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BACKGROUND: Opioid side effects are a great concern during the postoperative period in
children. Nonsteroidal antiinflammatory drugs (NSAIDs) have been shown to effectively decrease
postoperative pain, but their opioid-sparing effect is still controversial. In this present meta-
analysis, we investigated the postoperative opioid-sparing effect of NSAIDs in children.
METHODS: A comprehensive literature search was conducted to identify clinical trials using
NSAIDs and opioids as perioperative analgesic compounds in children and infants. Outcomes
measured were opioid consumption, pain intensity, postoperative nausea and vomiting (PONV),
and urinary retention. All outcomes were studied during postanesthesia care unit (PACU) stay
and the first 24 postoperative hours. Data from each trial were combined to calculate the pooled
odds ratios (ORs) or standardized mean difference (SMD) and their 95% confidence interval.
RESULTS: Twenty-seven randomized controlled studies were analyzed. Perioperative administra-
tion of NSAIDs decreased postoperative opioid requirement (both in the PACU and during the first
24 postoperative hours; SMD � �0.66 [�0.84, �0.48] and �0.83 [�1.11, �0.55], respec-
tively), pain intensity in the PACU (SMD � �0.85 [�1.24, �0.47]), and PONV during the first 24
postoperative hours (OR � 0.75 [0.57–0.99]). NSAIDs did not decrease pain intensity during the
first 24 postoperative hours (OR � 0.56 [0.26–1.2]) and PONV during PACU stay (OR � 1.02
[0.73–1.44]). Subgroup analysis according to the timing of NSAID administration (intraoperative
versus postoperative), type of surgery, or coadministration of paracetamol did not show any
influence of these factors on the studied outcomes except the reduction of pain intensity and the
incidence of PONV during the first 24 postoperative hours, which were influenced by the
coadministration of paracetamol and the type of surgery, respectively.
CONCLUSION: This meta-analysis shows that perioperative NSAID administration reduces
opioid consumption and PONV during the postoperative period in children. (Anesth Analg
2012;114:393–406)

Despite preventive strategies against opioid side
effects, including postoperative nausea and vomit-
ing (PONV), respiratory depression, urinary reten-

tion, constipation, and pruritus, these adverse events
remain a great concern in the postoperative period and a
major source of discomfort for patients.1

Many adult studies have shown non-opioid analgesics
such as ketamine, nonsteroidal antiinflammatory drugs
(NSAIDs), acetaminophen, and nefopam to exhibit an opioid-
sparing effect and improve postoperative analgesia quality.2–6

A qualitative meta-analysis addressed the efficacy of
postoperative morphine in children.1 Among its findings,
morphine was only effective when compared with a control
therapy. Moreover, it was associated with significant side

effects such as nausea and postoperative urinary retention.
To decrease the incidence of such undesirable effects, the
authors concluded that it is necessary to use balanced
analgesia when morphine is used.

NSAIDs have been shown to improve postoperative
pain both in adult and pediatric populations.4,6,7 However,
the opioid-sparing effects of NSAIDs in children and in-
fants are still the subject of debate. In addition, it is still
unclear whether combined administration of opioids and
NSAIDs improves postoperative pain relief in children.

Meta-analysis of published studies is a statistical meth-
odology allowing aggregation and quantification of the
therapeutic effects from multiple studies. It is particularly
interesting when conflicting results arise from multiple
studies. The primary goal of the present study was to
investigate the efficacy of balanced analgesia using NSAIDs
and opioids for the management of postoperative pain in
children with a special emphasis on both the quality of
postoperative analgesia and the opioid-sparing effects of
NSAIDs.

METHODS
Bibliographical Search and Analysis
We conducted this meta-analysis according to the guide-
lines of the Cochrane Handbook for Systematic Reviews of
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75019 Paris, France. Address e-mail to souhayl.dahmani@rdb.aphp.fr.

Copyright © 2012 International Anesthesia Research Society
DOI: 10.1213/ANE.0b013e31823d0b45

February 2012 • Volume 114 • Number 2 www.anesthesia-analgesia.org 393



Intervention, the QUORUM (Quality of Reporting of Meta-
analyses) statements, and general guidelines on this statis-
tical method.3,6,8–13

Research was performed on 2 literature databases:
PubMed and Embase. The following queries were used:
“name of the NSAIDs and children or infant.” The names
used included nonselective NSAIDs: diclofenac, dexibupro-
fen, dexketoprofen, indometacin, ibuprofen, ketoprofen,
ketorolac, lornoxicam, mefenamic acid, meloxicam, nabu-
metone, naproxen, piroxicam, tenoxicam, tiaprofenic acid,
and cyclooxygenase-2 selective drugs (celecoxib, etoricoxib,
lumiracoxib, parecoxib, rofecoxib, valdecoxib). In addition,
a manual search of the references found in the selected
articles (including reviews and meta-analyses) was also
performed. The date of the most recent search was April
2011. Articles were analyzed by 4 physicians to verify their
relevance: presence of postoperative opioid therapy in both
arms and presence of a control group without NSAID
medication. Readers also assessed the potential risk of bias
as recommended by Cochrane experts13: randomization
and allocation concealment (clear description of the method
used in sufficient detail to determine whether intervention
allocations could have been foreseen in advance of, or
during, enrollment), double-blind study, incomplete data
report statement (statement about excluded patients and
data), and absence of selective reporting (absence of
report of studied outcomes). Studies were excluded if
one of the cited biases was present, if anesthesia and/or
analgesia protocols were not standardized, and if the
target population was found to exhibit at least one of the
following risks: active bleeding, history of gastroduode-
nal ulcer, impairment of renal function, or severe asthma.
The outcomes analyzed were opioid consumption, pain
intensity, PONV, urinary retention, and pruritus. When
conflicting results were found, the article was checked
twice by 2 anesthesiologists.

Statistical Analysis
Statistical analysis was performed using the Review Man-
ager 5 software (RevMan 5; The Cochrane Collaboration,
Oxford, UK). To include a maximum of appropriate stud-
ies, nonparametric results were managed by the estimation
of the mean and the standard deviation on the basis of the
sample size, median, and range according to the method
described by Hozo et al.14 The absence of a validated
method to convert median and interquartile ranges to
means and standard deviation led us to discard all such
data. For each outcome from a given study, the Hedge’s
adjusted standardized mean difference (SMD, continu-
ous outcomes) and the Mantel-Haenszel odds ratio (OR,
discrete outcome) were computed. To combine these
partial ORs and SMD, all partial ORs were first trans-
formed to partial SMDs using Chinn’s formula: lnOR �
1.814 � SMD (ln: logarithm).15 In another analysis,
partial SMDs were pooled and overall SMD (and its 95%
confidence interval) was generated using the weighted
mean (also known as inverse variance method).a A 95%
confidence interval of the OR �1 indicates a significant

decrease in PONV, urinary retention, or pruritus risk,
whereas a 95% confidence interval of the SMD �0
indicates significantly adequate pain control or an opioid
dose-sparing effect. Concerning the common cutoff val-
ues considered for SMD, the effect of the NSAIDs on the
studied outcome was regarded as small when the SMD
was more than �0.4, moderate when it was between �0.4
and �0.7, and large when it was less than �0.7.b

Heterogeneity was accessed using I2 statistics. This
describes the percentage of the variability in effect esti-
mates (OR in present study) that is due to heterogeneity
rather than sampling error. According to the Cochrane
Reviews guidelines,c an I2 � 40% and a P � 0.1 were
considered the definition for heterogeneity and indicated
the use of a random effect model in OR computation.3,12

Random effect model assumes that the observed effects are
estimating different intervention effects, whereas a fixed
effect model estimates a same “true” intervention effect.
This difference makes the weight given by each study
different for each model. In the random effect model, all
studies are equally weighted, whereas in the fixed effect
model, each study is weighted according to the number of
included patients. In addition, regardless of heterogeneity,
subgroup analysis for NSAID efficacy was performed
(when at least 2 studies included the considered outcome)
according to the type of surgery, the duration of NSAID
administration (intraoperative versus postoperative), and
the coadministration of paracetamol (at regular timing) for
outcomes measured during the first 24 hours postopera-
tively. The effects of the selectivity of the NSAIDs were also
investigated.

aSee http://www.cochrane-handbook.org/(Section 9.4.6). Accessed October
6, 2011.

bSee http://www.cochrane-handbook.org/(Section 12.6.2). Accessed Octo-
ber 6, 2011.
cSee http://www.cochrane-handbook.org/(Section 9.5.2). Accessed October
6, 2011.

Figure 1. Meta-analysis flowchart. RTC � randomized controlled trial.
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Table 1. Relevant Methodological Features of Included Studies

Author and
year

ASA
physical
status Age (y) Methodology Intervention Reported outcomes of interest to the meta-analysis

Antila H,20

2006
I 9–15 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Pain D1; Op D1; PONV D1

Bean-Lijewski
JD,21 1996

I/II 2–10 SAP�, RDB�,
AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; Op D1; PONV D1

Hiller A,22

2006
I/II 1–9 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; pain D1; Op D1; PONV D1, P, urinary
retention not described specifically in the NSAID group

Joshi W,23

2003
I/II 3–11 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Pain PACU; pain PACU; pain D1; PONV PACU; PONV D1

Kokki H,24

1994
I 1–4 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; PONV D1

Kokki H,25

1998
I/II 1–7 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; PONV D1; pain PACU expressed as quartile
ranges

Kokki H,26

1999
ND ND SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; PONV D1; pain PACU expressed as quartile
ranges

Kokki H,27

2000
I 1–9 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; PONV D1; pain PACU expressed as quartile
ranges

Kokki H,28

2002
I 3–16 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; pain D1; Op D1; PONV PACU

Korpela R,29

2007
I/II 1–7 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; PONV PACU

Mather SJ,30

1995
ND 3–12 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; PONV D1

Maunuksela
EL,31 1988

I/II 1–16 SAP�, RDB�,
AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; pain D1; UR

Maunuksela
EL,32 1992

I/II 4–12 SAP�, RDB�,
AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op D1

Morton NS,33

1999
ND 5–13 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op D; pain D1; PONV report using nonvalidated score

Munro HM,34

2002
I/II 11–17 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; Op D1; pain D1; PONV D1

Nikanne E,35

1997
I/II 1–7 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; PONV PACU

Oztekin S,36

2002
I/II 5–14 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; PONV PACU; PONV D1

Romsing J,37

1998
I/II 5–15 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; pain D1; Op D1; PONV D1

Rugyte D,38

2007
ND 10–15 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; pain D1; Op D1; PONV D1; UR

Sheeran
PW,39

2004

I/II �3 SAP�, RDB�,
AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU; PONV PACU

Sims C,40

1994
ND 7–15 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op D1; PONV D1; pain PACU expressed as mean without
SD

(Continued)
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In studies with more than one intervention arm, each
one was considered a study and compared with the control
group. Finally, to avoid calculation problems related to
zero values, a 1 was added to all groups.

Statistical methodologies are available to assess the
effects of unpublished studies on the results of meta-
analysis (published bias). This type of bias is assessed by
plotting the OR, or the logarithm of the OR, against a
measurement of the precision of the OR such as the SE of
the OR. This plot is named the funnel plot. An asymmetry
of the funnel plot could indicate that some studies might
not have been published because of their negative re-
sults.16,17 This asymmetry can also indicate the heterogene-
ity of results or the poor methodology of included
studies.16 Some published studies, because of specific de-
sign, can produce large positive results that can lead to
asymmetry in the funnel plots interpreted as “publication
bias.” Methodological bias of studies can also exhibit large
positive results leading to funnel plot asymmetry.18 Ac-
cording to the Cochrane collaborative guidelines,d publica-
tion bias had to be assessed when analysis aggregated at
least 10 studies. Two tests were used in the current analysis:
the Begg-Mazumdar19 and Egger tests.18 When these tests
were significant, asymmetry was assumed to be present
and publication bias was highly suspected. Results were
expressed as OR (95% confidence interval), I2, P value for I2

statistic.

RESULTS
Two hundred ninety-nine articles were identified using the
selected criteria. Analysis allowed the selection of 125

relevant articles. A flowchart of the selection process is
shown in Figure 1. Publications with no control groups,
cohort or observational studies, studies comparing NSAIDs
with other therapeutics, and studies with unexploitable
results (all outcomes in the study expressed as median and
interquartile ranges; absence of SD of the mean) were
excluded from the analysis (Fig. 1). There was no difference
in recorded information between assessors.

This meta-analysis included 27 articles20–47; 567 patients
received NSAIDs versus 418 patients who did not receive
these drugs. Among these included studies, 25 evaluated
nonselective NSAIDs and 2 compared coxibs (rofecoxib) to
control inactive treatment.23,39 The methodological features
and outcomes measured in the included studies are sum-
marized in Table 1. Characteristics of studies included in
this meta-analysis are summarized in Table 2.

NSAIDs significantly decreased opioid consumption in
the postanesthesia care unit (PACU) (SMD � �0.66 [�0.84,
�0.48]; I2 � 67%, P � 0.00001; Fig. 2), pain intensity during
PACU stay (SMD � �0.85 [�1.24, �0.47]; I2 � 90%, P �
0.00001; Fig. 3), and opioid consumption during the first 24
hours postoperatively (SMD � �0.83 [�1.11, �0.55]; I2 �
80%, P � 0.00001; Fig. 4). However, our study could not
find a beneficial effect of NSAIDs on pain intensity during
the first postoperative day (SMD � �0.32 [�0.75, 0.10]; I2 �
56%, P � 0.00001; Fig. 5). Concerning the efficacy of
NSAIDs in preventing opioids’ adverse effects, our study
could not find a decrease in PONV incidence during PACU
stay (OR � 1.02 [0.73–1.44]; I2 � 0%, P � 0.94; Fig. 6). In
contrast, according to our results, NSAIDs decreased
PONV incidence during the first 24 hours postoperatively
(OR � 0.75 [0.57–0.99]; I2 � 0%, P � 0.69; Fig. 7). Finally,
our study did not find a preventive effect of NSAIDs

dSee http://www.cochrane-handbook.org/(Section 10.4.3.1). Accessed De-
cember 2010.

Table 1. (Continued)

Author and
year

ASA
physical
status Age (y) Methodology Intervention Reported outcomes of interest to the meta-analysis

Sutters KA,41

1995
ND 7–18 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; pain PACU

Sutters KA,42

1999
I/III ND SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; Op D1; pain D; PONV D1; UR; P

Tuomilehto
H,43 2000

I/II 1–9 SAP�, RDB�,
AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; PONV PACU; pain PACU expressed as median
IQR 90%

Tuomilehto
H,44 2002

I/II 1–9 SAP�, RDB�,
AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; PONV PACU; pain PACU expressed as median
IQR 90%

Vetter TR,45

1994
I/II 8–16 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op D1; pain D1; PONV D1; UR; P

Viitanen H,46

2003
I 1–6 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Op PACU; PONV PACU

Watters CH,47

1988
I/II 5–12 SAP�, RDB�,

AC�, IDR�,
SR�

NSAID and opioids
versus NSAID

Pain PACU; pain D1; Op D1; PONV D1

ND � not determined; SAP � standardized anesthesia and analgesia protocols; RDB � randomized double blinded; AC � allocation concealment; IDR �
incomplete data report; SR � selective report; for all these methodology features; � � present; � � absent; Op � opioid consumption; pain � pain intensity;
PONV � postoperative nausea and vomiting; PACU � postanesthesia care unit; D1 � first postoperative day; UR � urinary retention; P � pruritus; NSAID �
nonsteroidal antiinflammatory drug; IQR � interquartile range.
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Table 2. Characteristics of Included Studies

Author and year Intervention Premedication Anesthetics
Intraoperative

analgesia
PACU analgesia by

regular intervals
Antila H,20 2006 Adenotonsillectomy No Propofol � isoflurane Fentanyl
Bean-Lijewski JD,21

1996
Orthopedic,

genitourologic,
and general

No Halothane Ketorolac or placebo

Hiller A,22 2006 Orthopedic and
urologic surgery

Midazolam Propofol � sevoflurane Remifentanil

Joshi W,23 2003 Adenotonsillectomy No Sevoflurane Fentanyl

Kokki H,24 1994 Minor general
surgery

Flunitrazepam Thiopental Intrathecal local
anesthetics

Kokki H,25 1998* Adenotonsillectomy Midazolam Thiopental � isoflurane Fentanyl
Kokki H,25 1998** Adenotonsillectomy Midazolam Thiopental � isoflurane Fentanyl
Kokki H,25 1998*** Adenotonsillectomy Midazolam Thiopental � isoflurane Fentanyl
Kokki H,26 1999 Strabismus Diazepam Propofol � isoflurane Fentanyl

Kokki H,27 2000* Adenotonsillectomy Diazepam Thiopental � sevoflurane Fentanyl
Kokki H,27 2000** Adenotonsillectomy Diazepam Thiopental � sevoflurane Fentanyl
Kokki H,28 2002* Adenotonsillectomy Diazepam Thiopental � sevoflurane Fentanyl

Kokki H,28 2002** Adenotonsillectomy Diazepam Thiopental � sevoflurane Fentanyl

Korpela R,29 2007* Adenotonsillectomy No Halothane
Korpela R,29 2007** Adenotonsillectomy No Halothane Pethidine
Mather SJ,30 1995 Adenotonsillectomy No Propofol � halothane Ketoralac �

paracetamol
Paracetamol

Maunuksela EL,31 1988 Orthopedic or
urologic

Flunitrazepam Thiopental � halothane No

Maunuksela EL,32 1992 Orthopedic or
ophthalmic or
general

Flunitrazepam Thiopental � halothane No

Morton NS,33 1999* Emergence
appendicectomy

ND Thiopental � isoflurane Morphine

Morton NS,33 1999** Emergence
appendicectomy

ND Thiopental � isoflurane Morphine Paracetamol

Munro HM,34 2002 Idiopathic scoliosis Midazolam IV or inhaled agents Fentanyl Paracetamol
Nikanne E,35 1997 Adenotonsillectomy Diazepam Thiopentone � isoflurane Fentanyl

Oztekin S,36 2002 Adenotonsillectomy No Propofol Remifentanil
Romsing J,37 1998* Adenotonsillectomy Midazolam/

diazepam
Propofol � halothane Fentanyl �

acetaminophen
Romsing J,37 1998** Adenotonsillectomy Midazolam/

diazepam
Propofol � halothane Fentanyl �

acetaminophen
Rugyte D,38 2007 Thoracic surgery Midazolam Thiopental � isoflurane Fentanyl

Sheeran PW,39 2004 Adenotonsillectomy Midazolam Sevoflurane/desflurane Morphine �
paracetamol

Sims C,40 1994 Appendicectomy No Thiopental Pethidine or
morphine

Skin infiltration
bupivacaine

Sutters KA,41 1995 Adenotonsillectomy ND Inhaled agents
Sutters KA,42 1999 Orthopedic No Fentanyl/morphine

� infiltration
Tuomilehto H,43 2000* Adenotonsillectomy Diazepam Thiopental � sevoflurane Fentanyl
Tuomilehto H,43

2000**
Adenotonsillectomy Diazepam Thiopental � sevoflurane Fentanyl

Tuomilehto H,44 2002* Adenotonsillectomy Diazepam Thiopental � sevoflurane Fentanyl
Tuomilehto H,44

2002**
Adenotonsillectomy Diazepam Thiopental � sevoflurane Fentanyl

Vetter TR,45 1994 Orthopedic No Thiopental � isoflurane Fentanyl
Viitanen H,46 2003* Adenotonsillectomy No Sevoflurane Alfentanil
Viitanen H,46 2003** Adenotonsillectomy No Sevoflurane Alfentanil Paracetamol
Watters CH,47 1988 Adenotonsillectomy Temazepam �

atropine
Thiopentone �

halothane
Ketorolac or control

Studies with �1 intervention group are shown with asterisks (Author, year of publication*; Author, year of publication**; Author, year of publication***).
PACU � postanesthesia care unit; PCA � patient-controlled analgesia; ND � not defined in the study; IR � intrarectal; OR � oral.
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Table 2. (Continued)
On-demand PACU

analgesia
24-h analgesia by
regular intervals

On-demand 24-h
analgesia NSAID

Route of
administration Timing

PCA fentanyl PCA fentanyl Ketoprofen 2 mg/kg IV End of surgery, every 6 h
Meperidine Meperidine Ketorolac 0.75 mg/kg IM Induction

IV morphine IV morphine Ketoprofen 2 mg/kg IV After induction and at 8 h

Fentanyl Acetaminophen/
codeine

Rofecoxib 1 mg/kg OR Before induction

IV morphine IM morphine Ibuprofen 10–13 mg/kg IR Induction, every 6 h

IV fentanyl Ketoprofen 0.3 mg/kg IV After induction
IV fentanyl Ketoprofen 1 mg/kg IV After induction
IV fentanyl Ketoprofen 3 mg/kg IV After induction
IV fentanyl Ketoprofen 1 mg/kg �

0.5 mg/kg/h 2 h
IV After induction � infusion

during 2 h
IV fentanyl Ketoprofen 25 mg IR After induction
IV fentanyl Ketoprofen 25 mg IV After induction
Oxycodone IV or IM Oxycodone IV or IM Ketoprofen 0.3 mg/kg �

3 mg/kg 24 h
IV After induction � continuous

infusion 24 h
Oxycodone IV or IM Oxycodone IV or IM Ketoprofen 0.3 mg/kg �

3 mg/kg 24 h
IV PACU � continuous infusion

24 h
Fentanyl IV Naproxen 10 mg/kg OR Before induction
Fentanyl IV Naproxen 10 mg/kg OR Before induction
Morphine Paracetamol Ketorolac 0.5 mg/kg IM Before induction

IV morphine IM morphine Indomethacin 0.35 mg/
kg � 0.07 mg/kg/h

IV End of surgery � continuous
24 h

IV morphine or
oxycodone

Oxycodone Ibuprofen 10 mg/
kg � 4/d

IR After induction � every 4 h

PCA morphine PCA morphine Diclofenac 1 mg/kg/8 h
24 h

IR PACU � every 8 h

PCA morphine Paracetamol PCA morphine Diclofenac 1 mg/kg/8 h
24 h

IR PACU � every 8 h

PCA morphine Paracetamol PCA morphine Ketorolac 0.5 mg/kg IV End of surgery
IV fentanyl Ketoprofen 1 mg/kg �

0.5 mg/kg/h 2 h
IV After induction � infusion

during 2 h
Diclofenac 1 mg/kg IR After induction

IV fentanyl �
paracetamol

Acetaminophen Ketorolac 1 mg/kg IV After induction

IV fentanyl �
paracetamol

Acetaminophen Ketorolac 1 mg/kg IV End of surgery

Morphine PCA Paracetamol �
morphine PCA

Ketoprofen 1 mg/kg IV End of surgery, at 8 and
16 h

Morphine Rofecoxib 1 mg/kg OR Before induction

Morphine PCA Morphine PCA Indomethacin 2 mg/kg IR Closure, 12 and 24 h

IV fentanyl IV fentanyl Ketorolac 1 mg/kg IM End of surgery
IV fentanyl PCA morphine Ketorolac 1 mg/kg IV End surgery, every 6 h

IV fentanyl Ketoprofen 1 mg/kg OR Before induction
IV fentanyl Ketoprofen 1 mg/kg IV After induction

IV fentanyl Ketoprofen 1 mg/kg IV After induction
IV fentanyl Ketoprofen 1 mg/kg IM After induction

Morphine PCA Morphine PCA Ketorolac 0.8 mg/kg IV End of surgery
IV meperidine Ibuprofen 15 mg/kg IR After induction
IV meperidine Ibuprofen 15 mg/kg IR After induction
Pethidine and

paracetamol
Paracetamol and

pethidine
Diclofenac 1 mg/kg IR Induction
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Figure 2. Forest plot of meta-analysis of the effects of perioperative nonsteroidal antiinflammatory drugs (NSAIDs) on postoperative opioid
requirement during postanesthesia care unit stay. The square in front of each study (first author and year of publication) is the standardized
mean difference (SMD) for individual trials, and the corresponding horizontal line is the 95% confidence interval (CI). The lozenge back in the
figure is the pooled SMD with the 95% CI. Studies with �1 intervention group are shown with asterisks (Author, year of publication* and Author,
year of publication**).

Figure 3. Forest plot of meta-analysis of the effects of perioperative nonsteroidal antiinflammatory drugs (NSAIDs) on postoperative pain
intensity during postanesthesia care unit stay. The square in front of each study (first author and year of publication) is the standardized mean
difference (SMD) for individual trials, and the corresponding horizontal line is the 95% confidence interval (CI). The lozenge back in the figure
is the pooled SMD with the 95% CI. Studies with �1 intervention group are shown with asterisks (Author, year of publication* and Author, year
of publication**).
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against postoperative urinary retention (4 studies; OR �
0.96 [0.25–3.65]; I2 � 49%, P � 0.12) or pruritus (3 studies;
OR � 0.96 [0.34–2.71]; I2 � 0%, P � 0.60).

Regarding the high heterogeneity of these results, sub-
group analyses were performed. When analyzing the ef-
fects of NSAID administration on opioid consumption (in
the PACU and during the first postoperative day) or on
pain intensity in the PACU according to the type of surgery
(adenotonsillectomy versus orthopedic or general surgery),
the timing of NSAID administration (intraoperative ver-
sus postoperative), and the coadministration of paraceta-
mol, we could not find any significant influence of these
factors (Table 3). Subgroup analysis of pain intensity
during the first postoperative day according to the type
of surgery or the timing of NSAID administration did not

modify this result (Table 3). However, when including
the 2 studies in which paracetamol was systematically
coadministered with NSAIDs, the coadministration of
NSAIDs and opioids was found to moderately decrease
pain intensity at 24 hours (SMD � �0.35 [�0.50, �0.20];
I2 � 0%, P � 0.35; Table 3). Subgroup analyses of PONV
occurrence during the first postoperative day did not
affect results, except when performed in studies focusing
on adenotonsillectomy (OR � 0.64 [0.44, 0.94]; I2 � 0%,
P � 0.76; Table 3).

Finally, subgroup analysis found no influence of nonse-
lective NSAIDs on overall results (Table 3), whereas pool-
ing the 2 studies using selective NSAIDs could not find any
effect of these compounds on postoperative pain intensity,
opioid consumption, or PONV incidence (data not shown).

Figure 4. Forest plot of meta-analysis of the effects of perioperative nonsteroidal antiinflammatory drugs (NSAIDs) on postoperative opioid
requirement during the first 24 hours. The square in front of each study (first author and year of publication) is the standardized mean
difference (SMD) for individual trials, and the corresponding horizontal line is the 95% confidence interval (CI). The lozenge back in the figure
is the pooled SMD with the 95% CI. Studies with �1 intervention group are shown with asterisks (Author, year of publication* and Author, year
of publication**).

Figure 5. Forest plot of meta-analysis of the effects of perioperative nonsteroidal antiinflammatory drugs (NSAIDs) on postoperative pain intensity
during the first 24 hours. The square in front of each study (first author and year of publication) is the standardized mean difference (SMD) for
individual trials, and the corresponding horizontal line is the 95% confidence interval (CI). The lozenge back in the figure is the pooled SMD with the
95% CI. Studies with �1 intervention group are shown with asterisks (Author, year of publication* and Author, year of publication**).
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Analysis found a significant publication bias for the fol-
lowing outcomes: opioid consumption during the first 24
hours (Fig. 8A; Begg-Mazumdar test: Kendall �� �0.51, P �
0.004; or Egger’s test: bias � �1.85, P � 0.04), pain during
PACU stay (Fig. 8B; Begg-Mazumdar test: Kendall � � �0.57,
P � 0.0006; or Egger’s test: bias � �4.36, P � 0.001). However,
bias analysis was not significant for opioid consumption in
the PACU (Fig. 8C; Begg-Mazumdar test: Kendall � � �0.12,
P � 0.34; or Egger’s test: bias � �1.63, P � 0.09), pain during
the 24 hours postoperatively (Fig. 8D; Begg-Mazumdar test:

Kendall � � �0.11, P � 0.58; or Egger’s test: bias � �2.79, P �
0.5), PONV during the PACU stay (Fig. 8E; Begg-Mazumdar
test: Kendall � � �0.21, P � 0.35; or Egger’s test: bias � �1.36,
P � 0.07), or PONV during the first postoperative day (Fig. 8F;
Begg-Mazumdar test: Kendall � � 0.11, P � 0.5; or Egger’s
test: bias � �0.33, P � 0.7).

DISCUSSION
The main findings of this meta-analysis can be summarized
as follows: coadministering opioids and NSAIDs during

Figure 6. Forest plot of meta-analysis of the effects of perioperative nonsteroidal antiinflammatory drugs (NSAIDs) on postoperative nausea
or vomiting during postanesthesia care unit stay. The square in front of each study (first author and year of publication) is the odds ratio (OR)
for individual trials, and the corresponding horizontal line is the 95% confidence interval (CI). The lozenge back in the figure is the pooled OR
with the 95% CI. Studies with �1 intervention group are shown with asterisks (Author, year of publication* and Author, year of publication**).

Figure 7. Forest plot of meta-analysis of the effects of perioperative nonsteroidal antiinflammatory drugs (NSAIDs) on postoperative nausea
or vomiting during the first 24 hours. The square in front of each study (first author and year of publication) is the odds ratio (OR) for individual
trials, and the corresponding horizontal line is the 95% confidence interval (CI). The lozenge back in the figure is the pooled OR with the 95%
CI. Studies with �1 intervention group are shown with asterisks (Author, year of publication* and Author, year of publication**).
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the perioperative period in children and infants decreased
postoperative opioid requirement (both in the PACU and
during the first 24 postoperative hours), pain intensity in
the PACU, and PONV during the first postoperative day.
However, our study could not find any benefit from
NSAID administration on pain intensity during the first 24
postoperative hours, PONV during the PACU stay, urinary
retention, or pruritus. Subgroup analyses according to the
timing of NSAID administration (intraoperative versus
postoperative), type of surgery, or coadministration of
paracetamol found that these factors had no influence on
the studied outcomes except concerning the reduction of
pain intensity and PONV incidence during the first 24
postoperative hours, which were influenced by coadminis-
tration of paracetamol and the type of surgery, respectively.

Opioids, especially morphine, are considered the most
powerful drugs for relieving moderate to severe postopera-
tive pain. However, a qualitative meta-analysis has shown
their lack of superiority, compared with non-opioid drugs
or regional analgesia, for pain relief in children.1 Based on
these results, postoperative pain in children is best man-
aged using balanced analgesia. The opioid-sparing effect of
NSAIDs and their potency in decreasing opioid side effects
and improving postoperative pain are still controversial.
We reviewed evidence on these issues in a quantitative
manner.

Our analysis included studies with various times of
NSAID administration, associations with other non-opioid
analgesics, and type of surgery, leading to heterogeneous
results. Consequently, we performed subgroup analyses
according to these 3 factors (summarized in Table 3). We
found no impact of these factors on the studied outcomes,
except concerning pain intensity and PONV incidence
during the first 24 postoperative hours. Pain intensity
during the first postoperative day was decreased when
paracetamol was coadministered with NSAIDs. This find-
ing suggests, as previously reported, a synergistic action

between these 2 drugs on pain relief.4 Reduction of PONV
during adenotonsillectomy is also not surprising because
PONV incidence is very high during this type of surgery,
and therefore a decrease in opioid consumption might be
most beneficial on PONV incidence in this subgroup of
patients. Interestingly, intraoperative, but not postopera-
tive, NSAID administration decreased PONV incidence
during the first 24 postoperative hours. This result is likely
to be influenced by the type of surgery rather than by the
timing of NSAID administration because most studies
involving postoperative NSAID administration were per-
formed in orthopedic or general surgery (Table 3).

Recent experimental studies have found an active age-
dependent synaptic plasticity in relation to hyperalgesia
after peripheral nerve injury in developing rats.48,49 More-
over, experiences of pain during infancy have been shown
to induce a long-lasting sensitization to future pain expe-
riences.50,51 This clearly indicates the high potential of
surgery-induced injuries to promote hyperalgesia in chil-
dren.52 In addition, opioids have been found to induce
hyperalgesia in adults and are highly suspected to induce
this phenomenon in children and infants.53,54 Hyperalgesia
preventive strategies used in adults such as an opioid
priming dose or ketamine administration, failed to decrease
opioid consumption in the pediatric population.55,56 Con-
sequently, promoting NSAID use for decreasing perioper-
ative opioid consumption might positively influence the
development of postoperative hyperalgesia.

A recent meta-analysis showed no efficacy of ketamine’s
opioid-sparing effect during the first 24 postoperative
hours in children.55 The authors hypothesized that this result
was the consequence of an inadequate dosage of ketamine.
Similarly, a pharmacokinetic study of ketorolac showed dif-
ferences in drug clearance and elimination half-time, which
were greater in the pediatric population compared with
adults.57 These findings suggest shortening intervals between
drug administration to maintain a systemic analgesic effect.

Table 3. Subgroup Analysis of the Effects of Surgery (Adenotonsillectomy Versus Orthopedic or General
Surgery), Timing of Administration (Intraoperative Versus Postoperative), Systematic Postoperative
Administration of Paracetamol on the Analgesic Efficacy of NSAIDs

Opioid consumption
PACU (SMD)

Opioid consumption
during 24 h (SMD) Pain PACU (SMD) Pain during 24 h (SMD) PONV PACU (OR) PONV during 24 h (OR)

Overall �0.66 (�0.84, �0.48)* �0.83 (�1.11, �0.55)* �0.85 (�1.24, �0.47)* �0.32 (�0.75, 0.10) 1.02 (0.73, 1.44) 0.75 (0.57, 0.99)*
I2 � 67%, P � 0.0001 I2 � 80%, P � 0.0001 I2 � 90%, P � 0.0001 I2 � 86%, P � 0.0001 I2 � 0%, P � 0.94 I2 � 0%, P � 0.69

Nonselective
NSAIDs

�0.68 (�0.86, �0.50)* No study �0.73 (�1.12, �0.35)* �0.29 (�0.68, 0.10) 1.03 (0.73, 1.46) No study
I2 � 66%, P � 0.0001 I2 � 91%, P � 0.0001 I2 � 84%, P � 0.0001 I2 � 0%, P � 0.85

Intraoperative
NSAIDs

— �0.63 (�0.95, �0.30)* — �0.70 (�1.31, �0.09) — 0.7 (0.49, 1.00)
I2 � 42%, P � 0.12 I2 � 87%, P � 0.0001 I2 � 0%, P � 0.65

Postoperative
NSAIDs

— �0.89 (�1.28, �0.50)* — �0.14 (�0.56, 0.28) — 0.83 (0.53, 1.28)
I2 � 85%, P � 0.0001 I2 � 63%, P � 0.0009 I2 � 0%, P � 0.47

Systematic
postoperative
paracetamol

— �0.49 (�0.65, �0.33)* — �0.35 (�0.50, �0.20)* — 0.84 (0.35, 2.02)
I2 � 0%, P � 0.92 I2 � 0%, P � 0.35 I2 � 6%, P � 0.35

No systematic
postoperative
paracetamol

— �0.88 (�1.24, �0.51)* — �0.33 (�0.75, 0.10) — 0.77 (0.58, 1.02)
I2 � 81%, P � 0.0001 I2 � 86%, P � 0.0001 I2 � 0%, P � 0.62

Adenotonsillectomy �0.62 (�0.84, �0.39)* �0.71 (�0.96, �0.45)* �0.73 (�1.19, �0.27)* �0.26 (�0.74, 0.23) 1.02 (0.73, 1.44) 0.64 (0.44, 0.94)*
I2 � 70%, P � 0.0001 I2 � 39%, P � 0.13 I2 � 93%, P � 0.0001 I2 � 92%, P � 0.0001 I2 � 0%, P � 0.94 I2 � 0%, P � 0.76

Orthopedic or
general surgery

�0.83 (�1.25, �0.41)* �0.51 (�0.63, �0.39)* �0.64 (�0.86, �0.42)* �0.43 (�1.13, 0.27) No study 0.89 (0.59, 1.33)
I2 � 68%, P � 0.0001 I2 � 0%, P � 0.46 I2 � 29%, P � 0.23 I2 � 76%, P � 0.0003 I2 � 0%, P � 0.43

Data are expressed as odds ratio (OR) with the 95% confidence interval (CI), I2, P for I2.
NSAIDs � nonsteroidal antiinflammatory drugs; PACU � postanesthesia care unit; SMD � standardized mean difference; PONV � postoperative nausea and
vomiting.
*Indicates a significant effect on the studied outcome.
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Studies included in our analysis used a drug administration
interval of 6 to 8 hours, as validated in adults. However,
despite this inadequate administration, NSAIDs remained
efficient. Moreover, studies using intraoperative NSAIDs
showed an improvement in most studied outcomes, high-
lighting the strong opioid-sparing effect of these compounds.

Opioids are considered one of the major causes of
PONV.1 Our study showed NSAIDs to statistically de-
crease PONV during the first 24 postoperative hours

(OR � 0.75 [0.57–0.99]). However, this effect was probably
clinically irrelevant while the high boundary of the 95%
confidence interval narrows to 1. In addition, regardless of
the considered subgroup, NSAIDs did not decrease PONV
during the first postoperative day, except when studies
performed during adenotonsillectomy were pooled (Table
3). These findings might reflect an insufficient NSAID
opioid-sparing effect observed during the postoperative
period and an increased incidence of PONV in children

Figure 8. Funnel plots of the studies included in the meta-analysis. A, Opioid consumption during the first 24 hours. B, Pain during
postanesthesia care unit (PACU) stay. C, Opioid consumption in the PACU. D, Pain during the 24 hours postoperatively. E, Postoperative
nausea and vomiting (PONV) during PACU stay. F, PONV during the first postoperative day.
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after adenotonsillectomy.58–60 Finally, according to our
results, neither urinary retention nor pruritus incidence
was influenced by NSAID administration. This also sup-
ports the insufficient opioid-sparing effect of these com-
pounds. However, the results in the small number of
studies reporting these 2 outcomes should be interpreted
with caution.

Our study could not find any efficacy of the selective
NSAID rofecoxib on all evaluated outcomes. In addition,
removing the 2 studies from analyses did not affect the
overall results (Table 3).23,39 Using selective NSAIDs for
postoperative pain management in children is rare. More-
over, recent controversies about the involvement of these
drugs in ischemic heart disease in adults61,62 have limited
their use.

Meta-analysis quality relies on 3 important factors: (1)
the quality of selected studies, (2) their heterogeneity, and
(3) bias detection. Concerning article quality, all selected
studies were randomized and double-blind (authors main-
tained the quality of their studies by choosing blinded
evaluators) and fulfilled all the quality criteria recom-
mended by experts in meta-analysis.13 In addition, both
anesthesia protocols and postoperative evaluation were
standardized in intervention and control groups. Concern-
ing heterogeneity and bias, selected studies were heteroge-
neous because of anesthesia and analgesia protocols.
Factors such as administration of intraoperative analgesics
and timing of administration of the NSAIDs varied among
studies. All statistical analyses were performed after assess-
ment of statistical heterogeneity, and subgroup analysis
examined study design variations, resulting in decreasing a
possible statistical heterogeneity (Table 3). Finally, as rec-
ommended by the Cochrane collaborative guidelines for
meta-analysis and many other experts in this statistical
methodology, when heterogeneity was still found despite
subgroup analysis, a random effect model was used.12 All
efforts have been made to include the maximal appropriate
studies in this meta-analysis (mean and SD estimation and
SMD transformations). However, using 2 statistical tools,
we found evidence of a significant publication bias in 2
important outcomes: opioid consumption during the first
24 hours, and pain during PACU stay. Although these
biases may result from the heterogeneity of the selected
studies,16 our findings, especially those of opioid consump-
tion, could suggest that some studies that had found
negative results may not have been published.

In conclusion, our study found that the coadministration
of NSAIDs and opioids decreased both postoperative opi-
oid requirement and side effects and increased pain relief.
Consequently, in the absence of contraindications, the use
of NSAIDs must be considered both for managing postop-
erative pain and for decreasing opioid consumption and
side effects in children. However, regarding the possible
presence of a published bias, these results must be inter-
preted with caution. Further studies are still required to
define more precisely the use of NSAIDs in this setting.
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