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IMPORTANCE Multimodal postoperative analgesia is widely used but lacks evidence of benefit.

OBJECTIVE Investigate beneficial and harmful effects of 4 nonopioid analgesics regimens.

DESIGN, SETTING, AND PARTICIPANTS Randomized, blinded, placebo-controlled, 4-group trial in
6Danishhospitalswith90-dayfollow-upthatincluded556patientsundergoingtotalhiparthroplasty
(THA) from December 2015 to October 2017. Final date of follow-up was January 1, 2018.

INTERVENTIONS Participants were randomized to receive paracetamol (acetaminophen)
1000 mg plus ibuprofen 400 mg (n = 136; PCM + IBU), paracetamol 1000 mg plus matched
placebo (n = 142; PCM), ibuprofen 400 mg plus matched placebo (n = 141; IBU), or
half-strength paracetamol 500 mg plus ibuprofen 200 mg (n = 140; HS–PCM + IBU) orally
every 6 hours for 24 hours postoperatively, starting 1 hour before surgery.

MAIN OUTCOMES AND MEASURES Two co–primary outcomes: 24-hour morphine consumption
using patient-controlled analgesia in pairwise comparisons between the 4 groups
(multiplicity-adjusted thresholds for statistical significance, P < .0042; minimal clinically
important difference, 10 mg), and proportion of patients with 1 or more serious adverse events
(SAEs) within 90 days (multiplicity-adjusted thresholds for statistical significance, P < .025).

RESULTS Among 559 randomized participants (mean age, 67 years; 277 [50%] women), 556
(99.5%) completed the trial and were included in the analysis. Median 24-hour morphine
consumption was 20 mg (99.6% CI, 0-148) in the PCM + IBU group, 36 mg (99.6% CI, 0-166)
for PCM alone, 26 mg (99.6% CI, 2-139) for IBU alone, and 28 mg (99.6% CI, 2-145) for
HS–PCM + IBU. The median difference in morphine consumption between the PCM + IBU
group vs PCM alone was 16 mg (99.6% CI, 6.5 to 24; P < .001); for the PCM-alone group vs
HS–PCM + IBU, 8 mg (99.6% CI, −1 to 14; P = .001); and for the PCM + IBU group vs IBU alone,
6 mg (99.6% CI, −2 to 16; P = .002). The difference in morphine consumption was not
statistically significant for the PCM + IBU group vs HS–PCM + IBU (8 mg [99.6% CI, −2 to 16];
P = .005) or for the PCM-alone group vs IBU alone (10 mg [99.6% CI, −2 to 16]; P = .004)
after adjustment for multiple comparisons and 2 co–primary outcomes. There was no
significant difference between the IBU-alone group vs HS–PCM + IBU (2 mg [99.6% CI, −10 to
7]; P = .81). The proportion of patients with SAEs in groups receiving IBU was 15%, and in the
PCM-alone group, was 11%. The relative risk of SAE was 1.44 (97.5% CI, 0.79 to 2.64; P = .18).

CONCLUSIONS AND RELEVANCE Among patients undergoing THA, paracetamol plus ibuprofen
significantly reduced morphine consumption compared with paracetamol alone in the first 24
hours after surgery; there was no statistically significant increase in SAEs in the pooled groups
receiving ibuprofen alone vs with paracetamol alone. However, the combination did not
result in a clinically important improvement over ibuprofen alone, suggesting that ibuprofen
alone may be a reasonable option for early postoperative oral analgesia.
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M ultimodal analgesia is the leading principle for man-
agement of acute postoperative pain.1 One form of
multimodal analgesia combines nonopioid analge-

sics to reduce postoperative pain and opioid usage. Recent
guidelines recommend combinations of at least paracetamol
(acetaminophen) and a nonsteroidal anti-inflammatory drug
(NSAID) for most types of surgeries.2

The analgesic effects of both paracetamol and an NSAID
in postoperative pain are well established when the indi-
vidual drugs are compared with placebo.3-5 Although
paracetamol and an NSAID are used routinely,2 there is little
high-quality evidence for an additive or synergistic analgesic
effect when they are combined.6-8

In the perioperative period, the safety of NSAIDs, includ-
ing the combination with paracetamol, is largely unknown.7

The rate of perioperative adverse events, such as cardiovas-
cular events, gastrointestinal complications, and renal fail-
ure, is substantial,9,10 and it is important that analgesic medi-
cations do not exacerbate these events. NSAIDs have been
linked to adverse events in other settings,11,12 however, this link
has not been investigated in the perioperative period.

The aim of the PANSAID (Paracetamol and NSAID
in combination) trial was to investigate the analgesic
(morphine sparing) and harmful effects of 4 multimodal
analgesic regimens with paracetamol, ibuprofen, or both in

combination after total
hip arthroplasty (THA).13

The 2 co–primary out-
comes were 24-hour mor-
phine consumption using
patient-controlled analge-
sia (PCA) and proportion
of patients with 1 or more

serious adverse events (SAEs) within 90 days after surgery
(defined as SAE according to the International Conference on
Harmonisation-Good Clinical Practice [ICH-GCP] guidelines14

but without prolongation of hospitalization). The hypoth-
eses were as follows: (1) the combination of paracetamol and
ibuprofen would lead to lower opioid consumption com-
pared with each drug alone; (2) the combination of lower doses
of paracetamol and ibuprofen would lead to opioid consump-
tion comparable to or lower than higher doses of each drug
alone; and (3) ibuprofen would increase the rate of SAEs.

Methods
Trial Oversight and Population
This trial was a multicenter, randomized, blinded trial in pa-
tients having planned primary THA investigating the use of
paracetamol, ibuprofen, and combinations of both drugs. The
trial protocol13 and the statistical analysis plan15 appear in
Supplement 1. The trial was conducted in accordance with
the Declaration of Helsinki and monitored by the Good Clini-
cal Practice Units at Odense and Copenhagen University
Hospitals. Ethical approval was granted by the Biomedical
Research Ethics Committee of Region Zealand (SJ-462). All par-
ticipants provided written informed consent prior to enroll-

ment. The trial protocol adhered to the SPIRIT statement,16 and
the reporting of the trial adhered to the CONSORT statement.17

The trial was conducted at 6 hospitals in Denmark
(5 public and 1 private), ranging from smaller regional hospi-
tals to large university hospitals. All patients scheduled for
elective, primary, unilateral THA were screened for participa-
tion. Key exclusion criteria were daily use of opioids (how-
ever, patients using tramadol or codeine were not excluded)
and contraindications to ibuprofen or paracetamol. A com-
plete list of inclusion and exclusion criteria is provided in
Supplement 2.

Interventions, Randomization, and Blinding
All patients received one of the following interventions:
paracetamol 1000 mg plus ibuprofen 400 mg, paracetamol
1000 mg plus matching placebo, ibuprofen 400 mg plus match-
ing placebo, or half-strength paracetamol 500 mg plus ibu-
profen 200 mg. The trial medication was given orally starting
1 hour before surgery and given every 6 hours for 24 hours post-
operatively for a total of 4 doses of the medication on the first
postoperative day.

Patients were randomized by a web-based central alloca-
tion service provided by the Copenhagen Trial Unit, Denmark,
to 1 of 4 groups in a 1:1:1:1 ratio, using a computer-generated
randomized sequence with varying unknown block sizes
(either 4 or 8) and stratification for site. The randomization code
could only be broken by calling a 24-hour telephone service
provided by the Copenhagen Trial Unit.

The trial medication (paracetamol, ibuprofen, and pla-
cebo) was packed and masked by the Pharmacy of the Capital
Region, Herlev, Denmark. A dose of trial medication con-
sisted of 3 identical opaque capsules. Patients, staff, investi-
gators, outcome assessors, and the statistician were blinded
to the intervention. Based on the masked results, abstracts

NSAID nonsteroidal
anti-inflammatory drug

PCA patient-controlled analgesia

SAE serious adverse event

THA total hip arthroplasty

Key Points
Question Does paracetamol (acetaminophen) combined with
ibuprofen reduce postoperative morphine usage relative to the
use of each drug alone in patients undergoing total hip
arthroplasty (THA), and does ibuprofen increase the incidence of
serious adverse events (SAEs)?

Findings In this randomized clinical trial that included 556
patients who underwent THA, morphine usage in the first 24
hours was statistically significantly lower for the combination of
paracetamol 1000 mg and ibuprofen 400 mg than for either
alone; however, the combined medications did not meet the
prespecified threshold for clinically important postoperative
morphine reduction (10 mg) compared with ibuprofen alone. The
percentage of patients with SAEs for those in any of the ibuprofen
groups vs paracetamol alone was 15% vs 11%, which was not
statistically significant.

Meaning Although the combined use of paracetamol and
ibuprofen reduced immediate postoperative morphine
consumption compared with paracetamol alone in patients
undergoing THA, ibuprofen alone resulted in comparable pain
control without increasing SAEs, suggesting that ibuprofen alone
may be a reasonable option.
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were written and agreed upon by the trial steering committee
(April 6, 2018) before revealing the identity of the groups
(Supplement 2).

Trial Procedures
Technical aspects of the surgery were left to the surgeon’s dis-
cretion. The patients had either cementless or cemented com-
ponents inserted. Patients received spinal (preferred) or gen-
eral anesthesia. For spinal anesthesia, bupivacaine plain (10-15
mg) was used, combined with continuous propofol infusion
if sedation was needed. For general anesthesia, propofol and
remifentanil were preferred, and at the end of surgery, intra-
venous sufentanil (0.3 μg/kg) was administered.

All participants had PCA morphine (morphine 1 mg/mL,
no background infusion, bolus 2 mg, lock-out 10 minutes)
for 24 hours postoperatively. According to the protocol, addi-
tional boluses of 2-mg morphine on patient request were
allowed during the first postoperative hour. These additional
dosages were added to the total PCA morphine consumption
for the primary outcome. If any other opioid was adminis-
tered during the first 24 hours postoperatively (due to
mistake, malfunction of PCA pump, or other such problem),
this was converted to morphine equivalents and added to the
PCA morphine.

No pain medication (including peripheral regional anes-
thesia) other than the trial medication and the PCA morphine
was allowed. Patients usually treated with gabapentinoids,
glucocorticoids, selective serotonin reuptake inhibitors, tra-
madol, or codeine continued these medications during the
intervention period (0-24 hours).

Trial Outcomes
The trial had 2 co–primary outcomes: total morphine con-
sumption for the first 24 hours postoperatively and propor-
tion of patients with 1 or more modified SAEs from the sur-
gery to 90 days postoperatively.

The outcome of proportion of modified SAEs was de-
fined as SAE according to ICH-GCP guidelines14 (defined as any
untoward medical occurrence that results in death; is life-
threatening; requires hospitalization or prolongation of hos-
pitalization; or results in significant or persistent disability or
incapacity, birth defects, or a medical intervention to prevent
1 of the before-mentioned outcomes (excluding prolongation
of hospitalization because these could not be adjudicated be-
cause of differences in length of stay). Data regarding postop-
erative hospitalization were collected from Danish National Pa-
tient Registry, and vital status was collected from the Danish
Civil Registration System. All patients were interviewed by
phone at 90 days postoperatively to investigate if there had
been any events requiring medical intervention since surgery.18

To investigate harm of ibuprofen, patients in the 3 groups ran-
domized to receive ibuprofen were compared with patients in
the paracetamol-alone group for the modified SAE outcome.
We prespecified a sensitivity analysis excluding patients who
used NSAIDs in the follow-up period from the paracetamol-
alone group, thus comparing patients taking an NSAID at some
point from surgery to follow-up with patients who did not take
an NSAID at all.

The secondary outcome was pain (indicated by the pa-
tient) using the visual analog scale (VAS; score range,
0 mm [no pain] to 100 mm [worst imaginable pain]) during
30° flexion of the hip and at rest at 6 and 24 hours, and ad-
verse events from 0 to 24 hours. The exploratory outcomes
were level of nausea, sedation, dizziness (none, mild, moder-
ate, and severe; patients indicated their own level); vomiting
(number of vomiting episodes); use of antiemetic (ondanse-
tron, milligrams); blood loss during the surgical procedure
(milliliters); and days alive and outside hospital within 90
days postrandomization.

Statistical Analysis
To maintain an overall familywise error rate of less than .05, the
threshold for type I error rate was adjusted for each of the 2 co–
primary outcomes to .025 (2-sided). Furthermore, the thresh-
old for type I error rate was adjusted for the pairwise compari-
sons between the 4 groups (6 comparisons) to .025/6 = .0042
for the co–primary outcome of morphine consumption.13,15,19

Because there was no prior literature clearly identifying
what a minimal clinically important difference (MCID) would
be for the reduction of morphine use after surgery, we estab-
lished the MCID based on our clinical experience. Observa-
tion from Næstved Hospital revealed that patients undergo-
ing THA and receiving only paracetamol postoperatively, would
use approximately 30 to 35 mg of morphine in the first 24
hours. Studies had shown that opioid use could be reduced by
approximately 30% by the use of multimodal analgesia, re-
sulting in an estimation of a minimal clinically important dif-
ference of approximately 10 mg over 24 hours.33 We there-
fore chose a predefined MCID of 10 mg morphine consumption
between the compared groups.20 With a standard deviation of
20 mg and a power of 0.90, an enrollment of 556 patients was
needed. For the co–primary outcome of the proportion of modi-
fied SAEs, a power of 0.80 was attained to detect an increase
from 10% to 21%.

Analyses were performed by an independent statistician
(J.C.J.) by means of dummy group assignments. The primary
analyses were by the intention-to-treat principle and the pri-
mary analysis population was composed of randomized pa-
tients who underwent THA surgery. The primary analysis of
the co–primary outcome of morphine consumption was pair-
wise comparisons between groups using the Van Elteren test,
due to nonnormally distributed data.21 For the primary analy-
sis of the co–primary outcome of proportion of modified SAEs,
generalized estimating equations were used with the stratifi-
cation variable (ie, site)22 as a cluster variable to estimate rela-
tive risk (RR) (method selected because of its ability to handle
correlated data and few events per site23).

Secondary analyses included adjusted analyses (for sex,
age, prior use of NSAIDs, and prior use of paracetamol) and
analyses based on the strictly per-protocol population. All
analyses were stratified for site. For the primary and second-
ary outcomes, site and variables used in the adjusted analy-
ses were tested for interaction with intervention groups
(by adding an interaction term in the generalized estimating
equation model using the STATA 15 command XTGEE).24

Analyses would have used multiple imputation if missing data
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exceeded 5% and the Littles test was significant to account for
missing data, and if used, it constituted the main analysis.25

All statistical tests were predefined and published15 before ran-
domization of the last participant. Two sites with few in-
cluded patients were merged for statistical analyses (ie, Holbæk
and Nykøbing Falster Hospitals).

The statistical analysis plan specified the dichotomization
of nausea, sedation, and dizziness to none or mild vs moderate
or severe, but during data analysis, there were numerous prob-
lems with few events (perfect prediction and collinearity), and
consequently, nausea, sedation, and dizziness were dichoto-
mized post hoc to none vs mild/moderate/severe.

Data are presented as means with standard deviations for
normally distributed data and medians with 99.6% CIs for
nonnormally distributed data. The level of significance and
corresponding confidence interval were .0042 and 99.6% for
the co-primary outcome of morphine consumption, .025 and
97.5% for the co-primary outcome of modified SAEs, .0083
and 99.2% for the secondary outcomes, and 0.05 and 95%
for the exploratory outcomes. All analyses were performed
using STATA 15/MP (StataCorp).

Results
From December 2015 to October 2017, a total of 559 partici-
pants were enrolled in this trial. Following randomization, sur-
gery was canceled for 3 participants; thus, 556 patients were
included in the primary analysis population (Figure 1). The
demographic, surgical, and anesthesia characteristics (Table 1)
were comparable between groups. Multiple imputation was not
used for any outcome because there were few missing data.
The final date of follow-up was January 1, 2018.

Primary Outcomes
Median 24-hour morphine consumption was 20 mg (99.6% CI,
0-148) in the paracetamol plus ibuprofen group, 36 mg (99.6%
CI, 0-166) for paracetamol alone, 26 mg (99.6% CI, 2-139) for
ibuprofen alone, and 28 mg (99.6% CI, 2-145) for half-
strength paracetamol plus ibuprofen (Figure 2). In the pair-
wise comparisons (Table 2), the median difference was 16 mg
(99.6% CI, 6.5 to 24; P < .001) between the paracetamol plus
ibuprofen group and the paracetamol-alone group. For all other
pairwise comparisons, none of the median differences were
above the MCID (Table 2). The difference was 8 mg (99.6% CI,
−1 to 14; P = .001) between the paracetamol plus placebo group
and the half-strength paracetamol plus ibuprofen group, and
6 mg (99.6% CI, −2 to 16; P = .002) between the paracetamol
plus ibuprofen group and ibuprofen-alone group. The differ-
ences between the paracetamol plus ibuprofen group and the
half-strength paracetamol plus ibuprofen group (8 mg [99.6%
CI, −2 to 16]; P = .005) and paracetamol-alone group and the
ibuprofen-alone group (10 mg [99.6% CI, −2 to 16]; P = .004)
were not statistically significant when adjusted for multiple
comparisons and 2 co–primary outcomes. There was no sig-
nificant difference between the ibuprofen-alone group and the
half-strength paracetamol plus ibuprofen group (2 mg [99.6%
CI, −10 to 7]; P = .81). For the comparison between the

paracetamol plus ibuprofen group and the half-strength
paracetamol plus ibuprofen group, we found a qualitative and
statistically significant interaction between intervention and
site (eTables 1 and 2 in Supplement 2).

The overall proportion of patients with 1 or more SAE was
14% (97.5% CI, 11% to 18%). The proportion in patients ran-
domized to the ibuprofen-alone group was 15% (97.5% CI, 12%
to 20%), and it was 11% (97.5% CI, 6% to 18%) in the
paracetamol-alone group. The corresponding RR was 1.44
(97.5% CI, 0.79 to 2.64; P = .18). A sensitivity analysis exclud-
ing patients using NSAIDs in the follow-up period (eTable 3 in
Supplement 2) from the paracetamol-alone group showed a
lower RR for patients using NSAIDs compared with paracetamol
alone (RR, 0.71 [95% CI, 0.34 to 1.50]; P = .37). An overview
of the types of SAEs is provided online (eTable 4 in Supple-
ment 2). In a post hoc analysis, there was no interaction be-
tween the collated groups (paracetamol plus ibuprofen, ibu-
profen alone, and half-strength paracetamol plus ibuprofen)
and the risk of SAEs (P = .43).

Secondary and Exploratory Outcomes
At 6 hours, the only statistically significant difference in pain
scores (Table 3) was between the parecetamol plus ibuprofen
group and the paracetamol-alone group at rest (8 mm [99.2%
CI, 0 to 15]; P = .005). At 24 hours, the paracetamol plus ibu-
profen group had lower pain scores than the paracetamol-
alone group (11 mm [99.2% CI, 3 to 19]; P < .001) and the half-
strength paracetamol plus ibuprofen group (8 mm [99.2% CI,
0 to 16]; P = .005) during mobilization. At 24 hours, the
paracetamol plus ibuprofen group had lower pain scores at rest
than all other groups compared with the paracetamol-alone
group (11 mm [99.2% CI, 5 to 17]; P < .001), the ibuprofen-
alone group (8 mm [99.2% CI, 2 to 13]; P < .001), and the half-
strength paracetamol plus ibuprofen group (6 mm [99.2% CI,
0 to 11]; P = .004). The proportions of patients with 1 or more
adverse events were 15% (99.2% CI, 8% to 25%) in the
paracetamol plus ibuprofen group, 16% (99.2% CI, 10% to 26%)
in the paracetamol-only group, 16% (99.2% CI, 9% to 26%) in
the ibuprofen-alone group , and 14% (99.2%, CI 8% to 24%) in
the half-strength paracetamol plus ibuprofen group. There were
no significant differences in adverse events in any pairwise
comparison (Table 3; eTable 5 in Supplement 2).

Key exploratory findings were reduced risk of nausea at
24 hours for group paracetamol plus ibuprofen group com-
pared with all other groups (paracetamol-alone group [RR, 0.53
{95% CI, 0.31 to 0.90}; P = .02]; ibuprofen-alone group [RR,
0.56 {95% CI, 0.32 to 0.96}; P = .04]; and the half-strength
paracetamol plus ibuprofen group [RR, 0.45 {95% CI: 0.27 to
0.76}; P = .003]), and reduced risk of dizziness at 6 hours for
the paracetamol plus ibuprofen group compared with the
paracetamol-alone group (RR, 0.56 [95% CI, 0.34 to 0.93];
P = .02) and compared with the half-strength paracetamol plus
ibuprofen group (RR, 0.58 [95% CI, 0.35 to 0.98]; P = .04). Key
findings from the secondary analyses were that the differ-
ences in morphine consumption between the paracetamol plus
ibuprofen group and the ibuprofen-alone group were not sta-
tistically significant in adjusted analyses and analyses in the
per-protocol population, contrary to the main unadjusted
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analysis in the primary analysis population. All exploratory out-
comes and results from secondary analyses are found online
(eTables 6 to 13 in Supplement 2).

Discussion
This trial demonstrated that a combination of paracetamol
1000 mg and ibuprofen 400 mg resulted in a clinically rel-
evant reduction in morphine consumption compared with
paracetamol 1000 mg alone on the first postoperative day af-
ter THA. For all other comparisons, the differences in mor-
phine consumption were less than the predefined minimal

clinically relevant difference of 10 mg (the difference in mor-
phine consumption between the paracetamol [1000 mg] plus
ibuprofen [400 mg] group vs the ibuprofen [400 mg]–alone
group was 6 mg). Further, the trial showed a substantial pro-
portion of patients with 1 or more SAEs within 90 days after
surgery; however, there was no statically significant differ-
ence in patients randomized to receuve ibuprofen compared
with patients randomized to receive paracetamol only.

These findings (from a multicenter trial with few exclu-
sions due to logistic reasons) support the principle of multi-
modal analgesia with paracetamol plus ibuprofen compared
with paracetamol alone for the first postoperative day. How-
ever, compared with ibuprofen alone, the morphine-sparing

Figure 1. Patient Flow Comparing the Combination of Paracetamol (Acetaminophen) and Ibuprofen vs Either Alone on Patient-Controlled Morphine
Consumption in the First 24 Hours After Total Hip Arthroplasty (THA)

1507 Individuals assessed for eligibility

948 Excluded
681 Met inclusion criteria

2 Randomization failure

206 Contraindication against nonsteroidal
anti-inflammatory drugs

33 Drug or alcohol abuse

195 Declined
72 Did not meet inclusion criteria

10 No primary THA
7 No American Society of

Anesthesiologists score >3

42 Body mass index <18 or >40a

13 Not using relevant contraceptionb

1 Participating in another trial

106 Daily use of opioids
111 Unable to adhere

6 Not Danish speaking

51 Allergic to study medication

165 Logistic reasons

559 Randomized

142 Randomized to receive
paracetamol, 1000 mg and
matching placebo
142 Received intervention

as randomized

136 Randomized to receive
paracetamol, 1000 mg
and ibuprofen, 400 mg
136 Received intervention

as randomized

141 Randomized to receive
ibuprofen, 400 mg and
matching placebo
139 Received intervention

as randomized
2 Did not receive intervention

as randomized (surgery
canceled)

140 Randomized to receive
paracetamol, 500 mg
and ibuprofen, 200 mg
(half-strength group)
139 Received intervention

as randomized
1 Did not receive intervention

as randomized (surgery
canceled)

139 Included in the primary analysisc

137 Included in the 24-h morphine
use analysis
2 Excluded
1 Malfunction of patient-

controlled analgesia
1 Transfer to another hospital

in the intervention period

139 Included in the primary analysisc

137 Included in the 24-h morphine
use analysis
2 Excluded
1 Malfunction of patient-

controlled analgesia
1 Transfer to another hospital

in the intervention period

139 Included in the 90-d SAE analysis 139 Included in the 90-d SAE analysis

142 Included in the primary analysisc

141 Included in the 24-h morphine
use analysis
1 Excluded (malfunction of

patient-controlled analgesia)

142 Included in the 90-d SAE analysis

136 Included in the primary analysisc

136 Included in the 24-h morphine
use analysis

136 Included in the 90-d SAE analysis

a Body mass index was calculated as weight in kilograms divided by height in
meters squared.

b According to Danish law, fertile women must be using (hormonal)
contraception and have a negative pregnancy test if they are to be included in
any trial. In this trial, some women were fertile but not using contraceptives
and therefore did not meet the inclusion criteria.

c The trial had 2 co–primary outcomes: total morphine comsumption for the
first 24 hours postoperatively and proportion of patients with 1 or more
modified serious adverse events (SAEs) from surgery to 90 days
postoperatively.
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effect was below the prespecified threshold for clinically im-
portant postoperative morphine reduction. In light of the cur-
rent opioid crisis,26 using the lowest possible amount of opi-
oid is important.27 The combination of paracetamol 1000 mg
and ibuprofen 400 mg did not only result in the lowest mor-
phine consumption, but it also resulted in lower pain scores
at rest at 24 hours and lower risk of nausea at 24 hours post-
operatively across all comparisons.

A recent network meta-analysis investigating all non-
opioid analgesics for major surgery28 indicated similar re-
sults regarding morphine-sparing effects as this trial, but the
network meta-analysis only included very few trials with di-

rect comparisons of the combination of paracetamol and an
NSAID vs paracetamol alone, and an NSAID alone. The au-
thors of the network meta-analysis found no association with
opioid-associated adverse effects or SAEs, and both trials with
low, high, and unclear risk of bias were included in their
analyses.28 In the most recent Cochrane review on estab-
lished pain in dental surgery29 the analgesic efficacy (num-
bers needed to treat to achieve minimum 50% pain reduc-
tion) of combining paracetamol 1000 mg and ibuprofen 400 mg
seemed similar to the combination of paracetamol 500 mg and
ibuprofen 200 mg. The results from this trial could not repli-
cate this finding.

Table 1. Patient Characteristics in Comparison of the Combination of Paracetamol (Acetaminophen) and Ibuprofen
vs Either Alone on Patient-Controlled Morphine Consumption Following Total Hip Arthroplastya

Paracetamol
Plus Ibuprofen
n=136b

Paracetamol
Plus Placebo
n=142b

Ibuprofen
Plus Placebo
n=139b

Paracetamol Plus Ibuprofen
(Half Strength)
n=139b

Age, mean (SD), y 67 (10) 67 (10) 67 (11) 66 (10)

Men 68 (50) 76 (54) 72 (52) 63 (45)

Women 68 (50) 66 (46) 67 (48) 76 (55)

ASA score

1, Healthy 34 (25) 44 (31) 44 (32) 43 (31)

2, Mild systemic disease 87 (64) 84 (59) 80 (57) 84 (60)

3, Severe systemic disease 15 (11) 14 (10) 15 (11) 12 (9)

Height, mean (SD), cm 172 (9) 172 (8) 172 (9) 171 (9)

Weight, mean (SD), kg 83 (16) 82 (15) 80 (15) 81 (16)

BMI, mean (SD) 27.7 (4.3) 27.4 (4.1) 26.8 (3.9) 27.6 (4.7)

Prior use of paracetamol

No use 53 (39) 52 (37) 51 (37) 51 (37)

As needed 29 (21) 24 (17) 24 (17) 22 (16)

Daily use 54 (40) 66 (46) 64 (46) 66 (47)

Prior use of NSAID

No use 72 (53) 77 (54) 74 (53) 72 (52)

As needed 21 (15) 18 (13) 16 (12) 21 (15)

Daily use 43 (32) 47 (33) 49 (35) 46 (33)

Prior use of codeine

No use 134 (98) 140 (99) 136 (98) 137 (98)

As needed 1 (1) 0 1 (1) 1 (1)

Daily use 1 (1) 1 (1) 2 (1) 1 (1)

Prior use of tramadol

No use 121 (89) 127 (90) 125 (90) 122 (88)

As needed 5 (4) 6 (4) 6 (4) 8 (6)

Daily use 10 (7) 9 (6) 8 (6) 9 (6)

Duration of surgery, mean (SD), min 54 (19)c 51 (14)c 53 (18) 53 (15)

Type of surgery

No cement 122 (90) 129 (91) 127 (92) 122 (88)

Cement 2 (1) 3 (2) 2 (1) 4 (3)

Hybrid 12 (9) 10 (7) 10 (7) 13 (9)

Anesthesia

Spinal with sedation 65 (48) 70 (49) 66 (48) 69 (50)

Spinal 39 (29) 42 (30) 43 (31) 27 (19)

General 29 (21) 20 (14) 24 (17) 38 (27)

Conversion of spinal to general 3 (2) 10 (7) 6 (4) 5 (4)

Bupivacaine, SA, mean (SD), mg 12 (2) 12 (2) 12 (2) 12 (2)

Sufentanil used if general anesthesia,
mean (SD), μg

24 (7) 20 (9) 21 (8) 21 (8)

Abbreviations: ASA, American
Society of Anesthesiologists;
BMI, body mass index;
NSAID, nonsteroidal
anti-inflammatory drug;
SA, spinal anesthesia.
a Data are reported as No. (%) unless

otherwise indicated.
b Acetaminophen is the US adopted

name for paracetamol. Paracetamol
was given at 1000 mg to patients in
the paractamol plus ibuprofen
group and in the paracetamol plus
placebo group, and patients
received 500 mg in the
half-strength group. Ibuprofen was
given at 400 mg to patients in the
paracetamol plus ibuprofen group
and in the ibuprofen plus placebo
group, and patients received
200 mg in the half-strength group.

c Duration of surgery was calculated
based on 135 patients for the
paracetamol plus ibuprofen group
and on 141 patients for the
paracetamol plus placebo group due
to missing data on this variable.
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Table 2. Between-Group Comparisons of 24-Hour Morphine Consumption

Paracetamol
Plus Ibuprofena

Paracetamol
Plus Placeboa

Ibuprofen
Plus Placeboa

Paracetamol Plus Ibuprofen
(Half Strength)a

24-Hour morphine consumption,
median (99.6% CI), mg

20 (0-148) 36 (0-166) 26 (2-139) 28 (2-145)

Difference

Compared with
paracetamol plus ibuprofen,
median (99.6% CI), mgb

NA −16 (−24 to −6.5) −6 (−16 to 2) −8 (−16 to 2)

P valuec <.001 .002 .005

Compared with
paracetamol plus placebo,
median (99.6% CI), mgb

NA NA 10 (−2 to 16) 8 (−1 to 14)

P valuec .004d .001

Compared with
ibuprofen plus placebo,
median (99.6% CI), mgb

NA NA NA −2 (−7 to 10)

P valuec .81

Abbreviation: NA, not applicable.
a Acetaminophen is the US adopted name for paracetamol. Paracetamol was

given at 1000 mg to patients in the paractamol plus ibuprofen group and in
the paracetamol plus placebo group, and patients received 500 mg in the
half-strength group. Ibuprofen was given at 400 mg to patients in the
paracetamol plus ibuprofen group and in the ibuprofen plus placebo group,
and patients received 200 mg in the half-strength group.

b CIs were calculated by bootstrapping the median difference (percentile based).
c P values were calculated using Van Elteren test. Bootstapped CIs may, in rare

events, include zero, even when the P value is below the level of statistical
significance due to specific distribution of the data.

d This P value=.0044 is above the prespecified threshold (level of significance)
of P=.0042.

Figure 2. Distribution of Morphine Consumption by Study Group, 24 Hours Postoperatively
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Paracetamol was given at 1000 mg to patients in the paractamol plus ibuprofen
group and in the paracetamol plus placebo group, and patients received 500
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patients received 200 mg in the half-strength group. Blue dotted lines indicate
median level of consumption.
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Although the proportion of patients with 1 or more SAEs
was not statistically significantly higher in patients random-
ized to the ibuprofen-alone group compared with patients ran-

domized to the paracetamol-alone group, there were numeri-
cally more SAEs, especially when considering “medical SAEs,”
in patients randomized to ibuprofen. To our knowledge, this

Table 3. Secondary Outcomes in Comparison of the Combination of Paracetamol (Acetaminophen) and Ibuprofen
vs Either Alone on Patient-Controlled Morphine Consumption Following Total Hip Arthroplasty

Paracetamol
Plus Ibuprofena

Paracetamol
Plus Placeboa

Ibuprofen
Plus Placeboa

Paracetamol Plus Ibuprofen
(Half Strength)a

Pain scores, with mobilization at 6 h, mean
(99.2% CI ), mm

45 (39 to 51) 52 (47 to 58) 50 (44 to 55) 53 (48 to 58)

Difference, mean (99.2% CI ), mm

Compared with paracetamol plus ibuprofenb −7 (−15 to 1) −4 (−12 to 4) −8 (−15 to 0)

P value .03 .17 .01

Compared with paracetamol plus placebob 3 (−5 to 11) −1 (−8 to 7)

P value .34 .86

Compared with ibuprofen plus placebob −3 (−11 to 4)

P value .23

Pain scores, at rest at 6 h, mean (99.2% CI), mm 32 (27 to 37) 39 (34 to 44) 37 (32 to 42) 36 (31 to 41)

Difference, mean (99.2% CI ), mm

Compared with paracetamol plus ibuprofenb −8 (−15 to 0) −5 (−12 to 2) −5 (−11 to 2)

P value .005c .05 .08

Compared with paracetamol plus placebob 2 (−5 to 10) 3 (−4 to 10)

P value .38 .25

Compared with ibuprofen plus placebob 1 (−6 to 8)

P value .81

Pain scores with mobilization at 24 h, mean
(99.2% CI), mm

37 (32 to 43) 49 (43 to 54) 45 (39 to 51) 46 (40 to 51)

Difference, mean (99.2% CI ), mm

Compared with paracetamol plus ibuprofenb −11 (−19 to −3) −8 (−15 to 0) −8 (−16 to −0)

P value <.001c .009 .005c

Compared with paracetamol plus placebob 4 (−4 to 12) 3 (−5 to 11)

P value .24 .32

Compared with ibuprofen plus placebob −1 (−8 to 7)

P value .86

Pain scores at rest at 24 h, mean (99.2% CI), mm 13 (10 to 17) 24 (19 to 29) 21 (16 to 26) 19 (15 to 23)

Difference, mean (99.2% CI ), mm

Compared with paracetamol plus ibuprofenb −11 (−17 to -5) −8 (−13 to −2) −6 (−11 to −0)

P value <.001c .001c .004c

Compared with paracetamol plus placebob 3 (−4 to 10) 5 (−2 to 11)

P value .21 .04

Compared with ibuprofen plus placebob 2 (−4 to 8)

P value .46

Adverse events in the first 24 h (99.2% CI), % 15 (8 to 25) 16 (10 to 26) 16 (9 to 26) 14 (8 to 24)

Mean difference (RR) [99.2% CI], %

Compared with paracetamol plus ibuprofenb −1 (0.91) [0.43 to 1.91] −1 (0.93) [0.44 to 1.98] 1 (1.02) [0.47 to 2.22]

P value .73 .80 .94

Compared with paracetamol plus placebob 0 (1.02) [0.50 to 2.11] 2 (1.13) [0.53 to 2.37]

P value .93 .67

Compared with ibuprofen plus placebob 2 (1.1) [0.52 to 2.34]

P value .74

Abbreviations: NA, not applicable; RR, relative risk; VAS, visual analogue scale.
a Acetaminophen is the US adopted name for paracetamol. Paracetamol was

given at 1000 mg to patients in the paractamol plus ibuprofen group and in
the paracetamol plus placebo group, and patients received 500 mg in the
half-strength group. Ibuprofen was given at 400 mg to patients in the
paracetamol plus ibuprofen group and in the ibuprofen plus placebo group,
and patients received 200 mg in the half-strength group.

b Indicates VAS scores (range, 0 mm [no pain] to 100 mm [worst imaginable
pain]) during 30° flexion of the hip and at rest at 6 and 24 hours, and adverse
events from 0 to 24 hours (level of significance=.0083).

c Indicates a statistically significant P value. For the secondary outcomes a
generalized estimating equation (GEE) was used, which gives both CIs and
P values. In this case, the interpretation of CIs is as usual.
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is the first trial to include systematic 90-day follow-up for safety
through national registries and telephone interviews as a pri-
mary outcome in this research area, in which reporting of harm
in perioperative pain trials is often inadequate.7,30 Equal fo-
cus on benefits and harms is recommended to be common prac-
tice of clinical trials,31,32 and further trials focusing on safety
of NSAIDs in the perioperative period are urgently needed.

Limitations
This trial has several limitations. First, the intervention pe-
riod was only 24 hours, and a prolonged intervention period
could have been more appropriate as treatment with
paracetamol plus ibuprofen seldom is used for only 24 hours
in a clinical context.

Second, there were fewer patients having spinal anesthe-
sia in the half-strength paracetamol plus ibuprofen group,
which might have influenced morphine consumption and
pain levels.

Third, no specific analgesics were recommended to pa-
tients in the follow-up period, and only a few patients did not
use NSAIDs at all (eTable 3 in Supplement 2). This makes at-
tribution of the SAEs to ibuprofen difficult; however, there were
no significant differences in NSAID use in the follow-up pe-
riod between groups, and the sensitivity analysis excluding pa-
tients using NSAIDs in the follow-up period from the
paracetamol-only group did not alter the conclusion from the
main analysis.

Fourth, the power estimation of the co–primary outcome
of SAE (80% power to detect or discard an increase from 10%
to 21%) was based on limited data on postoperative incidence
of SAEs as previous studies have not used the ICH-GCP defi-
nition of SAE and rigorous follow-up by registry data and tele-
phone interview. Hence, the anticipated intervention effect (an
increase from 10% to 21%) might be too large, and conse-
quently, this trial may not have adequate power to assess dif-
ferences in SAEs.

Fifth, the power of the null test for interaction between the
collated groups receiving ibuprofen and SAEs was not as-
sessed a priori, thus, it is not certain that it is reasonable to com-
bine these groups.

Conclusions
Among patients undergoing total hip arthroplasty,
paracetamol plus ibuprofen significantly reduced morphine
consumption compared with paracetamol alone in the first
24 hours after surgery; there was no statistically significant
increase in serious adverse events in the pooled groups
receiving ibuprofen alone vs with paracetamol alone. How-
ever, the combination did not result in a clinically important
improvement over ibuprofen alone, suggesting that ibupro-
fen alone may be a reasonable option for early postoperative
oral analgesia.
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