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Study objective: To assess the efficacy and safety of intranasal analgesic-dose ketamine as compared to intranasal
fentanyl for pediatric acute pain.
Methods: A systematic review and meta-analysis was performed following the PRISMA guidelines. We searched
PubMed, Embase, and Scopus databases for randomized controlled trials from inception to December 2019. We
conducted meta-analysis with random-effects models to evaluate pain reduction, rescue analgesia, adverse
events and sedation between intranasal ketamine and intranasal fentanyl. Random-effects models were used
to estimate weighted mean differences (WMD) and pooled relative risks (RR).
Results:A total of 546 studieswere screened and4 trialswere included. In themeta-analysis of 4 studies including
276 patients, ketamine had similar reductions in pain scores from baseline to all post-intervention times (10 to
15 min: WMD -1.42, 95% CI -9.95 to 7.10; 30 min: WMD 0.40, 95% CI -6.29 to 7.10; 60 min: WMD -0.64, 95% CI
-6.76 to 5.47). Ketamine was associated with similar rates of rescue analgesia (RR 0.74, 95% CI 0.44 to 1.25). Ke-
tamine had a higher risk of non-serious adverse events (RR 2.00, 95% CI 1.43 to 2.79), and no patients receiving
ketamine had a serious adverse event. There was one serious adverse event (hypotension) with fentanyl that
self-resolved. No patients receiving either IN fentanyl or ketamine had significant sedation.
Conclusion: Intranasal analgesic-dose ketamine may be considered as an alternative to opioids for acute pain
management in children. Its accepted use will depend on the tolerability of non-serious adverse events and
the desire to avoid opioids.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Acute pain is one of the most frequent presenting symptoms to the
Emergency Department (ED) [1-3]. Addressing pain promptly and ap-
propriately is part of everyday care in the ED. In children, intranasal
(IN) is a commonly utilized and easily accessible, painless route for
medication administration. [4,5] Opioids are a mainstay for moderate
to severe pain management in the ED, but given the concern surround-
ing their use, alternatives are desirable [6,7]. Ketamine administered at
sub-dissociative doses (i.e. low dose) provides analgesia without signif-
icant sedation.

The majority of ketamine's mechanism of action is attributed to the
blocking of the N-methyl-D-aspartate (NMDA) receptor site, which
Medicine, Mayo Clinic, USA.
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results in decrease activity of the excitatory neurotransmitter glutamate
in the brain and spinal cord. Ketamine and its metabolites have also ac-
tivity at a multitude of other sites including opioid receptors. Effects of
ketamine are dose dependent, with analgesia without sedation occur-
ring at around 10–30% of the dissociative dose. Typical analgesic keta-
mine dosing is 0.1 to 0.3 mg/kg intravenously (IV), 0.5 mg/kg
intramuscular (IM) and 1 mg/kg IN; compared to dissociative sedation
dosing of 1 to 2 mg/kg IV, 3 to 4 mg/kg IM and 6 to 9 mg/kg through
the IN route [8-10]. Ketamine has most frequently been used as an ad-
junct to decrease opioid consumption, particularly in adult populations
[11]. Analgesic-dose ketamine is increasingly considered for primary
analgesia in acute pain to avoid opioid use [2]. Although ketamine ad-
ministration via the IN route has been evaluated in recent trials, no pre-
vious systematic review has comprehensively evaluated its entire body
of evidence.

The objective of this systematic review and meta-analysis was to
evaluate the efficacy and safety of IN ketamine when compared to IN
fentanyl for pediatric acute pain management in the ED. We aimed to
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evaluate efficacy through the outcomes of reduction in pain scores and
need for rescue analgesia, and to evaluate safety through the outcomes
of incidence of adverse events and sedation.

2. Methods

2.1. Study design

This was a systematic review andmeta-analysis conducted to assess
the efficacy and safety of IN ketamine as a method for pain relief versus
IN fentanyl in children undergoing pain management in the ED. A pro-
tocol was written before beginning the investigation. This report
followed the recommendations made in the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) statements in-
cluding its version focused on systematic reviews of harms (PRISMA
harms) [12,13].

2.2. Search strategy and inclusion criteria

Amedical librarian searched in three electronic databases, including
PubMed, Embase and Scopus from inception to December 2019. The
search strategy details are presented in the Data Supplement S1. We
also performed hand-searching of the reference lists of eligible articles.

We included only randomized controlled trials (RCTs) that evalu-
ated the analgesic efficacy and safety of IN ketamine when compared
to IN fentanyl. When selecting the studies, we did not exclude articles
based on language or year of publication. Specific inclusion criteria in-
cluded: (1) RCT; (2) population: children (age ≤ 18) undergoing pain
management in the ED; (3) intervention: IN ketamine; (4) comparison:
IN fentanyl; (5) outcomes: pain reduction, rescue analgesia, adverse
events, and sedation. Studies evaluating populations with chronic pain
conditions such as sickle cell disease were excluded given the differ-
ences in tolerance and response to opioids [14]. Studies performed out-
side the ED (e.g. postoperative management) or for indications other
than analgesia (e.g. sedation) were excluded. We only included trials
that administered IN ketamine for analgesia (i.e. analgesic-dosing),
also described as low-dose or sub-dissociative dosing. Studies using
higher doses for procedural sedation were not considered, nor were
studies using routes such as IV, IM or oral.

After the literature searchwas executed, two independent investiga-
tors screened for all titles and abstracts for eligibility. The titles and ab-
stracts considered for inclusion by either author were retrieved in full-
text and assessed for eligibility independently. Disagreements were re-
solved by consensus. All eligible studies were included for qualitative
analysis and those with available data underwent meta-analysis.

2.3. Outcome measures

For efficacy outcomes, we included reduction in pain scores using
validated pediatric pain scales from baseline to post-intervention time
points, and need for rescue analgesia. The following time points were
considered: 10 to 15 min, 30 min and 60 min.

For safety outcomes, we included the incidence of adverse events,
both overall and separated into non-serious and serious designations
[13]. Non-serious adverse events were defined as nausea, vomiting, diz-
ziness, drowsiness, sleepiness, dysphoria/dissociation, unpleasant taste,
pruritus, visual changes, headache, rash, light-headedness, nystagmus,
salivation, vivid dreams, trouble concentrating, sore throat and halluci-
nations. Serious adverse events were defined as dysrhythmias, seizures,
apnea, respiratory depression, anaphylaxis, hypotension and cardiac ar-
rest. Sedation was evaluated and all studies except one [15] reported
data on level of sedation using the University of Michigan Sedation
Scale (UMSS). The UMSS scale has 5 possible values (0 = awake/alert;
1 = minimally sedated; 2 =moderately sedated; 3 = deeply sedated;
4 = unarousable) [16].
2.4. Data extraction and quality assessment

Data available in the full-text reports and Supplementary material
were extracted independently and in duplicate for all studies using a
standardized predefined form. A third investigator further reviewed
the accuracy of data extraction. Extracted information included study
design, study size, study population, causes of pain, intervention details
(doses and timing) and outcomes of interest, including pain scores pre-
and post-intervention, rescue analgesia and incidences of adverse
events and sedation (i.e. UMSS scores). We contacted authors by
email if data were missing or unclear, and further data was obtained
from one study [17].

Risk of biaswas assessed independently and in duplicate for all stud-
ies, using the version 2 of the Cochrane tool for assessing risk of bias in
randomized trials (RoB 2) [18]. The overall quality of evidence for each
outcomewas evaluated using the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach [19].
2.5. Data analysis

Whenoutcomedata such asmeandifferences or standard deviations
were not available, we contacted the authors and if there was no re-
sponse, we imputed such data using recommendations from the
Cochrane handbook [20]. Data reported only in figures or graphics
were extracted using plot digitizer software [21]. Meta-analysis was
performed using the Review Manager (RevMan) version 5.3. For the
outcome of pain reduction from baseline to post-intervention time
points, we calculatedweightedmean differences (WMD) of pain reduc-
tion between IN ketamine and IN fentanyl with associated 95% confi-
dence intervals (CIs). Two studies reported reductions at 10 min
[15,17] and two at 15 min [22,23]; we combined these data into a
unique time stamp in themeta-analysis. For the outcomes of rescue an-
algesia, adverse events, and sedation (i.e. UMSS other than zero), we
calculated the pooled relative risk (RR)with associated 95% CI for IN ke-
tamine versus IN fentanyl. Only one serious adverse eventwas reported,
hypotension from IN fentanyl that self-resolved [15]; therefore, we did
not perform a meta-analysis by severity of adverse events.

Statistical heterogeneitywas assessed among studies by the I2 statis-
tic [24]. To incorporate clinical and statistical heterogeneity between
studies, we used DerSimonian-Laird random-effects models.

We were unable to statistically evaluate publication bias because of
the small number of studies, whichmakes analysis of funnel plots unre-
liable [25].
3. Results

3.1. Study characteristics

The systematic review study flow is depicted in Fig. 1. From a total of
546 titles and abstracts screened, 56 potentially relevant studies were
identified. After full-text review, four RCTs met the inclusion criteria.

The baseline characteristics of each study are detailed in the Table 1.
Two studies were designed as non-inferiority RCTs [17,22], one study
was designed as a feasibility RCT with sample size calculation based
on safety outcomes [15], and one study was designed as an equivalence
RCT [23]. The included studies involved a total of 276 participants, with
138 being randomized to receive IN ketamine and 138 being random-
ized to receive IN fentanyl. Causes of pain included acute extremity in-
jury in three of the studies and the fourth study included extremity
injury and acute abdominal pain [17]. Only two trials [15,22] reported
data on race and ethnicity. In both trials, N50% of included patients
were White.
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3.2. Interventions

Three studies used the dose of 1 mg/kg of IN ketamine and 1.5 μg/kg
of IN fentanyl. One study [22] used higher doses for both; IN ketamine at
1.5 mg/kg and IN fentanyl at 2 μg/kg. All studies included patients who
received ibuprofen or acetaminophen prior or concomitant to the inter-
ventions. The proportion of patients receiving co-interventions were
similar between groups.
3.3. Efficacy outcomes

3.3.1. Pain reduction from baseline
Intranasal ketamine and fentanyl resulted in similar reductions in

pain scores (pain scale, 0–100) from baseline to all post-intervention
time points (10 to 15 min, 30 min and 60 min) (Fig. 2). The weighted
mean difference was −1.42 (CI -9.95 to 7.10, I2 = 60%) at 10–15 min
after intervention. For pain reduction from baseline to 30 min, the
weighted mean difference was 0.40 (CI -6.29 to 7.10, I2 = 24%). At 60
min, the weighted mean difference was −0.64 (CI -6.76 to 5.47, I2 =
0%). Of note, when interpreting theweightedmean differences, positive
values suggest that IN ketaminewas superior to IN fentanyl in reducing
pain. If we consider a non-inferiority margin of 10 points in a 0–100
scale as suggested by previous literature [26-28], IN ketamine was
non-inferior to IN fentanyl across all different times, which is indicated
by CIs not crossing the non-inferiority margin (Fig. 3).
3.3.2. Requirements for rescue analgesia
Intranasal ketamine did not have significantly lower rates of rescue

analgesia when compared to IN fentanyl (pooled RR 0.74, CI 0.44 to
1.25, I2 = 25%) (Fig. 4). A detailed summary of rescue protocols is pre-
sented in the Data Supplement S2.
Fig. 1. Systematic rev
3.4. Safety outcomes

3.4.1. Adverse events
All studies reported the number of patients with an adverse event

related to either the use of IN ketamine or fentanyl. There was one seri-
ous adverse event in the fentanyl group (hypotension) which resolved
spontaneously [15]. No patients receiving IN ketamine had serious ad-
verse events. The risk of having an adverse event was higher among
children receiving IN ketamine than those receiving IN fentanyl (pooled
RR 2.00, CI 1.43 to 2.79, I2 = 49%) (Fig. 5). The raw data on adverse
events, separated by serious and non-serious designations and details
on how adverse events were measured are presented in Data Supple-
ment S3 and S4.

3.4.2. Sedation
In the three studies that measured level of sedationwith the Univer-

sity of Michigan Sedation Scale (UMSS) there were a total of 181 chil-
dren included in this meta-analysis. When we analyzed the incidence
of “any” sedation as defined as a UMSS score greater than zero, children
receiving IN ketamine had a higher risk of sedation than those receiving
IN fentanyl (pooled RR 1.81, CI 1.24 to 2.62, I2 = 0%) (Fig. 5). Across all
studies, no childrenhad a score of 4 (deeply sedated) or 5 (unarousable)
with either of the interventions. The raw data on sedation using the
UMSS scores is presented in Data Supplement S5 and S6.
3.5. Risk of bias and quality of evidence

All four randomized trials includedwere considered to have low risk
of bias (Data Supplement S7). The certainty in the pooled estimates
using the GRADE approach [19] was deemed to be “High” for all out-
comes except for the outcome of rescue analgesia, which was
downgraded because of imprecision given its wide confidence interval.
(Data Supplement S8) Per-protocol rather than intention-to-treat anal-
ysis was used by 3 studies [15,22,23]. The proportion of patients across
iew study flow.



Table 1
Characteristics of randomized trials comparing intranasal ketamine and intranasal fentanyl for acute pain management in ED pediatric patients.

Study Pain causes Population Intervention [number of patients] Comparison [number of patients]

Graudins
2015,
Australia

Acute isolated
extremity injury

Children aged 3–13 years and weight b 50 kg with
an acute isolated extremity injury and moderate to
severe pain at triage.

Intranasal ketamine (1 mg/kg) Intranasal fentanyl (1.5 μg/kg)
[N = 36]a [N = 37]a

33/36 (92%) received concomitant ibuprofen 33/37 (89%) received concomitant
ibuprofen

Reynolds
2017,
United
States

Acute isolated
extremity injury

Children aged 4–17 years and weight b 70 kg with
suspected acute isolated extremity injury and
moderate to severe pain at triage.

Intranasal ketamine (1 mg/kg) Intranasal fentanyl (1.5 μg/kg)
2nd dose at least 20 min after the first dose at
the discretion of physician.

2nd dose at least 20 min after the
first dose at the discretion of
physician.

[N = 46]b [N = 45]b

34/43 (79%) received concomitant ibuprofen, 7
(16%) received concomitant acetaminophen
and 1 (2%) received both.

35/44 (80%) received ibuprofen, 5
(11%) received acetaminophen and 3
(7%) received both.

Frey 2018,
United
States

Acute extremity
injury

Children aged 8–17 years with an acute extremity
injury and moderate to severe pain at triage.

Intranasal ketamine (1.5 mg/kg) Intranasal fentanyl (2 μg/kg)
[N = 45]c [N = 45]c

4/44 (9%) received ibuprofen and 1/44 (2%)
received acetaminophen prior to ED arrival.

4/42 (10%) received ibuprofen and 2
(5%) received acetaminophen prior
to ED arrival.

Quinn
2018,
United
States

Acute pain either
musculoskeletal or
abdominal

Children aged 3–17 years and weight b 64 kg with
acute moderate to severe pain at triage.

Intranasal ketamine (1 mg/kg) Intranasal fentanyl (1.5 μg/kg)
[N = 11] [N = 11]
2/11 (18%) received ibuprofen and 2/11 (18%)
received acetaminophen prior to intervention.

2/11 (18%) received ibuprofen and
2/11 (18%) received acetaminophen
prior to intervention.

a Number of patients whowere randomized. Five patients in the ketamine group did not complete the 60-min follow-upmainly because rescue analgesiawas needed, and 6 patients in
the fentanyl group did not complete the 60-min follow-upmainly because rescue analgesia was needed. To note, this was predicted in their protocol as further participation in the study
was terminated at rescue medication administration.

b Number of patients whowere randomized. Three patients randomized to ketamine withdrew prior to intervention while 1 patient randomized to fentanyl was lately recognized as a
screen failure.

c One patient whowas randomized to ketamine did not receive the intervention and 3 patients whowere initially allocated to fentanyl did not receive it. The reasons included inability
to provide urine for pregnancy test, parental preference, clinical preference and unavailability of medication.
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studies who did not adhere to the intended intervention, however, was
minimal and balanced between groups.

4. Limitations

First, this meta-analysis was limited to the ED and extended inclu-
sion criteria to other settings such as hematology-oncology and burn
centers would have resulted in more studies, although at risk of
selecting out populations with altered metabolisms of medications
and altered physiology for pain. The main focus of the study was acute
painmanagement in opioid naïve child. Given the potential for frequent
opioid exposure in sickle cell disease, this was used as an exclusion cri-
terion. Second, not all studies reported all the outcomes of interest,
however we were able to obtained non-published de-identified data
from one study [17]. Third, there was a significant statistical heteroge-
neity (I2 = 60%) for the outcome of pain reduction from baseline to
10 or 15 min, which may be explained by the fact that we merged
these time stamps when performing the meta-analysis. A random ef-
fects model was conservatively used for all meta-analyses to mitigate
heterogeneity even though studies were considered to be clinically
and methodologically similar. Forth, these studies were limited to chil-
dren with age ≥ 3 years and therefore results do not necessarily apply
to patients b3.

5. Discussion

In this meta-analysis of four RCTs, intranasal analgesic-dose keta-
mine was found to be as efficacious as IN fentanyl for management of
moderate to severe acute pain for children in the ED. There were no re-
ported serious adverse events among children that received IN keta-
mine, though children who received ketamine had twice the rate of
non-serious adverse events compared to fentanyl. The clinically accept-
able margin for non-inferiority in the children pain literature has been
found to be 10 mm on a scale of 0 to 100 mm [26-28]. Combining the
data of these four studies, for a total of 276 children, we were able to
show that IN analgesic-dose ketamine was non-inferior to IN fentanyl
as the boundary of the CI did not cross the clinically significant threshold
of 10mm of difference at any time period. (Fig. 3) Factors to consider in
the further exploration of its clinical utility are optimal dosing, the toler-
ability of non-serious adverse events, and the desire to avoid opioids.

The optimal analgesic dosing of IN analgesic-dose ketamine remains
unclear, with three out of four studies using the mathematically conve-
nient dosing of 1 mg/kg and one study [22] using 1.5 mg/kg. Similarly,
the dosing of IN fentanyl was 1.5 μg/kg in three out of four studies and
2 μg/kg in one study [22]. Even though Frey et al. used higher doses of
IN ketamine, the reduction in pain was lower or similar to other studies,
which could be explained by the fact that the studies using lower doses
had higher usage of concomitant analgesics such as ibuprofen and acet-
aminophen. Another difference that may have contributed to less pain
reduction despite higher doses is the enrollment of older children, age
8–17 years, where the other studies enrolled patients down to 3–4
years of age. Despite pain scales being numerically reported as 0 to
100, different instruments were used for specific age groups such as
the Faces Pain Scale for younger children, which might also have influ-
enced the effect estimates.

In the children that received IN analgesic-dose ketamine no serious
adverse events were observed. The rare occurrence of serious adverse
events may indicate the need for much larger sample sizes in order to
detect these events. However, evidence of safety may be inferred from
data obtained during utilization of IN ketamine at significantly higher
doses for procedural sedation. A systematic review looking at the use
of IN ketamine at dissociative doses in children included 20 studies
reporting adverse events with no serious adverse events identified
[29]. Nausea and vomitingwere themost common adverse events asso-
ciated with dissociative doses of IN ketamine.

In all of the four studies, non-serious adverse events were numerous
for both medications. The events that were most frequently seen with
analgesic-dose ketamine were dizziness, unpleasant taste and drowsi-
ness. Dizziness from ketamine is likely due NMDA receptor blockade
in the inner ear and vestibular nuclei [30,31]. The use of a higher dose
of ketamine in Frey et al. did not translate in higher incidence of dizzi-
ness, suggesting this adverse event may be more likely threshold than



Fig. 2. Forest plots ofmeta-analyses on pain reduction between intranasal ketamine and intranasal fentanyl at different timepoints (pain scale, 0–100). (A) Pain reduction from baseline to
10 or 15 min after intervention. (B) Pain reduction from baseline to 30 min after intervention. (C) Pain reduction from baseline to 60 min after intervention.

Fig. 3. Non-inferiority margin and interpretation of meta-analysis.
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dose-dependent in nature. This adverse event is transient and poten-
tially mitigated by decreased visual sensory input. Another side-effect
reported in intranasal medications administration is unpleasant taste.
This is mostly due to medication “run off” from the nasopharynx into
the oropharynx stimulating papillary gustatory cells (aka taste buds).
Ketamine was commonly noted to be “bad” tasting. Two studies
[15,22] used ketamine concentrations of 50 mg/ml and the other two
[17,23] used 100 mg/ml. Utilization of more concentrated formulations
(i.e. 100 mg/ml) should reduce unwanted medication run-off and im-
prove tolerability.

Rates of non-serious adverse events and depth of sedation did not
vary between studies utilizing 1.0 mg/kg and 1.5 mg/kg. Although the
risk of any sedation (UMSS score other than 0) was higher with IN
analgesic-dose ketamine, this was driven by UMSS scores 1 or 2
where children were easily roused with verbal command or light stim-
ulation. In theory, feeling sleepy or drowsy may actually be desirable,
especially in childrenwith painwho have surrogate decisionmakers in-
volved in their care, by helpingmitigate some of the anxiety that accom-
panies the experience.

Given the current opioid crisis in theUnited States, outcomes such as
decreased rescue analgesia and opioid sparing are desirable. All in-
cluded studies had slightly different protocols to assess for need of res-
cue analgesia. (Data Supplement S2) Across studies, the need of rescue
analgesia for children receiving IN ketamine ranged from 0% to 25%
while IN fentanyl ranged from 0% to 34.1%. The results of the meta-
analysis comparing IN ketamine to IN fentanyl yielded a wide confi-
dence interval. This confidence interval indicates that we need larger
studies to evaluate the impact of IN low-dose ketamine on rescue anal-
gesia. Future studies should also focus on its potential opioid sparing ef-
fect for children undergoing pain management in the ED.



Fig. 4. Forest plot on the number of patients who needed rescue analgesia after either intranasal ketamine or intranasal fentanyl.
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6. Conclusions

In summary, this systematic review and meta-analysis showed that
analgesic-dose IN ketamine is as efficacious as IN fentanyl for manage-
ment of acute pain in children in the ED. Clinicians can therefore feel
confident in both efficacy and safety of IN ketamine for management
of acute pain in the Emergency Department setting. Tolerability of
non-serious adverse events and desire for opioid sparing analgesia
will influence more widespread adoption.
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