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Abstract

Background:

Efficacy and tolerability of intranasal ketorolac (SPRIX�) was assessed in abdominal surgery patients.

Methods:

Adult patients were randomly assigned to receive ketorolac 31.5 mg (n¼ 214) or placebo (n¼ 107) every

6 hr after surgery for 48 hr, then up to 4 times/day for up to 5 days. Morphine sulfate via patient controlled

analgesia was available in both groups as needed.

Results:

Least square mean 6 hr summed pain intensity difference scores were significantly greater in the ketorolac

group indicating better analgesic efficacy compared to placebo (117.4 vs. 89.9, p¼ 0.032; difference 27.6,

95% CI 2.5–52.7). Pain intensity difference indicated significantly better pain relief in the ketorolac group

at 20 min after the first dose (p¼ 0.01). Morphine use over 48 hr decreased 26% in the ketorolac group

compared to placebo (p¼ 0.004). Day 1 global pain control scores were significantly higher in the ketorolac

group compared to placebo (p¼ 0.009). Quality of analgesia was rated significantly higher (p¼ 0.009) in

the ketorolac group by 20 min after first dose. Adverse event and serious adverse event incidences were

similar in both groups. Rhinalgia and nasal irritation, generally mild and transient in nature, occurred more

frequently in the ketorolac group.

Conclusion:

Intranasal ketorolac was well tolerated and provided effective pain relief within 20 minutes with reduced

opioid analgesia use. While IN ketorolac was assessed in an inpatient, conventional surgery setting in this

study, IN ketorolac use may have more relevance for use in outpatient settings and ambulatory surgery

or fast-track surgical procedures.

Introduction

Effective management of acute postoperative pain often involves a multimodal
approach incorporating the use of nonopioid analgesics in order to optimize
analgesic efficacy and reduce opioid-related side effects. Nonopioid analgesics
are often preferred in ambulatory surgeries to allow patients to return to normal
functioning more quickly. Ketorolac is a nonopioid, balanced COX1/2 inhibitor
used for the short-term management of moderate-to-severe acute pain in
patients undergoing inpatient and ambulatory procedures1,2. The analgesic effi-
cacy of intravenous and intramuscular ketorolac formulations provide efficacy
similar to morphine sulfate and meperidine in patients who have had major
surgery, including abdominal procedures2. An intranasal formulation of ketor-
olac (SPRIX�) has recently been approved for the short-term (up to 5 days)
management of acute moderate to moderately severe pain in adults who require
analgesia at the opioid level. Intranasal ketorolac is a patient-administered
alternative to injectable ketorolac and opioids for pain management that will
allow continuity of pain medication used immediately after surgery and on an
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outpatient basis. Intranasal delivery has the advantage of
achieving peak plasma concentrations with similar kinet-
ics as intramuscular (IM) injection in a formulation that
patients can self-administer. This may have utility in
ambulatory patients, and can provide continuity of pain
management as patients transition to home. Intranasal
delivery also is an attractive option for patients not able
to take medications orally, or who are experiencing nausea
or vomiting.

The pharmacokinetics of intranasal ketorolac delivery
are similar to those reported following intramuscular
administration3. Local tolerance and systemic toxicology
studies performed in rats and rabbits showed that intrana-
sal administration of ketorolac exhibits toxicity similar to
that of other routes of administration and does not result
in adverse effects on the nasal passage or upper and lower
respiratory tracts4. Intranasal ketorolac (10 and 31.5 mg
administered via disposable, multidose, metered-spray
device) has been evaluated in placebo-controlled studies
in patients following major surgery5,6 with both single and
multiple doses in combination with opioid analgesia and
dental impaction surgery7 following a single dose. Patients
who received 31.5 mg intranasal ketorolac in single or mul-
tiple doses had significant reductions in mean morphine
sulfate use, significantly lower pain intensity scores,
and superior quality of analgesia ratings compared to pla-
cebo5–7. Single and multiple doses of intranasal ketorolac
are well tolerated3,5–7. The primary adverse event in
healthy volunteers and surgery patients is mild nasal irri-
tation. Intranasal ketorolac use is also associated with a
reduction in the incidence of side effects typically observed
following opioid use, including pruritis, pyrexia and
constipation.

The objectives of the present phase 3, randomized,
double-blind, placebo-controlled study were to evaluate
the analgesic efficacy and tolerability of intranasal ketor-
olac use after abdominal surgery in patients permitted to
use opioid analgesia.

Methods

Patients

Men or women age 18–64 years undergoing major open
abdominal surgery under general anesthesia at six sites in
the US and New Zealand were eligible for the study if
expected to remain in the hospital for at least 48 hours
with the possibility of remaining for up to five days. The
protocol (ROX-2005-01) was approved by an institutional
review board and all patients provided signed, informed
consent. Patients were enrolled between December 2005
and February 2007.

Screening physical examinations, complete blood
counts, and serum chemistries were obtained before

patients were assigned to treatment groups. Exclusion cri-
teria included active or recent peptic ulcer disease; history
of clinically significant gastrointestinal bleeding; allergy or
sensitivity to any of the study medications; current upper
respiratory tract infection that could interfere with the
absorption of the nasal spray or with the assessment of
adverse events; the use of any intranasal product within
24 hours prior to study entry; pregnancy; and breastfeed-
ing. Neuraxial opioids and the use of nonsteroidal anti-
inflammatory drugs other than the study drug were
prohibited.

Patients satisfying inclusion and exclusion criteria were
randomly assigned in a 2:1 ratio using a blocked random-
ization schedule to receive intranasal ketorolac 31.5 mg or
matching placebo every six hours for the first 48 hours
following surgery, then up to four times per day. A ran-
domized list of kit numbers in blocks of three (i.e. 1,1,2;
2,1,1; 1,2,1, where 1¼ active and 2¼ placebo) was gener-
ated in SAS and the randomization schedule was stratified
by study site. The number of ketorolac kits was twice the
number of placebo kits in this scheme. Kits were numbered
and shipped to sites as needed in multiples of three keeping
each block of three intact. Kits were assigned in numerical
order (lowest to highest, i.e., sequentially) as subjects qual-
ified to enter the study at the site. Patients and all study
site personnel were blinded to treatment assignments.
Compliance was established by accountability of returned
study drug at the end of the treatment period.

After surgery, intravenous opioid was administered at
the discretion of the investigator until patients were com-
fortable. Once comfortable, patients recorded pain inten-
sity (PI) ratings using a visual analog scale (VAS) of 0 to
100 mm where 0 represents no pain and 100 is the worst
pain imaginable. When PI ratings equaled at least 40 on
the VAS, patients received intranasal ketorolac or pla-
cebo. Once study medication was initiated, patients in
both the ketorolac and placebo groups had access to mor-
phine sulfate by intravenous patient controlled analgesia
(PCA) through at least 48 hr for pain not controlled by
study drug. When PCA was no longer required, oral anal-
gesia such as hydrocodone/acetaminophen was permitted
for pain not controlled by study treatment. The dosing
scheme is summarized in the dashed-line box in Figure 1.

Ketorolac (15% w/w) and placebo solutions were con-
tained in matching, specially designed metered-pump
spray devices. All study doses were administered as one
spray (100 mL) into each nostril. Each patient received
a kit containing five devices, each containing a calendar
day’s supply of drug.

Data collection and efficacy endpoints

All subjects who received at least one dose of study
drug were included in the efficacy and safety analyses

Current Medical Research & Opinion Volume 26, Number 8 August 2010

1916 Intranasal ketorolac for acute postoperative pain Singla et al. www.cmrojournal.com ! 2010 Informa UK Ltd

C
ur

r 
M

ed
 R

es
 O

pi
n 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

M
r 

Jo
hn

 O
liv

er
 o

n 
06

/1
8/

10
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



(intent-to-treat, ITT population). Patients recorded pain
intensity using the VAS before receiving the study drug, at
20, 40, and 60 minutes, and 2, 3, 4, 5, 6, 12, 18, 24, 30, 36,
42, and 48 hours after the first dose.

Following the 48 hour dose on postoperative Day 2, and
for all doses given up to the 72 hour time point on postop-
erative Day 3, assessments were made immediately before
each dose. When patients no longer required study drug for
analgesia, all pain assessments stopped. Post treatment
pain intensity difference (PID) scores were calculated by
subtracting the post treatment VAS score from the base-
line VAS score. The primary efficacy measure was the
6-hour summed pain intensity difference (SPID6).

Secondary efficacy measures included morphine use
through 72 hours collected and tabulated at 2-hour inter-
vals for the first 12 hours and at 6-hour intervals for the
remainder of the first 72 hours. Morphine use in mg was
calculated by adding all PCA morphine use and morphine
equivalents for other analgesic medications administered
for that time period. Morphine equivalents were calculated
using American Pain Society guidelines8. Other secondary
efficacy endpoints were 4-hour SPID, peak relief scores
(defined as maximum PID), quality of pain relief, and
global assessment of pain control. Quality of pain relief
was reported by patients on a 5-point categorical scale
(0¼ poor, 1¼ fair, 2¼ good, 3¼ very good, and
4¼ excellent) and was collected at the same time points
as pain intensity assessments. Patients also recorded global
assessment of pain control (measured on a 5-point

categorical scale where 0¼ poor, 1¼ fair, 2¼ good,
3¼ very good, and 4¼ excellent) once each day.

Safety

All patients who received at least one dose of study med-
ication were evaluated for safety by assessing spontane-
ously reported adverse events and clinical signs,
hematology and clinical chemistry throughout the treat-
ment period and at a 14 day follow-up visit. Cardiovascular
and nasal evaluations were made at the end of the treat-
ment period and at the 14 day follow-up visit.

Statistical analysis

Sample size determinations were based on power compu-
tations from results of previous randomized, controlled
studies with IN ketorolac4,5 where a two-group t-test
with 0.05 two-sided significance level will have 90%
power to detect a difference in means of 34–46, assuming
that the pooled or common standard deviation is between
86 and 112 when the sample sizes in the two groups are
100 and 200 (total sample size of 300).

For the SPID6 and post treatment pain evaluations, the
‘last observation carried forward’ (LOCF) method for han-
dling missing data was used, whereby missing responses
were replaced with the last available observation.
Missing data between time points were linearly interpo-
lated. To examine the sensitivity of the results to the

Completed 48 hr pain assessment: 
Completed 5 days of dosing: 

Early Withdrawal:   
Decreased need for analgesia 
Adverse event 
Subject request/investigator decision 
Unsatisfactory response 
Protocol violation 
Other

2 wk Follow-up   

• Intranasal Ketorolac 31.5 mg or placebo every 6 hours for 
first 48 hours, then up to 4 times/day for up to 5 days

• Morphine sulfate via patient controlled analgesia available 
for pain not relieved by study medication for 48 hours 

Enrolled patients
n=321

 Ketorolac group  
n=214

Placebo group
n=107

n=81 (76%) 
n=16 (15%) 

   n=91 (85%) 
n=66 (73%) 
n=13 (14%) 
n=  5 (  6%) 
n=  2 (  2%) 
n=            0 
n=  5 (  6%) 

n=149 (70%) 
n= 34 (16%) 

n=180 (84%) 
n=125 (69%) 

 n=  43 (24%) 
n=     9 (  5%) 
n=    1 (<1%) 

n=    1 (<1%) 

n=203 (95%) n=98 (92%) 

n=    1 (<1%) 

Figure 1. Progression of patients in the study.
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LOCF method of extrapolation, two alternative methods
of analysis were examined. Pain intensity ratings were
extrapolated using the LOCF following the first use of sup-
plemental or backup medication or concomitant medica-
tion prohibited by the protocol. Hourly PI ratings were not
extrapolated following use of PCA morphine. The first
alternative method used BOCF following the first use of
supplemental or backup medication or early withdrawal for
other reasons as specified in the analysis plan. The second
method used observed cases. No extrapolation following
the first use of supplemental or backup medication or early
withdrawal for other reasons was performed.

PID, SPID and Peak Relief scores were analyzed using
the two-way analysis of covariance with the baseline PI
score made prior to study drug administration as the covar-
iate. Factors in the analysis included study center, treat-
ment, and center-by-treatment interaction. Results were
presented as the adjusted means (i.e., least square means)
for each treatment group, the difference in means between
groups, the associated 95% confidence interval, and p
value. The PI ratings and morphine sulfate use were ana-
lyzed using two-way analysis of variance (ANOVA). The
quality of analgesia data and the once-daily global evalu-
ation of analgesia were analyzed using the Cochran–
Mantel–Haenszel row mean score test stratified by study
center.

Results

Demography and patient progression

Three hundred twenty-one patients were enrolled and
assigned to treatment, 214 in the ketorolac group and
107 in the placebo group. The majority of patients
(230/321, 72%) completed pain assessments for the first
48 hours, 149 in the ketorolac group and 81 in the placebo
group. Sixteen percent (50/321) of patients completed
5 days of dosing. The main reason for not completing
5 days of dosing was the decreased need for analgesia,
which occurred in 70% (191/271) of patients. Decreased
need for analgesia occurred in similar proportions of
patients in the placebo and ketorolac groups. The majority
of patients (301/321, 94%) completed the 2-week follow-
up assessment. Twenty-four percent (43/214) of patients in
the ketorolac group and 14% (13/107) of patients in the
placebo group withdrew from the study due to an adverse
event. A flow diagram of patient participation in the study
that includes other reasons for withdrawal from the study
is shown in Figure 1.

The number of doses of study medication received did
not differ between the placebo and ketorolac groups. The
median number of doses for all patients was eight in both
the placebo and ketorolac groups, and ranged from one to
18 doses. The majority of patients (60%, 194/321) in both

groups received between 6–10 doses, and 19% (62/321)
received from 11–15 doses.

Patient characteristics and vital signs following surgery
on Day 0 were clinically similar in the two groups and are
shown in Table 1. The majority of patients were white
(72%) and female (96%) with a mean age of 46 years.
The majority of procedures were hysterectomies with or
without oophrectomy (223/321, 69.5%). Other procedures
included oophrectomy (26/321, 8.7%), myomectomy
(32/321, 9.7%), bowel resection, ileostomy, colectomy or
colostomy (18/321, 5.6%), cystectomy, hernia repair, or
omentectomy (14/321, 4.9%), prostectomy (6/321,
1.9%), and cesarean section (2/321, 0.6%). The majority
of patients had general anesthesia (317/321, 99%); epidu-
ral anesthesia was used in three patients and spinal anes-
thesia in one patient.

Efficacy assessments

Pain intensity
SPID6 score for the ketorolac group was significantly
higher compared to the placebo group (least square
means�SE were 117.4� 7.7 vs. 89.9� 10.6, respectively,
p¼ 0.032; difference in means 27.6, 95% CI 2.5–52.7)
indicating better analgesic efficacy with intranasal ketor-
olac. Mean pain intensity VAS scores decreased over time
in both groups and were significantly lower in the IN
ketorolac group compared to placebo at 20 minutes
(55.4� 1.9 vs. 60.5� 1.3, p¼ 0.014, 60 minutes
(47.0� 1.5 vs. 53.5� 2.1, p¼ 0.008), 2 hours (43.3� 1.6
vs. 49� 2.2, p¼ 0.026), 3 hours (36.5� 1.5 vs. 44.2� 2.2,
p¼ 0.002), 6 hours (29.8� 1.4 vs. 34.5� 2.2, p¼ 0.038),
18 hours (29.0� 1.5 vs. 32.3� 2.3, p¼ 0.016), 24 hours

Table 1. Demographic and baseline characteristics of patients.

Ketorolac
Group

N¼ 214

Placebo
Group

N¼ 107

Mean Age, yr� SE 46� 1 46� 1
(range) (22–64) (28–70)
Sex [no. (%)]

Female 206 (96) 103 (96)
Male 8 (4) 4 (4)

Weight, kg (mean� SE) 77.0 (1.3) 79.7 (1.7)
Race [no. (%)]

Caucasian 154 (72) 76 (71)
Black 23 (11) 11 (10)
Other 37 (17) 20 (19)

Baseline Characteristics
Day 0, (Mean� SE)

Vital Signs
Systolic blood pressure (mmHg) 126.1� 1.3 126.6� 1.7
Diastolic blood pressure (mmHg) 73.1� 0.8 72.4� 1.3
Pulse (beats per min) 78.3� 0.9 75.2� 1.1
Respiration (breaths per min) 36.7� 0.03 36.6� 0.04
Temperature (degree Celsius) 17.1� 0.2 16.7� 0.2

Predose pain intensity, VAS score 62.5� 1.6 60.8� 1.1
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(26.4� 1.5 vs. 32.3� 2.3, p¼ 0.016), and 30 hours
(24.3� 1.5 vs. 29.5� 2.2, p¼ 0.037). After 30 hours,
there were no statistically significant differences between
treatment groups. Mean PID scores through the initial
6 hours after the first dose of study medication increased
in both groups as shown in Figure 2. At every time point,
PID scores were higher for subjects in the ketorolac group
compared to those for the placebo group and were statis-
tically significantly higher for the ketorolac group at

20 minutes (p¼ 0.010), 1 hour (p¼ 0.005), 2 hours
(p¼ 0.034), and 3 hours (p¼ 0.017).

For both alternative analyses where the sensitivity of
the LOCF method of extrapolation was tested, treatment
group differences for the primary endpoint, SPID6, were
statistically significant in favor of ketorolac (p¼ 0.048 for
BOCF; p¼ 0.037 for the observed cases analysis).

SPID4 least square mean values were 66.1� 4.9 and
47.2� 6.8 for the 31.5 mg intranasal ketorolac and placebo

3

2.5

1.5

1

0.5

0

0 6 12 18 24

Ketorolac
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Figure 3. Patient rating of quality of analgesia in the first 24 hours after surgery using a scale where 0¼ Poor, 1¼ Fair, 2¼ Good, 3¼ Very Good,
4¼ Excellent. Values represent the mean scores at each time point� SEM. *Significantly different from placebo, p50.05.
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Figure 2. Least square mean pain intensity difference (PID) scores� SE for patients following a single dose of intranasal ketorolac (31.5 mg) or placebo
on Day 1 after surgery. The summed PID at 6 hours (SPID6) is shown inset. *Significantly different from placebo, p50.05.
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groups, respectively (p¼ 0.021). Peak relief scores for the
intranasal ketorolac and placebo groups (least square mean
values 32.7� 1.5 and 30.0� 2.1, respectively) were not
statistically significantly different.

Quality of analgesia
The quality of analgesia was rated by patients (where
0¼ poor, 1¼ fair, 2¼ good, 3¼ very good, and 4¼ excel-
lent) as statistically significantly better in the intranasal
ketorolac group compared to the placebo group at all time
points (Figure 3) from 20 minutes (1.2� 0.06 versus
0.9� 0.09, p¼ 0.009) to 24 hours (2.5� 0.07 versus
2.3� 0.1, p¼ 0.04), except for the 40-minute and 6-hour
time points.

Global assessment of pain control
The global assessment of pain control was significantly
better in the intranasal ketorolac group compared to the
placebo group (mean� SE scores where 0¼ poor, 1¼ fair,
2¼ good, 3¼ very good, and 4¼ excellent: 2.6� 0.06 vs.
2.4� 0.09, p¼ 0.009) on Day 1. Differences between
groups were not significantly different on Days 2, 3 and 4.

Morphine use
Rescue medication for pain not relieved by study drug
included PCA morphine sulfate and oral analgesics such
as hydrocodone/acetaminophen. The mean total amount
of morphine equivalents used from 0 to 24 hours was 42 mg
in the intranasal ketorolac group vs. 54 mg in the placebo
group (p¼ 0.003) and 23 mg in the intranasal ketorolac
group vs. 31 mg (p¼ 0.041) in the placebo group for 0–48
hours. Morphine use was decreased by 34% in the intra-
nasal ketorolac compared to the placebo group for 0–72
hours (82 mg vs. 121 mg), but the difference was not sta-
tistically significant. There were very small numbers of
patients in the assessment of 0–72 hour (10 in the intra-
nasal ketorolac group and 13 in the placebo group) due to
the decreased need for analgesia. The decrease in mor-
phine use in the ketorolac group for the first 48 hours is
shown in Figure 4.

Safety and tolerability

The percentage of patients with at least one adverse event
were similar in the two treatment groups (ketorolac: 93%,
198/214; placebo: 96%, 103/107). The majority of patients
(265/321, 83%) had events considered mild, and the pro-
portion was similar in the ketorolac and placebo groups
(84% vs. 79%).

Adverse events were characteristic of those following
major abdominal surgery and receiving morphine PCA.
The most frequent events (�10%) are listed in Table 2.
Common adverse events in both groups were nausea,

constipation, vomiting, and headache. There was a trend
(�5% difference) for reduced incidences of nausea, con-
stipation, pyrexia and tachycardia in the ketorolac group
compared to placebo.

Although the overall proportion of patients withdraw-
ing from the study was similar in both groups, more
patients in the ketorolac group compared to placebo with-
drew due to adverse events [43/207 (24%) vs. 13/98 (14%),
respectively]. Within the early withdrawals due to adverse
events, the most frequent reasons for withdrawals were
similar in both groups and were classified as GI disorders
(17% vs. 15% in the ketorolac and placebo groups, respec-
tively), nervous system disorders (15% vs. 31%, respec-
tively), respiratory/thoracic/mediastinal disorders, which
included nasal discomfort or irritation (30% vs. 31%,
respectively) or renal/urinary tract disorders (6% vs.
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Figure 4. The mean reduction in morphine use by patients in the intranasal
ketorolac and placebo groups during the first 24 hours after surgery, 24–48
hours after surgery, the first 48 hours after surgery, and 48–72 hours after
surgery. P values for significant differences are shown above the bars.

Table 2. The most commonly reported (�10%) adverse events in the
ketorolac and placebo treatment groups.

Adverse event Number of patients (%)

Ketorolac Group Placebo Group
n¼ 214 n¼ 107

Nausea 122 (57) 66 (62)
Constipation 59 (28) 35 (33)
Vomiting 51 (24) 24 (22)
Headache 47 (22) 25 (23)
Flatulence 39 (18) 23 (22)
Rhinalgia 43 (20) 0 (0)
Pyrexia 34 (16) 36 (34)
Pruritis 31 (15) 19 (18)
Anemia 33 (15) 11 (10)
Insomnia 30 (14) 16 (15)
Epistaxis 29 (14) 17 (16)
Nasal discomfort 24 (11) 3 (3)
Hypotension 22 (10) 6 (6)
Tachycardia 20 (9) 15 (14)
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8%, respectively), or infections/infestations (4% vs. 8%,
respectively). The excess withdrawals in the ketorolac
group resulted from seven withdrawals due to disorders of
the blood/lymphatic, cardiac, eye, immune, skin, general,
or reproductive systems and six withdrawals due to a vas-
cular, procedural, or investigational event. There were no
withdrawals due to these events in the placebo group.

Rhinalgia, nasal discomfort, and anemia occurred more
frequently in the ketorolac group. None of the anemia
events were considered related to study medication.
Most events related to nasal irritation were mild, transient,
and did not increase in severity with repeated dosing.
Results of nasal examinations at the end of the study
after the last dose of medication showed that 8% of ketor-
olac patients and 5% of placebo patients had findings con-
sidered by the investigator to be clinically significant. The
difference between the groups was not statistically signif-
icant, (p¼ 0.47). The majority of the findings were
described as ‘mild’ or ‘small’ changes. The 14-day follow-
up assessment captured reports by patients in the 2 weeks
following end of treatment. Nasal event rates for the
31.5 mg intranasal ketorolac and placebo groups were
17% and 9%, respectively and the difference between
groups was not statistically significant (p¼ 0.09).
Investigators evaluated patient reports and noted ‘clini-
cally significant’ findings regardless of relationship to med-
ication use in 50% of the events reported by patients in the
ketorolac group and 46% of events in the placebo group.

Eighteen patients reported 28 serious adverse events.
The rates of serious events were identical in the two
groups: 6% (12/214 patients) in the ketorolac group and
6% (6/107 patients) in the placebo group. The majority of
serious adverse events were related to gastrointestinal tract
disorders (n¼ 7 including ileus, nausea, and vomiting),
post-procedural complications (n¼ 6), and infections
(n¼ 3). Twenty-five of the 28 (89%) serious events were
considered probably not related to study drug. No patients
had gastrointestinal bleeding, surgical bleeding, or renal
insufficiency considered related to study medication.
Three events in the same patient in the intranasal ketor-
olac group were considered possibly related to study drug
and were nausea, vomiting and upper abdominal pain,
all of which resolved without sequelae.

There were no clinically relevant differences between
the treatment groups regarding vital signs, hematology, or
clinical chemistry measurements. No deaths occurred
during the study.

There was no difference between groups in percentage
of patients with treatment-emergent cardiac adverse
events (including irregular heart beat/palpitations, rapid
heartbeat, shortness of breath, chest pain, and changes in
blood pressure) assessed at the end of the study: 23/214,
11% in the ketorolac group and 10/107, 9% in the placebo
group. The percent of patients reporting cardiovascular-
related adverse events during the 2 weeks after the end

of treatment were similar in the two groups: 15% and
16%, respectively in the ketorolac and placebo groups
(p¼ 0.74).

Discussion

The efficacy and tolerability of the intranasal formulation
of ketorolac self-administered by patients every 6 hr for
48 hr then up to four times a day for up to 5 days was
evaluated. The patients in this study had moderate-
to-severe baseline pain levels following major open
abdominal surgeries. The majority of patients completed
48 hours of pain assessments, but very few completed
5 days of dosing, primarily due to decreased need for pain
medication (70% of patients). Even though all patients
had access to PCA morphine sulfate, intranasal ketorolac
31.5 mg every 6 hr for 48 hr had statistically and clinically
significant benefits compared to placebo in acute pain con-
trol and resulted in significantly less use of opioid analge-
sia. Patients in the intranasal ketorolac group required
21% less opioid in the first 24 hr and 26% less in the first
48 hr than patients in the placebo group. Intranasal ketor-
olac was associated with a rapid onset of analgesia: patients
in the intranasal ketorolac group had significantly lower
pain scores and reported a better quality of analgesia at the
earliest measurement of 20 minutes after study drug
administration.

These results confirm the findings of previous phase 2
and phase 3 trials in which superior analgesia as well as
opioid-sparing properties were demonstrated for intranasal
ketorolac 31.5 mg versus placebo administered every 8 hr
for the first 48 hr daily5–7. In a previous phase 3 study, a
reduction in opioid use of 34% was observed for patients
undergoing abdominal or orthopedic procedures who
received intranasal ketorolac5. The four times per day reg-
imen in the present study was selected in order to assess
tolerability using the maximum allowed dosing regimen
currently prescribed for the intramuscular ketorolac
formulation.

The results support previous findings that administra-
tion of parenteral ketorolac formulations following major
surgery reduces opioid use9,10. The lower rates of nausea,
constipation and other opioid-related side effects in the
ketorolac group likely reflect the decreased morphine use
by patients in that group. Reductions in opioid-related side
effects were also reported in previous intranasal ketorolac
clinical trials5–7, and with other parenteral formulations of
ketorolac9,11–14. The lower rate of pyrexia observed in the
ketorolac group is likely due to antipyretic effects associ-
ated with COX1/2 inhibitors and has been previously
reported in ketorolac-treated patients6,15.

Rates of adverse events and serious events in the ketor-
olac and placebo groups were similar and were typical of a
patient population undergoing major abdominal surgical
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procedures and receiving opioid analgesics. There were no
reports of treatment-related gastrointestinal bleeding or
renal insufficiency. Anemia occurred in both groups and
was numerically greater in the ketorolac group (15% versus
10% in the placebo group). These events did not persist at
the 2-week follow-up assessment. There were no reports of
postoperative bleeding associated with ketorolac adminis-
tration. Ketorolac is known to inhibit platelet aggregation
and thromboxane production18. The risks of hematologi-
cal abnormalities with ketorolac use are not reported to be
increased unless ketorolac is used at high doses, is admin-
istered beyond 5 days, or is administered to high-risk
patients19. Cardiovascular events are a cause of concern
with the use of COX2 inhibitors and some mixed COX1/2
inhibitors, but this has not been the case with the short-
term use of ketorolac. There were no treatment-emergent
cardiovascular events in the intranasal ketorolac group
during the study. The proportion of patients reporting car-
diovascular events in the 2 weeks following the study were
similar in the ketorolac and placebo groups.

Local nasal symptoms, including rhinalgia and nasal
discomfort, were the only events occurring considerably
more frequently in the ketorolac group compared to the
placebo group during treatment. Nasal irritation events
were typically categorized as mild, were transient, and
did not increase in severity with increasing ketorolac
use. Similar proportions of patients in the ketorolac and
placebo groups withdrew from the study due to nasal irri-
tation. Similar proportions of patients in each group also
reported nasal mucosal changes in the 2 weeks after the
end of treatment. Nasal irritation is not considered serious
and is a frequent side effect of intranasal administration
of drugs, including intranasal corticosteroids and
antihistamines20.

Clinical practice guidelines advocate multimodal anal-
gesia with opioid and nonopioid drugs for management of
postoperative pain21,22. Ketorolac has the advantage of
being highly soluble, which enabled ketorolac to be devel-
oped for intranasal delivery. Parenteral ketorolac is widely
used for pain management within the immediate postop-
erative period for patients undergoing inpatient and ambu-
latory procedures13,23,24. Ketorolac can be part of an
analgesic regimen that promotes return to normal activi-
ties and reduces costs25,26 and may be useful in patients
with opioid tolerance, or in settings where use of regulated
analgesics is not appropriate. As an alternative to ketoro-
lac injection and IV administration, IN ketorolac could
help achieve recommended recovery goals for ambulatory
and fast-track surgery patients27. Clinical studies demon-
strate that IN ketorolac provides pain control when used
alone or when combined with opioids. When used as part
of a multi-drug regimen that includes opioids, IN ketorolac
allows patients to reduce their opioid dose and achieve
better pain relief than that provided by opioids alone.
IN ketorolac achieves peak blood levels as rapidly as an

IM injection and provides a patient-administered alterna-
tive to injectable ketorolac that will allow continuity of
pain medication used immediately after surgery and on
an outpatient basis. The IN formulation is also an
option for patients who have difficulty swallowing oral
analgesic medications, or who experience nausea and
vomiting.

Limitations

While analgesic strategies for postoperative pain manage-
ment are frequently tested using analgesic consumption
(and opioid-sparing) as an outcome measure, a recognized
limitation of the study is that this measure has not been
evaluated rigorously, hence we have not used it as a pri-
mary outcome measure. This may account for the ranges in
reduction in opioid use and concomitant reduction in
opioid-related side effects observed across clinical
trials16,17. A limitation of the study is that IN ketorolac
was assessed in an inpatient, conventional surgery setting
when in fact, IN ketorolac use may have more relevance
for use in outpatient settings and ambulatory surgery or
fast-track surgical procedures.

Conclusion

Intranasal ketorolac is currently indicated for management
of acute pain for up to 5 days in adults with moderate to
moderately severe pain. In this study, intranasal ketorolac
31.5 mg self-administered four times a day for up to 5 days
was effective and well tolerated in treating acute pain in
surgery patients and resulted in reduced opioid use and
improved quality of analgesia. There were no cardiovascu-
lar-related adverse events during the study or during the 2
weeks following treatment.
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