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Abstract
This study is to compare ibuprofen and ketorolac for children with trauma-related acute pain. We conducted a multicentre
randomized, double-blind, controlled trial in the Paediatric Emergency Department setting. We enrolled patients aged 8
to 17 who accessed the emergency department for pain related to a limb trauma that occurred in the previous 48 h. At the
admission, patients were classified based on numeric rating scale-11 (NRS-11) in moderate (NRS 4-6) and severe (NRS
7-10) pain groups. Each patient was randomized to receive either ibuprofen (10 mg/kg) or ketorolac (0.5 mg/kg) and the
placebo of the not given drug in a double dummies design. NRS-11 was asked every 30 min until 2 h after drug and placebo
administration. The primary outcome was NRS-11 reduction at 60 min. Among 125 patients with severe pain, NRS-11
reduction after 60 min from drug administration was 2.0 (IQR 1.0—4.0) for ibuprofen and 1.0 (IQR 1.0-3.0) for ketorolac (p
= 0.36). Ibuprofen was significantly better, considering secondary outcomes, at 90 min with a lower median of NRS-11 (p
0.008), more patients with NRS-11 less than 4 (p 0.01) and a reduction of pain score of more than 3 NRS-11 points (p 0.01).
Among 87 patients with moderate pain, the NRS-11 reduction after 60 min from drug administration was 1.63 (+ 1.8) for
ibuprofen and 1.8 (+ 1.6) for ketorolac, with no statistically significant difference.

Conclusions: Oral ibuprofen and ketorolac are similarly effective in children and adolescents with acute traumatic mus-
culoskeletal pain.
Trial registration: ClinicalTrial.gov registration number: NCT04133623.

What is Known:

e Limb trauma is one of the most common causes of paediatric emergency department visits. Non-steroidal anti-inflammatory drugs are the
most frequently used analgesics in this clinical setting.In particular ibuprofen is the first over the counter non-steroidal anti-inflammatory drug
in terms of use. Ketorolac is considered the most effective non-steroidal anti-inflammatory drug for severe pain.

What is New:

o This study directly compared oral ibuprofen and ketorolac for moderate and severe acute traumatic pain in children and adolescents. Both
drugs were similarly effective in children and adolescents with severe pain, and ketorolac was not superior to Ibuprofen for moderate pain.
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Introduction

Musculoskeletal injuries are a significant source of acute
pain and a common reason for children and adolescents to
access the paediatric emergency department (PED) [1].

The harmful effects of inadequate pain treatment in child-
hood are well known, and several drugs are available to man-
age acute traumatic pain in children [2].

Non-steroidal anti-inflammatory drugs (NSAIDs) and
opioids are the families of analgesics most frequently
employed in this clinical setting. A recent meta-analysis
considering the trials that compared the effectiveness of
NSAIDs and opioids for the management of acute traumatic
pain in children showed the non-inferiority of NSAIDs [3].

On the other hand, comparisons among different NSAIDs
in this context are lacking.

Ibuprofen is THE most commonly used and studied
NSAIDs [3, 4]. Ketorolac is a potent NSAID for the short-
term management of severe acute pain in adults [5]. It is still
not indicated for paediatric use [5], except for post-operative
pain. However, a growing number of studies suggest good
safety and efficacy in children in different settings, particu-
larly for acute musculoskeletal pain [6, 7].

This study aims to compare the effectiveness of ibuprofen
and ketorolac for acute traumatic moderate and severe pain
in children and adolescents.

Materials and methods

This investigation was a multicentre randomized, double-
blind, double-dummy, controlled trial.

The study protocol was approved by the independent
bioethics committee of the Institute for Maternal and Child
Health IRCCS Burlo Garofolo of Trieste, Italy, and by the
Italian pharmacological agency (AIFA), Eudract code: 2018-
004,057-25. It was recorded at ClinicalTrial.gov before
the enrolment of the first participant, registration number
NCT04133623.

The study was conducted at the PEDs of the Institute for
Maternal and Child Health IRCCS Burlo Garofolo of Trieste,
Italy (a tertiary-level university teaching children’s hospital)
and the Santa Maria degli Angeli hospital of Pordenone, Italy.

Children and adolescents aged 8 to 17 who accessed the
PED complaining of moderate to severe pain related to a
limb trauma that occurred in the previous 48 h were consid-
ered eligible for the study. Patients self-reported their pain
through the numeric rating scale-11 (NRS-11), in which
patients verbally rate their pain from O to 10 (0 no pain, 10
worst imaginable pain) [8].

Scores from 4 to 6 were considered moderate pain, and
scores from 7 to 10 were severe.
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Patients with at least one of the following features were
excluded from the research: administration of any analge-
sic within the previous 8 h; known allergy to ibuprofen or
ketorolac; chronic use of analgesics; known hepatopathy
or nephropathy, history of thrombocytopenia or coagula-
tion disturbance; known chronic neurological or metabolic
diseases, history of gastritis or esophagitis in the previous
30 days; clinical suspicion of violence or pregnancy; pol-
ytrauma; and inability to self-report pain related to intellec-
tual disability, moderate-severe hearing loss or communica-
tion limitations or language difficulties.

Eligible children were enrolled and randomly assigned to
receive a dose of 10 mg/kg oral ibuprofen syrup (maximum
of 600 mg) or a dose of 0.5 mg/kg oral drops of ketorolac
(maximum of 10 mg), after obtaining written informed con-
sent from a parent or legal guardian.

Using a computerized method by an independent epide-
miologist at the Clinical Epidemiology and Public Health
Research Unit at the IRCCS Burlo Garofolo Institute, we
generated two separate randomization lists, one for patients
with severe pain and one for patients with moderate pain,
stratified per centre, with a fixed block size of 4.

Each list randomly assigned patients to receive ibupro-
fen or ketorolac and the placebo of the not-given drug in
a double dummies fashion. Drug kits were produced, con-
secutively numbered and labelled to be assigned to subjects
with moderate or severe pain. They were designed to be used
for a single patient. Each kit contained two vials closed into
opaque envelopes, containing (1) a maximum extractable
volume of 15 ml of ibuprofen syrup (40 mg/ml) and oral
ketorolac placebo or (2) a maximum extractable volume of
5 ml of ketorolac drops (2 mg/ml) and oral ibuprofen pla-
cebo. Each vial reported the ml pro/kg dose and maximum
ml dose to administer. Each drug and its corresponding pla-
cebo were indistinguishable in aspect, taste and flavour.

Consequently, each subject received one dose of active
drug (ibuprofen or ketorolac) and one dose of placebo.
Patients, nurses and clinicians were double-blinded on the
drug and placebo administered. After the drug administration,
the patients were asked to self-report their pain through the
NRS-11 scale every 30 min until 2 h and to report the onset
of new symptoms, especially: headache, nausea, vomiting,
dyspepsia, hitching, somnolence, abdominal pain or dizziness.
If patients considered their pain poorly controlled after 1 h,
acetaminophen was offered as a rescue drug. If rescue therapy
was asked before 1 h, it was considered as failures.

The primary study outcome was the difference in NRS-11
score reduction between the ketorolac and ibuprofen groups
after 60 min of drug administration. The secondary results
were the difference in NRS-11 score reduction between
groups at 30-60-120 min, the number of patients achiev-
ing NRS-11 score <4 and the number of patients reaching
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an NRS-11 reduction > 3 points at each time point between
groups and the number of patients asking for rescue analge-
sics in the two groups.

We hypothesized that ketorolac would be more effective
than ibuprofen for severe pain and as effective as ibupro-
fen for moderate pain. According to the first hypothesis of
ketorolac superiority over ibuprofen, based on the available
literature indicating a one-point reduction in the NRS scale,
a difference of minimal clinical importance for patients [9],
we estimated a study population of 130 patients (65 for each
group) to achieve a difference of 1 point between TO and
T60 in the NRS-11 score (with a standard deviation of 2)
between the two groups with an alpha and beta error of 0.05
and 0.20, respectively. The second hypothesis concerns the
non-inferiority of ibuprofen compared to ketorolac in man-
aging moderate to acute trauma-related pain. For the non-
inferiority hypothesis, assuming a pain reduction of 1 point
in the difference between TO and T60 on the NRS-11 score as
the minimum clinically significant reduction, we set the non-
inferiority threshold at 50% of this value (0.5 points) (refs)
[10]. The study needs 120 patients (60 for each group) accord-
ing to the established non-inferiority threshold, a standard devi-
ation of 1 point with an alpha and beta error of 0.05 and 0.20,
respectively. We will consider non-inferiority confirmed if
the upper limit of the 95% confidence interval of the differ-
ence between the mean of ibuprofen and ketorolac is less
than the non-inferiority threshold. Both samples’ sizes were
calculated for a 1:1 ratio between groups.

Statistical analysis

The statistical analysis was blinded and performed by the
Clinical Epidemiology and Public Health Research Unit of
the IRCCS Burlo Garofolo. Data for the two study hypoth-
eses (superiority of ketorolac and non-inferiority of ibupro-
fen) were analysed separately. For the hypothesis of supe-
riority, we planned analysis by intention-to-treat, while for
the hypothesis of non-inferiority per protocol.

Continuous variables were reported as a median and
interquartile range, based on data distribution, while cat-
egorical variables as numbers and percentages.

We used the Mann-Whitney test, based on data distribu-
tion, to evaluate the difference in NRS-11 score between the
ibuprofen group and the ketorolac group 60 min after drug
administration (primary study result). We calculated the 95%
confidence interval of the difference between the two drugs
and confirmed the non-inferiority of ibuprofen if the upper
limit of the confidence interval remains below the defined
non-inferiority threshold.

For secondary outcomes, differences were assessed with
the Mann-Whitney test for the continuous variables and the
chi-square test (or Fisher’s exact test where appropriate) for

the categorical variables. Each time was evaluated sepa-
rately. If the patient required another pain medication, it
was evaluated as study drug failure, not as dropping out. A
p value < 0.05 was considered statistically significant.

Results

From November 2019 to September 2021, 307 patients
were eligible for this study. Of these, 53 patients refused
to participate, and 42 were excluded: 28 with polytrauma,
10 with language difficulties, 2 with intellectual disability,
1 with known nephropathy and 1 with an allergy to ibupro-
fen. We enrolled a total of 212 patients, 125 with severe
pain (63 randomized to ibuprofen and 62 to ketorolac) and
87 with moderate pain (43 randomized to ibuprofen and 44
to ketorolac). There were no dropouts at follow-up, and all
randomized subjects were analysed.

Table 1 shows the main demographical and clinical
characteristics of the enrolled patients. There were no sta-
tistically significant differences between groups regard-
ing demographical features, duration of symptoms, site of
trauma or prevalence of fractures.

Table 2 presents the main results of the study. No sta-
tistically noteworthy differences were found in the median
pain score differences TO-T60 between patients receiving
ibuprofen or ketorolac, 2.0 (1.0-4.0) and 1.0 (1.0-3.0),
respectively, p=0.36, considering patients with severe pain.
The median disparity of the pain scores was not statistically
different also in the other time points analysed. Figure 1
demonstrates the change in pain score during the 120 min
follow-up in children with severe and moderate pain receiv-
ing ibuprofen versus ketorolac.

Sixty and 90 min after the drug administration, the ibu-
profen group revealed a lower median pain score (p=0.03
and 0.008, respectively), and at 90 min, a higher proportion
of patients with a pain score decrease > 3 points (p=0.01),
and with pain scores <4 points (p =0.03) compared to the
ketorolac group.

Concerning patients with moderate pain, no statistically
significative discrepancies were detected in the median pain
score differences TO-T60 between patients receiving ibupro-
fen or ketorolac (Table 2). The mean change in score reduc-
tion between groups at T60 was 0.17 in ketorolac favour; the
mean difference in the ibuprofen group was 1.63 with 1.8 SD
and that of ketorolac 1.80 with 1.6 SD, with a 95% CI= —0.55
to 0.89. This cannot confirm the ibuprofen non-inferiority
compared to ketorolac for our population with moderate pain
although no between-group differences were seen at 60 min
and for the other times and outcomes evaluated.

Table 3 displays the list of adverse events in the two
groups of patients. Adverse events were mild, namely,
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Table 1 Patients’s characteristics at enrolment

Severe Moderate
Ibuprofen Ketorolac P Ibuprofen Ketorolac P
(n=63) (n=62) (n=43) (n=44)
Age: years, median (IQR) 12.1 (10.1-14.2) 12.8 (10.7-14.8) 0.27 12.1 (10.0-14.6) 13.2 (10.1-16.1) 0.39
Male sex, n (%) 29 (46.0) 29 (46.8) 0.93 26 (60.5) 33 (75.0) 0.15
Weight: kg, median (IQR) 50.0 (38.0-62.0) 53.0 (39.8-63.0) 0.63 48.0 (40.0-60.0) 52.0 (40.5-60.8) 0.46
Duration of symptoms, median (IQR) 12.0 (2.0-18.0) 12.0 (2.0-18.0) 0.88 15.0 (5.3-21.3) 12.0 (2.0-24.0) 0.48
Location of trauma, n (%)
- Upper limb 40 (63.5) 39 (62.9) 0.95 26 (60.5) 29 (65.9) 0.6
- Lower limb 23 (36.5) 23 (37.1) 17 (39.5) 15 (34.1)
Limb deviation, n (%) 4(6.3) 8 (12.9) 0.21 5(11.6) 2(4.5) 0.27%
Diagnosis, n (%) 0.7 0.17
- Bone fracture 34 (54.0) 38 (61.3) 27 (62.8) 19 (43.2)
- Contusion 20 (31.7) 17 (27.4) 11 (25.6) 18 (40.9)
- Sprain 9(14.3) 7(11.3) 5(11.6) 5(11.4)
- Dislocation 0 0 0 2(4.5)
Outcome, 1 (%) 0.62% 44 (100.0)
Discharge from PED 62 (98.4) 60 (96.8) 43 (100.0) -
Hospital admission 1(1.6) 2(3.2)
NRS-11 at arrival, median (IQR) 8.0 (7.0-8.0) 8.0 (7.0-9.0) 0.06 6.0 (5.0-6.0) 5.0 (5.0-6.0) 0.5
*Fisher exact test
nausea, headache and sleepiness, and rare in both parties. Discussion
In the superiority study, five subjects experienced adverse
events in the ibuprofen vs 2 in the ketorolac group (p=0.44).  This study proved that oral ketorolac was not superior to oral
In contrast, in the non-inferiority study, only 1 adverse event  ibuprofen in children and adolescents with severe acute trau-
was reported in the ibuprofen group (p=0.49). matic pain. However, it could not demonstrate that the oral

Table2 NRS trend every 30 min after ibuprofen or ketorolac administration

Pain scores NRS-11 Severe Moderate

Ibuprofen Ketorolac P Ibuprofen Ketorolac P

(n=63) (n=62) (n=43) (n=44)
Difference T0-T60, median (SD) 2.0 (1.0-4.0) 1.0 (1.0-3.0) 0.36 1.0 (0.0-3.0) 1.5 (1.0-2.0) 0.49
Difference TO-T30, median (IQR) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 0.78 0.0 (0.0-1.0) 1.0 (0.0-2.0) 0.22
Difference T0O-T90, median (IQR) 3.0 (1.0-5.0) 2.0 (1.0-3.3) 0.06 2.0 (1.04.0) 2.0 (1.0-3.8) 0.71
Difference T0O-T120, median (IQR) 3.0 (1.0-6.0) 3.0 (1.0-5.0) 0.29 3.0 (1.04.0) 2.0 (2.0-4.0) 0.96
Pain scores at T30, median (IQR) 6.0 (6.0-8.0) 7.0 (6.0-8.0) 0.08 5.0 (4.0-6.0) 5.0 (4.0-5.0) 0.24
Pain scores at T60, median (IQR) 6.0 (4.0-7.0) 6.0 (5.0-7.0) 0.03 4.0 (3.0-5.0) 4.0 (2.0-5.0) 0.44
Pain scores at T90, median (IQR) 5.0 (3.0-6.0) 6.0 (5.0-7.0) 0.008 3.0 (2.0-5.0) 3.0 (2.0-4.0) 0.58
Pain scores at T120, median (IQR) 4.0 (2.0-6.0) 5.0 (3.0-6.3) 0.12 3.0 (1.8-4.0) 3.0 (1.3-4.0) 0.58
Pain score decrease > 3 at T30, n (%) 2(3.2) 1(1.6) 1.00? 3(7.0) 1(2.3) 0.36*
Pain score decrease >3 at T60, n (%) 18 (28.6) 11 (17.7) 0.15 7(16.3) 9 (20.5) 0.62
Pain score decrease >3 at T90, n (%) 29 (46.0) 15 (24.2) 0.01 11 (25.6) 11 (25.0) 0.95
Pain score decrease >3 at T120, n (%) 30 (47.6) 26 (41.9) 0.52 12 (27.9) 15 (34.1) 0.53
Pain score <4 points at T30, n (%) 1(1.6) 0 1.00% 8 (18.6) 10 (22.7) 0.64
Pain score <4 points at T60, n (%) 11 (17.5) 4(6.5) 0.06 15 (34.9) 15 (34.1) 0.94
Pain score <4 points at T90, n (%) 21 (33.3) 10 (16.1) 0.03 22 (51.2) 24 (54.5) 0.75
Pain score <4 points at T120, n (%) 24 (38.1) 19 (30.6) 0.38 26 (61.9) 31 (70.5) 0.40

*Fisher exact test
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Fig. 1 Numeric rating scale-11
every 30 min since ibuprofen or

ketorolac administration
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ibuprofen was not not-inferior to oral ketorolac in patients
with moderate acute traumatic pain.

Ibuprofen is the most widely used NSAID in children to
manage acute pain. It is the only one licensed for use in chil-
dren as young as 6 months [11] and the most studied NSAID
for handling acute pain in children with trauma. The litera-
ture reveals that among oral medications, ibuprofen was not
inferior to codeine [12], the combination of acetaminophen
and codeine [13], morphine [14] and oxycodone [15]. When
investigated, the combination of ibuprofen and opioids was
not superior to using ibuprofen alone.

Despite being not licensed for paediatric age, ketorolac
was reported as an effective analgesic alternative to opioids
in neonates and children [16, 17].

According to a recent review, ketorolac was studied in
children mainly for post-operative pain and administered
intravenously [18]. Only a few trials investigated its employ-
ment in a PED setting. A trial examined the use of sublin-
gual ketorolac in young patients with acute abdominal pain
compared to sublingual tramadol and sublingual paraceta-
mol. It showed that the three drugs were similarly effective
in managing pain in this clinical context [19].

A single trial investigated ketorolac versus tramadol in chil-
dren with acute traumatic pain in the emergency department [7].
In that trial, ketorolac was administered through the sublingual
route and was as effective as tramadol for pain management.

@ Ibuprofen @ Ketorolac

60 20 120

To our knowledge, this is the first trial comparing ibupro-
fen and ketorolac for acute traumatic pain in the ED. Despite
the experiences mentioned above with sublingual ketorolac,
we decided to administer both ibuprofen and ketorolac via
the oral route to avoid the possible bias of a different drug
absorption related to the route of administration. Consider-
ing that ibuprofen is administered as a syrup and ketorolac
as drops, we designed a double-blind, double-dummy rand-
omized trial in which patients took both a dose of syrup and
a dose of drops.

According to the recommended posology, and following
the Italian Drug Agency (AIFA) indications, we decided to
give a dose of 10 mg/kg of ibuprofen with a maximum of
600 mg [20] and 0.5 mg/kg of ketorolac with a maximum
of 10 mg [6]. We are fully aware that the single dose of
ketorolac may be 30 mg, as this was the maximum quantity
administered in previous investigations that employed sub-
lingual ketorolac [7, 19]. Nevertheless, we decided to use the
maximum of 10 mg according to a previous trial performed
in the ED setting in adult patients with moderate to severe
acute pain, showing a similar decrease in subjects receiving
10 mg, 15 mg or 30 mg of intravenous ketorolac [21, 22].

This study has several limitations. First of all, we could not
reach the planned sample size for patients with moderate pain.
The outbreak of the COVID-19 pandemic and the related
social distancing measures led to a reduction in the PED

Table 3 Frequency and type of adverse events. The table reports the number of patients presenting each symptom

Severe

Ibuprofen (n = 63)

Ketorolac (n =62)

Moderate

Ibuprofen (n =43) Ketorolac (n =44)

Nausea, n 2 2
Headache, n 2 0
Sleepiness, n 1 0

0 0
0
0 0

@ Springer
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visits for trauma in our setting [23]. Moreover, for an extended
period, the medical student responsible for the enrolment of
patients was not allowed to be present in the PED. This study
did not demonstrate the non-inferiority of ibuprofen com-
pared to ketorolac for moderate traumatic pain. Although the
mean difference of pain between groups at 60 min was slight
(0.17), the 95% confidence interval was vast (—0.55 to 0.89),
the upper limit exceeding the non-inferiority threshold. It is
possible that by reaching the planned sample size, the confi-
dence interval would have been different, thus demonstrating
the non-inferiority of ibuprofen. Therefore, further and more
extensive studies are needed to evaluate the non-inferiority of
ibuprofen. Moreover, we considered a difference pain score of
1 point between groups as clinically important. The choice of
other cut-offs could have influenced the study results. Second,
we used a maximum dose of 10 mg of ketorolac; therefore, we
cannot exclude that a higher dose would have influenced the
results. In the same way, we used a maximum dose of 600 mg
of ibuprofen even though a previous trial in adult patient with
acute pain in the ED setting did not find a stronger effect of
doses exceeding 400 mg (22). Third, the enrolment of patients
was not continuous but associated with the presence of dedi-
cated staff.

On the contrary, this study’s main strength is the solid
methodological design and the idea of comparing the effec-
tiveness of two commonly used NSAIDs for moderate and
severe traumatic pain.

In conclusion, this randomized controlled trial showed
the equivalence of oral ibuprofen and oral ketorolac in
children and adolescents with severe acute traumatic pain.
Future studies are needed to prove the equivalence of these
two drugs for patients with moderate traumatic pain.
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