, including 683 patients 
aged 18 to 65 years (Table 3) [37–42]. Ketorolac was adminis-
tered intramuscularly in three trials [37,40,41], orally in two 
[38,42], and intravenously in one [39].

One trial investigated the analgesic effect of doses of 15 and 
60 mg of ketorolac and showed that they were similarly effective 
60 minutes after administration [37]. Another study compared 
the effect of 30 mg of intramuscular ketorolac with an osteo-
pathic manipulative treatment and showed that the two ap-
proaches were similarly effective in pain reduction after 1 hour 
[40]. When compared with 1 mg/kg of intramuscular meperidine, 
60 mg of intramuscular ketorolac had a similar analgesic effect 

60 minutes after administration [41].
One trial compared oral administrations of 600 mg of ibupro-

fen, 50 mg of diclofenac, and 10 mg of ketorolac every 8 hours, 
as needed, for 5 days [38]. At the scheduled follow-up, no signifi-
cant difference was found among the three regimens.

Ten milligrams of oral ketorolac every 4–6 hours was about as 
effective as oral acetaminophen (600 mg) + codeine (60 mg) ev-
ery 4–6 hours [42].

A trial that compared 100 mg of intravenous lidocaine with 30 
mg of intravenous ketorolac showed similar effectiveness after 
60 minutes in addressing acute radicular low back pain [39].

Overall, the included studies did not demonstrate a significant 
difference between ketorolac and other drugs.

The study by Turner et al. [37] was excluded from the me-
ta-analysis because it compared different doses of ketorolac, and 
the study by Veenema et al. [41] was excluded because it lacked 
sufficient data for analysis.

The meta-analysis indicated comparable effectiveness between 
ketorolac and other drugs (estimated coefficient, –0.01; 95% CI, 
–0.44 to 0.43; P>0.05), although a high degree of heterogeneity 
was observed (I2 =  58.40%, H2 =2.40) (Fig. 2C, Suppl. 1) [38–
40,42]. No outliers were identified in this analysis (Suppl. 2).

Musculoskeletal trauma
Three RCTs including 318 subjects aged 16 to 70 years focused on 
pain related to musculoskeletal trauma (Table 4) [43–45]. Two of 
them administered ketorolac intravenously [43,44], and one used 
the intramuscular route [45]. Intravenously, ketorolac was admin-
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istered at an initial dose of 10 mg, followed by 5 mg doses for a 
total of up to 30 mg, as needed [43,44]. In the trial in which ke-
torolac was used intramuscularly, it was administered at a dose 
of 60 mg [45].

Intravenous ketorolac was compared with intravenous mor-
phine in two RCTs [43,44], and intramuscular ketorolac was com-
pared with oral ibuprofen in one RCT [45]. These trials showed 
that 10 mg of intravenous ketorolac (titrated up to 30 mg, as 
needed) was as effective as 5 mg of intravenous morphine (titrat-
ed up to 15 mg, as needed) in providing pain relief 5 and 30 min-
utes and 1 hour after administration [43,44]. Moreover, 60 mg of 
intramuscular ketorolac was as effective as 800 mg of oral ibu-
profen 15, 30, 45, 60, 75, 90, and 120 minutes after administra-
tion [45].

The meta-analysis confirmed that the effectiveness of ketoro-
lac was comparable to that of morphine and ibuprofen alone (es-
timated coefficient, –0.07; 95% CI, –0.44 to 0.30; P>0.05). These 
studies showed low heterogeneity (I2 =0%, H2 =1.00) (Fig. 2D, 
Suppl. 1) [43–45]. No outlier was identified (Suppl. 2).

Biliary colic
The three RCTs focused on biliary colic in adults included 400 pa-
tients aged 18 to 71 years (Table 5) [46–48]. In these trials, ke-
torolac was administered intravenously in two [46,47] and intra-
muscularly in one [48].

One trial compared 30 mg of intravenous ketorolac and 1 mg 
of intravenous butorphanol and showed that the regimens were 
similarly effective 30 minutes after administration [46]. Another 
trial compared 30 mg of intravenous ketorolac and 50 mg of in-
travenous meperidine and showed similar efficacy between the 
two regimens 30, 60, and 120 minutes after administration [47]. 
The third trial compared 60 mg of intramuscular ketorolac with 
1.5 mg/kg of intramuscular meperidine (maximum, 100 mg), and 
they were also similarly effective 30 minutes after administration 
[48].

Overall, the available studies did not demonstrate clear superi-
or effectiveness of ketorolac over other drugs for management of 
biliary colic; however, only two studies were included in the anal-
ysis [46,48].

The results of the meta-analysis similarly indicate no signifi-
cant difference in potency between ketorolac and the other 
treatments used for pain associated with biliary colic (estimated 
coefficient, 0.38; 95% CI, –0.81 to 1.57; P>0.05), with moderate 
heterogeneity observed (I2 =59.00%, H2 =2.44) (Fig. 2E, Suppl. 1) 
[46,48]. No outliers were identified (Suppl. 2).
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Other conditions
Trials of other conditions are summarized in Table 6 [49–52]. One 
randomized trial of 101 adult patients (aged 34.8±9.0 years in 
the ketorolac group and 35.1±10.3 years in the ibuprofen group) 
with moderate to severe pain of various origins compared 60 mg 
of intramuscular ketorolac to 800 mg of oral ibuprofen [49]. After 
15, 30, 45, 60, 90, and 120 minutes, the decrease in pain scores 
was similar in the two regimens. In the same way, another trial 
that enrolled 93 patients aged 18 to 75 years with acute pain of 
various etiologies compared the analgesic effects of 60 mg of in-
tramuscular ketorolac and 100 mg of intramuscular meperidine 
[50]. No differences were found in pain scores after 60, 120, and 
180 minutes. One trial enrolled 240 patients (18–65 years old) 
with pain from different origins to investigate the effects of three 
intravenous doses of ketorolac: 10, 15, and 30 mg [51]. Thirty 
minutes after administration, the reduction in pain scores was 
similar for all three doses.

Finally, a trial considering adult subjects with sickle cell–related 
pain crises investigated whether adding 60 mg of intramuscular 
ketorolac to a combination of 50 mg of intravenous meperidine 
and 12.5 mg of intravenous promethazine would improve pain 
outcomes. Those results showed that adding ketorolac did not 
provide an advantage in pain scores compared with the control 
[52].

Due to the heterogeneous conditions analyzed across these 
studies, no meta-analysis was conducted for this group of RCTs.

Other comparisons
To provide a more comprehensive overview of ketorolac use, two 
additional sets of comparisons were conducted. The studies were 
stratified based on type of comparator drug or subclassified ac-
cording to route of ketorolac administration. Ketorolac demon-
strated efficacy superior to that of anesthetic drugs but lower ef-
ficacy than antiemetic agents. When comparing the different 
routes of administration (intramuscular, intravenous, or oral), no 
significant differences in efficacy were observed among the sub-
groups. The detailed results of these analyses are presented in 
Suppl. 3 and Suppl. 4.

Risk of bias and grade of evidence assessments
The risk of bias was low in all the studies included in the me-
ta-analysis (Fig. 3) [17,19–23,27–31,33–36,38–40,42–46,48]. The 
main issue was limited information regarding power analysis be-
cause some studies did not report their sample size calculation.

Funnel plot analysis was performed to assess potential publica-
tion bias related to small studies and did not reveal any highly di-

vergent studies (Suppl. 5). The judgments used to inform the rec-
ommendation are summarized in the GRADE evidence-to-deci-
sion framework in Suppl. 6. The final assessment produced a con-
ditional recommendation for either the intervention or the com-
parison.

DISCUSSION

This review shows that the effectiveness of ketorolac has been 
studied in a broad variety of acute painful conditions in the ED 
setting, with several studies specifically focused on acute renal 
colic, headache, nontraumatic musculoskeletal pain, traumatic 
pain, or biliary colic.

In general, ketorolac was compared more frequently with opi-
oids than with other NSAIDs. Among the studies analyzed, only 
seven (four focused on acute renal colic, one on musculoskeletal 
pain, one on traumatic pain, and one on pain from various condi-
tions) compared ketorolac with other NSAIDs, namely, ibuprofen 
and diclofenac. Notably, no RCTs compared ketorolac with other 
NSAIDs for headaches. Interestingly, none of the reviewed studies 
showed that ketorolac had better efficacy than other NSAIDs, 
and that result was confirmed by our meta-analysis.

On the other hand, according to the studies included in this re-
view, ketorolac showed comparable analgesic efficacy to opioids 
in treating the acute painful conditions analyzed, and the me-
ta-analysis produced the same result. These data confirm that 
opioids do not seem to be superior to NSAIDs for treatment of 
headache, acute renal colic, traumatic and nontraumatic muscu-
loskeletal pain, and biliary colic. These results are extremely rele-
vant during the so-called “opioid crisis” that is killing thousands 
of people every year in the United States [53]. Even though opi-
oids are an evidence-based cornerstone of treatment for patients 
with postoperative pain or cancer, nonopioid analgesics seem to 
be just as effective for numerous acute painful conditions treated 
in EDs [54]. In this sense, the available knowledge should lead to 
more thoughtful and evidence-based management of prescrip-
tions in clinical ED practice [55].

In the studies analyzed, ketorolac was administered intramus-
cularly or intravenously. It was not administered intranasally, and 
only two studies reported oral administration. This finding con-
trasts with pediatric studies, in which ketorolac is mainly used 
intranasally and orally [2–4]. Stratifying the studies by route of 
ketorolac administration revealed no significant differences in its 
effectiveness compared with other drugs.

In specific painful conditions, ketorolac did not show superior 
efficacy to a dopamine antagonist for headache, and no studies 
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Fig. 3. Risk of bias visualization according to the 14 domains of the US National Heart, Lung, and Blood Institute (NHLBI) Study Quality Assessment Tool 
for Controlled Intervention Studies. (A) A traffic plot depicting the risk of bias in each study across all questions. (B) The weighted bar plot illustrating 
the distribution of risk of bias. D1, randomized study design; D2, adequate randomization method; D3, allocation concealment; D4, blinding of partici-
pants and providers; D5, blinding of outcome assessors; D6, baseline group similarity; D7, overall dropout rate ≤20%; D8, differential dropout rate 
≤15%; D9, adherence to intervention protocols; D10, avoidance of cointerventions; D11, valid and reliable outcome measures; D12, adequate statistical 
power/sample size; D13, prespecified outcomes or subgroup analyses; D14, intention-to-treat analysis.
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comparing ketorolac with other NSAIDs are available for head-
ache. Several studies focused on the painful abdominal condi-
tions of renal and biliary colic. For acute renal colic, which was 
more extensively studied, ketorolac was as effective as opioids 
and ketamine but not more effective than other NSAIDs.

The studies of traumatic and nontraumatic musculoskeletal 
pain report no evidence of ketorolac superiority to ibuprofen, but 
the number of studies comparing the two drugs was small. In 
agreement with those observations, our meta-analysis did not 
reveal superiority of ketorolac over the other drugs tested, indi-
cating that the performance of ketorolac is comparable across 
various conditions. The risk of bias was evaluated to be low in all 
the studies included in the meta-analysis.

Limitations
This review has some limitations. First, the search was conducted 
only in PubMed, and only articles written in English were consid-
ered, so we cannot exclude the possibility that some relevant 
studies might not have been included. Additionally, the included 
studies displayed considerable heterogeneity, with variability in 
drug dosing, study conditions, and other factors. Comparisons 
between regimens were often based on single studies, potentially 
reducing the strength of the conclusions. This variability is re-
flected in the heterogeneity metrics of the meta-analysis and 
might partly account for the lack of significant findings. Given 
that newer studies often introduce methodological variations, a 
certain degree of heterogeneity was anticipated. To address this, 
we reported the heterogeneity metrics, conducted outlier and in-
fluence analyses, and repeated our meta-analysis after excluding 
highly divergent studies. Nevertheless, the risk of bias assessment 
indicated no studies at high risk, and the funnel plot analysis for 
small-study effects did not reveal substantial publication bias.

Conclusions
This review highlights ketorolac as a good option for analgesia in 
the ED setting in several acute painful conditions: renal colic, 
headache, traumatic and nontraumatic musculoskeletal pain, and 
biliary colic. The results of the meta-analysis confirm that ketoro-
lac has efficacy comparable to other drugs for management of 
acute pain in adult ED patients. Future studies are needed to fur-
ther compare the efficacy of ketorolac with other common 
NSAIDs frequently prescribed in the ED setting.
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