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Parecoxib Sodium, a Parenteral Cyclooxygenase 2
Selective Inhibitor, Improves Morphine Analgesia and Is
Opioid-sparing following Total Hip Arthroplasty
T. Philip Malan, Jr., Ph.D., M.D.,* Gregory Marsh, M.D.,† Sam I. Hakki, M.D.,‡ Evie Grossman, B.S.,§
Louise Traylor, Ph.D.,� Richard C. Hubbard, M.D.#

Background: This study examined the opioid-sparing effec-
tiveness, analgesic efficacy, and tolerability of postoperative
administration of the parenteral cyclooxygenase 2 selective in-
hibitor, parecoxib sodium, in total hip arthroplasty patients.

Methods: This was a multicenter, multiple-dose, randomized,
double-blind, placebo-controlled study to compare the opioid-
sparing effects, analgesic efficacy, and tolerability of postoper-
ative 20 and 40 mg intravenous parecoxib sodium with placebo
in hip arthroplasty patients. The first dose of study medication
was administered after surgery with an intravenous bolus dose
of 4 mg morphine when patients first requested pain medica-
tion; remedication with the study medication occurred at 12
and 24 h. Subsequent morphine doses (1–2 mg) were adminis-
tered by patient-controlled analgesia. Efficacy was assessed by
total morphine used, pain relief and pain intensity, time to last
dose of morphine, and Global Evaluation rating of the study
medication.

Results: Parecoxib sodium, 20 and 40 mg, reduced the total
amount of morphine required over 36 h by 22.1% (56.5 mg
morphine) and 40.5% (43.1 mg morphine), respectively, com-
pared with placebo (72.5 mg morphine; P < 0.01). Patients
receiving 20 and 40 mg parecoxib sodium experienced signifi-
cantly greater maximum pain relief compared with those in the
placebo group (P < 0.05). Patients who received 20 and 40 mg
parecoxib sodium discontinued PCA morphine earlier than pa-
tients receiving placebo and had significantly higher Global
Evaluation ratings. Parecoxib sodium, 40 mg, plus morphine
demonstrated a significantly lower incidence of fever and vom-
iting compared with placebo plus morphine.

Conclusions: Administration of parecoxib sodium with PCA
morphine resulted in significantly improved postoperative an-
algesic management as defined by reduction in opioid require-
ment, lower pain scores, reduced time on PCA morphine, and
higher Global Evaluation ratings.

OPIOID agents and nonsteroidal antiinflammatory drugs
(NSAIDs) are commonly used analgesics for the treat-
ment of postoperative pain. Opioids are highly effective
but are associated with a number of adverse effects, such
as respiratory depression, alterations in mental status,
ileus, constipation, nausea, and vomiting.1–3 Multimodal

pain therapy that combines opioids with other analge-
sics has been recommended in postoperative surgical
patients to reduce the need for opioids and improve
overall analgesic management.4 NSAIDs have been used
in combination with opioid analgesics to reduce postop-
erative opioid consumption.5–11

Nonsteroidal antiinflammatory drugs are nonselective in-
hibitors of both isoforms of cyclooxygenase (COX-1 and
COX-2).12 COX-1 is constitutively expressed in many
tissues, including platelets, the gastric mucosa, and kid-
ney, and mediates the production of prostaglandins that
are involved in homeostasis. COX-1 inhibition by nonse-
lective NSAIDs leads to reduced platelet aggregation, an
increased risk of upper gastrointestinal bleeding, and
alterations in renal function.13–16 Because of the risk of
increased bleeding, nonselective NSAID use is often lim-
ited in surgical patients.13,14 COX-2 is the therapeutic
target of both nonselective NSAIDs and COX-2 selective
inhibitors. However, COX-2 selective inhibitors do not
inhibit COX-1 at therapeutic doses and are associated
with a significantly reduced degree of platelet inhibition
and ulcerogenic side effects compared with nonselective
NSAIDs.17–24

Some nonselective NSAIDs, such as parenteral ketoro-
lac (Toradol®; Roche, Nutley, NJ),6,8 and the oral COX-2
selective inhibitors rofecoxib and celecoxib,25,26 pro-
vide opioid-sparing effects when administered in post-
operative surgical patients. Substantial numbers of sur-
gical patients, however, cannot tolerate postoperative
oral medication, and ketorolac is associated with de-
creased platelet aggregation, increased bleeding time,
and gastrointestinal ulceration and bleeding.27–29 There-
fore, there is a need for parenteral analgesic agents that
can be administered to surgical patients without an in-
creased risk of bleeding. Parecoxib sodium, the first
parenteral COX-2 selective inhibitor to be developed for
the management of pain, is a prodrug that is rapidly
hydrolyzed in vivo to its active form, valdecoxib, which
is approximately 28,000-fold more potent against COX-2
than COX-1.30 Recent research has demonstrated that
parecoxib sodium is effective in treating postoperative
oral surgery, orthopedic surgery, and abdominal hyster-
ectomy pain,31–34 while other studies have demon-
strated that parecoxib sodium has no significant effects
on platelet function35 or the upper gastrointestinal mu-
cosa.36,37 As a result of these studies, parecoxib sodium
has been approved for the short-term treatment of post-
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operative pain in Europe at a dose of 40 mg (to be
administered intravenously or intramuscularly).

This study was designed to test the hypothesis that
parecoxib sodium would improve analgesia when coad-
ministered with morphine while reducing postoperative
morphine requirements when administered following
major orthopedic surgery.

Materials and Methods

Patients
The study subjects were men and women aged older

than 18 yr who required a primary or revised unilateral
total hip arthroplasty under spinal or general anesthesia.
Patients’ preoperative health had to be graded as class
I–III according to the American Society of Anesthesiolo-
gists physical status classification, based on medical his-
tory and physical examination. All patients provided
written informed consent prior to enrollment. Patients
who had an acute fracture of the hip, had trauma to the
hip, or were due to undergo emergency hip replacement
were excluded. Finally, patients who had used analge-
sics or any other agent that could interfere with analge-
sic responses during the 6 h preceding surgery were not
eligible. Specifically, this included NSAIDs, tricyclic an-
tidepressants, neuroleptic or antipsychotic agents, or
corticosteroids. Eligible patients were randomized to
treatment according to a computer-generated schedule
in the order in which they were enrolled.

Study Design
This multicenter, multiple-dose, randomized, double-

blind, placebo-controlled, parallel group study was con-
ducted in eight hospitals in the United States (Appen-
dix), in accordance with the principles of good clinical
practice and the Declaration of Helsinki. The appropri-
ate Institutional Review Boards approved the study. All
study participants were blinded to the identity of the
treatments until all study data had been collated in a
database. The study was conducted between July 30,
1999 and October 9, 2000.

Patients received their first dose of study medication,
20 mg parecoxib sodium, 40 mg parecoxib sodium, or
placebo, administered as a 2-ml intravenous dose, along
with their first-bolus intravenous dose of 4 mg morphine
sulfate, after the end of surgery, when they requested
medication for pain. Thereafter, patients self-medicated
with morphine (1–2 mg/dose) using a patient-controlled
analgesia (PCA) pump with a 6-min lockout. PCA mor-
phine was permitted at any time. Remedication with
placebo, 20 mg parecoxib sodium, or 40 mg parecoxib
sodium occurred at 12 and 24 h after the first dose.

The sample size estimate for the study was based on
published data indicating the average amount of
morphine consumed by PCA and bolus within 24 h in a

placebo group in a similar surgical setting (i.e.,
34.6 mg).38 Using these data, it was estimated that a
sample size of 60 patients would be sufficient to detect
a difference of at least 25% between placebo and 20 or
40 mg parecoxib sodium in the total dose of morphine
consumed within 24 h of the first study medication dose,
with an estimate of variability of 14.0 and 80% power,
with type I error of 0.025.

Efficacy Assessments
All doses of morphine were recorded, including the

date and time of administration. The total amount of
morphine consumed at 12, 24, and 36 h and the amount
of morphine consumed during specific time periods af-
ter administration of the first dose of study medication
were measured.

Pain intensity assessments were completed by the pa-
tients at 2, 4, 6, 9, 12, 18, 24, and 36 h after the first dose
of study medication. Pain intensity levels were assessed
on a four-point categorical scale where 0 � no pain, 1 �
mild pain, 2 � moderate pain, and 3 � severe pain.
Patients recorded maximum pain intensity on the same
scale at the end of the 36-h period or at the time of early
withdrawal from the study. Maximum pain relief was
recorded at the end of the 36-h period or at the time of
early withdrawal from the study. Pain relief was assessed
on a five-point scale, where 0 � none, 1 � a little, 2 �
some, 3 � a lot, and 4 � complete.

Patients completed a Global Evaluation of study med-
ication at 12, 24, and 36 h after the administration of
study medication. They were asked to rate the study
medication that they had received according to a four-
point scale, where 1 � poor, 2 � fair, 3 � good, and 4 �
excellent. The time to the last dose of morphine was
recorded for each patient.

Tolerability and Safety Assessments
General clinical tolerability/safety was monitored by

the incidence of patient-reported treatment-emergent
adverse events and clinical laboratory tests. Adverse
events reported by patients were confirmed by the in-
vestigators and recorded. Patient vital signs were moni-
tored by the study staff.

Statistical Analysis
Efficacy data were based on the modified intent-to-treat

cohort, which consisted of all randomized patients who
received study medication, who did not withdraw be-
fore 24 h from the first dose of study medication for
reasons other than discontinuation of PCA morphine
because of lack of pain, who had 24-h total morphine
consumption data, and whose surgery was no more than
4 h in duration. Efficacy analyses were performed using
the Last Observation Carried Forward approach. The
cumulative amount of morphine consumed at specific
time points, the amount of morphine consumed for each
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time period, and time-specific pain intensity difference
(categorical) were analyzed using analysis of covariance
with treatment and center as factors and baseline pain
intensity as a covariate. Pain intensity difference was
calculated as the difference between baseline pain inten-
sity score and pain intensity at specific time points.

Maximum pain intensity, maximum pain relief, and
Patient’s Global Evaluation of study medication were
analyzed using the Cochran-Mantel-Haenszel test strati-
fied by center. Time to last dose of morphine for each
treatment group was calculated using the Kaplan-Meier
product estimator, using the adjustment suggested by
Miller,39 and 95% confidence intervals for the median
time to last dose of morphine were calculated using the
method of Simon and Lee.40 A log-rank test with Fisher
least significant difference was used to determine the
statistical significance of the overall treatment group
difference in the distribution of the time to the last dose
of morphine. Pairwise comparisons were conducted be-
tween treatment groups if the overall test result was
significant.

Each randomized patient who received at least one
dose of study medication was included in the tolerabili-
ty/safety analysis. The incidence of treatment-emergent
adverse events was tabulated by treatment group, body
system, and degree of severity.

Results

Patients
A total of 201 patients were randomized to receive

study medication and were included in the analyses of
demographics, other baseline characteristics, and safety
assessment. There were no significant differences across
treatment groups with respect to demographics, base-
line vital signs, type or duration of surgical procedure,
type or duration of anesthesia, baseline pain intensity, or
time from end of surgery to administration of study
medication (table 1). Randomized patients who received

study medication, who did not withdraw before 24 h
following the first dose of study medication for reasons
other than discontinuation of PCA morphine because of
lack of pain, and for whom complete morphine dosing
information was available were included in the modified
intent-to-treat cohort. Efficacy data were based on this
modified intent-to-treat cohort (n � 181), which in-
cluded 65 patients who received placebo, 61 patients
who received 20 mg parecoxib sodium, and 55 patients
who received 40 mg parecoxib sodium. Patients who
withdrew for reasons other than discontinuation of PCA
morphine because of lack of pain (four in the placebo,
two in the 20 mg parecoxib sodium, and six in the 40 mg
parecoxib sodium groups) or who did not have 24 h of
valid morphine data (one in the placebo, four in the
20 mg parecoxib sodium, and three in the 40 mg pare-
coxib sodium groups) were not included in the modified
intent-to-treat cohort.

Morphine Use
The mean total cumulative amount of morphine ad-

ministered over the 36-h period following the end of
surgery was statistically significantly less in both pare-
coxib sodium groups compared to placebo (22.1% less
in the 20 mg parecoxib sodium group and 40.5% less in
the 40 mg parecoxib sodium group; P � 0.01 for both
active treatment groups vs. placebo; table 2). Total mor-

Table 1. Patient Baseline Characteristics

Placebo
(n � 70)

20 mg Parecoxib Sodium
(n � 67)

40 mg Parecoxib Sodium
(n � 64) P

Age, yr 64 � 13 63 � 13 68 � 13 0.11
Female, % 44 42 53 0.34
Hip arthroplasty 0.92

Left, % 46 45 48
Right, % 54 55 52

Type of anesthesia 0.10
Spinal, % 31 22 27
General, % 69 78 73

Time from end of surgery to medication, h 1.0 � 1.0 0.9 � 0.9 1.0 � 0.9 0.72
Baseline pain intensity, categorical score 0.61

Mild, % 23 27 21
Moderate, % 37 33 51
Severe, % 40 40 29

Data presented as mean � SD.

Table 2. Total Amount of Morphine Consumed by 24 h and
36 h after the End of Surgery

Total Amount of Morphine Consumed in mg
Mean (% less than placebo)

24 h 36 h

Placebo (n � 65) 57.5 72.5
20 mg parecoxib

sodium (n � 61)
45.0 (21.7%)* 56.5 (22.1%)‡

40 mg parecoxib
sodium (n � 55)

35.2 (38.8%)† 43.1 (40.5%)‡

Significantly different from placebo: * P � 0.05; † P � 0.001; and ‡ P � 0.01.
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phine consumption over 24 h after the first dose of study
medication was significantly lower in the 20 and 40 mg
parecoxib sodium groups (21.7% and 38.8% less mor-
phine, respectively) compared with placebo (P � 0.05;
table 2).

Mean morphine use in specific time intervals in the
placebo group was greater than in either parecoxib
sodium treatment group. Patients taking 40 mg pare-
coxib sodium consumed statistically significantly less
morphine during all specific time periods between 6 and
36 h compared with those taking placebo (P � 0.05;
fig. 1). Patients receiving 20 mg parecoxib sodium con-
sumed statistically significantly less morphine during the
12- to 18-h interval after surgery compared with placebo
(P � 0.05). There were no significant differences be-
tween the 20 and 40 mg parecoxib sodium treatment
groups with respect to the amount of morphine con-
sumed at specific time intervals throughout the study.

A statistically greater proportion of patients in each
parecoxib sodium group no longer required morphine at
12, 24, and 36 h compared with patients in the placebo
group (table 3). At 36 h following the end of surgery,
nearly a third of patients in the 40 mg parecoxib sodium
group no longer required morphine compared with less
than 10% in the placebo group (P � 0.01). Overall,
patients in the 40 mg parecoxib sodium group received

their last dose of morphine sooner than the other treat-
ment groups. Time to last dose of morphine in the 40 mg
parecoxib sodium group (34 h 3 min) was significantly
different than those in the placebo (35 h 39 min) and 20 mg
parecoxib sodium (35 h 34 min) groups (P � 0.05).

Pain Relief and Pain Intensity
Parecoxib sodium coadministered with morphine pro-

vided greater pain relief than morphine plus placebo. An
overall comparison showed a statistically significant in-
crease in maximum pain relief at the end of the 36-h
study period after the first dose of study drug (P � 0.05).
Maximum pain relief was categorized as “a lot” or “com-
plete” by 85.2% of patients in the 20 mg parecoxib
sodium group and 81.8% of patients in the 40 mg pare-
coxib sodium group compared with 61.9% of patients
receiving placebo (fig. 2). Pairwise treatment compari-
sons with respect to maximum pain relief demonstrated
significant differences between the placebo group and
both parecoxib sodium treatment groups (P � 0.05).

The number needed to treat for maximum pain relief
was calculated based on patients who experienced “a

Fig. 1. Morphine consumed (in milli-
grams) in specific time intervals follow-
ing total hip arthroplasty. Patients receiv-
ing 40 mg parecoxib sodium required
significantly less morphine during the 6-
to 9-, 9- to 12-, 12- to 18-, 18- to 24-, and
24- to 36-h time intervals, and patients
receiving 20 mg parecoxib sodium re-
quired significantly less morphine dur-
ing the 12- to 18-h interval than those
taking placebo (*P < 0.05).

Table 3. Percentage of Patients Not Requiring PCA Morphine
at 12, 24, and 36 h After the First Dose of Study Medication

Time Point
Placebo

(n � 61), %

20 mg Parecoxib
Sodium

(n � 59), %

40 mg Parecoxib
Sodium

(n � 52), % P*

12 h 0 1.6 9.1 0.02
24 h 6.2 8.2 25.5 � 0.01
36 h 9.2 9.8 30.9 � 0.01

* Fisher Exact Test of parecoxib sodium 40 mg vs. placebo.

PCA � patient-controlled analgesia

Fig. 2. Maximum pain relief. Patients receiving 20 and 40 mg
intravenous parecoxib sodium experienced significantly
greater pain relief at 36 h (*P < 0.05, †P < 0.01).
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lot” or “complete” pain relief on the five-point categor-
ical scale and favored 20 or 40 mg parecoxib sodium
plus morphine versus placebo plus morphine (40 mg
parecoxib sodium number needed to treat � 1.22, 20 mg
parecoxib sodium number needed to treat � 1.17, and
placebo [morphine alone] number needed to treat � 1.62).

Time-specific pain intensity, as assessed by pain inten-
sity difference, was significantly improved in the 40 mg
parecoxib sodium group at 4, 6, 9, 12, 18, and 24 h and
in the 20 mg parecoxib sodium group at 4, 6, and 9 h,
compared with placebo (P � 0.05).

Patient’s Global Evaluation of Study Medication
Patients receiving 20 and 40 mg parecoxib sodium

reported a significantly better Global Evaluation of their
study medication at the 36-h time point compared with
patients in the placebo group (fig. 3). The study medi-
cation was described as “excellent” by 43% and 60% of
patients in the 20 and 40 mg parecoxib sodium treat-
ment groups, respectively, compared with 22% of pla-
cebo patients (P � 0.001).

Safety and Tolerability
The incidence of adverse events reported or observed

in at least 5% of patients are presented in table 4. Signif-
icantly lower incidences of fever and vomiting were
observed for the 40 mg parecoxib sodium group com-
pared with placebo (P � 0.05; table 4). A slightly higher
incidence of postoperative anemia (defined by a de-
crease in hemoglobin of � 2.0 g/dl from baseline, a
decrease in hematocrit of � 0.05 from baseline, or re-

duced erythrocyte count) was noted in the 40 mg pare-
coxib sodium group compared to the other groups.
There were no investigator-reported adverse events re-
lated to excessive surgical bleeding, wound complica-
tions, renal dysfunction (no patient developed a creatinine
concentration exceeding 1.6 mg/dl), cardiovascular-related
events, or gastrointestinal bleeding in any of the treatment
groups.

Discussion

Oral COX-2 selective inhibitors have demonstrated opi-
oid-sparing effects following surgery. This study demon-
strated that parecoxib sodium, the first parenteral COX-2
selective inhibitor, was opioid sparing and improved
morphine analgesia in patients following total hip arthro-
plasty. The addition of 40 mg intravenous parecoxib
sodium resulted in a significant reduction of approxi-
mately 40.5% in the amount of PCA morphine consumed
by patients while reducing the amount of pain experi-
enced and improving patients’ overall analgesic manage-
ment experience. Moreover, patients receiving 40 mg
parecoxib sodium were able to discontinue use of PCA
morphine significantly faster: 25% by 24 h and nearly a
third of patients by 36 h, compared with just 9% of
patients receiving morphine plus placebo by 36 h. Com-
pared to treatment with morphine plus placebo, treat-
ment with parecoxib sodium resulted in a significant
reduction in fever and nausea.

The finding that parecoxib sodium coadministration
with morphine results in an opioid-sparing effect is not
unexpected. Parecoxib sodium is an antiinflammatory
and analgesic agent that has been shown to have efficacy
similar to that of ketorolac in treating postoperative
pain.31,32,34 The importance of the current study is the
demonstration that selective COX-2 inhibition results in
opioid-sparing analgesia and that COX-1 inhibition,
which occurs with typical nonselective NSAIDs, is not
required for this effect.

The use of NSAIDs or other opioid-sparing agents to
reduce opioid requirements is recommended by regula-

Table 4. Incidence of Adverse Events

Event
Placebo

(n � 70), %

20 mg Parecoxib
Sodium

(n � 67), %

40 mg Parecoxib
Sodium

(n � 64), %

All AEs 78.6 71.6 76.6
Nausea 45.7 38.8 39.1
Fever 22.9 11.9 4.7†

Vomiting 15.7 19.4 4.7*
Pruritus 11.4 4.5 9.4
Postoperative

anemia
10.0 7.5 14.1

Dizziness 5.7 3.0 4.7
Tachycardia 5.7 0 1.6

Significantly different versus placebo: * P � 0.05, † P � 0.01.

Fig. 3. Patient’s Global Evaluation of study medication. A signif-
icantly higher percentage of patients in the 40 mg parecoxib
sodium group described their study medication as good or
excellent compared with placebo at 36 h (*P < 0.05).
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tory agencies such as the Agency for Health Care Policy
and Research.** Moreover, it is consistent with the com-
mon practice of multimodal analgesia, which is used to
maximize pain relief while minimizing drug-related adverse
events.4 Nonetheless, despite these recommendations and
the practice of multimodal analgesia, concomitant admin-
istration of parenterally available NSAIDs with opioids is
often limited because of the antiplatelet effects and ulcero-
genic properties of nonselective NSAIDs.29

The value of opioid-sparing analgesia with parecoxib
sodium is demonstrated in this investigation. The pri-
mary goal of postoperative analgesic care is to decrease
levels of pain and to improve the postoperative experi-
ence and recovery for patients. In this study, parecoxib
sodium–treated patients have improved maximum pain
relief and Global Evaluation scores compared to placebo-
treated patients. A recently published study demon-
strated that 20 and 40 mg parecoxib sodium provided
significant opioid-sparing effects in patients undergoing
lower abdominal surgery but did not improve postoper-
ative pain management or opioid-related side effects.41

However, this study involved a different surgical model
and a relatively small number of patients (n � 55), which
might reflect the lack of statistical significance observed
in these two endpoints.41 The magnitude of the improve-
ment in pain indices and patient Global Evaluation for
40 mg parecoxib sodium compared to placebo were
nearly identical in the two studies, supporting the con-
clusion that parecoxib sodium is an effective analgesic
and that the abdominal surgery study was simply under-
powered for adequate comparison of the analgesic ef-
fects. Another study, in patients undergoing total knee
arthroplasty, demonstrated that treatment with 20 or
40 mg parecoxib sodium plus morphine produced sig-
nificant opioid-sparing effects and significantly improved
postoperative pain management compared with mor-
phine alone.42

There have been some recent concerns and it has been
hypothesized that COX-2 selective inhibitors might in-
crease the risk of thromboembolic events due to inhibi-
tion of PGI2 in the vascular endothelium, without the
concomitant inhibition of platelet COX-1 that occurs
with nonselective NSAIDs.43 However, the controversy
that has arisen applies to data published from trials in
arthritis patients,22 and the relevance to postoperative
patients on short-term therapy is unclear. In this study,
no cardiovascular adverse events, including myocardial
infarction, thromboembolism, or deep vein thrombosis,
were observed by the investigators, lending no support
to concerns regarding the cardiovascular safety of coxibs.

Improvement in postoperative analgesic management
has become a major initiative for American healthcare
institutions.44 This study suggests that parecoxib sodium

may be a useful adjunct to morphine in the treatment of
postoperative pain. Since parecoxib sodium use resulted
in a more rapid discontinuation of PCA morphine, the
opportunity for more rapid mobilization of patients, par-
ticipation in the rehabilitation process, and faster overall
recovery from surgery may be possible.45,46 Along with
faster discontinuation of morphine, a reduction in some
opioid-associated adverse effects such as vomiting indi-
cates that patients may experience a more comfortable
postoperative recovery with use of parecoxib sodium.
These differences were seen in addition to favorable
trends for nausea and other narcotic-related adverse ex-
periences that contribute to the experience of postop-
erative nausea or vomiting and that are difficult to
achieve in the context of a limited sample size and
complexity of factors. Overall, the combination of better
analgesia and reduced side effects is supported by the
higher Global Evaluation ratings for patients treated with
parecoxib sodium plus morphine than patients treated
with morphine alone. Together, this combination of
findings supports the value of parecoxib sodium in post-
operative analgesic management.

References

1. Kehlet H, Rung GW, Callesen T: Postoperative opioid analgesia: time for a
reconsideration? J Clin Anesth 1996; 8:441–5

2. Mulroy MF: Monitoring opioids. Reg Anesth 1996; 21:89–93
3. Wheeler M, Oderda G, Ashburn M, Lipman A: Adverse events associated

with postoperative opioid analgesia: A systematic review. J Pain 2002; 3:159–80
4. Kehlet H, Dahl JB: The value of “multimodal” or “balanced analgesia” in

postoperative pain treatment. Anesth Analg 1993; 77:1048–56
5. Blackburn A, Stevens JD, Wheatley RG, Madej TH, Hunter D: Balanced

analgesia with intravenous ketorolac and patient-controlled morphine following
lower abdominal surgery. J Clin Anesth 1995; 7:103–8

6. Burns JW, Aitken HA, Bullingham RE, McArdle CS, Kenny GN: Double-blind
comparison of the morphine sparing effect of continuous and intermittent i.m.
administration of ketorolac. Br J Anaesth 1991; 67:235–8

7. Fogarty DJ, O’Hanlon JJ, Milligan KR: Intramuscular ketorolac following
total hip replacement with spinal anaesthesia and intrathecal morphine. Acta
Anaesthesiol Scand 1995; 39:191–4

8. Gillies GW, Kenny GN, Bullingham RE, McArdle CS: The morphine sparing
effect of ketorolac tromethamine: A study of a new, parenteral nonsteroidal
anti-inflammatory agent after abdominal surgery. Anaesthesia 1987; 42:727–31

9. Kenny GN, McArdle CS, Aitken HA: Parenteral ketorolac: Opiate-sparing
effect and lack of cardiorespiratory depression in the perioperative patient.
Pharmacotherapy 1990; 10:127S–31S

10. Moffat AC, Kenny GN, Prentice JW: Postoperative nefopam and diclofe-
nac: Evaluation of their morphine-sparing effect after upper abdominal surgery.
Anaesthesia 1990; 45:302–5

11. Olofsson CI, Legeby MH, Nygards EB, Ostman KM: Diclofenac in the
treatment of pain after caesarean delivery: An opioid-saving strategy. Eur J Obstet
Gynecol Reprod Biol 2000; 88:143–6

12. Vane JR, Botting J: Overview: Mechanisms of action of anti-inflammatory
drugs, Improved Nonsteroidal Anti-inflammatory Drugs: COX-2 Enzyme Inhibi-
tors. Edited by Vane JR, Botting J, Botting R. Boston, Kluwer Academic Publish-
ers, 1996, pp 1–27

13. Borda IT, Koff R: NSAIDs: A profile of adverse effects. Philadelphia, Hanley
and Belfus, 1995

14. Cheng J-C, Siegel L, Katari B, Traynoff S, Ro J: Nonsteroidal anti-inflamma-
tory drugs and aspirin: A comparison of the antiplatelet effect. Am J Ther 1997;
4:62–5

15. Feldman H, Kinman J, Berlin J, Hennessy S, Kimmel S, Farrar J, Carson J,
Strom BL: Parenteral ketorolac: The risk of acute renal failure. Ann Intern Med
1997; 126:193–9

16. Singh G, Rosen Ramey D: NSAID induced gastrointestinal complications:
The ARAMIS perspective 1997. Arthritis, Rheumatism, and Aging Medical Infor-
mation System. J Rheumatol 1998; 51(suppl):8–16

17. Gierse JK, Hauser SD, Creely DP, Koboldt C, Rangwala SH, Isakson PC,
Seibert K: Expression and selective inhibition of the constitutive and inducible
forms of human cyclooxygenase. Biochem J 1995; 305:479–84

**Available at: http://www.ahcpr.gov/clinic/epcsums/cansympsum.pdf. Ac-
cessed July 1, 2002

955PARECOXIB IS OPIOID-SPARING IN HIP ARTHROPLASTY

Anesthesiology, V 98, No 4, Apr 2003

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/98/4/950/405940/0000542-200304000-00023.pdf by guest on 20 M
arch 2024



18. Gierse JK, Koboldt CM, Walker MC, Seibert K, Isakson PC: Kinetic basis for
selective inhibition of cyclooxygenases. Biochem J 1999; 339:607–14

19. Greenberg H, Gottesdiener K, Huntington M, Wong P, Larson P, Wil-
donger L, Gillen L, Dorval E, Waldman S: A new cyclooxygenase-2 inhibitor,
rofecoxib (VIOXX), did not alter the antiplatelet effect of low-dose aspirin in
healthy volunteers. J Clin Pharmacol 2000; 40:1509–15

20. Leese PT, Hubbard RC, Karim A, Isakson PC, Yu SS, Geis GS: Effects of
celecoxib, a novel cyclooxygenase-2 inhibitor, on platelet function in healthy
adults: A randomized, controlled trial. J Clin Pharmacol 2000; 40:124–32

21. Leese P, Talwalker S, Recker D, Kent J: Valdecoxib, a novel COX-2 specific
inhibitor, does not impair platelet function in healthy adults: Results of a ran-
domized controlled trial. Am J Emerg Med 2002; 20:275–81

22. Bombardier C, Laine L, Reicin AS, Shapiro A, Burgos-Vargas R, Davis B,
Ferraz M, Hawkey C, Hochberg M, Kvien TK, Schnitzer TJ: Comparison of upper
gastrointestinal toxicity of rofecoxib and naproxen in patients with rheumatoid
arthritis. N Engl J Med 2000; 343:1520–8

23. Kivitz AJ, Eisen G, Zhao WW, Bevirt T, Recker D: The COX-2 specific
inhibitor valdecoxib is as effective as naproxen in treating symptomatic osteo-
arthritis of the knee and demonstrates reduced gastrointestinal ulceration. J
Family Prac 2002; 51:530–7

24. Silverstein FE, Faich G, Goldstein JL, Simon LS, Pincus T, Whelton A,
Makuch R, Eisen G, Agrawal NM, Stenson WF, Burr AM, Zhao WW, Kent JD,
Lefkowith JB, Verburg KM, Geis GS: Gastrointestinal toxicity with celecoxib
versus nonsteroidal anti-inflammatory drugs for osteoarthritis and rheumatoid
arthritis: The CLASS study: A randomized controlled trial. Celecoxib Long-term
Arthritis Safety Study. JAMA 2000; 284:1247–55

25. Reuben SS, Connelly NR: Postoperative analgesic effects of celecoxib or
rofecoxib after spinal fusion surgery. Anesth Analg 2000; 91:1221–5

26. Reuben SS, Connelly NR, Lurie S, Klatt M, Gibson CS: Dose-response of
ketorolac as an adjunct to patient-controlled analgesia morphine in patients after
spinal fusion surgery. Anesth Analg 1998; 87:98–102

27. Gillis JC, Brogden RN: Ketorolac: A reappraisal of its pharmacodynamic
and pharmacokinetic properties and therapeutic use in pain management. Drugs
1997; 53:139–88

28. Spowart K, Greer IA, McLaren M, Lloyd J, Bullingham RE, Forbes CD:
Haemostatic effects of ketorolac with and without concomitant heparin in
normal volunteers. Thromb Haemost 1988; 60:382–6

29. Strom BL, Berlin JA, Kinman JL, Spitz PW, Hennessy S, Feldman H, Kimmel
S, Carson JL: Parenteral ketorolac and risk of gastrointestinal and operative site
bleeding: A postmarketing surveillance study. JAMA 1996; 275:376–82

30. Talley JJ, Brown DL, Carter JS, Graneto MJ, Koboldt CM, Masferrer JL,
Perkins WE, Rogers RS, Shaffer AF, Zhang YY, Zweifel BS, Seibert K: 4-[5-Methyl-
3-phenylisoxazol-4-yl]-benzenesulfonamide, valdecoxib: A potent and selective
inhibitor of COX-2. J Med Chem 2000; 43:775–7

31. Barton SF, Langeland FF, Snabes MC, LeComte DL, Kuss M, Dhadda SS,
Talwalker S: Efficacy and safety of intravenous parecoxib sodium in relieving
acute postoperative pain following laparotomy surgery. ANESTHESIOLOGY 2002;
97:306–14

32. Daniels S, Grossman E, Kuss M, Talwalker S, Hubbard RC: A double-blind,
randomized comparison of intramuscularly and intravenously administered pare-
coxib sodium versus ketorolac and placebo in a post-oral surgery pain model.
Clin Ther 2001; 23:1018–31

33. Desjardins PJ, Grossman E, Kuss M, Talwalker S, Dhadda SS, Baum D,
Hubbard RC: The injectable cyclooxygenase-2-specific inhibitor parecoxib so-
dium has analgesic efficacy when administered preoperatively. Anesth Analg
2001; 93:721–7

34. Rasmussen GL, Steckner K, Hogue C, Kuss M, Torri S, Talwalker S,
Hubbard RC: Intravenous parecoxib sodium for acute pain after postorthopedic
knee surgery. Am J Orthopedics 2002; 31:334–43

35. Noveck RJ, Laurent A, Kuss M, Talwalker S, Hubbard RC: The COX-2
specific inhibitor, parecoxib sodium, does not impair platelet function in healthy
elderly and nonelderly subjects: Two randomized, controlled trials. Clin Drug
Invest 2001; 21:465–76

36. Harris S, Kuss M, Hubbard RC, Goldstein JL: Upper gastrointestinal toler-
ability evaluation of parecoxib sodium, a new parenteral COX-2 specific inhibi-
tor, as compared to ketorolac, naproxen or placebo. Clin Ther 2001; 23:1422–8

37. Stoltz R, Harris S, Kuss M, LeComte DL, Talwalker S, Pan S, Hubbard RC:
Upper gastrointestinal safety of parecoxib sodium in the elderly. Am J Gastroen-
terol 2002; 97:65–71

38. Delbos A, Boccard E: The morphine-sparing effect of propacetamol in
orthopedic postoperative pain. J Pain Symptom Manag 1995; 10:279–86

39. Miller R: Survival Analyses. New York, John Wiley & Sons, 1998
40. Simon R, Lee YJ: Nonparametric confidence limits for survival probabili-

ties and median survival time. Cancer Treat Rep 1982; 66:37–42
41. Tang J, Li S, White P, Chen X, Wender RH, Quon R, Sloninsky A, Naruse

R, Kariger R, Webb T, Norel E: Effect of parecoxib, a novel intravenous cyclo-
oxygenase type-2 inhibitor, on the postoperative opioid requirement and quality
of pain control. ANESTHESIOLOGY 2002; 96:1305–9

42. Hubbard RC, Naumann T, Traylor L, Dhadda SS: Parecoxib sodium dem-
onstrates opioid-sparing effects in patients undergoing total knee arthroplasty
surgery under spinal anaesthesia. Br J Anaesth 2002; 90:166–72

43. Mukherjee D, Nissen SE, Topol EJ: Risk of cardiovascular events associated
with selective COX-2 inhibitors. JAMA 2001; 286:954–9

44. Joint Commission on Accreditation of Healthcare Organizations: New
clinical practice guidelines. Jt Comm Perspect 1999; 19:6–8

45. Choiniere M, Rittenhouse B, Perreault S, Chartrand D, Rousseau P, Smith
B, Pepler C: Efficacy and costs of patient-controlled analgesia versus regularly
administered intramuscular opioid therapy. ANESTHESIOLOGY 1998; 89:1377–88

46. Smythe M, Loughlinm K, Schad RF, Lucarroti RL: Patient-controlled anal-
gesia versus intramuscular analgesic therapy. Am J Hosp Pharm 1994;
51:1433–40

Appendix

Study Center Principal Investigator

Number of
Patients
Enrolled

Sparks Regional Medical Center Greg T. Jones, M.D. 28

1311 South I Street Orthopaedic Surgeon

Fort Smith, Arizona 72901

Wake Forest University School James C. Crews, M.D. 7

of Medicine Associate Professor,

Medical Center Boulevard Director of Acute Pain Service

Winston-Salem, North Carolina
27157

Department of General
Anesthesia, Pain Control

University Hospital and Medical
Center

Martin E. Hale, M.D.
Orthopedic Surgeon

23

7201 North University Drive

Tamarac, Florida 33321

University of Arizona Health
Sciences Center

1501 North Campbell Avenue

T. Philip Malan, M.D.
Professor of Anesthesiology
Department of Anesthesiology

40

Tucson, Arizona 85724

Pacific Anesthesia Gregory B. Marsh, M.D. 36

c/o St. Joseph Medical Center Anesthesiologist

1717 South J Street

Tacoma, Washington 98405

Scripps Memorial Hospital Lars R. Newsome, M.D. 19

9888 Genesee Avenue Anesthesiologist

La Jolla, California 92307

Bay Pines VA Medical Center Sam I. Hakki, M.D. 33

10000 Bay Pines Boulevard Orthopedic Surgeon

Bay Pines, Florida 33744

Greater Baltimore Medical Center Lewis H. Hogge, Jr., M.D. 13

6701 North Charles Street Anesthesiologist

Baltimore, Maryland 21204
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