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IMPORTANCE Timely analgesia is critical for children with injuries presenting to the
emergency department, yet pain control efforts are often inadequate. Intranasal
administration of pain medications provides rapid analgesia with minimal discomfort.
Opioids are historically used for significant pain from traumatic injuries but have
concerning adverse effects. Intranasal ketamine may provide an effective alternative.

OBJECTIVE To determine whether intranasal ketamine is noninferior to intranasal fentanyl
for pain reduction in children presenting with acute extremity injuries.

DESIGN, SETTING, AND PARTICIPANTS The Pain Reduction With Intranasal Medications for
Extremity Injuries (PRIME) trial was a double-blind, randomized, active-control, noninferiority
trial in a pediatric, tertiary, level 1 trauma center. Participants were children aged 8 to 17 years
presenting to the emergency department with moderate to severe pain due to traumatic
limb injuries between March 2016 and February 2017. Analyses were intention to treat
and began in May 2017.

INTERVENTIONS Intranasal ketamine (1.5 mg/kg) or intranasal fentanyl (2 μg/kg).

MAIN OUTCOMES AND MEASURES The primary outcome was reduction in visual analog scale
pain score 30 minutes after intervention. The noninferiority margin for this outcome was 10.

RESULTS Of 90 children enrolled, 45 (50%) were allocated to ketamine (mean [SD] age,
11.8 [2.6] years; 26 boys [59%]) and 45 (50%) to fentanyl (mean [SD] age, 12.2 [2.3] years;
31 boys [74%]). Thirty minutes after medication, the mean visual analog scale reduction was
30.6 mm (95% CI, 25.4-35.8) for ketamine and 31.9 mm (95% CI, 26.6-37.2) for fentanyl.
Ketamine was noninferior to fentanyl for pain reduction based on a 1-sided test of group
difference less than the noninferiority margin, as the CIs crossed 0 but did not cross the
prespecified noninferiority margin (difference in mean pain reduction between groups, 1.3;
90% CI, −6.2 to 8.7). The risk of adverse events was higher in the ketamine group (relative
risk, 2.5; 95% CI, 1.5-4.0), but all events were minor and transient. Rescue analgesia was
similar between groups (relative risk, 0.89; 95% CI, 0.5-1.6).

CONCLUSIONS AND RELEVANCE Ketamine provides effective analgesia that is noninferior to
fentanyl, although participants who received ketamine had an increase in adverse events that
were minor and transient. Intranasal ketamine may be an appropriate alternative to intranasal
fentanyl for pain associated with acute extremity injuries. Ketamine should be considered for
pediatric pain management in the emergency setting, especially when opioids are associated
with increased risk.
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I nadequate pain control in the emergency department (ED)
is a major public health concern, as emphasized by a recent
Institute of Medicine report.1 Despite increased awareness,

pain continues to be underdiagnosed and undertreated, particu-
larlyinchildren.2 Whenchildrendoreceivepainmedication,they
often encounter long delays in administration,3 in part owing to
the time required to obtain intravenous access. The intranasal
administration route is a more efficient alternative for deliver-
ing analgesia4 and is gaining popularity owing to its rapid onset
of action, minimal discomfort, and relative simplicity.

Opioids are the most commonly used class of analgesics for
children presenting with severe pain due to traumatic injuries5

but have several concerning adverse effects (AEs), including in-
creased risk of serious AEs requiring interventions when given
before procedural sedation.6 Patients also may have a genetic
predisposition to diminished opioid sensitivity7 or an opioid
allergy. Therefore, ideal dosing to adequately control severe pain
yet avoid medication-related AEs is difficult to ascertain,8 which
may lead clinicians to seek nonopioid alternatives.

As a dissociative anesthetic, ketamine is used to facilitate
painful procedures in the pediatric ED.9 At subdissociative doses,
ketamine is emerging as an alternative medication for treating
pain10-12 in adults13-20 and children.21-24 Two studies of intrana-
sal ketamine for treatment of acute injury-related pain in the pe-
diatric ED setting exist. The PICHFORK trial22 compared intra-
nasal ketamine (1 mg/kg) and intranasal fentanyl (1.5 μg/kg) and
reported similar and clinically meaningful pain reduction at 30
minutes. Reynolds et al24 compared the same medications, dos-
ing, and routes and reported similar pain reduction at 20 min-
utes with frequent AEs. Limitations of these studies include con-
servative dosing, routine coadministration of either ibuprofen
or acetaminophen, and merging of pain scales limiting the pre-
cision of the pain reduction estimate.

The objective of the Pain Reduction With Intranasal Medi-
cations for Extremity Injuries (PRIME) trial was to demon-
strate that intranasal subdissociative ketamine is noninferior
to intranasal fentanyl for treatment of acute pain associated
with traumatic limb injuries in children presenting to the ED
without routinely administered ibuprofen/acetaminophen.

Methods
Study Design and Participants
This was a prospective, double-blind, randomized, noninferior-
ity clinical trial of intranasal ketamine compared with intrana-
sal fentanyl in a tertiary care children’s hospital ED from March
2016 to February 2017. The full trial protocol is available in
Supplement 1. Analyses began May 2017. The study sample was
identified through an established triage process identifying chil-
dren with an acute painful extremity injury. Inclusion criteria
were (1) age 8 to 17 years, (2) presence of acute extremity injury,
(3) visual analog scale (VAS) score higher than 35 mm (moder-
ate to severe pain),25 and (4) legal guardian presence. Exclusion
criteria included (1) significant head, chest, abdomen or spine in-
jury, (2) Glasgow Coma Scale less than 15 or inability to report a
VAS score, (3) nasal trauma or aberrant nasal anatomy, (4) active
epistaxis, (5) ketamine or fentanyl allergy, (6) history of psycho-

sis, (7) opioid administration prior to arrival, (8) non-English
speaking,(9) inpolicecustody,and(10)postmenarchalgirlswith-
out a negative pregnancy test. This study was approved by the
Cincinnati Children’s Hospital Medical Center institutional re-
view board and regulated by the US Food and Drug Administra-
tion (NCT02778880). Legal guardians provided written
informed consent prior to enrollment. Patients provided assent
if they were 12 years or older and had a VAS score less than 60.25

Randomization and Allocation Concealment
Randomization was achieved using computer-generated,
randomly varied blocks of 6 and 8 using a 1:1 ratio within blocks.
Allocation was concealed using sequentially numbered, sealed
envelopes, and blinding after randomization was ensured by
using syringes with identical volume, color, and odor.

Study Procedures, Interventions, Dose Preparation,
and Dispensing
Patients were randomized to receive either ketamine (1.5 mg/kg)
or fentanyl (2 μg/kg). Undiluted study medication, 50 mg/mL of
ketamine hydrochloride (Mylan Institutional LLC) or 50 μg/mL
fentanyl citrate (West-Ward Pharmaceuticals), was drawn into
a 3-mL syringe prepared by the Investigational Drug Services
pharmacy. Emergency department and study staff, the patient,
and family members were all blinded to the intervention.

Syringeswereindividuallystoredwithadeidentified,weight-
based dose administration reference (eFigure 1 in Supplement 2).
Drug volumes were prespecified according to weight ranges for
each study medication and rounded to the nearest 0.1 mL. With
the maximum deliverable intranasal volume of 2 mL,26 the maxi-
mum study drug doses were 100 mg of ketamine and 100 μg of
fentanyl. Each syringe contained an additional 0.1 mL of medi-
cation representing the atomizer priming volume. Doses were
administered in alternating 0.5 mL aliquots between nares via an
intranasal mucosal atomization device (Wolfe-Tory Medical, Inc).

Data were gathered from study forms and electronic medi-
cal records. Video monitoring of patients provided continuous
vital sign data during the first 15 minutes after study drug admin-
istration. All outcomes were collected at baseline (before study
drug administration) and at 15, 30, and 60 minutes after study

Key Points
Question Is intranasal ketamine (1.5 mg/kg) noninferior to
intranasal fentanyl (2 μg/kg) for reducing moderate to severe pain
in children aged 8 to 17 years with traumatic extremity injuries?

Findings In this noninferiority randomized clinical trial of 90
children presenting to emergency departments with pain due to
traumatic limb injury, intranasal ketamine was noninferior to
intranasal fentanyl for pain relief, with mean reductions in visual
analog scale pain scores of 30.6 mm and 31.9 mm, respectively,
at 30 minutes after intervention.

Meaning Ketamine provides effective analgesia that is not inferior
to fentanyl, although participants who received ketamine had an
increase in adverse events that were minor and transient;
intranasal ketamine may be an appropriate alternative to opioids
for pain associated with acute extremity injuries.
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intervention. Video review allowed vital signs to be collected
every minute for the first 15 minutes. To assess blinding, study
staff were asked to guess at the 30-minute assessment which
medication had been received. Enrolled patients were monitored
for AEs (graded by the Common Terminology Criteria for Adverse
Events, version 4.027) and abnormal vital signs for 120 minutes
after study medication administration. Demographic and physi-
cal examination information was collected. Patients were con-
tacted 30 days later to determine if additional AEs or unantici-
pated health care visits had occurred. All AEs related to study
medication were followed to resolution.

Outcome Measures
The primary outcome was the difference in pain reduction be-
tweengroups30minutesaftertreatment,asmeasuredbytheVAS,
asensitiveandvalidatedtoolforchildren8yearsorolderinwhich
the child places a perpendicular mark along a 100-mm horizon-
tal lineanchoredwith“nopain”at1endand“worstpossiblepain”
at the other.28,29 The distance from the “no pain” anchor to the
mark is measured in millimeters, providing a score of 0 to 100
(eFigure 2 in Supplement 2). Secondary outcomes included se-
dation level as measured by the University of Michigan Sedation
Scale (eTable 1 in Supplement 2),30 capnometry values, AEs, need
for rescue analgesia, and change in vital signs using the Pediat-
ricAdvancedLifeSupportguidelinetodefinenormalvitalsigns.31

Statistical Analysis
The primary outcome was the difference in mean pain score re-
duction from baseline to 30 minutes after the study intervention
between the ketamine and fentanyl groups. Sample size was de-
termined using a noninferiority test for the difference between
2 means. Given that the literature suggests a minimum clinically
significant difference in VAS pain score in children of 10 mm
to 13 mm,32-34 we chose a noninferiority margin of 10. Using
data from the PICHFORK trial,22 we assumed a true difference
between means of 5. Using the interquartile range data from the
PICHFORK trial22 and assuming normality for the pain scores, we
estimated the SDs to be 29.63 and 22.22 for the rating reduction
at 30 minutes for the fentanyl and ketamine groups, respectively.
Therefore, with α = .05 and β = .20 (80% power), the sample size
required to detect this difference was estimated to be 39 patients
in each group, for a total of 78 patients. We enrolled 90 patients,
anticipating that not all patients would be fully evaluable.

Baseline and demographic characteristics were summa-
rized using means and SDs for continuous variables that were
normally distributed, medians for nonnormally distributed vari-
ables, and proportions for categorical variables. The 2 study
groups were compared using the t test for normally distrib-
uted data, Mann-Whitney U test for nonparametric data, and
χ2 or Fisher exact test to evaluate proportions in dichotomous
outcomes. For the primary outcome, a 1-sided 2-sample t test
was performed while taking into consideration the noninferi-
ority margin to test whether pain reduction with ketamine was
noninferior to fentanyl. Risk differences with 95% CIs were used
to compare dichotomous outcomes such as rescue analgesia and
AEs. P values less than .05 were considered statistically signifi-
cant regarding the primary outcome. All statistical analyses were
conducted using SAS 9.4 (SAS Institute Inc).

Results

Characteristics of Study Participants
During the study period, 354 children were assessed for eligibil-
ity, of which 264 were excluded (Figure 1). Ninety patients were
enrolled and randomized. Four patients were withdrawn before
medication administration. Eighty-six patients were included in
this analysis. Fifteen patients were unable to be contacted at the
30-day telephone call (7 patients in the ketamine group and 8 pa-
tients in the fentanyl group). Demographic, baseline, and injury
characteristics of randomized patients are depicted in Table 1.
Baseline pain scores between groups were similar.

Main Results
Table2andFigure235 summarizeresultsfromnoninferioritytest-
ing for pain score differences. One patient in the ketamine group
did not have a baseline pain score documented and 4 patients
withdrew, resulting in 43 patients randomized to the ketamine
group and 42 patients randomized to the fentanyl group included
in the primary outcome analysis. Both groups experienced sig-
nificantpainreductionat15,30,and60minuteswithsimilarpain
reduction between groups at each time. Pain reduction was sus-
tained over the first 60 minutes for both groups. Ketamine was
noninferiortofentanylwithregardtotheprimaryoutcomeofpain
reduction 30 minutes after study medication administration, as
the CIs crossed 0 but did not cross the prespecified noninferior-
ity margin (Figure 2).

There was no significant difference in highest achieved
sedation scores between the groups (eTable 2 in Supplement 2).
NeithergroupexperiencedaUniversityofMichiganSedationScale

Figure 1. CONSORT Flow Diagram

354 Assessed for eligibility

45 Allocated to ketamine group 45 Allocated to fentanyl group

1 Did not receive ketamineb 3 Did not receive fentanylb

44 Included in analysisc 42 Included in analysis

264 Excluded
214 Did not meet inclusion

criteria
31 Other reasonsa

19 Declined to participate

90 Randomized

a Other reasons: research coordinator was not present, patient was not in
proper location, study enrollment was on hold for regulatory purposes, and
clinician preference.

b Reasons for withdrawal: inability to provide urine for pregnancy test, parental
preference changed, clinician preference, and unavailability of medication.

c For 1 patient, only secondary outcome data were reported owing to missing
baseline visual analog scale score. Therefore, 43 had primary outcome
measures available.
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score higher than 2. No differences were seen with respect to vital
signsbetweengroupsorinthechangeinvitalsignsateachassess-
ment time (eTable 3 in Supplement 2). No vital sign abnormali-

ties required intervention. No patient experienced hypotension31

or an oxygen saturation lower than 95%. Mean capnometry val-
ues were similar between groups at each assessment point and
without statistically significant difference between assessments.
Based on video review, 9 patients (20.9%) in the ketamine group
and2patients(4.8%)inthefentanylgroupexperiencedadecrease
incapnometryvalue10mmHgormoreduringthe15minutesim-
mediatelyfollowingstudymedicationadministration.Allofthese
lasted less than 30 seconds and were self-limited.

Forty-seven of 86 patients (54.7%) experienced 63 AEs
(Table 3). Fifty-one AEs were patient reported, and 12 were dis-
covered on video review. All AEs were minor (Common Termi-
nology Criteria for Adverse Events, version 4.0, grade 1 or 2) and
transient. The risk of AE was greater in the ketamine group (rela-
tive risk, 2.5; 95% CI, 1.5-4.0) with 34 of 44 patients (77%) ex-
periencing at least 1 AE, while 13 of 42 patients (31%) in the fen-
tanyl group experienced at least 1 AE. There was no significant
difference in the number of AEs between groups at each assess-
ment point, except for the 15-minute assessment (Table 3).

The need for rescue analgesia at 15, 30, and 60 minutes did
not differ significantly between groups with only 20 patients
(23%) requiring additional analgesia, 11 in the ketamine group
and 9 in the fentanyl group (relative risk, 0.89; 95% CI, 0.5-
1.6) (eTable 4 in Supplement 2).

With regard to the blinding assessment, study medica-
tion was guessed correctly in 54 patients (63%). Observers
guessed correctly 52% of the time for patients receiving ket-
amine (n = 23) and 74% for patients receiving fentanyl (n = 31).

Discussion
In this randomized, double-blind, active-control, noninferiority
trial, intranasal ketamine (1.5 mg/kg) provided similar and
noninferior pain relief when compared with intranasal fentanyl
(2 μg/kg) for traumatic extremity injuries in children. Both medi-
cations produced clinically meaningful pain reduction within 15
minutes, which was sustained for 60 minutes without requiring
additional analgesia in the majority of patients.

We sought to determine whether improved pain control
could be achieved by using higher intranasal doses of both ket-
amine and fentanyl than previously reported and to address limi-
tations of other ED pediatric studies by evaluating pain relief in

Table 1. Baseline Characteristics

Variable

No. (%)
Ketamine
(n = 44)

Fentanyl
(n = 42)

Age, mean (SD), y 11.8 (2.6) 12.2 (2.3)

Male 26 (59) 31 (74)

Weight, mean (SD), kg 45.8 (14.4) 50.8 (22.8)

Non-Hispanic 44 (100) 40 (95)

Race

White 30 (68) 29 (69)

Black 11 (25) 10 (24)

Other 3 (7) 3 (7)

Mechanism of injury

Sports related/recreational 30 (68) 26 (62)

Motor vehicle crash 1 (2) 2 (5)

Fall 10 (23) 13 (31)

Othera 3 (7) 1 (2)

Time of injury prior to arrival,
median (IQR), min

43.0 (27.0-63.0) 51.5 (30.0-85.0)

Extremityb

Upper 33 (75) 28 (67)

Lower 13 (30) 15 (36)

Diagnosisc

Fracture 39 (85) 34 (81)

Dislocation 4 (9) 2 (5)

Sprain/strain 1 (2) 5 (12)

Otherd 2 (4) 1 (2)

Reduction required 19 (43) 23 (55)

Sedation required 19 (43) 20 (48)

Analgesic prior to arrival

Ibuprofen 4 (9) 4 (10)

Acetaminophen 1 (2) 2 (5)

Naproxen 0 1 (2)

Initial VAS score, mean (SD), mm 74.7 (15.3) 72.0 (18.6)

Baseline, mean (SD)

Heart rate, bpm 90.8 (15.2) 88.6 (14.8)

Respiratory rate, breaths per min 22.1 (6.6) 23.0 (7.4)

SBP, mm Hg 126.5 (19.1) 128.9 (19.6)

DBP, mm Hg 78.9 (13.6) 73.5 (12.9)

Oxygen saturation, % 99.8 (0.6) 99.6 (0.6)

EtCO2, mm Hg 36.6 (6.4) 38.0 (4.4)

Time to study medication from
arrival, mean (SD), min

26.6 (9.9) 26.1 (10.3)

Volume of study medication
administered, median (IQR), mL

1.3 (1.1-1.6) 1.8 (1.3-2.0)

Dose of study medication
administered, median (IQR)

1.5 (1.5-1.5)e 1.9 (1.7-1.9)f

Abbreviations: bpm, beats per minute; DBP, diastolic blood pressure;
EtCO2, end tidal carbon dioxide; IQR, interquartile range; SBP, systolic blood
pressure; VAS, visual analog scale.
a Bicycle crash (1), pedestrian vs car (2), and punched wall (1).
b Percentages do not add up to 100 because 3 patients had more than 1

extremity involved.
c Two patients had both a fracture and a dislocation.
d Contusion (2) and hematoma (1).
e Measured in milligram per killigram.
f Measured in microgram per kilogram.

Table 2. Pain Reduction at 15, 30, and 60 Minutes

Time After Study Medication Mean Difference (95% CI)a

15 min

Ketamine (n = 42)b −24.4 (−29.3 to −19.4)

Fentanyl (n = 42) −25.3 (−30.3 to −20.3)

30 min

Ketamine (n = 43)b −30.6 (−35.8 to −25.4)

Fentanyl (n = 42) −31.9 (−37.2 to −26.6)

60 min

Ketamine (n = 43)b −27.7 (−33.8 to −21.6)

Fentanyl (n = 42) −29.0 (−35.1 to −22.8)

a Mean difference in visual analog scale scores compared with baseline.
b Patients with missing values were not included in the analysis.
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theabsenceofroutinelyadministeredibuprofen/acetaminophen
through use of a single, validated pediatric pain scale. Surpris-
ingly, the higher doses of ketamine (1.5 mg/kg vs 1 mg/kg in prior
studies) and fentanyl (2 μg/kg vs 1.5 μg/kg in prior studies) in this
study did not achieve superior pain relief (mean reductions of
31 mm and 32 mm at 30 minutes for ketamine and fentanyl,
respectively) compared with the PICHFORK study22 (median re-
ductions of 45 mm and 40 mm at 30 minutes for ketamine and
fentanyl, respectively) and the study by Reynolds et al24 (mean
reductions of 44 mm and 35 mm at 20 minutes for ketamine and
fentanyl, respectively). The reason for this is likely 2-fold. First,
in the PICHFORK study,22 patients received 10-mg/kg ibupro-
fen, and in the study of Reynolds et al,24 patients received either
10-mg/kg ibuprofen or 15-mg/kg acetaminophen. Multiple stud-
ies have demonstrated the comparative effectiveness of nonnar-
cotic and narcotic analgesics.36-41 The contribution of ibuprofen/
acetaminophen to overall pain reduction in the PICHFORK
study22 and the study by Reynolds et al24 is likely to be impor-
tant, but the precise effect cannot be discerned. Second, both
studies combined pain scales (Faces Pain Scale-Revised and VAS)
in reporting pain reduction outcomes. The 6-point Faces Pain
Scale-Revised was converted to a corresponding 0-20-40-60-
80-100 scale. The effect of averaging this ordinal scale with the
continuous VAS likely inflates pain reduction estimates, as is
demonstrated in reported outcomes of subsets of PICHFORK22

patients. Patients reporting only VAS scores (with ages identi-
cal to our study) had similar results (median reductions of 35 mm
and 33 mm at 30 minutes for ketamine and fentanyl, respec-
tively). As only 11% of the ketamine group and 16% of the fen-
tanyl group received either ibuprofen/naproxen or acetamino-
phen prior to arrival in our study and owing to the use of a single
validated pain scale, our estimates of pain reduction are more
likely to represent the isolated effect of ketamine and fentanyl
more accurately than prior studies.

Similar to the PICHFORK study22 and the study by Reynolds
et al,24 we found AEs to be common, minor, and transient with
both medications. Approximately half of AEs occurred within the
first 15 minutes after administration. Despite using higher doses
of both study medications and video review for data collection
in the initial 15 minutes after medication administration, our
patients experienced fewer AEs overall (63 total AEs in 47 of 86
patients [54.7%] in the present study, 91 AEs in 43 of 73 children
[58.9%]inthePICHFORKstudy,22 and170AEsin66of82patients
[80.5%] in the study by Reynolds et al24). Drowsiness, dizziness,
and unpleasant taste were the most common AEs in all 3 trials.
Similar to prior studies, about 75% of AEs were in the ketamine
group.Onepatientintheketaminegroupexperienceddysphoria/
dissociation and had received an additional dose of intravenous
ketamine (0.53 mg/kg) for rescue analgesia within 15 minutes of
study drug administration. The reason for the decreased overall
number of AEs in the present study is not entirely clear. We had
a similar proportion of patients receive rescue analgesia (the
present study, 23%; PICHFORK,22 23%; Reynolds et al,24 29%
received additional study drug and 18% received rescue opioids).
Reynolds et al24 specifically queried patients regarding each
individual AE, which may, in part, explain their increased
frequency of AEs.

With regard to sedation, our distribution of University of
Michigan Sedation Scale scores over time mirrored those of the
PICHFORK study22 with no patient having a score higher than 2.
Although ketamine patients had higher sedation scores overall,

Figure 2. Difference Between Fentanyl and Ketamine Groups in Mean Pain
Reduction and Possible Treatment Differences for Noninferiority Trials

Treatment Difference for Outcome

Superior

Ketamine better Ketamine worse

60 min

30 min

15 min

1.30

1.26

9.95

8.71

–7.36

–6.19

0.93 7.96–6.09

New treatment better New treatment worse

Inferior

Noninferior

Inconclusive

0 NIM

Treatment Difference for Outcome
0 NIM = 10

Possible scenarios for noninferiority trial resultsA

Results of a 1-sided t-testB

Results of a 1-sided t test demonstrating pain reduction with ketamine is
noninferior to pain reduction with fentanyl. Lower tail P values were calculated
to test whether ketamine is noninferior to fentanyl with a noninferiority margin
(NIM) of 10. Noninferiority is indicated by CIs that cross 0 but do not cross the
NIM and by P < .05. Ketamine is not superior to fentanyl at any time because all
CIs cross 0. Reprtined with permission from JAMA.35

Table 3. Adverse Events by Treatment Group

Symptoms

Adverse Events, No.

Total (N = 63)a At 15 min (n = 35)

Ketamine Fentanyl Ketamine Fentanyl
Dizziness 9 0 7 0

Dysphoria/dissociation 1 0 1 0

Unpleasant taste 9 2 1 1

Drowsiness 21 10 17 4

Nausea/vomiting 3 0 0 0

Itchiness 1 0 0 0

Vision changes 2 0 1 0

Headache 0 1 0 0

Rash 0 1 0 1

Light-headedness 2 0 2 0

Nystagmus 1b 0 0 0

Total 49 14 29 6

a For the ketamine group, 34 patients reported 49 adverse events. For the
fentanyl group, 13 patients reported 14 adverse events.

b Discovered during 30-day telephone call but occurred during initial emergency
department visit. There were no problems pertaining to behavior or sleep reported
and no other adverse events reported at the 30-day follow-up calls.
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this was not clinically meaningful as these patients were still eas-
ily aroused with verbal command or light tactile stimulation.30

Patients were also monitored through video review for hypop-
neichypoventilation,adecreaseintidalvolumewithoutachange
in respiratory rate, which is common in children undergoing
ketamine procedural sedation.42 A decrease in exhaled end tidal
carbon dioxide level persisting 30 seconds or longer often occurs
just prior to a decrease in oxygen saturation. Eleven patients ex-
perienced a decrease in end tidal carbon dioxide of 10 mm Hg or
more (9 patients in the ketamine group and 2 in the fentanyl
group). These decreases were brief (<30 seconds) and accompa-
nied by a change in respiratory rate but no change in oxygen satu-
ration. Therefore, we suspect that none of the study patients
experienced true hypopneic hypoventilation, but additional
investigation would be warranted.

Cliniciansmaychooseketamineinlieuofopioidsformultiple
reasons.Ketamineisuseful inchildrenwhohaveknownAEswith
opioids, have developed opioid tolerance as a result of chronic
painful conditions, have poor opioid sensitivity owing to genetic
predisposition,7,43 or in trauma patients with the potential for
hypotension.44 Given that intranasal ketamine is noninferior to
intranasal fentanyl with respect to pain reduction, a key advan-
tage of intranasal ketamine is the avoidance of opioids in children
beforeadministrationofproceduralsedation.Adverseeffectsdur-
ingsedationhavebeenassociatedwiththeadministrationofprior
opioid administration; thus, avoiding presedation opioids may
decreasesedationrecoverytime45 andtheriskofseriousAEsdur-
ing sedation,6 but further exploration is warranted.

Ketamine is widely available (although a 50 mg/mL con-
centration is needed for the intranasal route) and monitoring
is similar to opioids. However, ketamine should be avoided in
patients younger than 3 months or with known allergy.

Limitations
Thereareseveralpotential limitations.Weenrolledaconvenience
sample and do not have data on missed eligible patients to com-
pare with our study sample. This sampling method increased

feasibility of study completion but may limit generalizability.
However, our results are similar to the existing ED pediatric stud-
ies investigating these intranasal medications.22,24 Four patients
were withdrawn before medication administration making an
intention-to-treat analysis impossible, although data from these
patients would be unlikely to affect the overall results. To main-
tain identical volumes in all syringes for blinding purposes, the
maximumdoseforfentanylwas100μgandforketamine,100mg.
Therefore, only patients weighing 50 kg or less could receive the
full intended dose of fentanyl while patients weighing up to
65 kg could receive the full intended dose of ketamine. However,
there were no statistical differences in pain relief for those under-
dosedcomparedwiththoseadequatelydosedwithinandbetween
studygroups(datanotshown).Ourchoiceofanoninferioritymar-
gin of 10 was conservative and based on clinical reasoning and
literature regarding the definition of clinically significant pain
reduction, which has notable variation.28,34,46 Without a placebo
group, we were unable to determine if splinting or child life spe-
cialist interventions contributed to pain reduction. However, it
is unlikely that these covariates had a significant influence on the
results owing to successful randomization. Finally, the type and
dose of rescue analgesia was at the discretion of the primary
clinician. However, there were similar occurrences of rescue
analgesia between the 2 groups, so this was unlikely to have
contributed to differences in pain scores or AEs.

Conclusions
Intranasal subdissociative ketamine provides effective analge-
sia that is not inferior to intranasal fentanyl for pain associated
with acute extremity injuries in children. Ketamine was asso-
ciated with more AEs, but all were mild and transient. Ketamine
should be considered for pediatric pain management in the
emergency setting, especially when opioids are contraindicated
or associated with increased risk, such as prior to procedural
sedation.
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