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ABSTRACT

Introduction: Orthopedic procedures have
been associated with increased pain, making
perioperative analgesia a major clinical concern.
We assessed the efficacy and safety of intra-
venous parecoxib administration during the
perioperative period for postoperative pain
relief after orthopedic surgery in adults.

Methods: PubMed, Cochrane Library, EMBASE,
and clinicaltrial.gov were searched from incep-
tion to 23 August 2021 without language
restrictions. Randomized controlled trials com-
paring intravenous parecoxib with placebo or
another active treatment for acute postopera-
tive pain in adults after orthopedic surgery were
included. The primary outcomes were the pain
scores and cumulative morphine consumption.
The secondary outcomes included the propor-
tion of patients requiring rescue analgesics and
the incidence of adverse events. The meta-
analysis followed the Preferred Reporting Items
for Systematic Reviews and Meta-analyses
guidelines and was registered on the Interna-
tional Prospective Register of Systematic
Reviews Registration (PROSPERO).
Results: Twenty-seven trials (n = 2840) from
more than 20 countries involving six types of
orthopedic surgery met the inclusion criteria.
Compared with placebo, intravenous parecoxib
administration led to reductions in postopera-
tive resting pain scores at 6, 12, 24, and 48 h
[mean difference (MD) -0.87, 95% confidence
interval [CI] -1.71 to -0.03; MD -0.86, 95% CI
-1.26 to -0.46; MD -0.57, 95% CI -0.84 to
-0.31; MD -0.40, 95% CI -0.69 to -0.11,
respectively], postoperative movement pain
scores at 24 and 48 h (MD -0.66, 95% CI -1.14
to -0.19; MD -0.78, 95% CI -1.16 to -0.39,
respectively), cumulative morphine consump-
tion (MD -11.30 mg, 95% CI -14.79 to
-7.81 mg), and the proportion of patients
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requiring rescue analgesia (relative risk 0.83,
95% CI 0.77–0.89). There was no difference in
the incidence of adverse events between groups.
Conclusion: Low to moderate evidence indi-
cates that parecoxib might be an effective and
safe analgesic in perioperative orthopedic set-
tings. It relieves postoperative orthopedic pain
while sparing opioid analgesic consumption
without increasing the incidence of adverse
events.
PROSPERO Registration: CRD42021274939.

Keywords: Morphine consumption;
Orthopedic surgery; Pain score; Parecoxib;
Perioperative analgesia

Key Summary Points

This review and meta-analysis assessed the
efficacy and safety of intravenous
parecoxib administration during the
perioperative period for postoperative
pain relief following orthopedic surgery in
adults.

We included 27 randomized controlled
trials comparing intravenous parecoxib
with placebo or another active treatment.

Parecoxib relieves postoperative
orthopedic pain while sparing opioid
analgesic consumption without
increasing the incidence of adverse
events.

Parecoxib might be an efficacious and safe
analgesic in perioperative orthopedic
settings.

INTRODUCTION

Perioperative analgesia is often a major clinical
concern for orthopedic surgeons. Increased pain
has been related to orthopedic procedures such
as lumbar spine surgery and joint replacement
[1, 2]. Quality of life, function, and recovery
time may be affected by suboptimal

perioperative pain relief [3]. Thus, multimodal
analgesia and enhanced recovery are gaining
attention, and their clinical applications are
becoming more widespread [4]. Nonsteroidal
anti-inflammatory drugs (NSAIDs) are impor-
tant components of multimodal analgesia [5].
Guidelines for the management of acute pain
recommend multimodal analgesia, routinely
including the administration of both an opioid
and one or more non-opioid, and, frequently,
an NSAID [6, 7].

In addition to relieving pain, perioperative
NSAID administration has been shown to
reduce patients’ requirements for opioids with-
out significant side effects [8, 9]. Selective
cyclooxygenase (COX)-2 inhibitors adminis-
tered via the enteral route (e.g., celecoxib) are
effective in relieving mild to moderate pain.
However, they are ineffective in cases of post-
operative nausea and vomiting or when the oral
route of administration is inaccessible. There-
fore, appropriate NSAID use is of great impor-
tance, especially when patients are likely to be
administered intravenous NSAIDs during the
perioperative period. Parecoxib was the first
parenterally administered COX-2 inhibitor
approved in Europe and Asia for the treatment
of postoperative pain [10]. According to a
Cochrane systematic review of randomized
controlled trials (RCTs) on postoperative pain
control, a single dose of parecoxib provided
effective analgesia compared with a placebo
[11]. However, the aforementioned study did
not differentiate between various types of sur-
gery. While some studies have reported that
parecoxib reduces opioid consumption and
relieves pain [12, 13], in other trials, parecoxib
administration did not reduce postoperative
pain compared with placebo after knee and hip
arthroplasty surgery [14, 15]. Although more
studies have been published, the analgesic effi-
cacy and safety of parecoxib use in orthopedic
surgery remain unclear. Therefore, this system-
atic review and meta-analysis aimed to evaluate
the benefits and risks of parecoxib use in
orthopedic surgery.
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METHODS

This meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guidelines [16] and
Assessing the Methodological Quality of Sys-
tematic Reviews Guidelines [17]. The study
protocol was registered in the International
Prospective Register of Systematic Reviews
(CRD42021274939). This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Eligibility Criteria and Outcome
Definitions

Studies were selected on the basis of the fol-
lowing inclusion criteria: (1) RCTs comparing
parecoxib injection with a placebo or other
analgesics for pain relief; (2) having enrolled
adults[ 18 years of age undergoing orthopedic
surgery; and (3) reporting data on postoperative
pain score, cumulative analgesic consumption,
proportion of patients requiring rescue anal-
gesics, and incidence of adverse events. The
exclusion criteria were as follows: (1) trials with
no placebo or treatment group; (2) trials
including participants with active gastroin-
testinal bleeding, ulceration, or severe liver
dysfunction; and (3) abstracts, letters, editorials,
conference articles, or duplicated studies. The
primary outcomes included pain scores at dif-
ferent timepoints and cumulative morphine
consumption (mg) over the first 24 h. Second-
ary outcomes included the proportion of
patients requiring rescue analgesics and the
incidence of adverse events.

We assessed clinical outcomes on the basis of
the following predetermined definitions: (1)
pain score reported using the visual analog scale
(VAS: 0–10 cm, 0 = no pain and 10 = maximum
pain; VAS: 0–100 mm, 0 = no pain and
100 = maximum pain) or verbal numerical rat-
ing scale (VNRS: 0–10, 0 = no pain and
10 = maximum pain); (2) cumulative morphine
consumption (mg) in groups at 24 h postoper-
atively was recorded for each group to

determine the effect of opioid-sparing, and
other opioids were converted to intravenous
morphine equivalents; (3) adverse events were
recorded regardless of treatment or potential
causal relationship with parecoxib.

Information Sources and Search Strategy

PubMed, Embase, Cochrane Library, and clini-
caltrial.gov were searched from inception to 23
August 2021. There were no restrictions on
specific language or year of publication. The
following keywords were searched: ‘‘parecoxib,’’
‘‘orthopedic procedures,’’ ‘‘perioperative per-
iod,’’ ‘‘pain,’’ ‘‘analgesia,’’ ‘‘randomized con-
trolled trial,’’ and other related Medical Subject
Headings terms or expressions. Additional
searches were conducted by reviewing the ref-
erence lists of published articles. Details
regarding the search strategy are presented in
Table S1 (see the electronic supplementary
material for details).

Study Selection and Data Extraction

After removing duplicates, screening for eligible
articles (abstract and full text) was performed
independently by two reviewers. Discrepancies
were resolved by a third reviewer. Information
on the first author, publication year, type of
surgery, number of patients, interventions and
controls, supplemental analgesics, and out-
comes of interest was retrieved independently
by two reviewers using a predesigned form. The
agreement level of selections between two
investigators was calculated by the kappa scores.
A j value of 0.81–1.00 indicated almost perfect
agreement; 0.61–0.80 indicated substantial
agreement; 0.21–0.60 indicated moderate
agreement; and 0.20 indicated lower or slight
agreement. Disagreement were resolved
through discussion or by a third coordinator.
The article authors were contacted for missing
or incomplete data when necessary.

Quality Assessment

According to the Cochrane Risk of Bias tool, the
risk of bias of each RCT was graded as low, high,
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or unclear on the basis of the following seven
domains: (1) random sequence generation; (2)
allocation concealment; (3) blinding of partici-
pants and personnel; (4) blinding of outcome
assessment; (5) incomplete outcome data; (6)
selective reporting; (7) other bias [18].

Data Synthesis and Analysis

Meta-analyses were performed using Review
Manager version 5.4. (The Cochrane Collabo-
ration, London, England). Opioids were con-
verted to intravenous morphine equivalents
according to Table S2 (see the electronic sup-
plementary material for details). VAS 0–100 and
VNRS 0–10, were converted to VAS 0–10. Med-
ian and interquartile range/range were con-
verted to mean and standard deviation
according to the Cochrane Handbook. Some
trials had more than one intervention group. In
these cases, we split the control group, accord-
ing to the Cochrane Handbook.

Continuous variables are expressed as mean
difference (MD) with 95% confidence intervals
(CIs), and relative risk (RR) with 95% CI was
calculated for dichotomous variables. Forest
plots were used to summarize estimates and
provide a comprehensive evaluation of the
available evidence and pooled effect sizes from
the meta-analyses. Heterogeneity across studies
was evaluated using the chi-square (v2) test and
I2 index (P[0.1 and I2\ 50% indicated
acceptable heterogeneity) [19, 20]. A random-
effect model was used for the meta-analyses
[21]. Sensitivity analysis was performed by
excluding high-risk bias studies or trials with
different characteristics. Subgroup analyses
were performed on the basis of orthopedic
procedures. Funnel plots were constructed and
tested for publication bias of outcome indica-
tors when more than ten studies were included
[22].

Grading the Evidence Strength

Two reviewers independently rated the cer-
tainty of the evidence for each outcome using
the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE)

approach, which considers five factors: report-
ing bias, inconsistency, indirectness of evi-
dence, imprecision, and other considerations
such as publication bias [23]. Disagreements
during the evaluation process were resolved by
discussion or consultation with a third reviewer.

RESULTS

Search Results

The PRISMA flowchart is presented in Fig. 1.
Database searches yielded a total of 916 cita-
tions, and a reference search identified one
additional relevant abstract. A total of 329
duplicates were removed, and 264 abstracts
were screened for orthopedic surgery. Finally,
on the basis of the abstract, 49 were selected for
full-text assessment, and 27 of these were
included according to the inclusion and exclu-
sion criteria. Perfect agreement was detected
between the two reviewers during all steps of
the review process and data extraction
(j = 0.81–1.00).

Characteristics of Included Studies

The characteristics of the included studies are
presented in Table S3 (see the electronic sup-
plementary material for details). A total of 27
RCTs with 2840 participants were included
[14, 15, 24–48], with between 15 and 310 par-
ticipants receiving intravenous parecoxib per
study. There were 15 RCTs on knee and hip
arthroplasty
[14, 15, 24–27, 29–31, 33, 36, 42, 46–48], 5 on
lumbar spine surgery [32, 38, 40, 41, 44], 2 on
anterior cruciate ligament reconstruction
[34, 37], 2 on bunionectomy [39, 45], and 3 on
other orthopedic surgery [28, 35, 43]. The con-
trol groups included placebo (23 trials), ketoro-
lac (3 trials), paracetamol (3 trials), and
celecoxib (1 trial). The included trials originated
from China (7/27, 25.9%), the USA (5/27,
18.5%), Thailand (4/27, 14.8%), Germany (3/
27, 11.1%), and other countries (Korea, Bel-
gium, France, Germany, Sweden, Egypt, Czech
Republic, and Cuba).
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram

Fig. 2 Risk of bias graph
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Risk of Bias Assessment

The risk of bias assessment for RCTs is summa-
rized in Figs. 2 and 3. All studies were random-
ized; 23 trials were double-blind placebo-
controlled, 22 described adequate random
sequence generation processes, and 14 descri-
bed allocation concealment methods. There-
fore, 7 trials were evaluated as having low risk of
bias, 11 trials were identified as having unclear
risk of bias, and 9 trials as having high risk of
bias.

Postoperative Pain Scores

The postoperative pain scores at different
timepoints at rest and during movement are
shown in Figs. 4 and 5. The results demon-
strated that parecoxib could reduce the post-
operative pain scores at rest compared with
placebo at 6, 12, 24, and 48 h (MD -0.87, 95%
CI -1.71 to -0.03, P = 0.04; MD -0.86, 95% CI
-1.26 to -0.46, P\0.0001; MD -0.57, 95% CI
-0.84 to -0.31, P\0.0001; MD -0.40, 95% CI
-0.69 to -0.11, P = 0.007; respectively). Pare-
coxib did not reduce the postoperative pain
scores during movement at 6 and 12 h but
could lower the postoperative movement pain
scores at 24 and 48 h (MD -0.66, 95% CI -1.14
to -0.19, P = 0.006; MD -0.78, 95% CI -1.16
to -0.39, P\0.0001; respectively). In the sub-
group analysis, compared with placebo, pare-
coxib was shown to reduce the resting pain
scores at 24 h in lumbar spine surgery and hip
arthroplasty (MD -0.79, 95% CI -1.32 to
-0.26, P = 0.003; MD -0.44, 95% CI -0.66 to
-0.22, P\ 0.0001; respectively), although no
difference in knee arthroplasty was detected
(MD -0.47; 95% CI -1.02 to 0.08; P = 0.10; see
Fig. S1 in the electronic supplementary material
for details).

Cumulative Morphine Consumption
over 24 h

Twelve RCTs were included
[26, 28–30, 32, 33, 36, 38, 40, 42, 43, 46], with
1135 patients in the parecoxib group and 920
patients in the placebo group. The results

Fig. 3 Risk of bias summary
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showed that, compared with placebo, parecoxib
could reduce cumulative morphine consump-
tion over 24 h (MD -11.30 mg, 95% CI -14.79
to -7.81; P\0.00001). Subgroup analyses
revealed significant reductions in cumulative
morphine consumption with parecoxib in knee

arthroplasty, hip arthroplasty, and other
orthopedic procedures (MD -16.19 mg, 95% CI
-19.12 to -13.26, P\0.00001; MD -9.28 mg,
95% CI -14.87 to -3.70, P = 0.001; MD
-11.07 mg, 95% CI -16.81 to -5.33,

Fig. 4 Forest plot of pain scores at rest between the parecoxib and placebo groups at a 6 h, b 12 h, c 24 h, d 48 h after
surgery
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P = 0.0002; Fig. 6), but there was no difference
between comparators in lumbar surgery.

Proportion of Patients Requiring Rescue
Analgesia

Pooled data from five RCTs (548 participants)
[14, 39, 45, 47, 48] showed that parecoxib use

resulted in significant reduction in the propor-
tion of patients requiring rescue analgesia
compared with placebo (RR 0.83, 95% CI
0.77–0.89, P\ 0.00001, Fig. 7).

Fig. 5 Forest plot of pain scores during movement between the parecoxib and placebo groups at a 6 h, b 12 h, c 24 h,
d 48 h after surgery
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Incidence of Adverse Events

Pooled results from 11 RCTs
[14, 15, 27–30, 39, 45–48] with 982 and 946
patients in the parecoxib and placebo groups,
respectively, showed no significant difference in
the incidence of adverse events (RR 0.95, 95%

CI 0.86–1.04, P = 0.27, Fig. 8). All events were
minor, including nausea and vomiting, head-
ache and dizziness, pruritus or skin rash, and
constipation. No gastrointestinal bleeding or
cardiovascular events occurred.

Fig. 6 Forest plot of postoperative morphine consumption over 24 h, comparing parecoxib and control groups

Fig. 7 Forest plot of the proportion of patients requiring rescue analgesia between the parecoxib and placebo groups
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Publication Bias of Included Studies

The analyses produced asymmetric funnel plots
for postoperative 24 h morphine consumption,
and Egger’s test revealed no publication bias for
the included studies (P = 0.253). The funnel
plot for the incidence of adverse events was
symmetrical, indicating no significant publica-
tion bias (Figs. 9, 10).

Studies Not Included in the Quantitative
Synthesis

Ten trials [24, 25, 30, 32, 34–36, 43, 44, 48]
compared parecoxib with other active therapies.
Parecoxib was compared with ketorolac in three
studies [25, 32, 48] and paracetamol in another
three studies [34, 43, 44]. The results showed
that parecoxib had comparable analgesic effects
to those of ketorolac, which was not

Fig. 8 Forest plot of AEs in the parecoxib group compared with the placebo group

Fig. 9 Funnel plots of postoperative morphine consumption over 24 h
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significantly different from those of paraceta-
mol. Other NSAIDs (diclofenac and celecoxib)
were used in two studies [35, 36].

Sensitivity Analysis

Substantial heterogeneity, as demonstrated by
I2[50%, occurred in most of primary out-
comes. Sensitivity analyses were performed,
showing robust results and revealing reduced
heterogeneity for postoperative resting pain
scores at 6, 12, and 24 h and postoperative
movement pain scores at 6 h. However,
heterogeneity remained high in other outcomes
(see Table S4 in the electronic supplementary
material for details).

GRADE Assessment

The GRADE assessment demonstrated an over-
all moderate level of evidence for each of the
following outcomes: postoperative resting pain
score at 6, 12, 24, and 48 h; postoperative
movement pain score at 48 h; and proportion of
patients requiring rescue analgesia. The level of
evidence for the following outcomes was

considered low: postoperative movement pain
score at 6, 12, and 24 h and incidence of adverse
events (see Table S5 in the electronic supple-
mentary material for details).

DISCUSSION

The findings of this systematic review and meta-
analysis demonstrated that parecoxib could
relieve pain in most types of orthopedic surgery
and spare cumulative morphine consumption
without increasing the incidence of adverse
events. The strength of this review over previ-
ous studies [11, 12, 49] was its focus on ortho-
pedic surgeries and producing the evidence
according to the most up-to-date RCTs avail-
able. Movement pain is more severe than rest-
ing pain [50, 51] and is significantly associated
with a patient’s ability to perform postoperative
recovery activities. In our review, pain was dif-
ferentiated depending on whether the patient
was at rest or in movement, and the analgesic
effect of parecoxib in various orthopedic pro-
cedures was evaluated at different timepoints.
This study highlights that, for researchers, dif-
ferent orthopedic procedures and pain states

Fig. 10 Funnel plots of the incidence of adverse events
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may influence the outcome of analgesic drug
assessments, and therefore this is a vital influ-
ence that needs to be taken into account in
study design and clinical observations. Fur-
thermore, this study facilitates a more compre-
hensive and objective understanding of
parecoxib by orthopedic surgeons and patients
and helps to improve the efficiency of decision-
making in perioperative drug selection.

NSAIDs exert analgesic effects through mul-
tiple mechanisms in the postoperative period
and have become an irreplaceable component
of multimodal analgesia regimens. The primary
effect of NSAIDs is COX inhibition [52]. COX-1
is considered to be involved in physiological
functions, such as gastric protection and
hemostasis [53], while COX-2 is linked to
pathophysiologic processes, such as inflamma-
tion, pain, and fever [54]. As a selective COX-2
inhibitor, parecoxib provides analgesic effect by
blocking the arachidonic acid cascade and pro-
duction of prostaglandins [55, 56], reducing
spinal prostaglandin release [57], and prevent-
ing peripheral and central sensitization while
maintaining COX-1 physiological function
with minimal side effects [58, 59]. In addition,
parecoxib sodium is a water-soluble drug that
can be rapidly hydrolyzed to valdecoxib after
intravenous injection [10], has a long half-life,
and can quickly penetrate the blood–brain bar-
rier [60].

In terms of pain relief, the main measure-
ment methods were the VAS and VNRS. Owing
to the subjectivity of the pain measurements,
this outcome may show high heterogeneity.
Unlike previous studies [12, 49], when catego-
rizing pain scores into resting and movement
states, we discovered that parecoxib relieved
postoperative resting pain but not postoperative
movement pain at 6 and 12 h. Furthermore, we
reckoned that the different timing, frequency,
and duration of parecoxib administration in the
included studies contributed to the differences
in pain relief outcomes. However, it should not
be overlooked that the mean differences in pain
scores are very small and may not be clinically
significant. Previous trials have also reached
inconsistent conclusions regarding this issue.
Some trials reported that parecoxib administra-
tion for 2 or 3 days reduced the postoperative

pain scores both at rest and during movement
[26, 33], whereas another trial found that pre-
incisional administration of a single dose of
parecoxib did not significantly reduce the
postoperative VAS scores either at rest or during
movement compared with placebo [15]. As a
result, 2–3 days of administration provided
better postoperative analgesia than a single
parecoxib dose. Parecoxib use\ 3 days for
effective analgesia is also suggested in the drug
prospect and considered to benefit patient
recovery and avoid influencing platelet func-
tion as occurs during long-term use [58]. Addi-
tionally, the proportion of patients requiring
rescue analgesia was significantly lower in the
parecoxib group than in the placebo group in
this review, similar to previous findings [11].

Although opioids remain the most com-
monly used analgesics for postoperative pain
control, their use in clinical postoperative pain
is limited by significant side effects such as
nausea, vomiting [61], and even respiratory
depression [62], as well as dose-dependent
adverse events that reduce patient comfort and
delay recovery. Therefore, multimodal analgesia
regimens have been used to reduce the need for
opioids in clinical practice. Our study found
that parecoxib reduced cumulative morphine
consumption over 24 h by approximately
11.30 mg. The results of the subgroup analysis
showed that parecoxib reduced opioid analgesic
consumption in both hip and knee replace-
ments as well as in other orthopedic surgeries.
The outcome of cumulative morphine con-
sumption in 24 h was included in a total of 12
trials, 11 of which used morphine as a rescue
analgesic and one of which used piritramide or
tramadol. Although one trial used piritramide
or tramadol, the authors converted it to a
morphine equivalent dose in the outcome
report. Therefore, we considered that the dif-
ference in morphine equivalents was not clini-
cally relevant in this study. According to our
findings, parecoxib did not significantly
increase the adverse event risk. A pooled anal-
ysis of 28 RCTs and of[10 years of retrospec-
tive safety data of parecoxib revealed infrequent
gastrointestinal events and other prespecified
safety events, highlighting its satisfactory safety
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and tolerance in patients with postoperative
pain [63].

When assessing the certainty of findings
using GRADE, we ranked certainty as ranging
from low to moderate for efficacy and safety
outcomes. ‘‘Low certainty’’ means that our
confidence in the effect estimate is limited, and
the true effect may be substantially different
from the effect estimate. Some individual stud-
ies had an unclear risk of bias for issues such as
allocation concealment and blinding, and a
high risk of reporting bias. For the outcomes for
which we were able to perform pooled analysis,
we further downgraded the certainty of evi-
dence owing to issues with imprecision or
important inconsistency.

This study had several limitations. First,
most of the included RCTs compared the treat-
ments against placebo, which limited compar-
ative effectiveness inferences. Therefore, further
head-to-head trials of active therapies are war-
ranted. Second, we combined orthopedic sur-
gery of various types. The fact that different
types of surgery are performed with varying
degrees of intensity and characteristics may
have an impact on the results’ validity. Third,
since baseline pain scores were missing in some
included trials, we only extracted and synthe-
sized endpoint pain score values. In addition,
considering the differences in pain relief mea-
surement (VAS or VNRS), drug selection and
dosage, and timing of drug administration
among studies, heterogeneity was unavoidable.
We selected a random-effect model, instead of a
fixed-effect model, to synthesize the outcome
measures; however, the reliability of the related
outcomes was evaluated using the GRADE
approach.

To the best of our knowledge, whether
parecoxib should be administered prior to sur-
gery to provide preemptive analgesia has not
been clarified. Further research is required to
determine whether there are differences in
analgesic effects between pre- and postoperative
administration and single-dose and multiple
administrations. In addition, more studies
comparing parecoxib with other NSAIDs are
required.

CONCLUSION

The certainty of the evidence for intravenous
parecoxib as a treatment for orthopedic surgical
pain varies in efficacy and safety outcomes,
from low to moderate. The available evidence
indicates that parecoxib might relieve postop-
erative orthopedic pain and reduce opioid
analgesic consumption. Additional data com-
paring parecoxib with other NSAIDs in a peri-
operative setting are required to confirm the
present findings.
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