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Dyloject is a novel formulation of diclofenac intended for intravenous ( IV) admin-
istration. This formulation employs the solubilizing agent hydroxypropyl-b-cyclo-
dextrin to permit bolus IV administration. The efficacy and safety of 5 dose levels
of IV diclofenac were compared with IV ketorolac and placebo following third
molar extraction. This was a single-dose, randomized, double-blind, placebo-
and comparator-controlled, parallel-group study. A total of 353 subjects with
moderate to severe pain received placebo; ketorolac 30 mg; or IV diclofenac
3.75, 9.4, 18.75, 37.5, or 75 mg (N 5 51 for all groups, except N 5 47 for ketor-
olac ). The primary endpoint was total pain relief over 6 hours (TOTPAR6) as
measured by the visual analog scale (VAS). Secondary endpoints included multi-
ple measures of pain intensity and relief; patient global evaluation; and times to
pain relief and rescue medication. Dropouts and adverse effects (AEs) were also
monitored. IV diclofenac was superior to placebo as measured byTOTPAR6 (P ,

.0001 for all doses except 3.75 mg, for which P 5 .0341). IV diclofenac 3.75 mg
was statistically superior to placebo forTOTPAR2 and TOTPAR4. IV diclofenac at
both 37.5 and 75 mg was superior to placebo (P , .05) at the earliest (5 minute)
assessments of pain intensity and pain relief, but ketorolac was not. The propor-
tion of patients reporting 30% or greater pain relief at 5 minutes was significantly
greater after IV diclofenac 37.5 and 75 mg than after ketorolac 30 mg or placebo.
Secondary endpoints confirmed the primary findings.Treatment-related AEs were
generally mild to moderate and were typical for nonsteroidal anti- inflammatory
drugs (NSAIDs). The more rapid onset of action of IV diclofenac compared with
the reference injectable NSAID ketorolac suggests additional clinical benefit. If
confirmed in larger series, these findings may improve the safety and efficacy of
postoperative NSAID analgesia.
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Injectable nonsteroidal anti-inflammatory drugs
(NSAIDs) are given worldwide for pain control af-

ter surgical procedures in which multimodal analgesia
is used to hasten and enhance recovery for patients re-
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quiring analgesia with minimal opioid side effects, and
for patients who are not able to tolerate oral NSAIDs.
A recent meta-analysis has confirmed the clinical ben-
efits of opioid sparing with the coadministration of
NSAIDs.1 Molar extraction reliably leads to moderate
to severe pain, creating challenges for pain control
but also offering opportunities to evaluate analgesics
in this validated, clinically relevant model.2 The contri-
butions of nociception plus inflammation to post ^mo-
lar extraction pain were observed decades ago to make
it an extremely useful model for evaluation of
NSAIDs.3

Dyloject (referred to herein as IV diclofenac) is a
novel formulation of diclofenac sodium for injection
recently approved for marketing in the United King-
dom as a 75 mg/2 mL bolus IV injection.4 The widely
prescribed NSAID diclofenac is an amino-phenylace-
tic acid that inhibits prostaglandin biosynthesis to pro-
duce analgesic, antipyretic, and anti-inflammatory ac-
tivity secondary to its nonselective inhibition of the cy-
clooxygenase (COX) enzymes, COX-1 and COX-2. We
previously reported results of a double-blind, placebo-
controlled study that compared 75 mg doses of Dylo-
ject and Voltarol (an earlier formulation of injectable
diclofenac that requires buffering, dilution, and infu-
sion over 30 minutes) for post ^molar extraction pain
and demonstrated a quicker onset of action and a low-
er incidence of thrombophlebitis with Dyloject: 5.7%
versus 12%.5 Our observation of the more rapid onset
of action of Dyloject compared with Voltarol suggested
that the newer formulation of diclofenac might have
an enhanced potency, thereby offering a potential ad-
vantage by providing clinically meaningful analgesia at
lower doses than those previously believed necessary.

First, the present study sought to explore clinical re-
sponses to a range of I.V. diclofenac doses as low as one
twentieth (3.75 mg) of the standard recommended UK
doses of Dyloject andVoltarol (both 75 mg). Second, we
sought to extend prior findings of the rapid onset of I.V.
diclofenac by comparing its speed of onset versus that of
ketorolac, an NSAIDwithmore preferential COX-1selec-
tivity than diclofenac, and the only NSAID approved in
the United States as a sole agent for the treatment of
moderate to severe acute pain.

METHODS

Participants

Male and female subjects between 18 and 75 years of
age who were undergoing surgical extraction of 1 or
more third molars (1 of which was a fully or partially
impacted mandibular third molar requiring bone re-

moval) were eligible for enrollment. Subjects had to
be in good health as determined by the investigator
on the basis of medical history and physical examina-
tion and had to have moderate or severe pain within
6 hours after completion of surgery, as measured by a
categorical pain intensity scale (moderate or severe
descriptor) and pain intensity of $50 mm on a
100 mm visual analog scale (VAS) at baseline. Female
subjects of childbearing potential were required to
have a negative pregnancy test and had to be practic-
ing abstinence or a medically acceptable form of con-
traception plus using a spermicidal agent.

All subjects received a standard local anesthetic ( li-
docaine 20 mg/mL with epinephrine 12.5 mg/mL). In
the lower jaw, inferior alveolar plus lingual nerve
blocks were supplemented by local buccal infiltration
on the side of operation.Where an ipsilateral third mo-
lar was to be removed from the upper jaw, local anes-
thesia at the tuberosity of the palatine foramen was
supplemented by buccal and palatal infiltration.

Exclusion criteria included a history of uncontrolled
chronic disease that would contraindicate study partici-
pation, previous cardiovascular events (eg, myocardial
infarction, stroke), or potential cardiovascular risk, in-
cluding an abnormal electrocardiogram (ECG), judged
by the investigator as clinically significant at screening or
at baseline (ie, immediately predosing). Subjects receiv-
ing any investigational medication within 3 months be-
fore administration of studymedication, or with clinically
significant laboratory test results or known hypersensitiv-
ity toNSAIDs or diclofenac,were excluded.

No analgesic medications, including aspirin, opi-
oids, other nonsteroidal anti-inflammatory drugs, or
other common centrally or peripherally acting analge-
sic drugs, major and minor tranquilizers, muscle relax-
ants, or antihistamines within 24 hours before study
medication administration were allowed. Subjects
who had taken antidepressants, including serotonin/
norepinephrine reuptake inhibitors or tricyclic antide-
pressants within 3 weeks of the study and subjects
who had taken monoamine oxidase inhibitors, trypto-
phan, carbamazepine, or valproate within 2 weeks be-
fore taking study medication were also excluded.

This study was approved by the investigational re-
view committee, Quorum Review. All subjects signed
informed consent before participating in the study.

Procedure

This was a single-dose, randomized, double-blind,
placebo- and comparator-controlled, parallel-group
study conducted at 3 sites. At the screening visit, pa-
tients at each site were assigned a subject number in
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the order in which they were screened. Upon meeting
all inclusion and exclusion criteria, patients were ran-
domly assigned to receive 1 of 5 IV diclofenac doses
(3.75 mg, 9.4 mg, 18.75 mg, 37.5 mg, or 75 mg), ketor-
olac tromethamine 30 mg, or placebo according to a
computer-generated randomization schedule. Study
medication was administered as an intravenous ( IV)
bolus injection over 15 seconds into a preplaced can-
nula in the arm. A third party doser who had no con-
tact with patients except when dosing administered
study treatment prepared the syringe with appropriate
study treatment using a blind label within 1 hour of
dosing.

Pain was assessed by each patient at baseline (time
0); at 5, 15, 30, and 45 minutes; and at 1, 1.5, 2, 3, 4,
5, 6, 7, 8, 10, 12, and 24 hours after administration of
study medication. Only pain intensity was measured at
baseline. At each postbaseline time period, both pain
intensity (categorical and VAS) and pain relief (VAS
and categorical ) were measured. All pain assessments
taken up to 8 hours post dosing were performed by
research staff at the site. All patients were discharged
after an 8 hour in-clinic observation period. Assess-
ments taken at 10, 12, and 24 hour time points were
entered directly into the patient diary by the patient.
Times to onset of perceptible and meaningful pain re-
lief were evaluated using 2 stopwatches. Patients were
instructed to stop the first stopwatch at the time of
perceptible pain relief and the second stopwatch at
the time of meaningful pain relief. A patient global
evaluation (PGE: excellent, very good, good, fair, or
poor) was also recorded at the time of rescue or at
the 8 hour poststudy medication assessment, which-
ever came first. Patients were encouraged to wait at
least 60 minutes from the time of study medication
administration before using rescue medication. How-
ever, patients could receive rescue medication at any
time according to the usual clinical practice at each
study site. The most common rescue medications tak-
en were oral ibuprofen 400^600 mg and a combina-
tion oral analgesic containing hydrocodone 5 mg and
acetaminophen 500 mg.

Safety was assessed by laboratory analyses, vital
signs, 12 lead ECGs, urine pregnancy testing, adverse
events (AEs), and physical examinations. ECGs and
laboratory analyses were performed at screening, at
baseline, 8 hours post dose, and 5 to 9 days post treat-
ment. At these times, blood samples were analyzed for
albumin, alkaline phosphatase, alanine transaminase,
amylase, aspartate transaminase, bilirubin, blood urea
nitrogen, calcium, chloride, creatinine kinase, glucose,
lactate dehydrogenase, lipase, magnesium, phos-
phate, total protein, and sodium. Urine samples at
these times were analyzed for specific gravity, pH, pro-

tein, glucose, ketones, bilirubin, and blood and were
also examined microscopically for bacteria, casts, crys-
tals, white blood cells, yeast, and so forth. Vital signs
were performed at screening, at baseline ( immediately
prior to dosing), 5 minutes and 8 hours post dose, and
5 to 9 days post treatment. Physical examinations
were performed at screening or at baseline and 5 to
9 days post treatment. All potentially childbearing fe-
males had pregnancy tests performed at screening, at
baseline, and 5 to 9 days post treatment. AEs were
monitored throughout the course of the study. Assess-
ment of the intravenous cannula site was conducted by
clinical staff at 8 hours post treatment for thrombo-
phlebitis using a 6 point scale.6 This scale ranged
from grade 0 (‘‘no reaction’’) to grade 5 (‘‘thrombosis
with overt infection’’).

The primary measure of efficacy was total pain relief
(TOTPAR) for the intent-to-treat ( ITT) population over
0^6 hours. This score (TOPAR6) was based on pain
relief scores assessed on a 100 mm VAS over a 0^
6 hour time interval. Secondary measures of efficacy
included time-specific pain relief (PR) (VAS and cate-
gorical ); peak pain relief (PPR) (VAS and categorical );
sum of pain intensity differences (SPID) over 0^2, 0^
4, 0^6, 0^8, 0^10, 0^12, and 0^24 hours (VAS and
categorical ); time-specific pain intensity difference
(PID) (VAS and categorical ); peak pain intensity differ-
ence (PPID) (VAS and categorical ); summed pain re-
lief intensity differences (SPRID) over 0^2, 0^4, 0^6,
0^8, 0^10, 0^12, and 0^24 hours (VAS and categori-
cal ); time to administration of rescue medication; pro-
portion of patients requiring rescue medication; time
to meaningful pain relief; time to perceptible pain re-
lief; and PGE. All efficacy endpoints were derived
from direct, patient-reported entries in the pain as-
sessment case report forms completed up to 8 hours
postoperatively while the patient was in the clinic or
(for 10 hour, 12 hour, and 24 hour self-assessments)
in patient diaries completed by patients at home after
leaving the clinic.

Statistical Analyses

Sample size was estimated forTOTPAR over 0^6 hours
assessed using a 0^100 mm VAS, to demonstrate the
superiority of IV diclofenac versus placebo. A sample
size of 48 evaluable patients per group was calculated
to provide 90% power to detect a difference of 90 mm
hours between each IV diclofenac dosing group and
placebo with a 2-sided test performed at the 5% level
of significance. This calculation assumed a standard
deviation of 134.2 mm hr that was obtained from a
prior study of a single 75 mg dose of IV diclofenac for
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postoperative third molar extraction pain.5 Inclusion
of a seventh cohort given IV ketorolac as a positive
comparator led to an estimate of approximately 350
patients to be randomized to obtain 336 evaluable
per protocol patients.

Baseline variables (age, sex, and baseline pain in-
tensity) were summarized by treatment group. For con-
tinuous variables, comparisons between treatments
were made using analysis of variance (ANOVA) mod-
els with treatment and center as independent factors.
For categorical outcomes, comparisons between pairs
of treatment groups were performed using Cochran-
Mantel-Haenszel test with center as the stratification
variable. Analyses were performed on the ITT popula-
tion.

TOTPAR, PR, PPR, SPID, PID, PPID, SPRID, and
GPE were analyzed using analysis of covariance (AN-
COVA) with treatment, center, and baseline categori-
cal pain intensity as factors. The possibility of interac-
tions was investigated. Terms for treatment by center
interaction and treatment by baseline categorical pain
intensity were added to the model. If either of the in-
teraction terms was significant at the .10 level, the rea-
son for the interaction was explored. Comparisons of
pain intensity and pain relief across observation times
for diclofenac, placebo, and ketorolac groups were
performed with Dunnett’s test.

The presence of a linear dose response was tested
with orthogonal contrasts for TOTPAR, SPID, and
SPRID. Determination of the minimum effective dose
with respect to each of these outcome measures was
conducted with the Tukey, Ciminera, and Heyse step-
down testing procedure using linear contrasts. This
procedure involved a sequence of linear trend tests.
The first test, of overall linear dose response, included
placebo (defined as a dose of 0) and all IV diclofenac
dose levels. The next step-down test was a linear trend
test, which excluded the highest dose of IV diclofenac.
Each subsequent step-down test excluded the highest
remaining dose of IV diclofenac ending with the final
linear trend test, which included only 3.75 mg IV di-
clofenac and placebo. The first of these sequential
tests in which a significant linear trend was no longer
noted was used to define the minimum dose with an
analgesic effect discernibly different from placebo. In
addition, linear, quadratic, and cubic dose response
trends based on SPID from 0^6 hours (using the
VAS) were tested.

Times to onset of perceptible relief and meaningful
relief were analyzed with survival analysis techniques.
Median time to event for each treatment group was es-
timated with the Kaplan-Meier product limit estimator.
A 95% confidence interval for each estimated median
time to event was calculated. The presence of a linear

dose response for the ordered IV diclofenac dose lev-
els was tested with orthogonal contrasts in a Cox pro-
portional hazards regression model. Dependent vari-
ables were age at entry, gender, time from end of sur-
gery to first study medication, and baseline pain
intensity (VAS). As with area under the curve (AUC)
parameters, linear trend tests using the step-down
testing procedure of Tukey, Ciminera, and Heyse were
performed. Time from administration of study medica-
tion to first rescue medication was analyzed in the
same fashion. In addition, a figure presenting the cu-
mulative proportion of patients rescued over time in
each treatment group was constructed. The propor-
tions of patients rescued at specific times were com-
pared across treatment groups by means of the Coch-
ran-Mantel-Haenszel test using center as a stratifica-
tion variable.

The clinical safety of the study medications was as-
sessed in all patients who received them. Clinical and
statistical interpretations were based on tabulations of
clinical laboratory results, physical examination, vital
signs, ECG findings, thrombophlebitis evaluation, and
AE data.

RESULTS

Five hundred seventy-five (575) patients were
screened for possible study participation across 3
study sites. A total of 222/575 screened patients
(38.6%) were not enrolled in the study and were clas-
sified as ‘‘screening failures.’’ The three primary rea-
sons were withdrawn consent, positive drug test, or a
medical history exclusion. A total of 353 patients were
enrolled into the study and were randomly assigned to
1 of the 7 treatment groups. All 353 randomized pa-
tients received 1 dose of the assigned study treatment
and were included in the safety population. Postbase-
line efficacy data were also recorded for these 353 pa-
tients and were included in the ITT population.

Demographic variables of age, sex, ethnic origin,
height, and weight were similar across treatment
groups. Mean patient age was 23.7 years with 61.5%
females and 38.5% males. No statistically significant
demographic differences were present between treat-
ment groups.

The degree of molar impaction and resulting trauma
from surgery were similar across treatment groups. A
majority of patients had third molar extractions that in-
volved only partial bony impactions (225/353;
63.7%), and the median number of third molars ex-
tracted was 2. Numbers and percentages of patients
with partial bony impactions were similar across treat-
ments (P 5 .9830). Surgical trauma was rated as se-
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vere in 67.1% of patients and moderate in 32.9% with
a median surgical time of 7 minutes.

Pain intensity at the baseline evaluation (after local
anesthetic effects dissipated) was similar among treat-
ment groups, as measured by both VAS and the cate-
gorical scale (Table 1). Overall, categorical baseline
pain intensity was mixed among moderate (191/353;
54.1%) and severe (162/353; 45.9%). MeanVAS base-
line pain intensity was 71 6 12.12 mm, ranging from
49 to 100 mm across treatment groups. No statistically
significant differences were observed among treatment
groups.

The primary study efficacy endpoint was achieved.
The primary efficacy endpoint was TOTPAR6, as de-
termined by summation of assessments of pain relief
scores as measured on the 100 mm VAS over the 0^
6 hour period (Table 2). IV diclofenac was statistically
superior to placebo (P , .001) in providing pain relief
over the 0^6 hour period following IV treatment. Tu-
key’s step-down linear trend test demonstrated a sig-

nificant linear dose response. IV diclofenac 3.75 mg
was the minimum dose whose analgesic effect differed
significantly from placebo (P 5 .0341). The per proto-
col analysis supported these findings; however, the
lowest dose that separated from placebo in that analy-
sis was identified as 9.4 mg. IV diclofenac 37.5 and
75 mg doses were numerically similar to ketorolac
30 mg with respect to TOTPAR6. Neither of the 2 in-
teraction terms (treatment by center and treatment by
baseline categorical pain intensity) achieved signifi-
cance at the level of P , .1.

IV diclofenac 18.75 mg, 37.5 mg, and 75 mg provid-
ed pain relief as measured on the VAS scale that was
statistically superior to placebo (P , .001) over TOT-
PAR2, TOTPAR4, TOTPAR8, TOTPAR10, TOTPAR12,
and TOTPAR24. For TOTPAR8 through TOTPAR24
measures, no statistically significant differences were
observed between IV diclofenac 3.75 mg and placebo
treatment groups. TOTPAR24 showed no statistically
significant difference between IV diclofenac 9.4 mg
and placebo.

Mean pain relief scores for ketorolac and all doses of
IV diclofenac increased rapidly within the first hour
and, with the exception of IV diclofenac 3.75 mg, re-
mained greater than placebo for 8 hours following ad-
ministration of study drug. Statistically significant sep-
aration from placebo (P , .05) occurred at 5 minutes
following drug administration for patients in the IV di-
clofenac 37.5 and 75 mg treatment groups and at
15 minutes following administration of ketorolac
30 mg. IV diclofenac 37.5 mg had the greatest mean
pain relief scores from 30 minutes through 2 hours
post dose, and ketorolac 30 mg had the greatest
scores from 3 hours through 10 hours post dose; how-
ever, pain relief scores for all active treatment groups
appeared to be declining monotonically beyond

Table1. Baseline Pain Intensity in the Intent-to-Treat Populationa

Treatment

N

Baseline Pain Intensity (Categorical)
VAS, mm, mean 6SD

(range)Moderate, n (%) Severe, n (%)

P value .1702b .1826c

Placebo 51 27 (52.9) 24 (47.1) 73.2 612.81 (50^100)
IV diclofenac 3.75 mg 51 29 (56.9) 22 (43.1) 68.8 612.50 (50^98)
IV diclofenac 9.4 mg 51 27 (52.9) 24 (47.1) 70.8 612.65 (49^100)d

IV diclofenac18.75 mg 51 23 (45.1) 28 (54.9) 71.9 612.09 (50^98)
IV diclofenac 37.5 mg 51 36 (70.6) 15 (29.4) 67.6 610.92 (50^96)
IV diclofenac 75 mg 51 28 (54.9) 23 (45.1) 72.2 611.96 (50^97)
Ketorolac 30 mg 47 21 (44.7) 26 (55.3) 72.5 611.40 (53^96)
Total 353 191 (54.1) 162 (45.9) 71.0 612.12 (49^100)

a SD indicates standard deviation;VAS, visual analog scale.
b P value from a Cochran-Mantel-Haenszel test of general association. Center is the stratification variable.
c P value for treatment from an analysis of variance (ANOVA) F-test based on a model with treatment and center as factors.
d The single baselineVAS of 49 mm represents a‘‘minor protocol deviation’’attributed to initial misreading by1mm of the vertical

line drawn on a 0^100 mmVAS by the patient in the postanesthesia care unit (PACU).

Table 2. Mean (SD) Total Pain Relief (TOTPAR6) for the
First 6 Hours Post Dose by Visual Analog Scale in the In-
tent-to-Treat Population

Treatmenta N TOTPAR6b

Placebo 51 62.8 (134.52)
IV diclofenac 3.75 mg* 51 134.1 (136.19) A
IV diclofenac 9.4 mg** 51 237.6 (170.21) B
IV diclofenac18.75 mg** 51 284.4 (201.11) B
IV diclofenac 37.5 mg** 51 348.2 (164.25) B
IV diclofenac 75 mg** 51 346.3 (169.04) B
Ketorolac 30 mg** 47 400.3 (170.58) B

a P value based on results of Tukey-Ciminera-Heyse step-
down testing procedure (*P 5.0341; **P ,.0001).

b Results of Dunnett’s test: A 5 not significantly different
from placebo; B 5 significantly different from placebo (P ,
.05).
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3 hours. Figure 1 presents mean pain relief profile
over 8 hours for each of the treatment groups. In Fig-
ures 1 through 3,‘‘DIC075V’’ denotes the experimental
drug name of IV diclofenac. Mean TOTPAR scores
(categorical assessments) for all IV diclofenac groups
and ketorolac were statistically superior to placebo (P
, .0001) at 2 and 4 hours. IV diclofenac 18.75 mg,
37.5 mg, and 75 mg and ketorolac 30 mg were statis-
tically superior to placebo (P , .0001) for all TOTPAR
scores up to 0^24 hours as measured on the categori-
cal scale. For legibility, 95% confidence intervals al-
though calculated are not depicted in Figure 1. If these
were depicted, their overlap at 6 hours and later for
the 3 highest doses of IV diclofenac and ketorolac in-
dicates that the apparently prolonged analgesic effect
of ketorolac relative to IV diclofenac was not statistical-
ly significant.

Pain intensity was measured by the 0^100 mmVAS
and 5 point categorical scales. The pain intensity dif-
ference (PID) was derived by subtracting the pain in-
tensity at each observation point from the baseline
pain intensity. Mean PID VAS scores increased rapidly
through the first hour after administration for all doses
of DIC075V and ketorolac, and remained higher than
placebo throughout 24 hours. From 5 minutes
through 1.5 hours, DIC075V 37.5 mg maintained the
greatest mean PID VAS score at each assessment.
From 2 through 24 hours, ketorolac 30 mg had the
highest mean PID VAS scores. Similar results were ob-
served for mean pain intensity scores as measured on

the categorical scale. PID scores were summed
through 2, 4, 6, 8, 10, 12, and 24 hours post dose.
Mean SPID scores, based on VAS assessments, indi-
cated that IV diclofenac 18.75, 37.5, and 75 mg and
ketorolac were statistically superior to placebo (P ,

.0001) and were similar to one another at 0^2, 0^4, 0^
6, 0^8, 0^10, 0^12, and 0^24 hours post dose, except
SPID 0^24 hours for IV diclofenac 18.75 mg (P 5

.0003). IV diclofenac 3.75 mg was not statistically su-
perior to placebo at 0^10, 0^12, and 0^24 hours. IV
diclofenac 9.4 mg was not statistically superior to pla-
cebo at 0^24 hours.When assessed on the categorical
scale, similar results for mean SPID scores were ob-
served for IV diclofenac 18.75, 37.5, and 75 mg and
for ketorolac.

To further explore the linear dose-response trend for
IV diclofenac, an additional analysis based on mean
SPID from 0^6 hours was conducted to test for linear,
quadratic, and cubic effects. Placebo was included as a
dose of 0 mg. As seen in Figure 2, highly significant (P
, .0001) linear and quadratic dose effects were evi-
dent, and a significant (P , .0053) cubic effect as well.
These results indicate that a clear, statistically signifi-
cant relationship was noted between increasing doses
of IV diclofenac from 3.75 through 37.5 mg, as were
greater reductions in pain intensity, with little incre-
mental effectiveness between the 37.5 and 75 mg dos-
es of IV diclofenac.

PRID scores were summed through 2, 4, 6, 8, 10, 12,
and 24 hours post dose. Mean SPRID scores, based
on VAS assessments, indicated that IV diclofenac
18.75, 37.5, and 75 mg and ketorolac were statistically
superior to placebo (P , .0001) at 0^2, 0^4, 0^6, 0^8,
0^10, 0^12, and 0^24 hours post dose. When assess-

Figure 2. Mean sum of pain intensity differences (on a 0^
100 mm visual analog scale) from 0^6 hours following ad-
ministration of single, graded doses of IV diclofenac. A sig-
nificant dose response with a plateau above 37.5 mg was ev-
ident according to linear, quadratic, and cubic models.

Figure 1. Mean pain relief (on a 0^100 mm visual analog
scale) versus time after administration of single, graded dos-
es intravenous ( IV ) diclofenac (‘‘DIC-075V’’), placebo, or the
positive comparator ketorolac 30 mg. Confidence intervals
surrounding each point are omitted for legibi lity. If these
were depicted, their overlap at 6 hours and later for the 3
highest doses of IV diclofenac and ketorolac indicates that
the apparently prolonged analgesic effect of ketorolac rela-
tive to IV diclofenac was not statistically significant.
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ed on the categorical scale, similar results for mean
SPRID scores were observed for IV diclofenac 18.75,
37.5, and 75 mg and ketorolac.

Patient requests for rescue medication (recorded up
to 24 hours post dosing) were indicative of the dura-
tion of analgesic effect. Median times to rescue medi-
cation in the IV diclofenac 75 and 37.5 mg groups
were 6 hours 2 minutes and 6 hours 12 minutes, re-
spectively, compared with 1 hour 9 minutes for the
placebo treatment group. IV diclofenac 18.75 and
9.4 mg both had approximately 4 hours until rescue,
and IV diclofenac 3.75 mg had approximately 3 hours.
All IV diclofenac and ketorolac treatment groups were
statistically superior to placebo (P , .05). Cumulative
proportions of patients in each treatment group who
required rescue medication are shown in Figure 3.

The estimated median time to perceptible pain relief
based on a Kaplan-Meier analysis was significantly
longer in the placebo group than in all of the active
treatment groups (P , .05). All active treatment
groups were statistically superior to placebo (P , .05)
with regard to onset of meaningful pain relief. IV di-
clofenac 37.5 mg (22 minutes) and 75 mg (27 min-
utes) treatment groups had numerically faster median
times to meaningful pain relief (TMPR) than the ketor-
olac 30 mg group (29 minutes). Table 3 presents me-
dian times to onset of meaningful pain relief. Accord-
ing to Cochran-Mantel-Haenszel testing, the propor-
tions of patients receiving IV diclofenac 37.5 and
75 mg who reported a 30% reduction in pain intensity
at 5 minutes were greater than those following place-
bo (P 5 .0150 and P 5 .0455, respectively). The pro-
portion of patients who reported a 30% reduction in
pain intensity at 5 minutes following ketorolac 30 mg
did not differ from placebo (P 5 .649).

The PGE, which was completed by all patients prior
to administration of rescue medication or at the end of

the 8 hour postdose period (whichever came first ),
served as a means for patients to express their assess-
ment of the study drugs’ overall effectiveness, onset of
action, and duration of effect. Consistent with the oth-
er study results, PGE showed statistically significant
superiority of IV diclofenac groups and ketorolac over
placebo. Overall, 42 of 51 (82.4%) patients who re-
ceived IV diclofenac 37.5 mg indicated ‘‘good’’ or better
on their global evaluation compared with 42 of 47
(89.3%) patients who received ketorolac. Patients
who received IV diclofenac 75 mg indicated ‘‘good’’ or
better in 78.4% of cases (40/51) on their global evalu-
ation.

Both IV diclofenac and ketorolac were well tolerat-
ed. No deaths or withdrawals due to AEs were report-
ed. A total of 191 of 353 (54.1%) patients reported at
least 1 treatment-emergent AE, but most treatment-re-
lated AEs in all groups were mild to moderate in sever-
ity, were transient, and subsided without intervention.
Although this prevalence of AEs at first glance appears
high, it is not unusually so for studies involving pro-
spective assessment of AE in the acute postoperative
setting. One serious AE was reported in the placebo
treatment group (appendicitis with onset 4 days after
dosing) and was deemed unrelated to study treatment.
The most frequently reported AEs with a $5% inci-
dence in the overall treatment group were post pain
(12.2%), procedural site reaction (9.3%), nausea
(8.2%), headache (6.8%), and dry socket (6.2%). This
study provided no evidence of a dose response or
treatment effect for AEs, including laboratory abnor-
malities. No palpable swelling or thrombosis was not-
ed at the IV infusion site in any of the treatment
groups (ie, no patient in any treatment group reported
a grade .1). Overall, patients treated with placebo or
IV diclofenac 37.5 mg reported the highest incidence
of grade 1 (tenderness along the vein)�5/51 (9.8%);
those who received IV diclofenac 18.75 mg reported
the lowest incidence�1/51 (2%). The ketorolac group
reported an incidence of grade 1 in 3 of 47 patients
(6.4%). Consistent with the lesser degree of inhibition

Table 3. Median Time to Onset (Minutes ) of Meaningful
Pain Relief in the Intent-to-Treat Population

Treatment Median
95% Confidence

Interval

IV diclofenac 37.5 mg* 22 14^29
IV diclofenac 75 mg* 27 22^42
Ketorolac 30 mg* 29 20^37
IV diclofenac18.75 mg* 31 20^49
IV diclofenac 9.4 mg* 31 24^45
IV diclofenac 3.75 mg* 105 43^NE
Placebo 229 202^371

* P ,.05 (log-rank test ); NE, not estimable.

Figure 3. Cumulative proportions of patients requiring res-
cue medication during the 8 hours after single, graded doses
of IV diclofenac (‘‘DIC075V’’), ketorolac 30 mg, or placebo.
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of platelet function by diclofenac compared with ke-
torolac,7 incidences of postprocedural hemorrhage in
the IV diclofenac groups ranged from 2.0 to 3.9%
compared with 8.5% in the ketorolac group. This nu-
meric difference was not statistically significant.

A total of 37 clinical laboratory parameters per pa-
tient were examined during this study, and 15 of 353
(4.2%) patients had clinically significant differences in
these attributed to study drug. All abnormal laboratory
events were mild, with the exception of 1 moderate
event in the ketorolac group. One report described a
notable or greater ($3 3 upper limit of normal [ULN])
elevation of alanine aminotransferase (ALT) or aspar-
tate aminotransferase (AST), which occurred in the
lowest-dose IV diclofenac group (3.75 mg). Only 4 re-
nal events were reported, all mild and none requiring
intervention. Two abnormal vital sign events were re-
ported in the ketorolac group and none in the IV diclo-
fenac groups. Two isolated ECG events reported in the
IV diclofenac groups (a single tracing with a T-wave
abnormality in a patient given 75 mg, and 1 other trac-
ing with a T-wave inversion in a patient given 9.4 mg)
were judged by investigators as ‘‘not related’’ and ‘‘un-
likely related,’’ respectively, to study medication. Both
resolved spontaneously without intervention before
the next ECG tracing.

DISCUSSION

This randomized, double-blind, placebo- and compar-
ator-controlled, dose-response study demonstrated
that both IV diclofenac and ketorolac were well tolerat-
ed and statistically superior to placebo (P , .0001 for
TOTPAR6) in relieving moderate to severe postsurgi-
cal pain for 6 hours following IV administration. The
analgesic response of the 2 highest IV diclofenac dos-
es was maintained for an equally long duration of ac-
tion as evidenced by the median time to rescue medi-
cation�approximately 6 hours for IV diclofenac 37.5
and 75 mg, the latter consistent with findings of a pre-
vious efficacy study5 in which only the 75 mg dose
was evaluated.

Although their duration of action was similar, IV di-
clofenac appeared to provide a more rapid onset of ac-
tion by several measures when compared with ketoro-
lac. Rapid onset of action, obviously desirable from the
patient’s point of view, facilitates early discharge from
outpatient dental and other ambulatory surgery in
which NSAIDs play an important role in postoperative
analgesia, both as analgesics per se and by virtue of
their opioid-sparing effect.1,8 In contrast, earlier for-
mulations of diclofenac5 or current formulations of
other nonopioid analgesics such as acetaminophen9

or ibuprofen10 whose IV dosing requires reconstitu-
tion, dilution, and/or slow infusion are at an intrinsic
disadvantage with regard to speed of onset compared
with agents such as IV diclofenac that are ready to use
as a rapid, small-volume bolus.

NSAIDs and acetaminophen are the foundation of
multimodal analgesia,11 now well established world-
wide as the standard of care for acute postoperative
pain.12,13 In practice, the goal of multimodal analgesia
is to reduce opioid requirements so as to reduce opi-
oid side effects,14 which are common and costly to
treat in postsurgical patients.15 However, unless post-
operative opioid requirements are reduced by a third
or more, little evidence suggests that opioid side ef-
fects are lessened.1 Indeed, nonopioids such as IV
acetaminophen, which on average reduce postopera-
tive opioid consumption by 20%, do not lead to a dim-
inution of opioid side effects.16,17 Substantial differ-
ences in intrinsic efficacy are also found between
NSAIDs,13 which comprise a diverse group of com-
pounds not only with respect to relative COX-1 and
COX-2 selectivity, but also with respect to effects upon
unrelated mechanisms such as ion channels or nucle-
ar regulatory factors. Compared with other parenteral
NSAIDs, diclofenac has a high intrinsic efficacy as
manifested, for example, by superior degrees of opioid
sparing evident in postoperative trials comparing it
with indomethacin,18 ketoprofen,19,20 and ketorolac.21

Diclofenac also has the benefit of an extensive safety
database based on decades of use for acute and chron-
ic pain in diverse formulations.

The well-known differences in intrinsic efficacy of
various NSAIDs, together with results of the present
study, in which patients with moderate to severe pain
at baseline responded well to IV diclofenac given as a
single agent without opioids, contradict the conven-
tional view that ‘‘while useful analgesic adjuncts,
NSAIDs are inadequate as the sole analgesic agent in
the treatment of severe postoperative pain.’’13 Al-
though it is true that IV acetaminophen and certain
IV NSAIDs such as ibuprofen are intended for use as
sole agents for the treatment of mild to moderate pain,
or ( for ibuprofen) for moderate to severe pain when
given concurrently with an opioid, the present study
demonstrates that IV diclofenac as a single agent is
sufficient to provide analgesia for patients with moder-
ate to severe pain.

Findings from this study suggest that a substantially
lower IV diclofenac dose than that previously thought
necessary (37.5 mg vs 75 mg) is sufficient to treat
moderate to severe acute pain following third molar
extraction. If the present findings are extended to mul-
tiple-dose, multiday trials in other models of postoper-
ative pain, such as orthopedic and abdominal surgery,

80 Dyloject: Low-Dose Efficacy, Rapid Onset Anesth Prog 58:73^81 2011



this could present an attractive alternative to ketorolac,
the only NSAID currently approved as a sole analgesic
for moderate to severe acute pain. Confirming the an-
algesic efficacy of low IV diclofenac doses in larger-
scale trials in diverse models and populations would
have the potential to improve the benefit-to-risk ratio
of perioperative NSAID analgesia compared with ke-
torolac, particularly in at-risk groups such as the elder-
ly, those with renal insufficiency, and those who re-
ceive postoperative anticoagulation.
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