18-10 Ketorolac Dosing
To:

All ALS Agencies and Providers

From: Jeremy T. Cushman, MD, MS, EMT-P, FACEP, FAEMS
Regional Medical Director
Date: November 13, 2018
Collaborative Protocol 2-32 allows for the use of Ketorolac (Toradol) for management of acute
pain in adults. Ketorolac (Toradol) is a nonsteroidal anti-inflammatory drug used for the
management of acute and chronic pain. A ceiling effect exists in doses over 10 mg and recent
studies recommend lower dosing. This equates to doses of 15 mg IM or IV, and decreased
doses of 10 mg IM or IV (or even less) for the elderly, renal insufficiency, or low body weight.
The analgesic effect is not diminished, but the side effect profile is. Side effects of ketorolac are
not insignificant, and are related to gastrointestinal bleeding and renal injury.
Decreased dosing regimens were most recently supported by Dr. Sergey Motov and colleagues,
in their Annals of Emergency Medicine article published in 2017 indicating similar analgesic
efficacy at intravenous doses of 10, 15, and 30 mg showing that intravenous ketorolac
administered at the analgesic ceiling dose of 10 mg provided effective pain relief to ED patients
with moderate to severe pain without increased side effects. This publication (attached)
represents the most current literature in a population that is nearly identical to that served by
Emergency Medical Services.
Although our protocols indicate a dosing regimen of 30 mg IV and 30-60 mg IM, our protocols
enable a range of dosing, and thus providers are strongly encouraged to administer the lowest
appropriate dose (generally 10-15 mg) to provide intravenous analgesia while minimizing side
effects. Practically, a 15 mg is easiest given the concentration available to most providers.
Regardless, any dose greater than 10 mg is considered a therapeutic dose and should be
considered as such.
Ketorolac Training is available on the Division of Prehospital Medicine Cypherworx site:
https://collabornation.net/login/urdpm.
With any questions, please do not hesitate to contact this office.
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(2-32) General: Pain Management
For the pediatric patient, “Pediatric: Pain Management”
Criteria

•
•

Contraindications to standing order pain management: altered mental status,
hypoventilation, SBP < 100 mmHg
Consider consultation with medical control prior to pain management in the third trimester
pregnant women with pain complaints

EMT

•
•

ABCs and vital signs
Airway management and appropriate oxygen therapy
EMT STOP

ADVANCED

•
•

Vascular access
Nitrous oxide by self-administered inhalation, if equipped
ADVANCED STOP

CC
PARAMEDIC

•
•
•

Morphine 0.05 mg/kg IV or 0.1 mg/kg IM
o Morphine may be repeated after 5 minutes; maximum total dose of 10 mg
Fentanyl 1-1.5 mcg/kg IN, IV, or IM
o Fentanyl may be repeated after 5 minutes; maximum total dose of 200 mcg
For nausea or vomiting see “General: Nausea and/or Vomiting” protocol
CC AND PARAMEDIC STOP

MEDICAL CONTROL CONSIDERATIONS

•
•
•

•
•

Additional morphine IV or IM
Additional fentanyl IV, IM, or IN
Ketamine* 25 mg IV over 5 minutes or 50 mg IM
o May consider weight-based dosing ketamine 0.1-0.3 mg/kg IV
o Use caution when ordering >250 mg IM of ketamine after midazolam (Versed)
because apnea may occur
Midazolam (Versed) IV, IM, or IN
Ketorolac (Toradol) 30 mg IV or 30 - 60 mg IM

Key Points/Considerations

•
•
•

*Ketamine may be administered by paramedics only
ONE pain medication may be given under standing orders. For dosing that exceeds the
standing order maximum, or to switch to another agent, you must consult medical control
For ease of administration, if clinically appropriate: consider approximating the dose of
fentanyl to the nearest 50 mcg; consider approximating the dose of morphine to the nearest
5 mg
2016 - 68

•
•
•

•
•
•

•

Morphine or fentanyl up to the maximum dose may be given via standing orders
Nitrous oxide, ketamine, and ketorolac (Toradol) are not required formulary items
Ketorolac (Toradol) should not be administered in renal failure/to dialysis patients, to
patients > 60 years of age, in pregnancy, or in patients for whom active bleeding is a
concern
o Lower dosing of ketorolac (Toradol) should be considered for those weighing less
than 50 kg
Contraindications to nitrous oxide include: suspected bowel obstruction, pneumothorax,
hypoxia, or the inability to self-administer
Fentanyl should be considered if there is an allergy to morphine, or potential hemodynamic
instability
Morphine often produces a normal localized histamine reaction which manifests as
urticaria (hives) immediately surrounding the IV site, and is not considered a sign of
allergy. More extensive involvement of urticaria or other signs of allergic reaction should
be treated (See: the “General: Allergic Reaction and Anaphylaxis” protocol)
Fentanyl must be pushed slowly
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Comparison of Intravenous Ketorolac at Three
Single-Dose Regimens for Treating Acute Pain in
the Emergency Department: A Randomized
Controlled Trial
Sergey Motov, MD*; Matthew Yasavolian, MD; Antonios Likourezos, MA, MPH; Illya Pushkar, MPH;
Rukhsana Hossain, MPH; Jefferson Drapkin, BS; Victor Cohen, PharmD; Nicholas Filk, PharmD;
Andrew Smith, PharmD; Felix Huang, MD; Bradley Rockoff, MD; Peter Homel, PhD; Christian Fromm, MD
*Corresponding Author. E-mail: smotov@maimonidesmed.org, Twitter: @PainFreeED.

Study objective: Nonsteroidal anti-inﬂammatory drugs are used extensively for the management of acute and chronic
pain, with ketorolac tromethamine being one of the most frequently used parenteral analgesics in the emergency
department (ED). The drugs may commonly be used at doses above their analgesic ceiling, offering no incremental
analgesic advantage while potentially adding risk of harm. We evaluate the analgesic efﬁcacy of 3 doses of intravenous
ketorolac in ED patients with acute pain.
Methods: We conducted a randomized, double-blind trial to assess the analgesic efﬁcacy of 3 doses of intravenous ketorolac
(10, 15, and 30 mg) in patients aged 18 to 65 years and presenting to the ED with moderate to severe acute pain, deﬁned by
a numeric rating scale score greater than or equal to 5. We excluded patients with peptic ulcer disease, gastrointestinal
hemorrhage, renal or hepatic insufﬁciency, allergies to nonsteroidal anti-inﬂammatory drugs, pregnancy or breastfeeding,
systolic blood pressure less than 90 or greater than 180 mm Hg, and pulse rate less than 50 or greater than 150 beats/min.
Primary outcome was pain reduction at 30 minutes. We recorded pain scores at baseline and up to 120 minutes. Intravenous
morphine 0.1 mg/kg was administered as a rescue analgesic if subjects still desired additional pain medication at 30
minutes after the study drug was administered. Data analyses included mixed-model regression and ANOVA.
Results: We enrolled 240 subjects (80 in each dose group). At 30 minutes, substantial pain reduction was
demonstrated without any differences between the groups (95% conﬁdence intervals 4.5 to 5.7 for the 10-mg group,
4.5 to 5.6 for the 15-mg group, and 4.2 to 5.4 for the 30-mg group). The mean numeric rating scale pain scores at
baseline were 7.7, 7.5, and 7.8 and improved to 5.1, 5.0, and 4.8, respectively, at 30 minutes. Rates of rescue
analgesia were similar, and there were no serious adverse events. Secondary outcomes showed similar rates of adverse
effects per group, of which the most common were dizziness, nausea, and headache.
Conclusion: Ketorolac has similar analgesic efﬁcacy at intravenous doses of 10, 15, and 30 mg, showing that
intravenous ketorolac administered at the analgesic ceiling dose (10 mg) provided effective pain relief to ED patients
with moderate to severe pain without increased adverse effects. [Ann Emerg Med. 2017;70:177-184.]
Please see page 178 for the Editor’s Capsule Summary of this article.
Readers: click on the link to go directly to a survey in which you can provide feedback to Annals on this particular article.
A podcast for this article is available at www.annemergmed.com.
0196-0644/$-see front matter
Copyright © 2016 by the American College of Emergency Physicians.
http://dx.doi.org/10.1016/j.annemergmed.2016.10.014

INTRODUCTION
Background
Ketorolac tromethamine is one of the most commonly
used parenteral analgesics in the emergency department (ED)
for the treatment of moderate to severe pain, alone or in
combination with opioid analgesics.1 It is a nonsteroidal antiinﬂammatory drug that belongs to a group of nonopioid
analgesics that primarily inhibit (reversibly) the activity of both
Volume 70, no. 2 : August 2017

cyclooxygenase-1 (constitutive) and cyclooxygenase-2
(inducible) enzymes and block the synthesis of prostaglandins
and thromboxanes.2 Ketorolac is available in oral, intranasal,
and parenteral forms. It possesses signiﬁcant analgesic and
antipyretic properties, and it has been widely used to treat a
variety of acute painful conditions. It has high cyclooxygenase1 enzyme selectivity, has a half-life of 2.4 to 8.6 hours, and is
extensively metabolized in the liver and eliminated through the
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Editor’s Capsule Summary

What is already known on this topic
Despite known ceiling effects on nonsteroidal
analgesia, many deploy enhanced singular doses,
seeking better pain control.
What question this study addressed
Does increasing the dose of intravenous ketorolac
improve analgesia in emergency department (ED)
patients with a wide variety of pain syndromes?
What this study adds to our knowledge
In a single-site, controlled, randomized trial with 240
subjects, pain reduction at 30 minutes postdosing for
10, 15 and 30 mg of ketorolac was not different and
adverse effects did not differ.
How this is relevant to clinical practice
There is no beneﬁt to using higher doses of ketorolac
for pain relief in unselected ED patients.

kidneys.2 Ketorolac has multiple drug-drug interactions,
many of which arise from the reduction in glomerular
ﬁltration induced by ketorolac or by competitive
displacement of the second drug from protein-binding
sites. Coadministration of ketorolac with warfarin leads to
worsening of gastrointestinal hemorrhage; with steroids, to
peptic ulcer disease; with diuretics, to nephrotoxicity and
hyperkalemia; and with lithium and digoxin, to toxicity of
these agents.2,3
Importance
Nonsteroidal anti-inﬂammatory drugs may commonly
be used at doses above their analgesic ceiling, although this
may not offer an incremental analgesic advantage and
potentially adds risk of harm. Analgesic ceiling is the dose
of a drug beyond which any further dosage increase results
in no additional analgesic effect.4 The ketorolac analgesic
ceiling dose of 10 mg is lower than both the dosing regimen
recommended in emergency medicine textbooks5 and the
recommended Food and Drug Administration–approved
doses: 30 mg intravenously and 60 mg intramuscularly for
patients younger than 65 years.6 Ketorolac is the only
analgesic whose parenteral dosing is 3 to 6 times higher
than the oral regimen based on the Food and Drug
Administration–recommended oral regimen of 10 mg every
6 hours for no more than 5 days.6
Like all nonsteroidal anti-inﬂammatory drugs, ketorolac
has several potentially serious adverse effects:
178 Annals of Emergency Medicine
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gastrointestinal hemorrhage, nausea, vomiting, dyspepsia,
dizziness or lightheadedness, and somnolence. Of these,
gastrointestinal hemorrhage is the most concerning because
it also appears to be dose dependent. Of all nonsteroidal
anti-inﬂammatory drugs, the risk of gastrointestinal
hemorrhage is highest for ketorolac and increases with
higher doses.7 In healthy volunteers, single doses of
parenteral ketorolac have been demonstrated to interfere
with platelet function by prolonging bleeding time,
inhibiting platelet aggregation, and reducing platelet
thromboxane production.8-10 Likewise, single doses of
ketorolac at 15 and 30 mg intravenously and 60 mg
intramuscularly have been shown to worsen hemorrhage in
postoperative patients.11,12
Several studies have demonstrated that ketorolac
analgesic efﬁcacy at 10 mg is similar to that at higher doses
(15 to 90 mg) for treatment of postoperative and cancer
pain while minimizing the adverse effects typical of higher
dosages.13-16 Despite this, Food and Drug Administration
recommendations and the majority of studies of parenteral
ketorolac in the ED advocate the use of doses that are
higher than 10 mg.
Goals of This Investigation
We hypothesized that the standard dosing of ketorolac is
supra-analgesic and that higher doses are superﬂuous. We
conducted a clinical trial comparing the analgesic efﬁcacy
of 3 doses of intravenous ketorolac for acute pain in the ED.
MATERIALS AND METHODS
Study Design and Setting
This was a randomized, double-blind trial to determine
the analgesic equivalency of intravenous administration
of ketorolac at 10 mg for the treatment of acute pain
compared with higher doses of 15 and 30 mg.
We conducted this study at a 711-bed urban
community teaching hospital with an annual ED census of
greater than 120,000 visits. Patient screening, enrollment,
and data collection were performed by study investigators
(S.M., M.Y., I.P., R.H., J.D., and C.F.). The Maimonides
Medical Center Institutional Review Board approved the
trial. We report this trial in accordance with the
Consolidated Standards of Reporting Trials statement.17
Selection of Participants
Patients considered for inclusion comprised adults aged
18 to 65 years who presented to the ED primarily for
management of acute ﬂank, abdominal, musculoskeletal, or
headache pain with an intensity of 5 or greater on a
standard 0 to 10 numeric rating scale and who would
routinely be treated with intravenous ketorolac in our ED
Volume 70, no. 2 : August 2017
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as determined by the treating attending emergency
physician. Acute pain is deﬁned in our study as having an
onset within 30 days or less. Exclusion criteria included
older than 65 years, pregnancy or breastfeeding, active
peptic ulcer disease, acute gastrointestinal hemorrhage,
known history of renal or hepatic insufﬁciency, allergy to
nonsteroidal anti-inﬂammatory drugs, unstable vital signs
(systolic blood pressure <90 or >180 mm Hg; pulse rate
<50 or >150 beats/min), and patients having already
received analgesic medication. For the purposes of this
study, intravenous ketorolac was used without
coadministration of any other analgesics, with the
exception of rescue medication.
Enrollment of patients occurred between March
2014 and December 2015. Screening and enrollment took
place Monday through Friday, 8 AM to 8 PM, when an ED
pharmacist was available for blinded medication
preparation. Study investigators approached all potentially
qualifying participants. All participants provided written
informed consent and Health Insurance Portability and
Accountability Act authorization. For non-English
speakers, a language-appropriate consent form was used
and noninvestigator, hospital-employed, trained
interpreters assisted in acquisition of informed consent.
Interventions
The on-duty ED pharmacist prepared 10-, 15-, or 30-mg
doses of ketorolac in 10 mL of normal saline solution.
Medications were prepared in identical syringes according to
predetermined randomization generated in SPSS (version
20.0; SPSS, Inc., Chicago, IL) by the research manager. The
research manager and statistician, who were independent of
data collection, conducted the programming of the
randomization list, conﬁrmation of written consent
acquisition, and statistical analyses. ED pharmacy
investigators maintained the randomization list, prepared
the medication, and delivered it to the nurse caring for the
study participant in a blinded manner. Each dose of
ketorolac was administered by intravenous push during 1 to
2 minutes. The preparing pharmacist, research manager, and
statistician were the only ones with knowledge of the study
arm to which the participant was randomized; providers,
participants, and the data collecting research team were blind
to the medication received. Study investigators consisted of 2
treating physicians, who assisted in screening and supervised
the research fellow, and research coordinators, who enrolled
patients and recorded pain scores, vital signs, and adverse
effects at baseline and 15, 30, 60, 90, and 120 minutes. For
subjects still desiring pain medication 30 minutes after study
drug administration, investigators offered intravenous
morphine at 0.1 mg/kg as a rescue analgesic.
Volume 70, no. 2 : August 2017
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Outcome Measures
The primary outcome was reduction in numeric rating
scale pain score at 30 minutes from medication
administration. Secondary outcomes included rates and
percentages of subjects experiencing adverse effects and
requiring rescue analgesia.
Primary Data Analysis
Research staff recorded all data on data sheets (separate
from clinical data), entered them into Microsoft Excel
(Microsoft, Redmond, WA), and then imported them into
the programs used for statistical analysis. Data were
described in terms of mean (SD) or 95% conﬁdence limits in
the case of normally distributed data and frequency
(percentage) in the case of categorical data.
Data analysis of the pain data was based on the principle
of intention to treat. To fulﬁll this requirement and to
account for data missing because of dropout, multiple
imputation (SAS Proc MI; SAS 9.4; SAS Inc, Cary, NC)
was used to create 5 data sets wherein any missing pain
datum was imputed with the Markov chain Monte Carlo
method. In accordance with Biering et al,18 an imputation
model was run for each of the pain scores with missing data
(ie, at 15, 30, 60, 90, and 120 minutes). At each time point
(ti), the model consisted of the pain scores that were
immediately before (ti–1) and immediately subsequent
(tiþ1), as well as factors that were related to whether a
subject presented with a missing pain assessment. These
factors included baseline pulse rate, chief complaints of
ﬂank pain or headache, and a diagnosis of renal colic. At
baseline, no imputation was necessary because there were
no missing pain assessments, whereas, for the ﬁnal pain
assessment at 120 minutes, the imputation model included
only the preceding pain assessment at 90 minutes plus the
factors related to missing pain assessments.
The imputed data sets were each analyzed with mixedmodel linear regression to test for a signiﬁcant grouptime
interaction, which would have been an indication of the
presence of a group difference in pain levels at 1 or more
time points. The imputed data were also analyzed for the
main effects of group and time. The results from each
imputed data set were then analyzed and combined with
the SAS macro type3_MI_mixed19 to arrive at a single
weighted test statistic and a P value.
Additional sensitivity analyses of the data were carried
out in a similar fashion. Imputed data were reanalyzed with
generalized linear modeling with an underlying g function
to account for possible skewness at later time points ﬁrst,
and then reanalyzed with ordinary least squares repeatedmeasures ANOVA. Finally, the per-protocol data,
consisting only of subjects with complete measurements at
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all time points, were analyzed with mixed-model linear
regression and ordinary least squares repeated-measures
ANOVA. All tests were 2 sided with a signiﬁcance level of
.05.
The main hypothesis was that there would be
equivalence of dose effect across the 3 groups at every time
point, and the primary comparison consisted of the pain
assessment at 30 minutes. In accordance with Bijur20 and
Holdgate et al,21 we assumed a minimal clinically
signiﬁcant difference of 1.3 between the 3 ketorolac groups
at the 30-minute pain assessment and an SD of 3.0. A
power analysis determined that a sample of 78 subjects per

58%: Refused to parcipate in the
study
14%: Were in too much pain to consent
13%: Requested the highest dose
10%: Undisclosed reason
3%: Did not want any pain medicaon
1%: Requested the lowest dose
1%: Requested morphine

240 Paents
Enrolled

80 Randomized
to 15mg

80 Randomized
to 30mg

79 Available

78 Available

a

2 missing data

79 Available

80 Available

79 Available

1 missing data

None Excluded

1 missing data

77 Available

77 Available

a

3 missing data

80 Randomized
to 10mg

subjects available for
Primary analysis at 30 minutes

76 Available
4 missing data

a

subjects available for addional
analysis at 60 minutes

3 missing data

subjects available for addional
analysis at 90 minutes

5 missing data

subjects available for addional
analysis at 120 minutes

15 missing data

77 Available
a

75 Available

1 missing data

3 missing data

71 Available

a

9 missing data

a

63 Available

65 Available
a

80 Included in
b
analysis
a

RESULTS
We enrolled 240 subjects (80 in each group for 10, 15,
and 30 mg) in our study. The patient ﬂow diagram is
illustrated in Figure 1. During the study, instances of
missing pain scores, vital signs, and adverse effects data
occurred because of either a subject’s absence from the ED
for radiologic testing or discharge from the ED before data

312 Paents
Approached

72 Paents
Refused

subjects available for analysis at
15 minutes

group provided at least 80% power to detect a minimal
clinically signiﬁcant difference of at least 1.3 at 30 minutes
with a¼.05.

17 missing data

a

80 Included in
b
analysis

68 Available
12 missing data

63 Available
17 missing data

80 Included in
b
analysis

Subjects were missing data because of either discharge or transfer from the ED.
Mulple imputaon was used to account for missing data.

b

Figure 1. Study ﬂow diagram for consented subjects.
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There were no differences in the pattern of missing pain
assessments across the 3 groups. For the 10-mg group,
15.0% of the subjects had only 1 missing pain assessment,
whereas 18.8% and 10.0% of the patients in the 15- and
30-mg groups, respectively, had only a single missing pain
assessment; 6.3%, 6.3%, and 8.8% of patients in the 3
groups had 2 missing pain assessments, and 2.5%, 1.3%,
and 6.3% had 3 missing pain assessments.
At 30 minutes postadministration, subjects randomized
to receive 10 mg of intravenous ketorolac improved from a
mean pain numeric rating scale score at baseline of 7.7 to a
mean score of 5.2 (difference¼2.5), the 15-mg group
improved from 7.5 to 5.1 (difference¼2.4), and the 30-mg
group improved from 7.8 to 4.8 (difference¼3.0).
Reductions in pain scores from baseline to 30 minutes were
statistically signiﬁcant for all subjects. However, there were
no differences in pain score reduction from baseline to 30
minutes across the 3 dose groups. Likewise, we observed no
differences in the mean numeric rating scale pain scores
themselves between dose groups at 30 minutes. The 95%
conﬁdence intervals for the ketorolac groups were similar:
4.6 to 5.8 for the 10-mg group, 4.5 to 5.6 for the 15-mg
group, and 4.2 to 5.4 for the 30-mg group.
All subjects showed reductions in mean numeric rating
scale pain scores relative to baseline at all subsequent time
points (15 to 120 minutes). Moreover, as shown in
Table 2, subjects’ reported pain scores at each time point
were similar in all 3 groups, with marginal differences in
95% conﬁdence intervals in comparison of imputed and
nonimputed data (ie, per protocol). As shown in Figure 2,

Table 1. Baseline patient characteristics.
Group
Ketorolac
10 mg

Characteristics

Ketorolac
15 mg

Ketorolac
30 mg

No. of subjects
80
80
80
Age, mean (SD)
41.5 (12.1) 40.1 (12.1) 38.8 (11.6)
Male sex, frequency (%)
39 (48.8)
32 (40)
37 (46.3)
Pain, mean (SD)
7.73 (1.65) 7.54 (1.61) 7.80 (1.55)
Chief complaints (%)
Abdominal
32 (40.0)
29 (36.3)
30 (37.5)
Flank
31 (38.8)
27 (33.8)
21 (26.3)
Musculoskeletal
16 (20.0)
21 (26.3)
20 (25.0)
Headache
1 (1.3)
3 (3.8)
9 (11.3)
Blood pressure, mm Hg
Systolic
129.4 (17.0) 125.2 (20.3) 122.6 (21.1)
Diastolic
75.2 (11.4) 73.3 (12.4) 75.1 (14.2)
Pulse rate, beats/min
80.8 (15.2) 74.2 (13.6) 78.6 (15.8)
Respiratory rate, breaths/min 18.5 (3.3)
17.8 (2.5)
19 (8.4)
Oxygen saturation
98.3 (2.2)
98.8 (1.4)
99.1 (1.0)
Duration of pain, h
Abdominal
62.6 (52)
41.5 (44)
63.2 (86)
Flank
69.0 (68)
36.8 (34)
54.6 (62)
Musculoskeletal
59.4 (60)
83.9 (110)
43.6 (44)
Headache
48.0*
40.7 (36)
85.6 (81)
*Only 1 patient.

collection was completed. The groups were similar in terms
of demographic characteristics and baseline vital signs
(Table 1). Mean ages and sex were 41.5, 40.1, and 38.8
years and 39%, 32%, and 37% men, respectively. Baseline
numeric rating scale pain scores were equivalently high in
all 3 study groups (Table 2).

Table 2. Nonimputed and imputed pain scores for the 10-, 15-, and 30-mg ketorolac dose groups over time.
Nonimputed
Time
Baseline

15 min

30 min

60 min

90 min

120 min

Ketorolac
Dose, mg
10
15
30
10
15
30
10
15
30
10
15
30
10
15
30
10
15
30
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Mean (SD)
7.73
7.54
7.80
6.12
5.73
5.94
5.13
5.05
4.84
4.56
4.09
4.11
4.03
3.92
3.66
3.77
3.60
3.44

(1.65)
(1.61)
(1.55)
(2.45)
(2.43)
(2.54)
(2.71)
(2.56)
(2.86)
(2.77)
(2.61)
(2.93)
(2.67)
(2.60)
(3.02)
(2.96)
(2.37)
(3.00)

Imputed

95% Conﬁdence
Interval for Mean
7.36–8.09
7.18–7.90
7.46–8.14
5.56–6.68
5.19–6.28
5.36–6.51
4.52–5.73
4.48–5.62
4.19–5.48
3.93–5.19
3.50–4.68
3.43–4.78
3.41–4.64
3.31–4.53
2.93–4.39
3.04–4.50
3.01–4.20
2.69–4.20

Mean (SD)
7.73
7.54
7.80
6.04
5.76
5.87
5.14
5.05
4.81
4.60
4.11
4.14
4.09
3.84
3.56
3.74
3.54
3.46

(1.65)
(1.61)
(1.55)
(2.50)
(2.43)
(2.54)
(2.70)
(2.56)
(2.85)
(2.74)
(2.58)
(2.87)
(2.68)
(2.54)
(2.84)
(2.73)
(2.26)
(2.78)

95% Conﬁdence
Interval for Mean
7.36–8.09
7.18–7.90
7.46–8.14
5.48–6.59
5.22–6.30
5.31–6.44
4.54–5.74
4.48–5.62
4.18–5.45
3.99–5.21
3.53–4.68
3.50–4.78
3.50–4.69
3.28–4.41
2.93–4.19
3.13–4.35
3.03–4.04
2.85–4.08
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Table 4. Common adverse effects across the 3 ketorolac dose
groups.
Ketorolac Group (%)
Adverse Effects
Dizziness
Nausea
Headache
Itching
Flushing

Figure 2. Box-plots for reported pain NRS comparing dose
groups over time.

the box plots at each time point underscore the similarity in
pain ratings across the 3 study groups. Likewise, all results
from the sensitivity analyses provided support for the
hypothesis of equivalent pain reduction across the 3 doses
of ketorolac, with no grouptime interaction effects.
All of the subjects who reported complete resolution
of pain were treated solely with the study medication,
without use of a rescue analgesic dose of morphine. There
were no differences between the groups with respect to use
of rescue morphine analgesia at any time (Table 3).
There were no clinically concerning changes in vital
signs and no clinically signiﬁcant adverse effects related to
the study medication at any dose. The most commonly
reported adverse effects were dizziness, nausea, and
headache, with no differences across the 3 doses (Table 4).

Table 3. Rate of rescue morphine over time by number of patients
per group.
Time, Minutes
15
30
60
90
120

10 mg (%)
4
4
7
3

0
(5.0)*†
(5.2)
(9.3)
(4.6)

15 mg (%)
3
7
4
8

0
(3.8)
(9.0)
(5.5)
(12.7)

30 mg (%)
4
4
7
2

0
(5.0)
(5.3)
(10.3)
(3.2)

*Frequency (percentage).
†
Denominators are all based on the number of patients available at each time point
per group.
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10 mg
14 (17.5)
9 (11.3)
8 (10.0)
0
0

15 mg
16
11
2
1
1

(20.0)
(13.8)
(2.5)
(1.3)
(1.3)

30 mg
12
8
3
1

(15.0)
(10.0)
(3.8)
(1.3)
0

LIMITATIONS
This was a single-center study in which subjects were
enrolled as a convenience sample according to availability
of members of both the research and pharmacy teams. This
may have led to selection bias or underrepresentation of
patients who may present to the ED late at night.
Instances of missing data occurred (vital signs, pain
score, and adverse effects) because of subjects being
discharged or being out of the ED for radiologic imaging,
and that may have introduced bias. Our stringent exclusion
criteria and sample size of 240 subjects were inadequate to
assess variance in safety of the 3 different doses of study
medication. The study duration was inadequate to compare
the different doses with respect to their adverse effect
proﬁles such as gastrointestinal bleeding and renal
impairment because there was lack of follow-up after 120
minutes after study drug administration and after
discharge. Our study did not assess whether higher doses
may have resulted in prolonged pain relief beyond the
120-minute mark.
DISCUSSION
Ketorolac is widely administered for pain management
in a variety of inpatient and outpatient settings worldwide.
Parenteral ketorolac has demonstrated analgesic efﬁcacy
similar to that for opioids in patients with cancer and
postoperative pain.13,14,22 In the ED setting, ketorolac is
one of the most commonly administered parenteral
analgesics and is used for a wide variety of pain causes,
including musculoskeletal pain, renal colic, and
headache.1,23,24 Safdar et al25 showed that combining
morphine and ketorolac for renal colic yielded pain relief
superior to that of either drug alone and was also associated
with decreased requirement for rescue analgesia.
Ketorolac dosing regimens vary widely. In unpublished
data examining nearly 50,000 administrations of ketorolac
during 10 years in our ED, we found large variations of
dosing patterns, from 10 to 60 mg (unpublished data). In
addition, a number of published trials have also compared
different ketorolac dosing regimens. Reuben et al13
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demonstrated that smaller doses of ketorolac (7.5 mg every
6 hours) had a morphine-sparing effect equivalent to that
of larger doses (10, 12.5, 15, or 30 mg) in patients who
had undergone spinal fusion surgery. In a similar study,
Brown et al16 found no statistically signiﬁcant differences in
pain relief between 3 groups of patients randomized to
receive intravenous ketorolac (10 versus 30 mg) or 4 mg of
intravenous morphine to treat postoperative pain. Minotti
et al15 found no difference in cancer pain relief between
intramuscular ketorolac at 10 and 30 mg and diclofenac at
75 mg. Staquet14 also found no difference in pain relief for
cancer patients when using 10-, 30-, or 90-mg doses of
intramuscular ketorolac.
These studies strongly suggest that ketorolac has an
analgesic ceiling dose of 10 mg and that increasing the
dose fails to provide additional analgesic relief. Other
published investigations have shown that ketorolac’s
adverse effects seem to be dose related3 and that single
doses can impair platelet function and worsen
postoperative hemorrhage.8-12
Our ﬁndings parallel those of other research. Neighbor
and Puntillo26 found that 9% to 10% of patients who
received either intramuscular ketorolac or oral ibuprofen
experienced an adverse effect of nausea or gastrointestinal
upset, dizziness or lightheadedness, sleepiness, and
headache. Similar results occurred in the study by Brown
et al,16 in which 17% (5/30) of the ketorolac 10-mg group
and 28% (8/32) of the 30-mg group reported nausea as the
most common adverse effect.
Our study differs from previously published
investigations in several important ways. Minotti et al15
and Staquet14 used intramuscular ketorolac regimens,
whereas our patients received ketorolac intravenously. The
study by Minotti et al15 used the visual analog scale (0 to
100 mm) and the study by Brown et al16 used a 4-point
pain scale, whereas we used a numeric rating scale to
quantify pain levels. Because it is more feasible in an ED
setting to ask patients to rate their pain on a scale of 1 to
10 than to ﬁnd a visual analog scale line, a numeric
rating scale reliably addressed the need to assess and follow
changes in our subjects’ pain scores.20 Ultimately,
although others studied subjects with cancer pain or
postoperative pain, our subjects had pain from diverse
causes, reﬂecting a broader population of ED patients who
currently receive ketorolac.
In summary, ketorolac has similar analgesic efﬁcacy
proﬁles at intravenous doses of 10, 15, and 30 mg for shortterm treatment of acute moderate to severe pain in the ED.
The results of our study provide a basis for changes in
practice patterns and guidelines in ED care, supporting use
of the 10-mg intravenous ketorolac dose.
Volume 70, no. 2 : August 2017
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