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ABSTRACT

Objective. The recent introduction of oral COX-2 selective NSAIDs with potential for perioperative
use, and the ongoing development of intravenous formulations, stimulated a systemic review of effi-
cacy, side effects, and regulatory issues related to ketorolac for management of postoperative analgesia.

Design. To examine the opioid dose sparing effect of ketorolac, we compiled published, randomized
controlled trials of ketorolac versus placebo, with opioids given for breakthrough pain, published in
English-language journals from 1986-2001. Odds ratios were computed to assess whether the use of
ketorolac reduced the incidence of opioid side effects or improved the quality of analgesia.

Results. Depending on the type of surgery, ketorolac reduced opioid dose by a mean of 36% (range 0% to
73%). Seventy percent of patients in control groups experienced moderate-severe pain 1 hour postopera-
tively, while 36% of the control patients had moderate to severe pain 24 hours postoperatively. Analgesia was
improved in patients receiving ketorolac in combination with opioids. However, we did not find a concomi-
tant reduction in opioid side effects (e.g., nausea, vomiting). This may be due to studies having inadequate (to
small) sample sizes to detect differences in the incidence of opioid related side effects. The risk for adverse
events with ketorolac increases with high doses, with prolonged therapy (>5 days), or invulnerable patients
(e.g. the elderly). The incidence of serious adverse events has declined since dosage guidelines were revised.

Conclusions. Ketorolac should be administered at the lowest dose necessary. Analgesics that provide ef-
fective analgesia with minimal adverse effects are needed.
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he introduction of oral cyclo-oxygenase-2 se-

lective nonsteroidal anti-inflammatory drugs
(COX-2 NSAIDs) and the development of an intrave-
nous COX-2 selective NSAID have heightened inter-
est in the potential perioperative use of parenteral
NSAIDs. Anesthesiologists, surgeons, and pharmacists
are particularly interested in improved parenteral drug
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risk-benefit ratios in the care of surgical patients.
Whereas the only parenteral NSAID currently avail-
able in the United States is ketorolac, other parenteral
NSAIDs are commercially available in other countries.
We review the analgesic efficacy, side effects, and
regulatory issues related to ketorolac for the manage-
ment of analgesia for patients undergoing surgery.

Need for Improvement in Postoperative Analgesia

Clinicians document [1] and patients continue to
fear [2] postoperative pain. A recent U.S. survey of
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250 patients receiving usual postoperative care con-
firmed other studies’ findings that as many as 40%
to 60% of patients experience moderate, severe, or
extreme pain [3,4]. Another study of 10,008 pa-
tients reported the incidence of severe pain as 5%
in the recovery room and 5.3% 24 hours postoper-
atively [5]. Despite new techniques and increased
emphasis on relieving acute pain, postoperative
pain remains undertreated. Reasons for this include
confusion about who is responsible for analgesia,
providers’ lack of knowledge regarding the effective
dose ranges and duration of action of opioids, and
fears of respiratory depression and addiction [6,7].

Adequate analgesia has become an even more
important outcome with the implementation of the
Joint Commission on Accreditation of Healthcare
Organizations (JCAHO) standards for pain man-
agement, which became effective in January 2001
[8]. These new pain management standards were
published in 2000 for all seven categories of facili-
ties accredited by the JCAHO. Heightened aware-
ness of pain as the fifth vital sign suggests that pain
management must be assessed regularly during
treatment and, when indicated, be addressed in dis-
charge planning, using standardized, internally de-
veloped guidelines [9]. Systems to ensure that pain
management is provided must also be in place.

Internationally, results of a national audit in
Great Britain [10] further highlight the increasing
importance being given to more aggressive man-
agement of acute postoperative pain. The audit rec-
ommended establishing performance standards for
levels of pain relief in contracts, having patients’
pain scores be a quality indicator reported regularly
to the board, and developing evidence-based guide-
lines on effective analgesic therapies.

The choice of a particular postoperative pain
management regimen depends on the anticipated
pain intensity, type of surgery performed, and ca-
pacity for postoperative monitoring and supervi-
sion. The evolving role of NSAIDs, and in particu-
lar ketorolac, is aimed at providing pain relief while
minimizing side effects of other analgesics.

Ketorolac

Historically, NSAIDs were used to treat rheumato-
logical diseases. They were then introduced to re-
lieve pain after tooth extraction. NSAIDs are now
considered drugs of choice in the management of
pain and inflammation. NSAIDs are the most widely
used drugs in the world. In fact, physicians rated
NSAIDS as the 15th most important medical inno-
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vation in the past 30 years, ranking between cardiac
enzymes and laparoscopic surgery [11].

The development of an injectable NSAID, ke-
torolac, provided an increased opportunity for the
use of this class of drugs in patients unable to take
enteral drugs, most notably in postoperative pain
management. This is reflected in the 1992 federal
Agency for Health Care and Policy Research Acute
Pain Guideline, in which the recommended op-
tions for postoperative pain explicitly include sys-
temic administration of NSAIDs [12].

NSAIDs are useful for postoperative pain man-
agement because surgery causes both pain and in-
flammation. NSAIDs provide both analgesic and
anti-inflammatory activity. Opioids, in contrast, do
not provide clinically useful anti-inflammatory ac-
tivity in this setting. Also, opioids have a narrow
therapeutic index.

This creates a delicate relationship between an-
algesia and side effects that can be altered by changes
in pain intensity with changing activity (e.g., the
patient who is somnolent at rest but very uncom-
fortable when moving or coughing). In patients
experiencing postoperative pain for whom physi-
cal therapy and unimpaired cognition is essential,
NSAIDs would be an attractive option if they
lacked other side effects.

When used as analgesic monotherapy, NSAIDs
can effectively relieve minor to moderate pain (e.g.,
after minor orthopedic procedures). In these set-
tings, opioids may be unnecessary, and discharge
may be accelerated because opioid side effects are
avoided. For more severe acute pain, concurrent
use of NSAIDs provides an opioid dose-sparing ef-
fect that should lessen the risk of opioid-associated
adverse events. Thus, there is great clinical and sci-
entific interest in using NSAIDs as adjuncts for
postoperative analgesia.

Ketorolac tromethamine was introduced into gen-
eral clinical practice in the United States a decade
ago. The tromethamine salt enhances water solubil-
ity, which allows formulation of a parenteral product.
Ketorolac was marketed as a safer intravenous al-
ternative to opioid analgesics. Although the use of
ketorolac increased rapidly, reports describing seri-
ous NSAID-type gastrointestinal, renal, and hema-
tological adverse reactions also increased [13], lead-
ing to the withdrawal of the drug from distribution
in some European countries and the U.S. Food and
Drug Administration (FDA) mandating a caution-
ary “black box” warning in the package labeling of
ketorolac (Appendix).

Because the use of a parenteral NSAID in the
postoperative setting is valuable, many clinicians
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consider the risk-benefit ratio of ketorolac to be fa-
vorable and continue to use it after surgery when
patients are unable to take oral NSAIDs. When ke-
torolac was introduced, all NSAIDs were believed
to act by inhibiting the COX enzyme. More recent
research has demonstrated that COX is not a single
enzyme but exists as two isoforms, COX-1 and
COX-2 which are discussed in more detail later in
the Clinical Pharmacology section.

COX-2 Selective NSAIDs

Currently, in the United States, COX-2 selective
NSAIDs are only available in oral dosage forms of
celecoxib and rofecoxib. Celecoxib is approved for
use in osteoarthritis and rheumatoid arthritis, whereas
rofecoxib is approved for osteoarthritis, acute pain
in adults, and primary dysmenorrhea. Rofecoxib and
celecoxib are available outside the United States.

Clinical advantages of oral formulations of COX-2
selective NSAIDs highlight the potential for in-
traoperative use. For example, at dosages higher
than those listed in the FDA-approved labeling,
celecoxib was associated with a lower incidence of
symptomatic ulcers (2.08% vs. 3.54%, P = .02), as
well as other clinically important complications, than
what occurred with nonselective NSAIDs at stan-
dard dosages [14].

For surgical patients, COX-2 selective NSAIDs
are receiving more attention. For example, 60 inpa-
tients undergoing spine stabilization were divided
into three groups: those receiving preoperative oral
celecoxib, 200 mg, rofecoxib, 50 mg, or placebo [15].
Both agents demonstrated an opioid-sparing effect.
Celecoxib resulted in decreased morphine use for
the first 8 hours after surgery, whereas rofecoxib
demonstrated less morphine use throughout the
24-hour study period.

In contrast, in a prospective, randomized, double-
blinded, placebo-controlled trial of 30 patients un-
dergoing radical prostatectomy, preoperative oral
rofecoxib, 50 mg, did not decrease postoperative
pain or morphine consumption [16]. It is unclear
why the studies showed different opioid-sparing re-
sults, but the anticipated pain intensity and the type
of surgery performed may affect whether adding
NSAIDS actually are shown to yield a benefit.

Currently, parenteral COX-2 selective NSAIDs
are under study for postoperative pain manage-
ment; one such agent is parecoxib [17,18]. Clinical
trials indicate that parecoxib, 20 mg, provides anal-
gesia comparable to ketorolac, 30 mg [19,20], but
without endoscopic evidence of upper gastrointes-
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tinal mucosal injury that is associated with ketoro-
lac [21]. The introduction of parenteral COX-2 se-
lective NSAIDs in the near future may increase the
ability of clinicians to manage acute pain more ef-
fectively and safely.

Thus, the recent introduction of oral COX-2 se-
lective NSAIDs with potential for use in the peri-
operative period and the pending availability of an
intravenous formulation [22] provide an impetus
for clinicians to review efficacy, side effect, and reg-
ulatory issues related to ketorolac and the manage-
ment of analgesia for patients undergoing surgery.

Efficacy

Postoperative care encompasses three levels of re-
covery: early recovery as the patient emerges from
anesthesia; intermediate recovery when the patient
achieves criteria for discharge home; and late re-
covery at home when the patient returns to full and
normal activity level after surgery and anesthesia.

A key part of all three phases of recovery is ade-
quate control of pain during rest (rest pain) and
pain with activity (incident pain). Rest pain is gen-
erally easier to alleviate. Incident pain is difficult to
manage, and many studies of postoperative pain
(and in decisions by physicians as to what analgesic
to prescribe) do not assess incident pain.

In clinical trials, intramuscular (IM) ketorolac,
10 to 30 mg, has been shown to be equianalgesic to
morphine, 6 to 12 mg, meperidine, 50 to 100 mg,
and propacetamol, 2 g [23-27]. Propacetamol is a
prodrug of acetaminophen (paracetamol). Propace-
tamol is used clinically in several other countries
but is not available in the United States [28].

Like all other NSAIDs, ketorolac has an analge-
sic dose ceiling effect. Therefore, its effectiveness
as analgesic monotherapy is usually insufficient for
moderately severe to severe pain after major sur-
gery (e.g., orthopedic, abdominal, thoracic proce-
dures). In most studies, a daily ketorolac dose of
120 mg was not exceeded, and the duration of
treatment was usually 5 days or less [29].

Ketorolac can be combined with opioids as part
of a balanced analgesia regimen [30]. For example,
during bilateral tubal ligation with regional anes-
thesia, preemptive analgesia using IV ketorolac 60,
metoclopramide, and infiltration with local anes-
thetic enabled nine of 10 patients to recover with
no pain, nausea, vomiting, or cramping and to
maintain good analgesia for 7 days postoperatively
[31]. In patients who underwent major cancer sur-
gery, ketorolac reduced total postoperative mor-
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phine use as well as nausea, vomiting, and pruritus
compared with morphine alone [32].

However, many clinicians hesitate to combine
ketorolac with opioids because of potential adverse
effects of ketorolac, especially in patients with risk
factors for gastropathy and bleeding. In fact, ketor-
olac administration before surgery is contraindi-
cated according to the FDA-approved package la-
beling (i.e., the package insert).

Ketorolac as an Opioid-Sparing Agent: Systematic
Review of Published Studies

Systematic reviews apply strategies that limit bias
to the assembly, appraisal, and synthesis of relevant
studies on a specific topic [33]. We followed pub-
lished guidelines [34,35] in compiling published, ran-
domized controlled trials on the opioid dose-spar-
ing effect of ketorolac. A number of different search
strategies were used to identify eligible studies in
MEDLINE (Knowledge Server, Silver Platter). En-
glish-language journals with studies conducted on
adult humans from 1986 to January 2001 were in-
cluded.

The search terms used were ketorolac, nonste-
roidal anti-inflammatory, postoperative pain, intra-
venous, IM, rectal, dose-response, efficacy. Addi-
tional studies were identified from the reference
lists of retrieved papers, review articles, and medi-
cal textbooks. Abstracts, letters, and nonevaluative
review articles as well as unpublished reports were
not considered. Any study in which the numbers of
patients per treatment group was fewer than 10 was
excluded.

The primary inclusion criteria were double-blind,
randomized, controlled trials (RCTs) that included
parenteral ketorolac versus placebo, with opioids
given for breakthrough pain [36,37]. The contents
of 85 abstracts and full-text articles identified dur-
ing our literature search were read in full. In addi-
tion, a manual search performed by screening cita-
tion lists in review articles yielded another 18
articles. Each trial was reviewed for design details.
Data extraction was performed by Alex Macario.

The following study characteristics were re-
corded: first author’s name, year of publication, and
country of origin; mean age, age range, total num-
ber, and gender of patients; presence of coexisting
disease; design details, including blinding (open,
single, or double) and type of control treatment;
and study duration. Methodologically invalid trials
(e.g., retrospective chart audits) were not consid-
ered. The primary outcome was the percentage of
opioid dose spared that was associated with ketoro-
lac use. This was computed as the mean total amount
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of opioid used for the surgery for the placebo group
divided by the mean total amount of opioid admin-
istered for the case in the group receiving ketorolac.

Ketorolac Decreases Opioid Requirements
Depending on the type of surgery, ketorolac had an
opioid dose-sparing effect of a mean of 36% (Table 1).

Quality of Postoperative Analgesia Is Improved by
Adding Ketorolac

In a second analysis, we computed the odds ratios
for opioid side effects and quality of analgesia for
the studies listed in Table 1.

Compiling the data for all studies provides more
power than would be available from single trials.
This was done to determine whether pooling data
provided evidence that ketorolac use was associated
with a decreased incidence of the following opioid-
related outcomes: vomiting, nausea, whether an an-
tiemetic was given, and whether urinary retention,
oxygen supplementation, or pruritus occurred. Qual-
ity of analgesia was evaluated as the fraction of pa-
tients in the experimental group versus the fraction
of patients in the placebo group who reported
moderate to severe pain at 1 hour after surgery and
moderate to severe pain 24 hours after surgery.

The odds ratio was computed from a 2 X 2 clas-
sification table that displays the predicted and ob-
served classification of cases for a binary dependent
variable (e.g., had moderate severe pain after sur-
gery or not). The odds ratio distills the results of
systematic reviews into one number. For example,
for patients experiencing nausea after surgery, the
2 X 2 table appears as follows. Then, the odds ratio
would equal AD/BC.

NSAID-yes NSAID-no
nausea—no A B
nausea-yes C | D

Our analysis of the data suggests that the level of
analgesia may have been better in patients receiving
ketorolac (odds ratio < 0.6) in combination with
opioids than with either analgesic alone, in particu-
lar 1 hour after surgery (Table 2). Seventy percent
of patients in control groups experienced moderate
to severe pain 1 hour postoperatively, whereas 36%
of the control patients had moderate to severe pain
24 hours postoperatively.

However, we did not find a concomitant reduc-
tion in opioid side effects (e.g., nausea, vomiting).
The odds ratio for vomiting, nausea, urinary reten-
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Table 1 Use of ketorolac to improve analgesia and reduce opioid use in surgical patients

Percentage
Ketorolac No. Rescue opioid reduction Side effects
Reference dose (mg) Time administered patients used Procedure type versus placebo P reduced
Intraoperative
Tarkkila [38] 1V 30 and postopertive 20 Oxycodone Tonsillectomy  42% <.05 No
Fredman [39] [IM 60 Intraoperative 60 PCA morphine  Prostate 10% ns No
surgery
Vanlersberghe 1V 30 30 min preoperative 60 IV morphine Minor 0% ns No
[40] orthopedic
surgery
Parker [41] 1V 60/3 Preoperative and every 198 IV morphine Abdominal 25% (first <.05 Less Flatus,
6 h postoperative IV meperidine  hysterectomy  night only) antiemetic,
sedation
Green [42] 1V 60 Intraoperative 80 Fentanyl Diagnostic 0 ns Less ponv,
laparotomy ambulation
improved
Green [42] 1V 60 Intraoperative 46 Fentanyl Tubal ligation 10% ns No
Blackburn [43] 1V 120 Postoperative 60 Morphine Lower 22% <.02 Less
Infustion abdominal hypoxemia
24 hr surgery
Reuben [44] V10 Postoperative q 6X6 70 Morphine Lumbar fusion  33% <.05 Yes
Etches [45] 1V 30 Postoperative and 174 Morphine Knee/hip 40% <.01 Less sedated,
infusion replacement less
antiemetic
O’Hara [46] 1V 30 Bolus infusion 191 Morphine Major 73% <.002 Yes
abdominal
surgery
Rogers [47] V10 Intraoperative and 90 Diamorphine Abdominal 20% <.01 Yes
postoperative hysterectomy
Rogers [47] V10 Intraoperative and 90 Diamorphine Abdominal 20% <.01 Yes
postoperative hysterectomy
Ding [48] IV 60 Preoperative 136 Fentanyl Outpatient 62% * Yes
Laparoscopy
Ding [49] IV 30-60 Intraoperative 109 Fentanyl Outpatient 54% * No
gynecological
surgery

ND, no difference.

*Tests of significance were not reported for the fentanyl vs. fentanyl/ketorolac group.

tion, and pruritus ranged from 0.63 to 1, suggesting
no large effect by ketorolac. This apparent lack of
reduction of side effects despite opioid sparing may
be due to the low overall incidence of some opioid-
related side effects. For example, for patients in
control groups the incidence of pruritus equaled
24% and for urinary retention 24%. Alternatively,
the apparent lack of reduction of side effects despite
opioid sparing may be due to the multifactorial eti-
ology of some side effects (e.g., postoperative nau-
sea is caused by other factors besides opioid use).
Studies are needed to document that opioid/
NSAID combinations help patients reach recovery

milestones in the inpatient setting and discharge
criteria in the outpatient setting more quickly.

Obstetrics

The transfer of ketorolac into breast milk has been
quantified and is considered to be safe for use dur-
ing lactation [50,51]. Only one study investigated
the effect of IV ketorolac after cesarean delivery.
Advantages compared with IM administration in-
clude less discomfort and better patient acceptance.
Fifty healthy parturients, status postelective cesar-
ean delivery under combined spinal-epidural anes-
thesia, received either meperidine patient-controlled

Table 2 Odds ratio for opioid side effects and analgesia in patients receiving ketorolac

Moderate-severe

Moderate-severe

No. pain 24 hr pain 1 hr Antiemetic Urinary Oxygen
patients Vomiting Nausea postoperatively postoperatively given retention supplement Pruritus
1,384 1.00 0.86 0.55* 0.34 0.56 0.72 0.51 0.63

*The odds ration of 0.55 suggests a protective effect of ketorlac, such that when being treated with opioids post-operatively, the risk of having moderate-severe
pain 24 hours after surgery is almost half as likely when taking ketorolac than when not taking ketorolac.
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epidural analgesia (PCEA) plus either IV ketorolac
(15 mg initial dose and 105 mg IV over 24 hours) or
saline. Patients receiving ketorolac had a meperi-
dine dose-sparing effect of approximately 30% but
did not exhibit significantly improved pain relief or
reduced opioid-related side effects [52].

Pediatrics

There is an increasing body of published data on
the use of IV ketorolac perioperatively for pediatric
analgesia [53]. Pediatric clinical studies provide evi-
dence that adding ketorolac to opioids improves
quality of pain relief and reduces the incidence of
opioid-related adverse effects [54]. For example, IV
ketorolac, 0.9 mg/kg, given to children having stra-
bismus surgery produced similar analgesic effects as
meperidine, 0.5 mg/kg [55]. In children undergo-
ing orthopedic surgery, concurrent administration
of ketorolac with morphine using a patient-con-
trolled analgesia (PCA) pump enhanced analgesia
resulting in decreased total opioid doses [56].

In tonsillectomy patients, the frequency of post-
operative hemorrhage did not differ among chil-
dren receiving ketorolac versus a control group [57].
Time to discharge was shorter in ketorolac patients
(8.5 hours vs. 12.5 hours, P < .0001), and the fre-
quency of overnight hospital stays was lower in ke-
torolac patients (16.0% vs. 31.6%, respectively, P <
.01). A separate randomized, double-blind, placebo-
controlled study of 60 children admitted for tonsil-
lectomy confirmed that ketorolac, 1 mg/kg IV, im-
proved postoperative analgesia without evidence of
increased incidence of bleeding compared with a
control group [58].

The pediatric literature confirms that hemor-
rhagic events in the postoperative period occur. How-
ever, the association between perioperative use of
NSAIDs and disordered hemostasis is inconclusive.

Analgesic Dose—Response Evidence for Ketorolac
The published studies suggest that the analgesic ef-
ficacy of ketorolac increases as the dose increases.
However, increasing the IM ketorolac dose above
60 mg does not increase analgesic efficacy [59]. The
challenge for the clinician is to select a ketorolac
dose that balances the risk of bleeding and gastrop-
athy with analgesic effectiveness. Because of the
risk of drug-induced toxicity, patients should al-
ways be given the lowest effective ketorolac dose.
Dose-ranging efficacy studies of oral and IM ke-
torolac were conducted in postoperative patients
[60]. This single article described multiple studies.
In the first study, adults undergoing dental ex-
traction received ketorolac (oral doses ranging from

341

2.5-200 mg or IM doses ranging from 5-90 mg).
Pain levels improved at 3, 5, and 6 hours after 200 mg
oral doses of ketorolac, which was comparable to
naproxen, 500 mg.

The second study (N = 60) documented a statis-
tically significant improvement in pain control after
a smaller dose of ketorolac (12.5 mg orally) com-
pared with placebo. Patients in the ketorolac group
also had fewer requests for rescue pain medication.

A third study compared oral ketorolac, 2.5 and
10 mg, to oral naproxen sodium, 550 mg, mor-
phine, 10 mg IM, or placebo. One-half hour after
dosing, morphine was significantly more effective
than all groups. There was no statistically signifi-
cant difference between the effectiveness of ketoro-
lac, 10 mg, and morphine and naproxen sodium at
1, 2, 3, and 4 hours after dosing. Ketorolac was sta-
tistically significantly superior to morphine at 5 and
6 hours after dosing. There was no significant dif-
ference between the lower 2.5-mg ketorolac dose
and placebo.

These data suggested that the onset of action of
ketorolac is slower than that of morphine, the ef-
fectiveness similar, and the duration longer.

No direct comparisons were made between the
15-mg dose now recommended in ketorolac labeling
and the 12.5-mg, 100-mg, and 200-mg doses used in
the first two studies. The authors concluded that the
upper range for the oral ketorolac dose-response
curve lies between 100 and 200 mg when given
orally. However, higher doses and intermediate
doses were not evaluated to determine whether a
true plateau is observed within this dose range [59].

Two studies compared IM ketorolac with opi-
oids. One study compared ketorolac, 10, 30, and 90
mg, to morphine, 6 and 12 mg, for postoperative
pain (N = 241). Ketorolac, 90 mg, was superior to
both doses of morphine and to ketorolac, 30 mg,
for overall pain relief, whereas no significant differ-
ences were demonstrated between the 10-mg and
30-mg ketorolac doses and the 12-mg morphine
dose. Both doses of ketorolac were significantly
more effective than the 6-mg morphine dose. The
number of patients withdrawing from the trial be-
cause of inadequate pain relief in the 12-mg mor-
phine, 10-mg ketorolac, and 30-mg ketorolac groups
was similar.

The other study compared ketorolac, 5, 10, and
30 mg, and meperidine, 50 and 100 mg, for dental
extraction pain (N = 154). No significant difference
was reported between 10- and 30-mg ketorolac
doses for overall pain relief. Both the 10- and 30-mg
ketorolac doses were significantly more effective
than ketorolac, 5 mg, meperidine, 50 mg, and meper-
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Figure 1 Differentiated arachidonic acid pathways for COX-1
and COX-2. Salicylates and all other NSAIDs are nonselec-
tive COX selective NSAIDs (i.e., those drugs inhibit both
COX-1 and COX-2 to varying degrees) [117]. COX-1 is the
constitutive isoform that is present in gastric mucosa, vas-
cular endothelium, and platelets. Therefore, inhibiting COX-1
increases risk of ulceration and decreases platelet-medi-
ated blood clotting. The analgesic and anti-inflammatory ef-
fects of ketorolac are derived from inhibition of the COX-2
isoform (inhibiting the production of prostaglandins that me-
diate pain and inflammation), whereas the adverse gastro-
intestinal and hematological effects of these agents arise
from inhibition of COX-1 enzyme activity.

idine, 100 mg, for overall pain relief. No direct
comparison of the relative effectiveness of 15-mg
and 30-mg ketorolac doses was described.

Based on these studies, the labeling for ketorolac
dosing was established as oral doses of 10 mg every
6 hours and IM doses of up to 30 mg every 6 hours.
Although the ketorolac, 90-mg IM, dose was signif-
icantly more effective than the lower ketorolac
doses, increased risk of gastrointestinal toxicity with
multiple doses was a sufficient concern to preclude
recommending the higher dose [61].

Toxicity and Side Effects of Ketorolac

The most common side effects associated with
NSAIDs are gastrointestinal irritation, nausea, and
impairment of platelet aggregation [62]. The risk
associated with ketorolac is higher and more clini-
cally important when ketorolac is used in higher
doses, in older patients, and for more than 5 days.

Clinical Pharmacology

NSAIDs inhibit COX, the enzyme responsible for
conversion of arachidonic acid to prostaglandins
[63]. COX exists in two isoforms [64], now desig-
nated COX-1 and COX-2. Figure 1 illustrates the
different pathways of the two isoforms.

Macario and Lipman

In animal models, ketorolac has a greater analge-
sic/anti-inflammatory ratio than other NSAIDs.
For instance, ketorolac was found to be 50 times
more potent than naproxen in analgesia models but
only three times more potent in inflammation
models. This dissociation between analgesic and
anti-inflammatory effects made the drug attractive
as an analgesic in clinical settings [65].

Some clinicians have questioned whether COX-2
selective agents would be as effective as nonselec-
tive NSAIDs, but comparable efficacy of these two
types of drugs has been clearly demonstrated in two
large controlled studies: the CLASS and VIGOR
trials [14,66].

The timing of ketorolac administration may be
clinically important because onset may be delayed
by 30 to 60 minutes while the opioid-sparing effect
may not be apparent until 4 hours after administra-
tion. The graphic presentation of data in a random-
ized double-blind study of abdominal surgery pa-
tients shows a dose-related decrease in morphine
requirements that became noticeable about 4 hours
after initiation of the combined analgesia and con-
tinued to increase over the 24-hour period [67]. A
second report supports those conclusions [68]. These
findings may be explained by the pharmacokinetic
behavior of ketorolac. For example, ketorolac has
an intermediate half-life (5 hours) compared with
diclofenac (1 hour) and piroxicam (50 hours).

Bone and Soft Tissue Healing

For surgical patients, there is a concern that ketoro-
lac use, as with any NSAID, may adversely impact
wound healing. In an animal model, large doses of
ketorolac may affect the mechanical properties of the
bone matrix or affect bone osteogenesis during frac-
ture healing [69,70]. In a rat model of posterior spine
fusion, indomethacin given for 12 weeks postopera-
tively produced a fusion rate of 10% versus 45% in
controls [71]. A separate study of indomethacin and
the growth of the femur in rats found no significant
effect on osteoblast activity [72].

For the clinical orthopedic population, two ret-
rospective studies specifically address the relation-
ship between NSAIDs and rate of spinal fusion. A
retrospective study found that patients who took
NSAIDs for more than 3 months after posterolat-
eral spine fusion had lower successful fusion rates
(44% vs 37%) [73]. Another retrospective study
found that nonunion was five times more likely in
patients who had undergone posterior spinal fusion
and received ketorolac postoperatively (n = 167 pa-
tients) compared with those who had not received
NSAIDs postoperatively (n = 121 patients) [74].
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Those studies were conducted with nonselective
NSAIDs. The challenge for the clinician remains
evaluating this potential healing risk in any individ-
ual patient relative to the analgesic benefit of ketor-
olac.

Studies of oral COX-2 selective NSAIDs and
healing have been performed in animals. For exam-
ple, rabbits were randomized to celecoxib (>10
mg/kg), indomethacin (>10 mg/kg), or placebo
daily for 8 weeks after single-level intertransverse
posterolateral fusions using autologous iliac crest.
The celecoxib and control groups were similar for
fusion rate and remodeling. In contrast, the in-
domethacin group had a higher incidence of non-
union (50%) [75].

More clinical studies are necessary to evaluate
how COX-2 selective NSAIDs affect healing.

Bleeding

After introduction into general clinical use a decade
ago, ketorolac has produced a higher incidence of
adverse events, including bleeding, than was antici-
pated based on premarketing studies and the ad-
verse event rates associated with other NSAIDs
[76]. In the first 3 years after ketorolac was ap-
proved in the United States (in 1990), more than 16
million patients received the drug and 97 fatalities
were reported [77]. More than half of these were
associated with gastrointestinal bleeding. In fact,
gastroduodenal ulcers can be demonstrated by en-
doscopy in 10% to 20% of patients who take NSAIDs
on a regular basis, and the annual incidence of clin-
ically important gastrointestinal complications ap-
proaches 2% [78].

The effect of ketorolac on bleeding has been
studied in animal models, healthy volunteers, chil-
dren undergoing surgery, and adult medical and
surgical patients.

NSAIDs do not directly affect blood clotting, but
they inhibit thromboxane A, (normally measured as
thromboxane B, levels) and prostacyclin. Both are
important for clot formation. Animals injected with
ketorolac had decreased platelet aggregation (10%
vs. 75% for controls) and significant prolongation of
bleeding time (291 * 5 seconds) [79].

In healthy volunteer studies, a randomized, dou-
ble-blind, placebo-controlled study had 26 patients
receive ketorolac IM 30 mg four times a day for 5
days, and oral placebo capsules for the last 2 days.
The effects of that regimen were compared with
those induced by an identical-appearing schedule of
intramuscular placebo and oral aspirin, 650 mg,
given to eight volunteers. Aspirin at a mean serum
concentration of 84 pg/mL did not affect pro-
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thrombin time, partial thromboplastin time, plate-
let count, or bleeding time. Ketorolac, however,
significantly prolonged bleeding time from 4.9 +
1.1 minutes to 7.8 = 4 minutes [80].

Single oral doses ranging from 2.5 to 200 mg
taken by 40 volunteers increased bleeding time and
inhibition of platelet aggregation 3 hours after ad-
ministration [81]. There was no observable dose re-
sponse. Twenty-four hours after the single doses
were taken, bleeding time was still elevated in pa-
tients taking doses greater than 15 mg.

In 14 healthy male volunteers, ketorolac pro-
longed bleeding time (bleeding time did remain
within the normal range in almost all patients) and
inhibited platelet aggregation and platelet throm-
boxane production [82].

Because the half-life of ketorolac is 6 hours,
platelet function returns to normal 24 to 30 hours
(five half-lives) after a single dose [83]. The authors
concluded that when postoperative hematoma for-
mation is a particular concern, ketorolac probably
should not be used.

Tonsillectomy is a useful model for studying the
effects of drugs on bleeding because of the high vas-
cularity of the peritonsillar tissues and the frequency
of this operation in children. Both preoperative use
and intraoperative use of ketorolac increases the risk
of postoperative bleeding [84]. Intravenous ketorolac
increased blood loss compared with rectal acetami-
nophen. In a comparative study of 50 tonsillectomy
patients, 25% of patients who received ketorolac re-
quired additional measures to provide hemostasis
versus 4% of the patients receiving acetaminophen
[85]. In adult surgical patients, similar results have
been documented [86]. More recently, in 1997, two
postoperative hemorrhages were reported in patients
who received ketorolac, 30 mg IM, after plastic sur-
gery [87].

Although the effects of ketorolac on bleeding
may be inconsistent, this effect can become more
important if patients have other risk factors for bleed-
ing. Because platelet effects of NSAIDs are COX-1
mediated, COX-2 selective NSAIDs may be safer
from this perspective.

Hypertension

Over the last two decades, there has been growing
interest in adverse drug interactions between NSAIDs
and antihypertensive agents. For example, cases of hy-
pertensive emergency have been reported in patients
taking the NSAIDs piroxicam and indomethacin,
possibly mediated by reduced synthesis of prosta-
glandins, in patients with previously well-controlled
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hypertension [88,89]. A comprehensive literature
search failed to identify published reports of this
type of toxicity in surgical patients. NSAIDs also
may affect sodium and water metabolism, resulting
in risk of sodium retention, lower extremity edema,
and exacerbation of hypertension [90,91].

Liver Failure

Hepatic toxicity has not been found to be a signifi-
cant issue in surgical patients [92].

Renal Failure

The clinical consequences of NSAIDs on renal
function are heterogeneous, and whether there are
clinically important differences between nonselec-
tive and COX-2 selective NSAIDs on human renal
function is not yet well defined [93]. Acute renal
failure is mostly a concern for elderly patients with
congestive heart failure, hepatic cirrhosis, hypovol-
emia, or an underlying renal disorder [94]. Unlike
bleeding disorders, however, these reactions may
occur at low doses.

Acute renal failure has been reported after ketor-
olac administration, but this toxicity usually re-
verses after discontinuation of the drug [95-97].
However, the pharmacological effects of prosta-
glandins on renal function suggests that this is a
dose-related phenomenon. Relative risk for acute
renal failure with ketorolac when administered for
more than 5 days was 2.08 (confidence interval
[CI]: 1.08-4.00; P = .03) compared with opioids

Table 3 Studies often do not report on toxicity

Macario and Lipman

[97]. Ketorolac administered for 5 days or less did
not increase the rate of renal failure.

Meta-analyses can be useful as the primary data
in safety evaluations [98]. An electronic meta-anal-
ysis search yielded eight randomized and quasiran-
domized controlled trials [99]. This work showed
that, as a group, NSAIDs reduced creatinine clear-
ance by 18 mL/min (95% CI: 6-31) and potassium
output by 38 mmol/day (95% CI: 19-56) on the
first day after surgery compared with placebo.
There was no significant difference in serum creati-
nine in the early postoperative period between pa-
tients receiving ketorolac and diclofenac in one
trial. No cases of postoperative renal failure requir-
ing dialysis were described. The authors concluded
that NSAIDs caused a clinically unimportant tran-
sient reduction in renal function in the early post-
operative period and suggested that NSAIDs should
not be withheld from adults with normal preopera-
tive renal function because of concerns about post-
operative renal impairment.

Another study supported these conclusions be-
cause it found no significant changes in urine oxy-
gen tension, erythropoietin, B,-microglobulin, se-
rum creatinine, urea, or urine output in women
receiving 30 mg of ketorolac IM for breast surgery
compared with a control group [100].

We reexamined the studies listed in Table 1 to
quantify the occurrence of adverse drug events
(ADEs) in patients receiving ketorolac. These data
are summarized in Table 3.

Many of the toxic indices (i.e., ADEs) were not
reported in most studies. This may be due to the

No. Postoperative Need for Blood urea Protein drop

Reference patients blood loss transfusion Hemoglobin drop Creatinine nitrogen below normal range
Tarkkila [38] 20 2 in placebo* NR NR NR NR NR

1 in ketorolac
Fredman [39] 60 NR NR NR NR NR NR
Vanlersberghe 60 NR NR NR NR NR NR

[40]
Parker [41] 198 NR NR ND ND NR NR
Green [42] 80 NR NR NR NR NR NR
Green [42] 46 NR NR NR NR NR NR
Blackburn [43] 60 NR NR 1 with placebot ND ND 16 with placebo
4 with ketorolac 22 with ketorolac

Reuben [44] 70 NR NR NR NR NR NR
Etches [45] 174 ND ND NR NR NR NR
O’Hara [46] 191 NR NR ND NR NR NR
Rogers [47] 90 *Greater in NR NR NR NR NR

ketorolac group
Ding [48] 136 NR NR NR NR NR NR

NR = not reported; ND = no difference.

*Three patients (two in the placebo group, one in the ketorolac group) were withdrawn because of postoperative bleeding requiring reoperation.
fHemoglobin decreased below 100 g/L in four patients in the ketorolac group and one patient in the placebo group.
*The proportion of patients with blood loss more than 600 mL was greater in the group given ketorolac preoperatively.
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lower doses used in the studies, resulting from up-
dated recommendations and indications as described
in the next section. An alternative explanation for
the absence of reported ADEs may be that the sam-
ple sizes for any one study are too small to detect
rare adverse events.

Another possible explanation may be inadequate
reporting. To scrutinize the completeness of re-
porting of specific adverse effects and frequency
and reasons for withdrawals as a result of toxic ef-
fects, 192 randomized drug trials in seven diverse
topics with sample sizes of at least 100 patients and
at least 50 patients in a study arm (N = 130,074 pa-
tients) were studied [101]. That study found that, in
general, severity of clinical adverse effects and labo-
ratory-determined toxicity was adequately defined
in only 39% and 29% of trial reports, respectively.
Only 46% of trials stated the frequency of specific
reasons for discontinuation of study treatment be-
cause of toxicity.

There are limitations to analysis of pooled con-
trolled trials. Although such studies may produce
useful insights about toxicities, assemblages of ran-
domized trials are at risk of biased selection because
of publication bias. Also, not all studies follow stan-
dards of reporting to allow proper evaluation of the
quality and completeness of analyses of multiple
studies [102].

Regulatory Issues

FDA regulations already require overviews of data
on safety and effectiveness in marketing applica-
tions [103]. However, Phase III clinical (premarket-
ing) trials frequently do not have sufficient power
to reliably detect important ADEs [104], and ade-
quate postmarketing surveillance may not be con-
ducted to detect ADEs after the introduction of the
drug into general clinical practice [105].

Approval of a new drug does not exclude the
possibility of serious ADEs. In recent years, three
oral NSAIDs that were fully approved and mar-
keted were subsequently withdrawn form the mar-
ket because of serious, potentially fatal, ADEs: zome-
pirac, suprofen, and most recently bromfenac. To
determine drug safety after introduction into gen-
eral clinical practice release of any drug, including
ketorolac, the FDA evaluates information from
multiple sources, including postmarketing surveil-
lance, observational studies, and case reports.

In general, adverse drug reactions can be divided
into two categories: events that otherwise occur
rarely in the population and events that represent
an increased frequency over a relatively common
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rate in the general population. These two catego-
ries of ADEs may be further subdivided by the length
of time after administration that detrimental outcomes
occur.

Spontaneous Reporting

When an adverse event is rare and its rate is in-
creased by use of a drug, spontaneous reporting
is generally necessary to detect the existence of a
problem. Spontaneous reporting systems (e.g. MED-
WATCH; website: http://www.fda.gov/medwatch/)
can be effective in revealing unusual or rare adverse
events and may be sufficient to establish a hypothe-
sis of causality. Reporting is easiest when the event
is typical of drug reactions and when it occurs soon
after the drug use. However, ADEs that occur after
discharge from hospital may be missed. For sponta-
neous reporting to be effective, health professionals
must become aware of the event, recognize it as an
adverse drug effect, identify the possible/probable
cause of the effect, and report it.

Serious adverse events are those that lead to
death, hospitalization, significant or permanent dis-
ability, or congenital anomaly or that require medi-
cal or surgical intervention [106]. Serious adverse
drug events are underreported by physicians, phar-
macists, and nurses to both pharmaceutical man-
ufacturers and the FDA [107]. By 1993, after 41
million uses of ketorolac, gastrointestinal, hemato-
logical (e.g., operative site bleeding), and renal
ADE:s included 143 deaths. However, these sponta-
neous reports would not have been expected to de-
tect ADEs that occurred long after ketorolac was
first used [108] nor to determine that the ADE oc-
curred primarily only after prolonged exposure
(more than 5 days in the case of ketorolac). Sponta-
neous reports were the first pieces of evidence in
changing how ketorolac was perceived and used.

Epidemiological Studies in Postmarketing Surveillance
Spontaneous reports triggered interest in establish-
ing epidemiological studies to define the increase in
risk of ADEs in persons receiving the drug. Data
from computerized databases of medication users
and nonusers were analyzed.

A retrospective closed cohort study of ketorolac
conducted in 35 U.S. hospitals compared 10,272
courses of parenteral ketorolac therapy with matched
patients who received 10,247 courses of a paren-
teral opioid analgesia [84]. The authors determined
the odds ratio for clinically serious gastrointestinal
bleeding to be 1.30 (1.11-1.52). The highest risk
was for patients older than 75 years (odds ratio 1.66),
those receiving daily doses greater than 120 mg (odds
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ratio 7.34), and those with more than 5 days of
treatment (odds ratio 2.20).

A dose-response relationship was evident be-
tween daily ketorolac dosing and the risk of gas-
trointestinal or operative site bleeds (P > .001,
trend test). On the basis of this study, in 1997 the
sole American manufacturer of ketorolac at that
time, Roche Laboratories, made alterations to the
package labeling for Toradol to reflect more strin-
gent guidelines for doses, duration, and age-based
dosing [109].

To further define the impact of ketorolac on
gastroduodenal lesions, 600 outpatients with ulcer
or erosion were matched with 6,000 community
controls [110]. Among NSAIDs, ketorolac was the
only drug that showed a distinctly elevated risk of
gastroduodenal lesions (odds ratio 4.2). The in-
crease in risk associated with ketorolac was more
dramatic for ulcers (odds ratio 10.5) than for ero-
sions. In most cases, ketorolac was administered for
6 days or less.

Another study of 1,505 patients hospitalized be-
cause of upper gastrointestinal bleeding matched to
20,000 controls found a relative risk for gastro-
intestinal tract bleeding and perforation in NSAID
users compared with nonusers of 4.4 [111]. Ketoro-
lac was found to have the highest risk (relative risk
24.7); it was five times more gastrotoxic than all
other NSAIDs (relative risk 5.5). Ketorolac risk re-
mained high at lower doses (i.e., 20 mg or less).
The risk of hospitalization for gastroduodenal ulcer
associated with the use of ketorolac and other
NSAIDs was further examined [112]. In patients
who had received at least one NSAID prescription,
the highest rate of lesions for current NSAID use
was observed for piroxicam (relative risk 4.6) and
ketorolac (relative risk 3.4).

More recently, information from a database of
200 hospitals and 1.5 million discharges in 1998
showed that surgical patients receiving parenteral
ketorolac had total hospital costs more than 20%
higher than patients not receiving ketorolac despite
equivalent length of stay [113]. Additional analysis
of these data is necessary to determine whether
there is a causal relationship.

Changes in Recommended Use of Ketorolac

Epidemiological studies and spontaneous reports
provide a scientific foundation for regulatory ac-
tions. In Europe, the Committee for Proprietary
Medicinal Products (CPMP), the scientific body of
the European Medicines Evaluation Agency, re-
evaluated indications for ketorolac use. The manu-
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facturer ceased supplying the drug in Germany in
1993, and the license to market ketorolac was sus-
pended in France [114]. Other European countries
had varying degrees of restrictions [115].

Recommendations on the use of ketorolac were
changed to emphasize contraindications, restrict the
indication to short-term management of postopera-
tive pain, and include restrictions on dose and dura-
tion of treatment. The recommended starting dose
for parenteral (both IM and IV) administration was
reduced to 10 mg, and the maximum daily dose was
reduced to 90 mg for nonelderly patients and 60 mg
for elderly patients. The duration of treatment for
parenteral ketorolac was reduced to 2 days.

In the United States, the maximum aggregate
duration for parenteral and oral ketorolac use was re-
duced to not more than 5 days in the FDA-approved
labeling that became effective in 1995 (see Appen-
dix). Current parenteral dosing recommendations re-
quire consideration of the patient’s age, renal func-
tion, and weight [116].

For adults younger than 65 years and weighing
more than 50 kg with normal renal function, single
IM doses of 60 mg may be given. Repeated IM or
IV doses should not exceed 30 mg every 6 hours for
a total not to exceed 120 mg daily. For patients
older than 65 years who weigh less than 50 kg or
who have moderate renal impairment, the approved
dose is one half the listed amounts.

The labeling reflects the fact that oral ketorolac
should be reserved for continuation of parenteral
therapy once the patient is able to take medications
orally. The initial oral dose is two tablets (20 mg)
for a patient previously receiving 60 mg parenter-
ally, followed by 10 mg every 4 to 6 hours not to
exceed 40 mg per day. The dose should be limited
to 10 mg for patients who are older than 65 years or
who have impaired renal function. With the maxi-
mum recommended daily dose remaining at 40 mg,
it is noteworthy that the labeling recommends chang-
ing to a different analgesic if therapy is required for
more than 5 days.

Because of the high association with adverse
events, ketorolac is contraindicated in patients with
a history of peptic ulcer disease or a current gas-
trointestinal bleed. It also is labeled as contraindi-
cated for patients with significant renal impairment
and those at risk of renal failure because of volume
depletion. Patient factors that increase risk of hem-
orrhage also are listed as contraindications. These
include intraoperative use, cerebrovascular bleed-
ing, coagulation disorder, and concurrent use of
other NSAIDs. Patients with contraindications to
other NSAIDs may have an increased incidence of
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ADEs, most notably renal failure and gastrointesti-
nal hemorrhage, with ketorolac.

Current dosing recommendations are based on
data from both Phase 3 (premarketing) clinical tri-
als and postmarketing surveillance and trials. Be-
cause of clinically important ADEs and the revised
labeling for the drug, ketorolac is often used at an
initial parenteral dose of 30 mg followed by doses
of 15 mg today.

Conclusions

There is a need to improve postoperative analgesia.
NSAIDs for acute postoperative pain relief can be
part of an effective multimodal protocol that in-
cludes patient education (e.g., instructing the pa-
tient to take pain medication as soon as discomfort
occurs).

For ketorolac, a dose-response effect exists with
single doses up to 90 mg IM and 100 to 200 mg
orally. Parenteral ketorolac doses of 10 to 30 mg
are comparable to 10 to 12 mg parenteral morphine
in single-dose trials. However, risks of gastrointes-
tinal bleeding, platelet inhibition, and renal impair-
ment limit the routine use of ketorolac in surgical
patients. The published literature suggests that the
risk for adverse events increases with high doses,
with prolonged therapy (>5 days), or in vulnerable
patients (e.g., the elderly).

The incidence of serious adverse events has de-
clined since dosage guidelines were revised, but ad-
verse drug-related events still do occur.* New in-
jectable COX-2 selective NSAIDs may change the
clinical relevance of ketorolac.

If the use of ketorolac is considered, careful
patient selection is essential. Contraindications to
ketorolac use include a history or current risk of
gastrointestinal bleeding, risk of renal failure, com-
promised hemostasis, hypersensitivity to aspirin or
other NSAIDs, labor, delivery, and nursing. Ketor-
olac should be prescribed at the lowest dose neces-
sary to control pain, and the duration of therapy
should be limited to as few days as possible.

New analgesics that provide effective pain relief
with minimal potential for adverse effects are needed.
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APPENDIX

Warning

Toradol, an NSAID, is indicated for the short-term
(up to 5 days) management of moderately severe,
acute pain that requires analgesia at the opioid
level. It is not indicated for minor or chronic pain-
ful conditions. Toradol is a potent NSAID analge-
sic, and its administration carries many risks. The
resulting NSAID-related adverse events can be seri-
ous in certain patients for whom Toradol is indicated,
especially when the drug is used inappropriately. In-
creasing the dose Toradol beyond the label recom-
mendations will not provide better efficacy but will
result in increasing the risk of developing serious
adverse events.

Gastrointestinal Effects

Toradol can cause peptic ulcers, gastrointestinal bleed-
ing, and perforation. Therefore, Toradol is contraindi-
cated in patients with active peptic ulcer disease, in pa-
dents with recent gastrointestinal bleeding or perforation,
and in patients with a history of peptic ulcer disease or
gastrointestinal bleeding.

Renal Effects

Toradol is contraindicated in patients with advanced
renal impairment and in patients at risk for renal failure
due to volume depletion (see Warnings).

Risk of Bleeding

* Toradol inhibits platelet function and is, therefore,
contraindicated in patients with suspected or con-
firmed cerebrovascular bleeding, patients with hem-
orrhagic diatheses, patients with incomplete hemo-
stasis, and those at high risk of bleeding (see Warnings
and Precautions).

* Toradol is contraindicated as prophylactic analgesic
before any major surgery and is contraindicated in-
traoperatively when hemostasis is critical because of
the increased risk of bleeding.
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Hypersensitivity

Hypersensitivity reactions, ranging from bronchospasm to
anaphylactic shock have occurred, and appropriate coun-
teractive measures must be available when administering
the first dose of Toradol IV/IM (see Contraindications
and Warnings). Toradol is contraindicated in patients
with previously demonstrated hypersensitivity to Toradol
or allergic manifestations to aspirin or other NSAIDs.

Concomitant Use With NSAIDs

Toradol is contraindicated in patients currently receiv-
ing acetylsalicylic acid or NSAIDs because of the cu-
mulative risk of inducing serious NSAID-related side
effects.

Dosage and Administration
Toradol®rAt

* Toradol®®! js indicated only as continuation therapy
to Toradol IV/IM, and the combined duration of use
of Toradol IV/IM and Toradol®®" is not to exceed 5
days because of the increased risk of serious adverse
events.

* The recommended total daily dose of Toradolo®
(maximum 40 mg) is significantly lower than for To-
radol IV/IM (maximum 120 mg) (see Dosage and
Administration and Transition from Toradol IV/IM
to ToradolORAL),

SPECIAL POPULATIONS

* Dosage should be adjusted for patients 65 years or
older, for patients weighing less than 50 kg (110 Ib)
of body weight (see Dosage and Administration) and
for patients with moderately elevated serum creati-
nine (see Warnings). Doses of Toradol IV/IM are not
to exceed 60 mg (total dose per day) in these patients.
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