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Emergency Department Patients with Acute Pain
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I

ABSTRACT
.....................................................................................................................................................

Objective: To determine whether Ih4 ketorolac is superior to oral ibuprofen in patients presenting to an ED
in moderate to severe pain.
Methods: This prospective, randomized, double-blind study involved a convenience sample of 119 patients
aged 2 1 8 years who presented to an urban teaching hospital ED with a self-assessed pain intensity score of
5, 6, 7, or 8 (on a numerical rating scale of 0-10). Patients were randomized to receive either 60 mg of IM
ketorolac and a placebo capsule or 800 mg of oral ibuprofen and a saline injection. Pain scores were measured
at 0, 15, 30, 45, 60, 90, and 120 minutes after dosing. Supplemental analgesics were allowed in accordance
with standard medical practice.
Results: There were 18 patients excluded who did not remain in the ED for the full 2-hour study period. Of
those completing the trial, 53 patients received ketorolac and 48 patients received ibuprofen. There were no
significant differences in pain scores between ketorolac and ibuprofen at any time during the study. However,
there was a statistically significant decrease in pain over time in both treatment groups. Yet, 40% of the
patients continued to report pain intensity scores of 5-8 at 2 hours after treatment.
Conclusions: IM ketorolac and oral ibuprofen provide comparable levels of analgesia in ED patients presenting with moderate to severe pain. Unfortunately, 40% of all the patients had inadequate pain relief (pain
score 2 5 ) from either ketorolac or ibuprofen.
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I Ketorolac is a widely used analgesic in the ED.’ Ketorolac’s popularity is likely due to studies demonstrating
its potency to be comparable to low-dose opioids in the
relief of postoperative pain?-6 its availability in parenteral
form, and successful marketing. However, its mechanism
of action, reversible inhibition of prostaglandin synthesis
at the level of cyclooxygenase,’ is the same as that for all
other NSAIDs. Furthermore, ketorolac has been only
rarely compared with other NSAIDs in the ED setting.’-” We, therefore, directly compared IM ketorolac
and oral ibuprofen in a double-blind, randomized manner
in patients presenting to an urban teaching hospital ED
experiencing moderate to severe pain from a variety of
etiologies.

I ....................................................................
METHODS
Study Design: This was a randomized, double-blind
comparison of oral ibuprofen and IM ketorolac in patients
presenting between October 1995 and August 1996 with
moderate to severe pain from a variety of etiologies. This
study was approved by the committee on human research,
and written, informed consent was obtained from each
patient prior to enrollment.

Setting and Population: San Francisco General Hospital is an urban teaching hospital, with an annual adult
ED census of >75,000 visits. A convenience sample of
patients, aged 2 1 8 years, presenting to the ED with rnod............................................................
erate to severe pain were eligible for enrollment. Patients
were
enrolled based on the availability of research assisFrom Sari Francisco General Hospital, San Francisco, CA. Department
of Enrergency Services (MLN. U P ) ;and Universiry of California, San tants. Patients with any of the following were excluded
Francisco, CA, School of Medicine, Department of Medicine (MLN) from study: known allergy to NSAIDs, receiving anticoand School of Nursing (KAP).
agulant therapy, pregnant or lactating, known coagulopaReceived: March 20, 1997: revision received: July I I . 1997; accepted: thy or bleeding, peptic ulcer disease, renal insufficiency,
July 12, 1997.
migraine headache, sickle cell vaso-occlusive crisis, being
treated
in resuscitation rooms, NSAID use in the previous
Prior presentation: SAEM annual meeting, Washington. DC, May 1997.
12
hours,
inability to report pain using a numeric rating
Address for correspondence and reprints: Martha L. Neighbos MD,
scale
(NRS).
Patients with migraine headache and sickleDepartment of Emergency Services, San Francisco General Hospital,
cell
crisis
were
excluded because these patients typically
1001 Potrero Avenue, San Francisco, CA 94110. Fax: 415-206-5818;
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receive additional medications that might confound the
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results of this study. Patients in resuscitation rooms were
excluded from the study because they were considered too
unstable for the enrollment process. Those patients who
left the ED prior to completion of the 2-hour monitoring
period were excluded from the primary analysis.

Measurements: Patients rated their pain intensity using
a horizontal 0-10 NRS, where 0 corresponds to “no
pain” and 10 corresponds to “worst possible pain.” Construct validity of the NRS has been established through
factor a n a l ~ s i s , ’ ~and
* ’ ~concurrent validity has been established with visual analog scales (VASS),’~
as well as pain
intensity word scales and simple descriptive scale^.^^.'^
While a VAS is often used in clinical research, we chose
to use the NRS to measure pain intensity because of its
ease of use in the clinical setting, and because of the 7%
to 11% “failure rate” associated with the use of a
VAS.’6*1’
Patients were eligible for enrollment if they rated their
pain on the NRS as 5-8. This level of pain is considered
moderate to severe.” Patients who rated their pain on the
NRS as 9 or 10 were considered to have severe pain and
were excluded from the study.

Procedures: In a randomized. double-blind fashion, patients received either 60 mg ketorolac IM and a placebo
capsule, or an 800-mg ibuprofen capsule and a placebo
(saline) IM injection. Blinding was ensured by identicalappearing placebo and ibuprofen capsules, and identicalappearing ketorolac and saline injections. Medication
packages were prepared by the hospital pharmacy and
study drugs were randomized using a computer randomnumber generator and stored in a locked office in the ED.
Pain intensity was measured prior to obtaining consent
for enrollment, prior to treatment (baseline), and 15, 30,
45, 60, 90, and 120 minutes after treatment, using the
NRS.Research nurses obtained consent from patients, administered the study medications, and collected data. Subjects pointed to a number on a card that displayed the
NRS, and as a result had no written record of their previous pain ratings. Emergency physicians were allowed to
provide supplemental analgesics of their choice (excluding NSAIDs) to their patients at any time, in any amounts,
in accordance with standard medical practice. Side effects
were elicited by the research nurses with an open-ended
question.
Data Analysis: A sample size of 65 patients per group
was determined a priori, based on an a-significance level
of 0.05, with a power of 0.80 to detect a median effect
size of 0.25 between groups. This median effect corresponds to a 10% difference in NRS scores. The demographic characteristics of the 2 treatment groups were
compared using unpaired t-tests and x2 analyses. A repeated measures analysis of variance (ANOVA) with 1

I
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TABLE 1 Patient Characteristics*
..............................................................................

Sex
Female
Male
Age-mean

2

SD

Ketorolac
(n = 61)

Ibuprofen
(n = 58)

17 (28%)
44 (72%)

17 (28%)
40 (69%)

34.8 2 9.0 yr 35.1 t 10.3 yr

Ethnicity
White
Black
Hispanic
Native American
Chinese
Other

29 (48%)
13 (21%)
16 (26%)
2 (3%)
1 (2%)
0

23 (40%)
15 (26%)
14 (24%)
0
3 (5%)
3 (5%)

Living situation
Home
Sheltedstreets

44 (75%)
15 (25%)

41 (73%)
15 (27%)

Pretreatment pain score-mean
(0- 10 scale)

2 SD

6.8 t 1.2

7.0 t 1.2
~~

~

*Differences in patient characteristics between groups were not significant.

between-subjects factor (i.e., type of drug) and 1 withinsubjects factor (i.e., time) was used to analyze differences
in pain over time according to type of drug received. All
tests of significance were 2-sided. An interim analysis of
the data was performed by an independent group after 119
patients were enrolled. The study was stopped when it was
determined that this number of patients was sufficiently
large to answer the study question.

I

RESULTS
..............................................................................

A total of 119 patients met inclusion criteria and were
enrolled in the study; 61 received ketorolac and 58 received ibuprofen. Comparison of the 2 drug groups
showed no significant differences in age, gender, ethnicity,
living situation (i.e.. whether home or shelterhtreet). pretreatment pain scores (Table l), or final diagnoses (Table
2). Of the 119 patients, 101 (53 ketorolac and 48 ibuprofen) remained in the ED for the 2-hour study period and
were included in the primary analysis. No differences
were found between the patients who stayed 2 hours and
those who left prior to 2 hours in terms of their ages,
baseline pain scores, and pain scores at 15, 30, 45, 60,
and 90 minutes.
The repeated-measures ANOVA revealed a significant
decrease in pain over time in both the ketorolac and ibuprofen treatment groups (Fig. 1). However, there was no
difference over time between the 2 drug groups. In fact,
pain intensity scores of patients who received ketorolac
and patients who received ibuprofen did not differ significantly at any of the study times. Nine patients received
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TABLE 2 Final Diagnoses*
..............................................................................
Ketorolac
(n = 61)

Ibuprofen
(n = 5 8 )

11 (18%)
3 (5%)
20 (33%)
8 (13%)
1 (2%)
1 1 (18%)
2 (3%)

12 (21%)
4 (7%)
22 (38%)
8 (14%)
2 (3%)
3 (5%)
3 (5%)

~

Fracture
Headache
Spraidstrain
Contusion
Pneumoniabronchitis
Cellulitidabscesst
AbdominaVflank pain
Radiculopathy
Other

2 (3%)

1 (2%)

3 (5%)

3 (5%)

*Differences in final diagnoses between groups were not significant.
?Sample size may have been loo small to detect a significant difference.

supplemental analgesia (average of 5 mg of morphine), 5
in the ketorolac group and 4 in the ibuprofen group. Entering the use of supplemental morphine as a covariate in
the repeated-measures ANOVA model did not influence
study results.
In spite of an overall significant decrease in pain intensity over time, 40 (40%) of the study patients continued
to report pain intensity scores of 5-8 at 2 hours after
treatment with the study medication. This frequency of
inadequate analgesia after 2 hours did not vary according
to the type of analgesic the patient received. Of the patients showing little response, there were 21 receiving ketorolac, with a mean pain score of 6.0 5 1.0, and 19
receiving ibuprofen, with a mean pain score of 6.3 2 1.0
after 2 hours.
Possible side effects to the study medications (5 in
each treatment group) were comparable and included nausea or gastrointestinal upset, dizziness or lightheadedness,
sleepiness, and headache. All of our patients tolerated oral
therapy without vomiting.

I ..............................................................................
DISCUSSION
We directly compared IM ketorolac and oral ibuprofen in
ED patients experiencing moderate to severe pain and
found the 2 drugs to be equally effective in relief of pain.
In the ibuprofen group, the mean pain score decreased
from 7.0 to 3.8. In the ketorolac group the mean pain
score decreased from 6.8 to 3.7. These represent a 46%
reduction in pain scores. Although many factors may affect whether a change in reported pain score is clinically
"meaningful" to a patient, researchers have suggested
that a minimum of 13%19to 23%" reduction in pain from
baseline infers clinical significance. NRS pain scores below 4 have been shown to correspond to mild pain, while
scores from 5 to 10 are considered to be moderate to
severe.'' Therefore, both of our treatment groups had statistically and clinically significant reductions in pain.
However, we found no significant differences in analgesic efficacy between the 2 study drugs. In fact, the

differences between the 2 treatment groups over time were
so very small that a post-hoc power analysis indicated that
a minimum of 1,700 additional patients would be needed
to show a statistical difference, if it existed.
Ketorolac has been only rarely compared with other
NSAIDs in the ED setting, and in the few published studies, has not been found to be superior to either ibuprofen,
diclofenac, or indomethacin.'-" In a retrospective study
of ED patients in acute pain, Wright and colleagues found
a single oral dose of 800 mg of ibuprofen and a single
oral dose of 60 mg of ketorolac IM produced similar degrees of pain relief.' In a study looking at pain relief in
ureteral colic, Stein et al. found no difference between
ketorolac and the NSAID diclofenac? In the treatment of
pain in acute gouty arthritis, Shrestha et al. compared IM
ketorolac and oral indomethacin and found no significant
difference between the 2 groups.1o
Turturro et al. compared IM ketorolac and oral ibuprofen in a group of 77 patients with musculoskeletal pain
and concluded that these 2 NSRIDs had comparable efficacies.''
Our study differs from these previously published investigations in several important ways. First, unlike the
retrospective study by Wright et al.,* ours was a prospective, randomized, double-blind trial. Second, unlike those
of both Wright et al.' and Stein et al.,9 whose ketorolac
groups both had higher levels of pain than did the comparison groups, our treatment groups were comparable in
their pretreatment pain intensity scores. Third, the study
by Shrestha et a1.l' used the Wong-Baker Faces Scale,
which incorporates visual manifestations of pain, and may
more directly measure the emotional components of
pain." We used the NRS to emphasize the intensity dimension of pain," but further research is warranted to
evaluate the effects of analgesics on ED patients' sensory,
emotional, and behavioral responses to pain. Finally,
whereas other studies limited their study population to
patients with only one type of pain (e.g., ureteral colic,
gout, musculoskeletal pain), our patients had pain from
diverse etiologies, reflecting the broader population of ED
patients who currently receive ketorolac for pain relief.
Despite the published literature, ketorolac continues to
enjoy widespread use in the ED for an ever-increasing
number of pain etiologies. One rationale for its use is its
availability in parenteral form. However, our study failed
to reveal any difference in efficacy between IM ketorolac
and oral ibuprofen, even at early time points when peak
analgesic effect would be expected from the IM route of
delivery.
In our study, 40% of the patients continued to experience moderate to severe pain (NRS scores of 5-8) at 2
hours after treatment. While the frequencies of inadequate
analgesia were similar in both the ibuprofen and ketorolac
groups, few patients in either group received supplemental
analgesics. We did not enroll patients who reported ex-
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treme pain, that is, N R S scores of 9 or 10. Yet, even in
patients with moderate to severe pain, NSAIDs do not
generally appear to provide adequate analgesia. Furthermore, the underuse of supplemental analgesia suggests
that inadequate treatment of pain remains an important
issue for ED staff.
In postoperative patients, ketorolac has been found to
be comparable to low- to moderate-dose opioids. This has,
in part, created the impression that ketorolac is an unusually potent analgesic. As noted above, and as demonstrated in this study, however, ketorolac is not superior to
ibuprofen in treating a variety of kinds of pain commonly
encountered in the ED setting. Furthermore, ketorolac is
much more expensive than ibuprofen. At our institution,
a single dose of ketorolac, 60 mg IM, costs $6.80, compared with ibuprofen, 800 mg orally, which is $0.03, and
morphine, 8 mg IV, which is $0.48. We conclude that the
widespread use of ketorolac for treating patients with
moderate pain in the ED does not appear justified.

I .............................................................................
LIMITATIONS AND FUTURE QUESTIONS
There were several limitations to our study. First, a selection bias may exist because we used a convenience sample
of patients. Analysis of the treatment groups however,
shows that randomization was successful. A selection bias
may also exist because we did not include patients with
extreme pain or patients being treated in resuscitation
rooms. Furthermore, we excluded patients with migraine
headaches and sickle cell vaso-occlusive disease, because
these patients typically are managed with antiemetics,
opioid analgesics, or other medications that might confound the results.
Second, our patients were a heterogeneous group with
different etiologies for their pain, some of which (e.g.,
radiculopathy) may not be responsive to NSAIDs. This
may, in part, explain the large number of patients in our
study who continued to experience moderate to severe
pain at 2 hours after treatment. The majority of our patients had musculoskeletal etiologies for their pain. It is
possible that any advantage of one drug over the other in
the treatment of nonmusculoskeletal disorders was
“swamped” by the evenness of response in the musculoskeletal group. ’
Our study was also limited in that we did not control
for patients’ undergoing other procedures (e.g., cast application, joint manipulation, immobilization) for their
medical conditions that could have influenced their pain.
However, a post-hoc analysis showed that there were almost equal numbers of patients in the 2 drug groups (17
in the ketorolac and 13 in the ibuprofen group) who received these types of treatments.
Ethical considerations precluded our study’s having a
group who received a placebo. As a result, we cannot
assess whether the improvement in pain over time reflects
’
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I FIGURE 1. Intramuscular ketorolac vs oral ibuprofen. Mean ( 2 SD)
pain scores over time. N R S = numeric rntiag scale.

efficacy of both ibuprofen and ke!orolac or was a placebo
response. Additionally, we did not have a positive control
group, for example, patients who received morphine. A
more positive response in a morphine group would have
demonstrated that our study design was sufficiently sensitive to detect differences in pain relief among groups,
had they existed.”
Future studies should address these limitations. Specifically, the impact of underlying etiology for .the pain as
a determinant of response to NSAID therapy, the influence
of concurrent procedures on the perception of pain by the
patient, and the relative impact of NSAID to opioid therapy for these conditions should be addressed.

I ..............................................................................
CONCLUSIONS
This study directly compared IM ketorolac and oral ibuprofen in the treatment of ED patients experiencing moderate to severe pain from a variety of etiologies and found
no significant difference. While ketorolac may be useful
when a parenteral NSAID is required, because of its far
greater cost, it should not routinely be used in place of
other similarly effective but much less expensive oral
NSAIDs when used with proper dosing.
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