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Abstract
Nonsteroidal anti-inflammatory drugs (NSAIDs) are often used for pediatric pain management in the emergency setting and 
postoperatively. This narrative literature review evaluates pain relief, opioid requirements, and adverse effects associated with 
NSAID use. A PubMed search was conducted to identify randomized controlled trials evaluating the use of conventional 
systemic NSAIDs as pain management for children in the perioperative or emergency department (traumatic injury) set-
ting. Trials of cyclooxygenase-2 inhibitors (“coxibs”) were excluded. Search results included studies of ibuprofen (n = 12), 
ketoprofen (n = 5), ketorolac (n = 6), and diclofenac (n = 4). NSAIDs reduced the opioid requirement in 10 of 13 studies in 
which this outcome was measured. NSAID use did not compromise pain relief; NSAIDs provided improved or similar pain 
scores compared with opioids (or other control) in 24 of 27 studies. Adverse event frequencies were reported in 26 studies; 
adverse event frequencies with NSAIDs were lower than with opioids (or other control) in three of 26 studies, similar in 21 
of 26 studies, and more frequent in two of 26 studies. Perioperative and emergency department use of NSAIDs may reduce 
opioid requirements while maintaining pain control, with similar or reduced frequencies of opioid-associated adverse events.
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Key Points 

Over the last several years, opioid analgesics have fallen 
out of favor for use in the pediatric population for post-
surgical pain, and other options are being sought.

Based on a PubMed literature search, the utility of 
nonsteroidal anti-inflammatory drugs (NSAIDs) for the 
treatment of pain associated with surgical procedures or 
traumatic injury in the pediatric population was evalu-
ated.

The results of 27 articles detailing studies on conven-
tional NSAIDs (ibuprofen, ketorolac, ketoprofen, and 
diclofenac) administered systemically in this setting 
indicate that NSAIDs were able to reduce total opioid 
requirements without compromise of pain control and 
were associated with similar or fewer adverse events 
versus traditional opioid therapy.

1  Introduction

Pain associated with surgical procedures or traumatic injury is 
commonly reported in the pediatric population, with increas-
ing evidence suggesting that pain in children is managed 
inadequately [1, 2]. This is attributed, in part, to concerns 
surrounding the side effects of opioids [3, 4]. Acute expo-
sure to opioids can lead to a variety of adverse events (AEs), 
including nausea, vomiting, pruritus, constipation, and respira-
tory depression [5], and may increase the odds of developing 
chronic opioid use and opioid use disorder, an important class-
specific risk associated with these medications [6–8]. In one 
study, approximately one-fourth of children experienced an 
AE related to postoperative opioid use that required interven-
tion, opioid reversal, or escalation in care [9].

Mild-to-moderate pediatric pain is often managed with non-
opioid options, such as ibuprofen or acetaminophen. However, 
evidence indicates that these products may be underdosed in 
emergency settings. In a recent survey of 17 Italian centers, 
including 4 pediatric and 13 general hospitals, it was noted 
that 61% of 1471 cases reviewed involved insufficient dos-
ing with these agents. Underdosing was associated with the 
use of rectal acetaminophen, weight < 12 or > 40 kg, and 
the use of oral ibuprofen [10]. Additionally, nonsteroidal 
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anti-inflammatory drugs (NSAIDs) have become commonly 
used as part of a multimodal pain management strategy in 
pediatric patients with acute pain and offer several potential 
advantages [11–15]. NSAIDs reduce pain and inflammation by 
inhibiting prostaglandin production by cyclooxygenase (COX) 
enzymes [16]. Because this mechanism of action is distinct 
from that of opioids, NSAIDs have the potential to produce 
adequate levels of pain relief while reducing overall opioid 
requirements and associated AEs [17]. However, NSAIDs are 
associated with their own potential AEs, including gastropathy, 
renal impairment, potential to prolong bleeding via platelet 
inhibition [16], and possible increased risk of severe infection 
[18] or acceleration of an infectious disease course [19]. As 
such, it is important to characterize the evidence for benefits 
and risks associated with NSAID use in order to determine 
their clinical utility as part of the pain management strategy for 
pediatric patients. This narrative review provides an overview 
of recently published data concerning the use of NSAIDs in 
pediatric patients with acute pain due to surgery or injury.

2 � Literature Search

The published medical literature was searched using the 
PubMed search engine. Clinical trials that evaluated the use 
of systemically administered conventional NSAIDs as part 
of a perioperative or emergency department traumatic pain 
management strategy in pediatric patients were assessed. 
Keywords were used to construct the search string: “opioid 
AND (postoperative OR emergency OR tonsillectomy OR 
fracture OR musculoskeletal) AND (NSAID OR dexketo-
profen OR diclofenac OR ibuprofen OR indomethacin OR 
ketoprofen OR ketorolac OR lornoxicam OR meloxicam 
OR naproxen OR oxaprozin OR piroxicam).” Searches were 
limited to randomized clinical trials in the pediatric popula-
tion published in English from 1 January 2000 through 2 
December 2020. Outcomes of interest included opioid con-
sumption, pain control, and AE incidences. Studies reporting 
nonsystemic use of conventional NSAIDs were excluded, 
as were studies focused only on COX-2–specific inhibitors 
(coxibs).

In total, 27 publications met the inclusion criteria out-
lined and are included in this review. The NSAIDs evaluated 
in our pool of studies are shown in Fig. 1. Ibuprofen was 
the agent most frequently evaluated (12 studies); NSAID 
study data were also obtained for ketorolac (six), ketoprofen 
(five), and diclofenac (four). Across the 27 studies identified, 
reports of AEs were noted in 26 studies and effects on pain 
scores were reported in 24 studies. Opioid-sparing effect 
details were reported in only 13 studies. An overview of the 
published literature by NSAID is provided.

3 � Ibuprofen

Ibuprofen is the most widely studied and used NSAID in 
children for the management of acute pain [20, 21] and is 
the only NSAID approved for use in children as young as 
6 months [22]. A total of 12 studies evaluating ibuprofen 
in children were reviewed; results from these studies are 
summarized in Table 1. More than half (7/12) of the ibu-
profen studies included patients with trauma, fractures, and 
other musculoskeletal injuries [23–29]. Four studies were 
conducted in children after undergoing tonsillectomy and/or 
adenoidectomy [30–33], and the final study enrolled patients 
who underwent minor outpatient surgery at an orthopedic 
clinic [34]. Ibuprofen was used at a dose of 10 mg/kg in 10 
of the 12 trials reviewed [23–31, 34], whereas the Pickering 
et al. [32] study used ibuprofen at a dose of 5 mg/kg and 
Viitanen et al. [33] used a 15-mg/kg dose administered rec-
tally as a suppository. The comparator groups in these trials 
varied and included both placebo-treated and opioid-treated 
patients. Additionally, several studies evaluated ibuprofen as 
a single medication versus combined with an opioid anal-
gesic [26–28].

Opioid-sparing effects were assessed and reported in 
three of 12 studies, two of which found that the use of ibu-
profen reduced opioid requirements. In the first positive 
study, children received meperidine in 5-mg doses as rescue 
analgesia following adenoidectomy if pain scores exceeded a 
preset threshold. Following anesthetic induction, the use of 
single-dose ibuprofen 15 mg/kg was associated with a 27% 
reduction in meperidine rescue use compared with placebo 
(p = 0.001) in the postoperative period [33]. In the sec-
ond positive study, a single preoperative dose of ibuprofen 
10 mg/kg intravenously was associated with significantly 
fewer doses (p = 0.021) and amounts (p = 0.037) of rescue 
fentanyl compared with those who did not receive preopera-
tive ibuprofen [31]. In the remaining study, children under-
going tonsillectomy were premedicated with acetaminophen 
20 mg/kg combined with either placebo, ibuprofen 5 mg/kg, 
or rofecoxib 0.625 mg/kg, and the use of supplemental anal-
gesia required (i.e., ibuprofen 5 mg/kg or codeine 1 mg/kg) 
over the first 2 h and over 24 h postoperatively was assessed. 
While premedication with ibuprofen was associated with 
significantly fewer children requiring early (within 2 h of 
surgery) rescue analgesia versus placebo or rofecoxib (43 
vs. 72 vs. 68%, respectively; p = 0.03), the overall opioid 
requirement was no different between groups over the first 
24 h [32].

Of the 12 ibuprofen studies reviewed, 11 provided assess-
ment of pain scores; a majority of these (n = 9) found no 
significant differences between groups [24–27, 29–32, 34]. 
In two studies conducted in children treated for musculo-
skeletal trauma, ibuprofen 10 mg/kg was associated with 
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significantly improved pain scores versus acetaminophen 
15 mg/kg or codeine 1 mg/kg (p ≤ 0.004 for both) in one 
study [23] and versus morphine 0.2 mg/kg (p = 0.02) in the 
other [28].

All of the studies involving ibuprofen reported on AEs 
and other aspects of safety and tolerability; seven of 12 
studies reported there were no significant differences in 
AEs or class effects between opioids and ibuprofen [23, 25, 
27, 30–33]. However, in children with orthopedic injuries, 
Koller et al. [26] noted significantly more AEs in patients 
treated with a combination of ibuprofen and oxycodone 
compared with those treated with either medication alone 
(p = 0.036). In children with arm fracture pain, Drendel 
et al. [24] found the combination of acetaminophen and 
codeine was associated with significantly higher rates of 
nausea and vomiting (18 and 11%, respectively) than ibu-
profen alone (5.0 and 2.4%, respectively). The remaining 
three studies all found significantly more AEs associated 
with morphine than ibuprofen in children who had musculo-
skeletal injuries or who were undergoing orthopedic surgery 
[28, 29, 34]. Nausea [29, 34], vomiting [29, 34], drowsiness 
[29, 34], and dizziness [34] were reported significantly more 
often among patients treated with morphine versus those 
treated with ibuprofen.

4 � Ketorolac

Ketorolac was the first NSAID approved in the USA for intra-
venous postoperative pain in adults, and although not approved 
for use in children in the USA, UK, or Europe, it has been 
studied in the pediatric population [35]. In total, we identi-
fied six studies examining the use of ketorolac in pediatric 
patients; details of the included studies are provided in Table 2. 
All studies involved intravenous administration of ketorolac 
in a perioperative setting [36–40], except the study by Neri 
et al. [41], which used sublingual ketorolac and tramadol in 
an emergency department. The trials compared ketorolac with 
a variety of opioid analgesics, including morphine, fentanyl, 
tramadol, and meperidine.

Opioid-sparing outcomes were reported in three of six 
studies; of the three studies, two found significant reductions 
in opioid consumption associated with the use of ketorolac. 
Carney et al. [36] found that adding ketorolac 0.5 mg/kg to 
a standard regimen of morphine after inpatient surgery sig-
nificantly reduced the morphine requirement for pain control 
on postoperative days 0 and 1 (p < 0.05), whereas Jo et al. 
[37] found that children treated with ketorolac postoperatively 
required 69% less tramadol rescue medication in the first 24 h 
after surgery and 67% less in the first 48 h than patients treated 

Ibuprofen
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Fig. 1   Publications by nonsteroidal anti-inflammatory drugs studied
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with fentanyl (p < 0.05). In contrast, a study by Lynn et al. [39] 
in infants and toddlers in the postoperative setting found no 
significant differences between the ketorolac treatment groups 
(0.5 and 1 mg/kg) and placebo controls in terms of cumula-
tive morphine doses used or the need for additional morphine 
boluses in the 12-h postoperative period.

Pain scores were reported in four of the six studies, with 
three of these finding no significant differences in pain between 
treatment and control groups [37, 38, 41]. The remaining study 
comparing nalbuphine patient-controlled analgesia (PCA) + 
ketorolac 60 mg via infusion found that that the combination 
was associated with significantly improved pain scores on the 
day of operation and days 1 and 2 postoperatively compared 
with intramuscular meperidine (all p < 0.01) [40]. Addition-
ally, a study by Jo et al. [37] of children who underwent ureter-
oneocystostomy found significantly fewer incidents of bladder 
spasms, a treatment-associated symptom, in children treated 
with ketorolac than in those treated with fentanyl. None of 
these studies reported significant differences in AEs between 
the treatment and control groups, including treatment-associ-
ated AEs such as postoperative nausea and vomiting (PONV) 
or bleeding [36–40].

5 � Ketoprofen

Ketoprofen is an NSAID that is available only by pre-
scription in the USA as a generic; branded products (e.g., 
Actron, Oruvail, Orudis, Orudis KT) have been discon-
tinued [42]. A total of five studies evaluated the opioid-
sparing and analgesic effects of ketoprofen in children; 
a summary of the results from those studies is shown in 
Table 3 [43–47]. A single study examined intravenous 
ketoprofen 1 mg/kg versus placebo in children undergo-
ing pectus surgery [46], whereas the rest of the trials tested 
ketoprofen in children who underwent tonsillectomy and/
or adenoidectomy [43–45, 47]. Two studies compared a 
single dose of intravenous ketoprofen 25 mg with ketopro-
fen 25 mg via other routes: Tuomilehto and Kokki (intra-
venous vs. intramuscular ketoprofen) [47] and Kokki et al. 
(intravenous vs. rectal ketoprofen) [44].

Two of the ketoprofen studies assessed opioid-sparing 
effects in the context of PCA morphine [46] or fentanyl use 
[43], whereas the other trials assessed the use of fentanyl 
[44, 47] and oxycodone titrated to observed pain levels 
[45] as rescue analgesics. Overall, four of the five studies 
found reductions in opioid consumption in children treated 
with ketoprofen [43, 44, 46, 47], whereas the final study 
reported a nonsignificant reduction in rescue oxycodone 
use associated with ketoprofen in children [45]. In one 
of the two studies that assessed opioid consumption by 
PCA, ketoprofen was associated with a 27% reduction in 
morphine consumption compared with placebo [46]. In 

the other study, ketoprofen use was associated with 31% 
fewer PCA requests versus placebo during the first 6 h post 
surgery, although the total dose of fentanyl delivered was 
not significantly different [43].

Ketoprofen was associated with a reduction in opioid 
requirements regardless of the mode of administration. 
Kokki et al. [44] found that ketoprofen was associated with 
a significantly lower proportion of patients needing rescue 
fentanyl for pain, and the number of fentanyl doses was 
lower when ketoprofen was given either intravenously or 
rectally versus placebo. Likewise, Tuomilehto and Kokki 
[47] found similar and significant reductions in the number 
of doses of rescue fentanyl required in children receiving 
ketoprofen either intravenously or intramuscularly com-
pared with placebo-treated children.

Three trials reported significant improvements in pain 
scores in children treated with ketoprofen compared with 
placebo [43, 46, 47]; two studies found no significant 
difference in pain scores between treatment and control 
groups [44, 45]. In addition, ketoprofen was associated 
with significantly improved pain scores compared with 
tramadol [43]. Overall, none of the studies revealed sig-
nificant differences in rates or severity of AEs of interest 
such as nausea, vomiting, and sedation [43–47], but one 
single trial did find significantly greater intraoperative 
blood loss in patients treated with ketoprofen than in 
those receiving placebo [43].

6 � Diclofenac

Diclofenac is an NSAID that is commonly used for treat-
ing acute pain in children [48]. Four studies in our review 
examined pediatric use of diclofenac and are summarized 
in Table 4. All of these studies were conducted in chil-
dren undergoing tonsillectomy [49–52], and two of them 
reported opioid-sparing outcomes. Öztekin et al. [50] 
evaluated preoperative diclofenac 1  mg/kg compared 
with no preemptive analgesic in the background of PCA 
analgesia and found morphine consumption decreases of 
23% in the post-anesthesia care unit (p = 0.012) and 42% 
on the ward (p = 0.021) compared with no preemptive 
treatment. Likewise, the use of preemptive diclofenac was 
associated with significantly improved pain scores over 
those in the control group during the first hour after sur-
gery; no significant differences in AEs between the two 
treatment groups were noted. Rhendra Hardy et al. [52] 
examined the consumption of intravenous meperidine 
(pethidine) as rescue medication among children admin-
istered diclofenac 1 mg/kg rectally before surgery or 2% 
topical viscous lidocaine (lignocaine) applied to the ton-
sillar bed at the end of surgery. No significant differences 
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in meperidine use were noted over 24 h except at the 2-h 
postoperative time point, where the difference favored 
topical lidocaine (lignocaine). This study found no dif-
ference in pain scores between the two groups; no safety 
outcomes were reported [52].

The remaining trials of diclofenac tested the NSAID as 
part of a multimodal analgesic therapy and did not assess 
outcomes related to opioid consumption. El-Fattah and 
Ramzy [49] evaluated the analgesic efficacy of a preop-
erative combination of diclofenac, acetaminophen, and 
tramadol and found that the combination was associated 
with significantly reduced pain scores in the first 6 h after 
tonsillectomy (p < 0.05) versus the control (i.e., local 
anesthetic infiltration of the peritonsillar region). Raw-
linson et al. [51] assessed perioperative administration 
of a combination of diclofenac 1–2 mg/kg rectally + fen-
tanyl 1–2 µg/kg intravenously versus codeine 1.5 mg/kg 
intramuscularly as part of an institutional analgesic strat-
egy. There were no differences in postoperative analgesic 
requirements among the two groups. Maximal pain scores 
and incidences of PONV were similar in both treatment 
groups [51].

7 � Limitations

It should be noted that review and interpretation of the 
published data were limited by inconsistencies and differ-
ences in drug dosages and regimens employed among the 
reviewed studies. Likewise, the different outcomes used 
for assessing efficacy and the different analytic methods 
conducted limit the ability to make comparisons between 
NSAIDs. Additionally, our searches were limited to a sin-
gle database (PubMed). Expanding the searches to other 
databases may have resulted in the identification of addi-
tional relevant references.

Because patients included in this review were treated 
for pain related to traumatic injury (e.g., bone fracture) or 
surgical procedures (e.g., tonsillectomy, adenoidectomy, 
pectus surgery, Nissen fundoplication, appendectomy), 
these results may not be applicable to children experi-
encing pain in other contexts. This is especially true for 
children with a suspected underlying infection and/or in 
those who are dehydrated and at risk for the development 
of renal impairment. Our review of the literature indicates 
that only two pediatric NSAID studies, both testing ibupro-
fen, enrolled more than 100 patients in both treatment and 
control groups; five trials reviewed included ≤ 20 patients 
in the treatment and control groups, limiting the power to 
identify severe but rare side effects of NSAIDs. This was 
not unexpected given the complexities and inherent chal-
lenges of conducting large clinical trials in pediatric popu-
lations, and it highlights the importance of well-designed 

smaller trials in contributing meaningful data in a timely 
manner in this patient population. Nonetheless, studies 
in larger populations of pediatric patients are warranted 
and should be considered for future research. Such studies 
would also allow clinicians and institutions to have greater 
confidence in the efficacy and safety of NSAIDs in pain 
management strategies for the pediatric population.

8 � Conclusions

This narrative review details published clinical trials 
evaluating the efficacy and safety of NSAIDs in children 
requiring surgical procedures or after traumatic injury. 
Overall, our review of the literature suggests that NSAIDs 
are generally safe and effective, can reduce opioid require-
ments, do not compromise pain control, and are subse-
quently associated with similar or reduced frequencies 
of opioid-related AEs, such as nausea and vomiting, in 
pediatric patients. Healthcare providers should be aware of 
the potential for increased intraoperative blood loss with 
ketoprofen or other NSAIDs. The studies evaluated for this 
review support a positive benefit/risk profile of pediatric 
NSAID use for traumatic pain conditions or post-surgi-
cally, including consideration as an alternative to opioids, 
an area that deserves further study.
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