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BACKGROUND: Musculoskeletal injuries (MSK-Is) are a common and painful condition among
children that remains poorly treated in the emergency department (ED). We aimed to
test the efficacy of a combination of an anti-inflammatory drug with an opioid for pain
management of MSK-I in children presenting to the ED.

METHODS: In this randomized, double-blinded, placebo-controlled trial, we enrolled children
between 6 and 17 years presenting to the ED with an MSK-I and a pain score >29 mm on
the visual analog scale (VAS). Participants were randomly assigned to oral morphine

(0.2 mg/kg) + ibuprofen (10 mg/kg) (morphine + ibuprofen) or morphine (0.2 mg/kg) +
placebo of ibuprofen or ibuprofen (10 mg/kg) + placebo of morphine. Primary outcome
was children with VAS pain score <30 mm at 60 minutes postmedication administration.

RESULTS: A total of 501 participants were enrolled and 456 were included in primary analyses
(morphine + ibuprofen = 177; morphine = 188; ibuprofen = 91). Only 29.9% (morphine +
ibuprofen), 29.3% (morphine), and 33.0% (ibuprofen) of participants achieved the primary
outcome (P =.81). Mean VAS pain reduction at 60 minutes were —18.7 (95% confidence
interval [CI]: —21.9 to —16.6) (morphine + ibuprofen), —17.0 (95% CI: —20.0 to —13.9)
(morphine), —18.6 (95% CI: —22.9 to —14.2) (ibuprofen) (P =.69). Children in the morphine +
ibuprofen group (P <.001) and in the morphine group (P <.001) experienced more side
effects than those in the ibuprofen group. No serious adverse event was reported.

concLusions: Combination of morphine with ibuprofen did not provide adequate pain relief
for children with MSK-I in the ED. None of the study medication provided an optimal pain
management because most of children did not reach a mild pain score (NCT02064894).
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Musculoskeletal injuries (MSK-Is)
are one of the most common cause of
pain-related visits to the emergency
department (ED) in children and
typically generate moderate to severe
levels of pain.! Pain management

for MSK-Is varies widely in practice
and remains suboptimal.l~7 Previous
research has revealed that only

35% of children presenting to
Canadian pediatric EDs with a
fracture or severe sprain were given
an analgesic.® A systematic review
conducted by our team highlighted
that the undertreatment of children’s
pain may be associated, in part, with
the fact that health care providers

do not seem to have clear evidence
to effectively manage pediatric pain
related to this type of injury.? In
addition, the fear of adverse events
(AEs) may also explain reluctance of
emergency physicians to prescribe an
opioid to children.10

Researchers for recent studies
suggest that nonsteroidal anti-
inflammatory drugs (NSAIDs), alone
or in combination with low- and
midpotency oral opioids, are the
most commonly used analgesics in
the ED management of children’s
fracture pain.”?11.12 Despite these
findings, there is currently little
evidence regarding their efficacy.
Alarge trial led by Clark et al'3
found that ibuprofen (10 mg/kg)
was significantly more effective
than acetaminophen (15 mg/kg)
or codeine (1 mg/kg) in decreasing
pain intensity at 60 minutes
postmedication administration.
However, only 52% of children
enrolled in the ibuprofen group
achieved a pain score <30 mm on a
visual analog scale (VAS)

(0-100 mm). The authors of this
seminal study and others suggest
that although ibuprofen is currently
the standard first-line therapy,
using it alone might not adequately

treat moderate to severe MSK-I
pain.%11,13-16

Morphine is a widely used, potent
opioid for children with moderate
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to severe pain and has been studied
for the management of different
diseases, states, and injuries in the
ED.17-23 Early studies have revealed
its safety17.2223 and efficacy?223 for
pain management of MSK-I and other
conditions in the ED.17.20-23

The combination of an opioid with
an NSAID would theoretically

offer better pain management by
targeting different pain pathways
simultaneously.?4-26 To date, no
study has previously assessed

the efficacy of a combination of
morphine and ibuprofen for MSK-I
in children. Our primary hypothesis
was that the addition of morphine
to ibuprofen would provide better
pain management than either of the
2 drugs, alone, for the treatment of
MSK-I pain in children presenting to
the ED.

METHODS

Study Design

This study was a 3-arm, double-
blinded, randomized, placebo-
controlled trial. It was conducted
in the ED of 3 pediatric hospitals
who are members of the Pediatric
Emergency Research Canada
network: CHU Sainte-Justine
(Montreal, Quebec), Stollery
Children’s Hospital (Edmonton,
Alberta), and Children’s Hospital of
Eastern Ontario (Ottawa, Ontario).
The study was approved by each
institutional review board.

Participants and Recruitment

Children were eligible for this
study at any time after their initial
assessment by the triage nurse in
the ED. They were eligible if they:
(1) were aged 6 to 17 years, (2)
presented to the ED with an MSK-I
to either an upper or lower limb that
was neither obviously deformed
nor neurovascularly compromised,
(3) had a self-reported pain score
>29 mm on the VAS, and (4) could
communicate in either French or
English. Exclusion criteria were:

(1) known allergy to morphine,
ibuprofen, or artificial coloring; (2)
suspected child abuse; (3) inability
to self-report pain; (4) chronic

pain requiring daily analgesics; (5)
NSAIDs or opioid use within 3 hours
before triage; (6) injury to >1 limb;
(7) known hepatic or renal disease
and/or dysfunction; (8) known
bleeding disorder; (9) neurocognitive
disability precluding assent and
participation in the study; and (10) a
known history of sleep apnea or loud
snoring in the past 5 days.

Participants were recruited
consecutively by a research nurse
in the ED who was present for ~30
hours per week during the study
period. Triage nurses notified the
research nurse whenever a child
presented with an MSK-I. After
verifying that the child met all
inclusion criteria, the research nurse
approached the child and parents
or legal guardian to obtain written
informed consent and assent for
enrollment in the study.

Study Arms

Immediately after enrollment and
before examination by the treating
physician, the research nurse
administered the medication(s) to
the participant according to 1 of the
3 study arms the child was randomly
assigned to: (1) oral morphine (0.2
mg/kg, maximum 15 mg27) + oral
ibuprofen (10 mg/kg, maximum 600
mg), or (2) oral morphine (0.2 mg/kg,
maximum 15 mg) + oral placebo of
ibuprofen, or (3) oral ibuprofen (10
mg/kg, maximum 600 mg) + oral
placebo of morphine.

Randomization

The randomization sequence was
generated by an independent
biostatistician by use of a computer-
generated random listing of the

arms using a prespecified seed.
Recruited participants were
randomly assigned by following a
2:2:1 ratio with a stratified permuted
block design to receive either of the
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3 arms treatments. This unequal
allocation ratio was used to increase
study power for evaluation of the
safety profile of the arms by using
morphine. Randomization was
stratified by center and by VAS score
at baseline (30-69 vs >70 mm).
Stratification by pain severity

was done to evaluate if 1 of the 3
treatments demonstrated more
efficacy in children presenting

with moderate pain (30-69 mm)
compared with severe pain (>70
mm).

Blinding and Allocation Concealment

Allocation concealment was
pharmacy-controlled with a
sequentially numbered system. As
such, only the research pharmacist
at each site (not a team member)
received the randomization list
directly from the biostatistician

and kept it concealed. The

research pharmacist prepared

4 different solutions (morphine,
ibuprofen, placebo of morphine,
placebo of ibuprofen) presented

in a concentration by milliliter

per kilogram. The respective

bottles of morphine and placebo of
morphine solutions were identical
in appearance (color), viscosity, and
volume, each in separate, identical,
unidentified bottles. The respective
bottles of ibuprofen and placebo

of ibuprofen were identical in
appearance (color), viscosity, and
volume, each in separate, identical,
unidentified bottles. The pharmacist
prepared 2 sets of kits in line with
the 2 VAS strata (VAS 30—-69 mm and
VAS >70 mm). Each kit consisted of
2 bottles: the first bottle contained
either a solution of morphine or a
placebo of morphine, and the second
bottle contained either a solution of
ibuprofen or placebo of ibuprofen.
The pharmacist placed the Kkits in

a sequenced numbered order in a
locked cupboard in the ED. After
obtaining consent, the research nurse
selected the next available numbered
kit according to the participant’s

baseline pain severity strata. The
research nurse then prepared the
dosage required from each bottle
according to the patient’s weight.
Participants and their parents,
research nurses, and treating
physicians were all blinded to the
treatment received.

Rescue Analgesia

Enrolled participants were eligible
to receive rescue analgesia at any
time. If the treating physician wished
to prescribe opioid analgesia and
wanted to know what the child

had received, the study blind could
be broken for patient safety. To
maintain blinding of the research
nurse, participants, and participants’
families, the research nurse provided
a sealed envelope to the treating
physician with the participant’s
study group allocation information.
Only the treating physician and
bedside nurse were, in such cases,
aware of the allocation and selected
further medication at their own
discretion.

Study Outcomes and Measurements

Data were collected at recruitment
after triage (time of recruitment
[T-R]), at the time of study
medication administration (T-0,
baseline), and at 30 minutes
(T-30), 60 minutes (T-60), 90
minutes (T-90), and 120 minutes
(T-120) following study medication
administration.

Our primary outcome was the
proportion of participants in each
group achieving pain intensity
scores <30 mm at T-60. Pain

was measured by using the VAS
because it is the pain scale currently
recommended for our study age
group.?8-31 The choice of measuring
the proportion of children with
pain <30 mm as opposed to relative
changes in VAS scores reflected our
team’s consideration for patients

to achieve a mild level of pain to
have reasonable functioning and
satisfaction.3? In addition, the T-60

primary efficacy outcome point also
reflects the peak action of both oral
morphine and ibuprofen.3334

The secondary efficacy outcomes
were: (1) the mean reduction in

pain scores between groups from
baseline to all study times and (2) the
proportion of children administered
rescue analgesia at T-60.

The safety outcomes were: (1) the
proportion of children with serious
adverse events (SAEs), and (2) the
proportion of children with AEs. SAEs
were defined as: clinical sedation
(score >3 on the Ramsay Sedation
Scale35), a respiratory rate under

the standardized normal minimal
value for age, or an oxygen saturation
level <92% while breathing ambient
(room) air, observed during the study
period.

Sample Size

On the basis of previous studies,®13
we calculated the sample size by
using Fleiss formulas 3.18 and 3.19,36
according to the primary efficacy
analysis. The assumption was that
between 25% and 52% of children
would achieve a pain intensity score
<30 mm on the VAS at T-60. To be
conservative, we set this proportion
to 50%. We determined that an
enrollment of 500 participants
would provide at least 80% power to
detect a 20% absolute difference in
proportion with a 2-tailed test and
an a level of 5%. For the pairwise
comparison involving the groups
using morphine (morphine +
ibuprofen and morphine + placebo of
ibuprofen), the absolute detectable
difference was estimated at 14%

(ie, 84% in the morphine + ibuprofen
group vs 70% in the morphine +
placebo of ibuprofen group). By using
a 2:2:1 allocation scheme, children
were respectively randomly assigned
to the morphine + ibuprofen (200),
morphine + placebo of ibuprofen
(200), and ibuprofen + placebo

of morphine (100) groups. The
unbalanced 2:2:1 allocation allowed
for greater power for pairwise
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comparisons between the morphine +
placebo and morphine + ibuprofen
groups. We anticipated that the
difference between those 2 arms
would be less than the differences
involving the ibuprofen + placebo of
morphine group.

Statistical Analyses

We initially planned to conduct all
analyses under the intention-to-
treat principle. However, because of
the loss to follow-up, the analyses
were conducted per protocol. All
analyses were performed by using
SAS software, version 9.3 (SAS
Institute, Cary, NC). We considered
P value <.05 for statistical
significance. Descriptive statistics
were used for demographic and
baseline characteristics.

Primary Efficacy Analyses

Proportion of participants with
VAS pain scores <30 mm at T-60
was compared by using the
Cochran-Mantel-Haenszel test
with stratification by baseline VAS
scores. To ensure an overall o level
of 5%, a Bonferroni correction
was applied to account for the 3
pairwise comparisons. Additional
analyses compared reduction in
mean pain scores from baseline to
all study times and the proportion
of participants who received rescue
analgesia.

Subgroup Analyses

A priori planned subgroups analyses
included comparison of the outcomes
by age group (6-11 vs 12-17 years)
and type of injury (fracture versus
soft tissue injury) per study group.

Primary Safety Analyses

The Cochran-Mantel-Haenszel test
was performed to compare the
proportion of patients in each group
experiencing AEs and SAEs. No
Bonferroni correction was applied for
analyses on safety outcomes because
we were primarily concerned with
false-negative results.
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RESULTS

Study Population

Between July 2013 and June 2015,

a total of 5127 pediatric patients
presented to the study EDs with
MSK-Is during the research nurses’
coverage hours. Of these, 501 were
enrolled and randomly assigned

to receive morphine + ibuprofen
(n=201), morphine + placebo of
ibuprofen (n = 201), or ibuprofen +
placebo of morphine (n = 99) (Fig
1). Among them, 6 participants were
excluded from the analysis because
of withdrawn consent (n = 4) or
having been randomly assigned twice
(n = 2). Of the 495 who received

the intervention, primary efficacy
outcome at T-60 was available for
456 (92.1%) participants, and 241
(48.7%) completed the trial up to
T-120.

Mean age of participants was 11.9 +
2.7 years, with a majority being
boys (55.3%). Participants reported
a mean VAS pain score of 60.9 +
16.2 mm at baseline. Approximately
60% of the injuries were soft tissue
injuries (n =277),and 38% (n =
175) were fractures. Confirmation
of diagnosis was performed by a
certified radiologist after the study
period. The ankle (21.1%, n = 96),
wrist (16.9%, n = 77), and knees
(14.7%, n = 67) were the sites most
commonly injured. Detailed results
are presented in Table 1.

Primary Outcome and Efficacy
Analyses

At T-60, 30.0% of the morphine +
ibuprofen group, 29.0% of the
morphine + placebo of ibuprofen
group, and 33.0% of the ibuprofen +
placebo of morphine group achieved
a VAS pain score <30 mm, indicating
mild pain (Table 2). There was no
significant difference among the

3 groups (P =.81). Comparisons

at T-60 between baseline VAS

strata (30—-69 mm; >70 mm), by
each treatment group, showed no

significant difference for both strata
(P =.56; P =.41), respectively.

Secondary Outcomes

All groups showed a reduction in
mean VAS pain scores from baseline
at T-0, to T-60, T-90, and T-120, but
it was only significant at T-120

(P =.02) (Table 3). Post hoc analysis
revealed that the difference at T-120
was statistically significant between
the morphine + placebo of ibuprofen
group (—16.5; 95% confidence
interval [CI]: —21.1 to —12.0) and
the ibuprofen + placebo of morphine
group (—27.1; 95% CI: —=33.1 to
—21.1). Finally, 2 participants (1.0%)
in the morphine + ibuprofen group,
1 (0.5%) in the morphine + placebo
of ibuprofen group, and 2 (2.0%) in
the ibuprofen + placebo of morphine
group required rescue analgesia at
T-60.

Subgroup Analyses

No subgroup analyses were
performed for age groups and type
of injuries by treatment groups,
considering that the analysis
conducted on the primary outcome
showed no statistically significant
differences.

Safety Outcomes

None of the trial participants
experienced any SAEs. Regarding

the occurrence of AEs, a significant
difference was observed between
groups (P <.001). Post hoc analysis
revealed that more children in the
morphine + ibuprofen group (P <
.001) and the morphine + placebo

of ibuprofen group (P <.001)
experienced AEs when compared
with the ibuprofen + placebo of
morphine group. Although fatigue
and headaches were common to all
groups (~2% of participants), nausea,
abdominal pain, and drowsiness
were reported only in the morphine +
ibuprofen and morphine + placebo of
ibuprofen groups, ranging from 2%
to 6% of participants (Table 4).
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[ Enrollment ]

Assessed for eligibility (n = 5127)

Excluded (n = 4626)

+ Not meeting inclusion criteria (n = 1670)

+ Excluded as per exclusion criteria (n = 651)
+ Declined to participate (n = 874)

» ¢ Missed (n=1144)
+ Other reasons (n = 287)

Randomly assigned
(n=501)

Allocation

I

!

|

Ibuprofen + Placebo (n = 99)

+ Received allocated intervention (n = 98)
+ Did not receive allocated intervention
(n=1)
-Randomly assigned twice (n = 1)

Morphine + Placebo (n = 201)

+ Received allocated intervention (n = 198)

+ Did not receive allocated intervention (n = 3)
-Randomly assigned (n = 2)
-Withdrew consent (n = 1)

Morphine + Ibuprofen (n = 201)

+ Received allocated intervention (n = 199)

+ Did not receive allocated intervention (n = 2)
-Randomly assigned twice (n = 1)
-Withdrew consent (n = 1)

Follow-Up

|

:

|

Lost to follow-up (n =7)

+ Early withdrawal (n = 2)
+ Primary outcomes missing (n = 5)

Lost to follow-up (n = 10)
+ Early withdrawal (n = 2)
+ Primary outcomes missing (n = 8)

+ Early withdrawal (n = 4)
+ Primary outcomes missing (n = 18)

Lost to follow-up (n = 22)

Analysis

A 4

A 4

A 4

Analyzed (n = 91)
+ 91 available at T-60
# 74 available at T-90
+ 56 available at T-120

Analyzed (n = 188)
+ 188 available at T-60
+ 134 available at T-90
+ 99 available at T-120

Analyzed (n = 177)
¢ 177 available at T-60
+ 129 available at T-90
+ 86 available at T-120

FIGURE 1

Consolidated Standards of Reporting Trials flowchart of subjects’ enrollment and/or allocation and study proceedings.

DISCUSSION

In this study, we compared the
efficacy of a combination of oral
morphine and oral ibuprofen to both
drugs, alone, for pain management of
MSK-Is in children. Previous studies
have examined the effect of NSAIDs
(ibuprofen) alone or in combination
with other opioids (codeine,
oxycodone) and nonopioid analgesics
(acetaminophen).13141637-39

Of those, only 1 study3? has

compared ibuprofen to morphine but
not a combination of both.

In the current trial, results revealed
that the proportion of children
achieving a VAS score <30 mm at
T-60 was not statistically significant
among all study groups. A possible
explanation for these results might
be related to the dosage of morphine
used. Although our study dose of oral
morphine (0.2 mg/kg) was within the
recommended range for

pediatric pain management
(0.2-0.5 mg/kg), higher doses have
been used in other clinical trials for
pain management of MSK-Is in children
(0.5 mg/kg).233° Conflicting results
have been reported for higher doses.
Kelly et al* (in a trial of children with
post-tonsillectomy pain) favored

oral morphine (0.2-0.5 mg/kg) over
ibuprofen (10 mg/kg), whereas the
Poonai et al3? trial of MSK-Is found
no difference. However, this latter
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trial measured pain intensity at 30
minutes after drug administration,
which is 30 minutes earlier than the
required time for peak effect of both

drugs.#! This might explain why no
significant differences were observed
between the morphine and ibuprofen
groups.

TABLE 1 Participants Characteristics

Parameters Trial Groups
Ibuprofen + Morphine + Placebo Morphine +
Placebo (n=91) (n=188) Ibuprofen (n=177)
Age
Mean (SD), y 12.2 (2.6) 1.7 (2.7) 12.0 (2.7)

Median (range), y
Distribution, n (%)

12.0 (6.0, 17.0)

12.0 (6.0, 17.0)

12.0 (6.0, 17.0)

6-11y 39 (42.9) 85 (45.2) 74 (41.8)
12-17y 52 (57.1) 103 (54.8) 103 (58.2)
Male sex n (%) 53 (58.2) 106 (56.4) 93 (52.5)
VAS?@ score at baseline, mm
Overall: mean (SD) 60.9 (15.5) 60.8 (15.8) 61.0 (17.1)
Distribution: mean (SD)
30-69 mm 64 (70.3) 128 (68.1) 121 (68.4)
>70 mm 27 (29.7) 60 (31.9) 56 (31.6)
Injury type, n (%)
Fracture 43 (47.3) 67 (35.6) 65 (36.7)
Soft tissue injury 48 (52.7) 117 (62.2) 112 (63.3)
Missing 0(0.0) 4(2.1) 0(0.0)
Injury location, n (%)
Ankle 21 (23.1) 58 (20.2) 37 (20.9)
Wrist 24 (26.4) 8 (14.9) 25 (14.1)
Knee 15 (16.5) 25 (13.3) 27 (15.3)
Foot 6 (6.6) 1(11.2) 12 (6.8)
Single finger 3 (3.3) 14 (7.4) 18 (10.2)
Elbow 6 (6.6) 14 (7.4) 10 (5.6)
Forearm 6 (6.6) 11 (5.9) 12 (6.8)
Shoulder 2(2.2) 5(2.7) 8 (4.5)
Collarbone 5 (5.5) 2(1.1) 4(2.3)
Lower leg 1(1.1) 5(2.7) 5(2.8)
Hand 1(1.1) 4(2.1) 6 (3.4)
Upper arm 0(0.0) 7(3.7) 1(0.6)
Single toe 0(0.0) 3 (1.6) 4(2.3)
Multiple fingers 0(0.0) 3(1.6) 317
Single toe or multiples toes + 0(0.0) 2(1.1) 2(1.1)
foot
Hip 1(1.1) 0(0.0) 2 (1.1)
Single or multiples fingers + 0 (0.0 2(1.1) 1(0.6)
wrist
Thigh 0(0.0) 2 (1.1) 0(0.0)
Single toe or multiples toes + 0 (0.0 1(0.5) 0 (0.0
legs
Missing 0(0.0) 1(0.5) 0(0.0)

3 The VAS is a 100 mm line with 0 representing no pain and 100 representing the worst pain imaginable.

TABLE 2 Proportion of Participants Achieving a VAS Pain Score <30 mm

Study Trial Groups (%, 95% CI) P2
Tlmes, Ibuprofen + Placebo Morphine + Placebo Morphine + Ibuprofen

min (n=91) (n=188) (n=177)

30 19.8 (12.9t0 29.1) 21.0 (15.7 to 27.4) 15.9 (11.2t0 22.0) 45
60 33.0 (24.2t0 43.1) 29.3 (23.2t0 36.1) 29.9 (23.7 to 37.1) 81
90 39.2 (28.9 to 50.6) 29.9 (22.8 to 38.1) 37.2 (29.4t0 45.8) .30
120 429 (30.8 t0 55.9) 28.3 (20.4 to 37.8) 32.6 (23.6 to 43.0) 18

The VAS is a 100 mm line with 0 representing no pain and 100 representing the worst pain imaginable.

@ P<.05 is considered statistically significant.
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Furthermore, although our results
did not reveal superiority of
morphine over ibuprofen, it is not
possible to conclude that both
analgesics have equivalent analgesic
properties considering that our
study was not a noninferiority

or equivalence trial but rather a
superiority trial.

At T-60, only 30% of children in
each study group had achieved the
targeted mild pain score. This result
challenges the decision to select a
30 mm VAS cutoff as the primary
outcome. A significant decrease in
mean pain scores could provide

a more accurate outcome on the
efficacy of treatment, because a
comfortable level of pain may not
be necessarily equivalent to a level
of mild pain or no pain at all. Yet,
the difference in mean pain scores
reduction from baseline (T-0) was
similar in all 3 groups at all study
times except for T-120 in which
there was a statistically significant
difference between both the
morphine + placebo of ibuprofen
and the ibuprofen + placebo of
morphine groups, in favor of
ibuprofen. However, this result
should be interpreted with
caution given the high attrition
rate (>50%) between the time

of recruitment and T-120. The
notable loss of participants may
be explained by the fact that
patients were discharged after
clinical care was completed and
did not stay in the ED long enough
to complete the study protocol,
although the research nurse
requested that they remain for
the full study period (2 hours).
Participants still available for the
study at T-120 might have been
more likely to remain in the ED

if their pain was inadequately
relieved.

Regarding safety outcomes, no
SAEs were reported during
the study period. This result
contributes to the important
discussion on the safety of
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TABLE 3 Mean VAS Pain Score Reduction From Baseline (T-0)

Study Trial Groups (95% ClI) P

Times,
min

Ibuprofen + Placebo

Morphine + Placebo

Morphine + Ibuprofen

(n=91) (n=188) (n=177)
30 —129 (-16.5t0 —9.2) —12.0 (—14.5t0 —9.4) —12.8 (—=15.4t0 —10.2) 87
60 —18.6 (—229t0 —14.2) —17.0 (—20.0 to —13.9) —18.7 (=219to —16.6) .69
90 —23.1(—28.3t0 —18.0) —18.1 (=2191t0 —14.3) —23.6 (—=27.5t0 —19.7) 10
120 —27.1 (=33.1to —21.1) —16.5 (—21.1to —12.0) —209 (—25.7 to —16.0) 020

The VAS is a 100 mm line with 0 representing no pain and 100 representing the worst pain imaginable.

@ P<.05 is considered statistically significant.

b Pairwise comparisons for change in VAS from baseline, at T-120: ibuprofen + placebo versus morphine + placebo: P=.02,
ibuprofen + placebo versus morphine + ibuprofen: P = .34, and morphine + placebo versus morphine + ibuprofen: P = .60.

TABLE 4 Proportion of Children Experiencing AEs and SAEs

AEs and SAEs Trial Group P
Ibuprofen + Placebo  Morphine + Placebo Morphine +
(n=91) (n=188) Ibuprofen (n=177)

AEs; n (%) 6 (6.6) 39 (20.7) 38 (21.5) <.001
Nausea 0(0.0) 11(5.9) 7 (4.0) —
Abdominal pain 0 (0.0 7(3.7) 7 (4.0) —
Drowsiness 0(0.0) 5(2.7) 4 (2.3) —
Fatigue 2(2.2) 4(2.1) 4(2.3) —
Headache 2(2.2) 4(2.1) 4(2.3) —

SAEs; n (%) 0(0.0) 0(0.0) 0(0.0) —

—, not applicable.

prescribing opioids to children
presenting with moderate to severe
acute pain. On the

other hand, children receiving
ibuprofen alone experienced
significantly fewer AEs than
children receiving morphine +
ibuprofen or morphine + placebo
of ibuprofen. This result does not,
however, affect the safety of opioid
administration.

Finally, to address delay in time

to effective analgesia and also
undertreatment, future researchers
should consider the combination

of rapid-acting and long-acting
analgesics. For instance, intranasal
fentanyl has recently gained
popularity for the time-sensitive
treatment of pain related to
MSK-Is.#2-46 It has an onset of
action of 10 minutes*”48 and few
AEs related to its administration in
children.*> Because its effect lasts
~30 to 40 minutes,*748 this fast-
acting opioid could be combined

to an NSAID or another opioid for
sustained analgesia to children with

an MSK-I to provide proper pain
management.

Limitations

The high attrition rate at

T-120 presents a limit to the
interpretation of the data.
Nevertheless, considering that the
primary outcome was set at T-60
and that the attrition rate at this
study time was <8%), it does not
present a threat to the internal
validity of the study.*® It did,
however, influence the way the
analysis was conducted. As such,
we initially planned to analyze the
results according to the intention-
to-treat principle, but we had to
defer to per protocol analysis
because of the important loss to
follow-up.

CONCLUSIONS

Debate regarding ideal pain
management for MSK-Is in

children continues. Our multisite,
500-patient, randomized controlled

trial suggests that the combination
of 2 medications, oral morphine and
oral ibuprofen, did not

provide better pain relief than
either drug alone. Overall, no

child participating in this trial
experienced an SAE. Future
researchers should explore
combination therapies that

could provide effective, timely,
and sustained analgesia for pain
management of MSK-Is in children
during their ED stay.

ACKNOWLEDGMENTS

We acknowledge the writing of
the abstract and editing of this
article including tables by Danielle
Buch, medical writer and editor at
the CHU Sainte-Justine Research
Centre. In addition, we are grateful
to all the research nurses and study
coordinators at the 3 sites (Maryse
Lagacé, Ramona Cook, Nadia

Dow, Zachary Cantor) for their
invaluable contribution. Finally,
we acknowledge the rigorous work
done by the data management and
biostatistics teams (Dr Thierry
Ducruet, Mr Viet Anh Tran, Mrs
Josée Robillard, and Mr Reda
Eltaani) throughout the study as
well as members of the Data Safety
and Monitoring Board (Drs Maala
Bhatt, Jacques Lacroix, Manon
Choiniére, Pierre Beaulieu, and
Marie-Claude Guertin).

ABBREVIATIONS

AE: adverse event

CI: confidence interval

ED: emergency department

MSK-I: musculoskeletal injuries

NSAID: nonsteroidal anti-inflam-
matory drug

SAE: serious adverse event

T-60: 60 minutes

T-90: 90 minutes

T-120: 120 minutes

VAS: visual analog scale

T-0: baseline

PEDIATRICS Volume 140, number 5, NO@wineadedsfrom http://pediatrics.aappublications.org/ by guest on October 11, 2017 7


http://pediatrics.aappublications.org/

analysis, and critically reviewed and revised the manuscript; Dr Neto supervised data collection at 1 of the 3 sites and critically reviewed the manuscript; Mrs
Auclair supervised data collection and cleansing from the 3 sites, and critically reviewed and revised the manuscript; Ms Ballard and Mrs Khadra participated
in the literature review and data interpretation, drafted the initial manuscript, and critically reviewed the manuscript; Drs Villeneuve, Parent, McGrath, and
Drendel contributed as content experts, critically reviewed the manuscript and revised the final manuscript; Dr Leclair was in charge of all pharmacological
issues related to this study including preparation of placebo solutions and communications with research pharmacies at all sites and reviewed the initial draft;
Dr Gouin reviewed and approved the protocol, supervised data collection at 1 of the 3 sites, and critically reviewed the manuscript; and all authors approved the
final manuscript as submitted and agreed to be accountable for all aspects of the work.

This trial has been registered at www.clinicaltrials.gov (identifier NCT02064894).
DOI: https://doi.org/10.1542/peds.2017-0186
Accepted for publication Aug 4, 2017

Address correspondence to Sylvie Le May, RN, PhD, Faculty of Nursing, University of Montreal, P.0. Box 6128, Succursale Centre-Ville, Montreal, QC H3C 3J7, Canada.
E-mail: sylvie.lemay@umontreal.ca

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2017 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: All phases of this study were supported by the Canadian Institutes for Health Research Operational grant program (MOP 125943).
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

REFERENCES

1.

Kircher J, Drendel AL, Newton AS,

Dulai S, Vandermeer B, Ali S. Pediatric
musculoskeletal pain in the emergency
department: a medical record

review of practice variation. CJEM.
2014;16(6):449-457

. Rogovik AL, Goldman RD. Prehospital

use of analgesics at home or en
route to the hospital in children with
extremity injuries. Am J Emerg Med.
2007;25(4):400—-405

. Rogovik AL, Rostami M, Hussain S,

Goldman RD. Physician pain reminder
as an intervention to enhance
analgesia for extremity and clavicle
injuries in pediatric emergency. J Pain.
2007;8(1):26-32

. Gimpello LB, Khine H, Avner JR.

Practice patterns of pediatric versus
general emergency physicians for
pain management of fractures in
pediatric patients. Pediatr Emerg Care.
2004;20(4):228-232

. Brown JG, Klein EJ, Lewis CW,

Johnston BD, Cummings P.
Emergency department analgesia
for fracture pain. Ann Emerg Med.
2003;42(2):197-205

. 0’Donnell J, Ferguson LP, Beattie

TF. Use of analgesia in a paediatric
accident and emergency department
following limb trauma. Eur J Emerg
Med. 2002;9(1):5-8

. Kircher J, Drendel AL, Newton AS, et al.

Acute pediatric musculoskeletal pain

Downloaded from http://pediatrics.aappublications.org/ by guest on October 11, 2017

management in North America: a
practice variation survey. Clin Pediatr
(Phila). 2014;53(14):1326—1335

. LeMay S, Johnston G, Choiniere M, et

al. Pain management interventions
with parents in the emergency
department: a randomized trial. J Adv
Nurs. 2010;66(11):2442-2449

. Le May S, Ali S, Khadra C, et al.

Pain management of pediatric
musculoskeletal injury in the
emergency department: a
systematic review. Pain Res Manag.
2016;2016:4809394

. Alexander J, Manno M. Underuse of

analgesia in very young pediatric
patients with isolated painful injuries.
Ann Emerg Med. 2003;41(5):617-622

. Ali S, Drendel AL, Kircher J, Beno S.

Pain management of musculoskeletal
injuries in children: current state and

future directions. Pediatr Emerg Care.

2010;26(7):518-524; quiz 525528

. Drendel AL, Lyon R, Bergholte J,

Kim MK. Outpatient pediatric pain
management practices for fractures.
Pediatr Emerg Care. 2006;22(2):94-99

. Clark E, Plint AC, Correll R, Gaboury

|, Passi B. A randomized, controlled
trial of acetaminophen, ibuprofen,
and codeine for acute pain relief in

children with musculoskeletal trauma.

Pediatrics. 2007;119(3):460—-467

. Friday JH, Kanegaye JT, McCaslin

I, Zheng A, Harley JR. Ibuprofen

19.

16.

17.

18.

19.

provides analgesia equivalent to
acetaminophen-codeine in the
treatment of acute pain in children
with extremity injuries: a randomized
clinical trial. Acad Emerg Med.
2009;16(8):711-716

Kennedy RM, Luhmann JD, Luhmann SJ.
Emergency department management
of pain and anxiety related to
orthopedic fracture care: a guide to
analgesic techniques and procedural
sedation in children. Paediatr Drugs.
2004;6(1):11-31

Koller DM, Myers AB, Lorenz D,
Godambe SA. Effectiveness of
oxycodone, ibuprofen, or the
combination in the initial management
of orthopedic injury-related pain

in children. Pediatr Emerg Care.
2007;23(9):627—633

Beale JP, Oglesby AdJ, Jones A, Clancy
J, Beattie TFE. Comparison of oral and
intravenous morphine following acute
injury in children. Eur J Emerg Med.
2001;8(4):271-274

Borland ML, Bergesio R, Pascoe EM,
Turner S, Woodger S. Intranasal
fentanyl is an equivalent analgesic
to oral morphine in paediatric burns
patients for dressing changes: a
randomised double blind crossover
study. Burns. 2005;31(7):831-837

Jacobson SJ, Kopecky EA, Joshi P,
Babul N. Randomised trial of oral
morphine for painful episodes of

LE MAY et al


http://www.clinicaltrials.gov
https://doi.org/10.1542/peds.2017-0186
mailto:
http://pediatrics.aappublications.org/

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

sickle-cell disease in children. Lancet.
1997;350(9088):1358—1361

Mahar PJ, Rana JA, Kennedy CS,
Christopher NC. A randomized
clinical trial of oral transmucosal
fentanyl citrate versus intravenous
morphine sulfate for initial control
of pain in children with extremity
injuries. Pediatr Emerg Care.
2007;23(8):544-548

Wathen JE, Gao D, Merritt G,
Georgopoulos G, Battan FK. A
randomized controlled trial comparing
a fascia iliaca compartment nerve
block to a traditional systemic
analgesic for femur fractures in a
pediatric emergency department. Ann
Emerg Med. 2007;50(2):162—171, 171.e1

Wille C, Bocquet N, Gojocaru B,
Leis A, Chéron G. [Oral morphine
administration for children’s
traumatic painl. Arch Pediatr.
2005;12(3):248-253

Wille-Ledon G, Chappuy H, Giraud G,
Tréluyer JM, Chéron G. Comparison
of a morphine and midazolam
combination with morphine alone
for paediatric displaced fractures:
a randomized study. Acta Paediatr.
2011;100(11):e203—e207

Beaver WT. Combination analgesics. Am
J Med. 1984;77(3A):38-53

Dionne RA. Additive analgesic effects
of oxycodone and ibuprofen in the oral
surgery model. J Oral Maxillofac Surg.
1999;57(6):673-678

Doroschak AM, Bowles WR, Hargreaves
KM. Evaluation of the combination

of flurbiprofen and tramadol for
management of endodontic pain. J
Endod. 1999;25(10):660—-663

McMasters Children’s Hospital
Department of Pharmacy. MacPeds
Pediatric Formulary, 2014. Available
at: https://www.macpeds.com/
documents/MacPedsFormulary.pdf.
Accessed September 5, 2017

Drendel AL, Kelly BT, Ali S.

Pain assessment for children:
overcoming challenges and
optimizing care. Pediatr Emerg Care.
2011;27(8):773—781

McGrath PJ, Walco GA, Turk DG, et al;
PedIMMPACT. Core outcome domains
and measures for pediatric acute and

30.

31.

32.

33.

34.

39.

36.

371.

38.

39.

chronic/recurrent pain clinical trials:
PedIMMPACT recommendations. J Pain.
2008;9(9):771-783

Stinson JN, Kavanagh T, Yamada J,
Gill N, Stevens B. Systematic review
of the psychometric properties,
interpretability and feasibility

of self-report pain intensity
measures for use in clinical trials
in children and adolescents. Pain.
2006;125(1-2):143-157

Chapman LL, Sullivan B, Pacheco AL,
Draleau GP, Becker BM. VeinViewer-
assisted Intravenous catheter
placement in a pediatric emergency
department. Acad Emerg Med.
2011;18(9):966-971

Lee JS, Hobden E, Stiell 1G, Wells GA.
Clinically important change in the
visual analog scale after adequate
pain control. Acad Emerg Med.
2003;10(10):1128-1130

Wiffen PJ, Moore RA, McQuay HJ;
Bandolier Extra. Oral modified release
morphine for the management of
severe pain: a UK perspective. 2007.
Available at: www.bandolier.org.uk/
Extraforbando/morphextra2.pdf.
Accessed September 12, 2012

Quiding H, Anderson P, Bondesson

U, Boréus L0, Hynning PA. Plasma
concentrations of codeine and its
metabolite, morphine, after single and
repeated oral administration. Eur J
Clin Pharmacol. 1986;30(6):673-677

Ramsay MA, Savege TM, Simpson
BR, Goodwin R. Gontrolled sedation
with alphaxalone-alphadolone. BMU.
1974,2(5920):656—659

Fleiss JL. Statistical Methods for Rates
and Proportions. 2nd ed. New York, NY:
Wiley; 1981

Drendel AL, Gorelick MH, Weisman

SJ, Lyon R, Brousseau DG, Kim MK. A
randomized clinical trial of ibuprofen
versus acetaminophen with codeine
for acute pediatric arm fracture pain.
Ann Emerg Med. 2009;54 (4):553-560

Korownyk C, Young J, Michael Allan
G. Optimal pain relief for pediatric
MSK injury. Can Fam Physician.
2015;61(6):e276

Poonai N, Bhullar G, Lin K, et al. Oral
administration of morphine versus
ibuprofen to manage postfracture pain

40.

41.

42.

43.

44,

45.

46.

A7

48.

49.

in children: a randomized trial. CMAJ.
2014;186(18):1358—1363

Kelly LE, Sommer DD, Ramakrishna J,
et al. Morphine or Ibuprofen for post-
tonsillectomy analgesia: a randomized
trial. Pediatrics. 2015;135(2):307-313

Canadian Pharmacists Association.
Compendium of Pharmaceuticals
and Specialties. Ottawa, ON: Canadian
Pharmacists Association; 2016

Graudins A, Meek R, Egerton-
Warburton D, Oakley E, Seith R. The
PICHFORK (Pain in Children Fentanyl
or Ketamine) trial: a randomized
controlled trial comparing intranasal
ketamine and fentanyl for the relief of
moderate to severe pain in children
with limb injuries. Ann Emerg Med.
2015;65(3):248-254 el

Thomas A, Miller JL, Couloures K,
Johnson PN. Non-intravenous sedatives
and analgesics for procedural
sedation for imaging procedures

in pediatric patients. J Pediatr
Pharmacol Ther. 2015;20(6):418-430

Borland M, Milsom S, Esson A.
Equivalency of two concentrations

of fentanyl administered by the
intranasal route for acute analgesia
in children in a paediatric emergency
department: a randomized controlled
trial. Emerg Med Australas.
2011;23(2):202—-208

Murphy A, 0’Sullivan R, Wakai A,

et al. Intranasal fentanyl for the
management of acute pain in
children. Cochrane Database Syst Rev.
2014;(10):CD009942

Saunders M, Adelgais K, Nelson
D. Use of intranasal fentanyl for
the relief of pediatric orthopedic
trauma pain. Acad Emerg Med.
2010;17(11):1155-1161

Panagiotou I, Mystakidou K. Intranasal
fentanyl: from pharmacokinetics and
bioavailability to current treatment
applications. Expert Rev Anticancer
Ther. 2010;10(7):1009—1021

Prommer E, Thompson L. Intranasal
fentanyl for pain control: current
status with a focus on patient
considerations. Patient Prefer
Adherence. 2011;5:157-164

Dettori JR. Loss to follow-up. Evid
Based Spine Care J. 2011;2(1):7-10

PEDIATRICS Volume 140, number 5, NO@wineadedsfrom http://pediatrics.aappublications.org/ by guest on October 11, 2017 g9


https://www.macpeds.com/documents/MacPedsFormulary.pdf
https://www.macpeds.com/documents/MacPedsFormulary.pdf
. Available at: www.bandolier.org.uk/Extraforbando/morphextra2.pdf
. Available at: www.bandolier.org.uk/Extraforbando/morphextra2.pdf
. Available at: www.bandolier.org.uk/Extraforbando/morphextra2.pdf
http://pediatrics.aappublications.org/

Oral Analgesics Utilization for Children With Musculoskeletal Injury (OUCH
Trial): An RCT
Sylvie Le May, Samina Ali, Amy C. Plint, Benoit Masse, Gina Neto, Marie-Christine
Auclair, Amy L. Drendel, Ariane Ballard, Christelle Khadra, Edith Villeneuve, Stefan
Parent, Patrick J. McGrath, Grégoire Leclair, Serge Gouin and on behalf of Pediatric
Emergency Research Canada (PERC)
Pediatrics originally published online October 11, 2017,

Updated Information & including high resolution figures, can be found at:

Services http://pediatrics.aappublications.org/content/early/2017/10/09/peds.2
017-0186

References This article cites 45 articles, 5 of which you can access for free at:

http://pediatrics.aappublications.org/content/early/2017/10/09/peds.2
017-0186.full#ref-list-1

Subspecialty Collections This article, along with others on similar topics, appearsin the
following collection(s):
Emergency Medicine
http://classi c.pediatrics.aappublications.org/cgi/collection/emergency
_medicine_sub
Trauma
http://classi c.pediatrics.aappublications.org/cgi/collection/trauma._su
b

Anesthesiology/Pain Medicine
http://classi c.pediatrics.aappublications.org/cgi/collection/anesthesiol
ogy:pain_medicine_sub

Permissions & Licensing Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
https://shop.aap.org/licensing-permissions/

Reprints Information about ordering reprints can be found online:
http://classi c.pediatrics.aappublications.org/content/reprints

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatrics is owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, lllinois,
60007. Copyright © 2017 by the American Academy of Pediatrics. All rights reserved. Print | SSN:

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from http://pediatrics.aappublications.org/ by guest on October 11, 2017



http://http://pediatrics.aappublications.org/content/early/2017/10/09/peds.2017-0186
http://http://pediatrics.aappublications.org/content/early/2017/10/09/peds.2017-0186
http://pediatrics.aappublications.org/content/early/2017/10/09/peds.2017-0186.full#ref-list-1
http://pediatrics.aappublications.org/content/early/2017/10/09/peds.2017-0186.full#ref-list-1
http://classic.pediatrics.aappublications.org/cgi/collection/emergency_medicine_sub
http://classic.pediatrics.aappublications.org/cgi/collection/emergency_medicine_sub
http://classic.pediatrics.aappublications.org/cgi/collection/trauma_sub
http://classic.pediatrics.aappublications.org/cgi/collection/trauma_sub
http://classic.pediatrics.aappublications.org/cgi/collection/anesthesiology:pain_medicine_sub
http://classic.pediatrics.aappublications.org/cgi/collection/anesthesiology:pain_medicine_sub
https://shop.aap.org/licensing-permissions/
http://classic.pediatrics.aappublications.org/content/reprints
http://pediatrics.aappublications.org/

PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Oral Analgesics Utilization for Children With Musculoskeletal Injury (OUCH
Trial): An RCT
Sylvie Le May, Samina Ali, Amy C. Plint, Benoit Masse, Gina Neto, Marie-Christine
Auclair, Amy L. Drendel, Ariane Ballard, Christelle Khadra, Edith Villeneuve, Stefan
Parent, Patrick J. McGrath, Grégoire Leclair, Serge Gouin and on behalf of Pediatric
Emergency Research Canada (PERC)
Pediatrics originally published online October 11, 2017,

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/early/2017/10/09/peds.2017-0186

Pediatricsis the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since . Pediatricsis owned, published, and trademarked by the
American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, lllinois,
60007. Copyright © 2017 by the American Academy of Pediatrics. All rights reserved. Print | SSN:

American Academy of Pediatrics & ’

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from http://pediatrics.aappublications.org/ by guest on October 11, 2017


http://pediatrics.aappublications.org/content/early/2017/10/09/peds.2017-0186
http://pediatrics.aappublications.org/

