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Abstract: This systematic review examined the efficacy and safety of intranasal fentanyl (INF) for
acute pain treatment in children, adults, and the elderly in prehospital emergency services (PHES)
and emergency departments (ED). ClinicalTrials.gov, LILACS, PubMed, SCOPUS, EMBASE, Google
Scholar and Cochrane databases were consulted until 31 December 2022. A total of 23 studies were
included: 18 in children (1 PHES, 17 ED), 5 in adults (1 PHES, 4 ED) and 1 in older people (1 PHES
subgroup analysis). In children, INF was effective in both settings and as effective as the comparator
drugs, with no differences in adverse events (AEs); one randomised controlled trial (RCT) showed
that INF was more effective than the comparator drugs. In adults, one study demonstrated the
efficacy of INF in the PHES setting, one study demonstrated the efficacy of INF in the ED setting, two
RCTs showed INF to be less effective than the comparator drugs and one RCT showed INF to be as
effective as the comparator, with no difference in AEs reported. In older people, one study showed
effective pain relief and no AEs. In summary, INF appears to be effective and safe in children and
adults in PHES and ED. More high-quality studies are needed, especially in PHES and older people.

Keywords: intranasal administration; fentanyl; pain; emergency department; prehospital emergency
service

1. Introduction

Pain is a common and distressing symptom in patients presenting to prehospital
emergency services (PHES) and the emergency department (ED) [1-4] and prompt and
appropriate treatment is crucial. The term “oligoanalgesia” was coined in 1989 to describe
the undertreatment of pain in emergency departments [5,6]. According to a recent study by
Todd et al., 57% of ED patients suffer from moderate/severe pain but only 50% receive ade-
quate analgesic treatment [7]. Oligoanalgesia disproportionately affects vulnerable groups
such as children [8], patients with communication difficulties [9] and the elderly [10,11].
Inadequate pain management in the ED may be due to a lack of training in pain recog-
nition and management, opioid phobia, failure to recognise pain in vulnerable groups,
underestimation of patient-reported pain and poor communication with patients [12-15].

Non-pharmacological and pharmacological interventions are used for pain man-
agement in the emergency department, with drugs administered orally, intravenously,
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intramuscularly (IM), intraosseously or intranasally. Oral administration is preferred but
may be limited by various diseases and a slow onset of action, especially in patients with
impaired consciousness or acute severe pain, making the parenteral route the preferred
option [16]. The intranasal (IN) administration of drugs is a new, effective, and safe al-
ternative to intravenous administration, especially when intravenous access is difficult,
time-consuming or unnecessary. IN administration of highly lipophilic drugs, such as
fentanyl, is rapid, with direct entry into the CSF and brain, avoiding the hepatic first-pass
effect and making it useful for analgesia, sedation, termination of seizures, reversal of
narcotics and benzodiazepines and treatment of hypoglycaemia [17-23].

Intranasally administered fentanyl (INF) is a well-tolerated, safe and effective method
of pain management, with a bioavailability of 71-89% [24,25], therapeutic levels reached
within 2 min, a time to maximum arterial concentration of 7 min [26,27] and a plasma
half-life of 60 min [28]. A single dose provides analgesia lasting 120-200 min [27], with
minor adverse effects limited to mild mucosal irritation [29]. IN fentanyl provides effective
analgesia without the need for intravenous access or iatrogenic pain from intramuscular
injections. This makes it particularly useful for patients with minor injuries who do not
require intravenous access for resuscitation [30,31]. Holdgate et al. found that the use of IN
fentanyl significantly reduced the time from patient arrival to initial analgesia compared
with intravenous morphine [32]. Although most of the published studies have been
conducted in the paediatric population using the standard fentanyl solution of 50 ug/mL,
few studies have investigated the use of intranasal fentanyl in adults and elderly patients,
mostly using fentanyl concentrations of 300-1000 pg/mL [33-35], suggesting that INF is a
promising option for safe and effective pain management in both PHES and ED.

The aim of this systematic review was to evaluate the efficacy and safety of intranasally
administered fentanyl at a concentration of 50 ug/mL in children, adults, and elderly
patients with acute pain in prehospital emergency services (PHES) and in the ED.

2. Materials and Methods

The methodology and reporting of this systematic review were in accordance with
the 2021 version of the preferred reporting items for systematic reviews and meta-analyses
(PRISMA) statement [36]. This systematic review was registered in the Open Science Frame-
work on 26 February 2023. (Registration DOI: https://doi.org/10.17605/OSEIO/PHMCS)

2.1. Search Methods and Data Extraction

This systematic review was conducted on 31 December 2022. The following databases
were searched: MEDLINE, SCOPUS, EMBASE, SCHOLAR, “Cochrane Central Register of
Controlled Trials” (CENTRAL), “Latin American and Caribbean Health Science Information
Database” (LILACS) and ClinicalTrials.gov. The following terms were searched using the
medical subject heading (MeSH) strategy: “intranasal” OR “intranasally” AND “fentanyl”
AND ((“emergency service, hospital” OR “hospital emergency service” OR (“emergency”
AND “department”) OR “emergency department”) OR (“acute pain” OR (“acute” AND
“pain”) OR “acute pain”)). The search strategy was modelled for each database. The search
string for each database was agreed upon by all authors. Each database was screened
by two independent reviewers (SS and SMD) and the titles and abstracts were checked
for relevance. If no abstract was available, the full text was analysed for inclusion. The
reference lists of review articles and relevant studies, textbooks and abstracts were also
reviewed to include potentially relevant articles. Disagreements about eligibility were
resolved by discussion and referrals to a third reviewer (FDI). Two independent reviewers
(AR and MG) extracted and entered the data into an electronic data sheet.

The following data were extracted: (i) general characteristics of included studies
(author, year of publication, type of study (randomised clinical trial (RCT), prospective
study (PS) or retrospective study (RS)), sample size, age of included patients, pain scale
used, INF dose administered, type and dose of comparator drug (if available), population,
primary outcomes and author’s conclusion); (ii) efficacy of INF (cause of pain, pain at


https://doi.org/10.17605/OSF.IO/PHMC8

J. Clin. Med. 2023, 12, 2609

30f26

baseline, pain at any time point evaluated for INF and comparator and other efficacy
outcomes assessed by each study); (iii) safety of INF (respiratory depression for INF and
comparator, cardiovascular depression for INF and comparator, CNS depression for INF
and comparator and other adverse events assessed for INF and comparator). Only the data
available in the original manuscript were used for this systematic review and no author was
contacted for further data or specifications. All data were reported as in the original study.

2.2. Types of Studies Included

All randomised clinical trials, prospective observational studies and retrospective
studies evaluating the effect of 50 ug/mL fentanyl IN delivered for acute moderate to
severe pain due to acute traumatic injury (e.g., fractures, burns and wounds, confirmed or
suspected) or acute medical illness in the setting of PHES or ED without a comparison group
or compared with (i) administration of other pharmacological interventions for pain control,
(ii) non-pharmacological interventions and (iii) placebo administration were included.
Systematic reviews, narrative reviews, studies published in languages other than English,
case reports, guidelines, surveys, study protocols, INF administered in fixed combination
with other drugs, studies on procedural analgesia, other settings, other IN drugs, non-
human populations, non-available full-text studies, and studies evaluating >50 pg/mL
fentanyl concentration were excluded.

Studies were included regardless of the device used for IN administration (droplet,
atomizer, or spray).

Studies that evaluated IN fentanyl (i) as part of procedural sedation and analgesia
(i.e., to make painful procedures more tolerable), (ii) for perioperative pain, (iii) cancer-
related pain including breakthrough pain, (iv) chronic pain or other non-acute pain, (v) in
patients on chronic opioid therapy and (vi) given in combination with other medications
were excluded.

2.3. Evaluated Outcomes

The primary outcomes were: (1) the efficacy of INF reported as a reduction in pain
score assessed via appropriate scales (Wong—Baker, faces, legs, activity, cry, consolability
(FLACC) scale, numeric rating scale (NRS), visual analogic scale (VAS), pain assessment in
advanced dementia (PAINAD)) or quality assessment in terms of no pain, mild, moderate
or severe and the type of scale used was reported. The efficacy of INF was also reported
according to each study, such as the need for rescue analgesia, time to opioid administration,
percentage of “relevant analgesia” (the exact definition used in each study was also pro-
vided if available), admission rate or patient or parent satisfaction; (2) the safety of INF was
reported as follows: any respiratory, cardiovascular (CV) or central nervous system (CNS)
depression was reported and defined as “minor”, if no abnormal vital signs were reported
at any time, or as “major”, if abnormal vital signs were reported (respiratory rate < normal
range for age, peripheral oxygen saturation <92% or need for oxygen administration or
mechanical ventilation, hypotension or bradycardia according to normal value for age or
need for vasopressors or inotropic agents, a Glasgow coma scale (GCS) <14 or defined
“moderately sedated” according to the sedation scale used), or death. Other minor adverse
effects attributable to fentanyl administration, such as nausea, vomiting, dizziness and
drowsiness, or attributable to intranasal administration, such as bad taste, itchy nose and
unpleasant taste, have also been reported.

2.4. Quality Assessment of Included Studies

Risk of bias for the RCTs was assessed using the Cochrane risk of bias 2.0 tool for the
outcome of pain reduction. A judgement (low risk of bias (L), high risk (H) or some concern
(SC)) was assigned for each of the following domains: (i) risk of bias arising from the
randomization process, (ii) risk of bias due to deviations from the intended interventions
(both effect of assignment to intervention and effect of adhering to intervention), (iii) risk
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of bias due to missing outcome, (iv) risk of bias in the measurement of the outcome, (v) risk
of bias in the selection of the reported result and (vi) overall risk of bias.

The quality of observational studies was assessed using the methodological index for
non-randomized studies (MINORS) criteria [37].

The risk of bias of RCTs and the quality of observational studies were assessed in-
dependently by two review authors (SS and SMD). Disagreements were resolved in a
consensus discussion involving a third author (FDI).

3. Results
3.1. Result of the Database Research
A total of 911 studies were identified (153 in MEDLINE, 159 in SCOPUS, 347 in
EMBASE, 232 in SCHOLAR, 96 in CENTRAL, 3 in LILACS and 6 in ClinicalTrials.gov).
After controlling for titles and abstracts, 141 studies were removed. After controlling
for duplicates (N = 114), 449 studies were analysed, of which 23 were included in the
present systematic review (see Figure 1 for the PRISMA flow diagram and Tables 1-3 for
the general characteristics of the included studies).

‘ Identification of studies via databases and registers

—
Total records identified 911
= Records removed before the screening: 141
2 MEDLINE (n = 153) MEDLINE (n = 31, 9 SRs, 21 NRs, 1 NE)
8 SCOPUS (n = 159) SCOPUS (n =37, 16 SRs, 19 NRs, 2 NE)
s EMBASE (n = 347) > EMBASE (n = 58, 10 SRs, 47 NRs, 1 NE)
5 SCHOLAR (n = 232) SCHOLAR (n = 11, 4 SRs, 6 NRs, 1 NE)
= CENTRAL (n = 96) CENTRAL (n=1, 1 NE)
LILACS (n=3) LILACS (n=3, 18R, 1NR, 1 NE)
ClinicalTrials.gov (n = ) ClinicalTrials.gov (n = 0)
— |
Records screened » Duplicate records removed (n
(n=563) =114)
Reports sought for retrieval Reports not retrieved
> (n = 449) "l (n=0)
i
; !
@
Reports assessed for eligibility N Repﬁ%ﬁfﬁé?ﬁi 87)
(n=449) "l SCOPUS (n=126)
EMBASE (n = 48)
SCHOLAR (n = 120)
CENTRAL (n = 95)
LILACS (n = 0)
ClinicalTrials.gov (n = 6)

4

Studies included in review
(n=23)

Included [

Figure 1. PRISMA 2020 flow diagram for identification, screening and study inclusion.

3.2. General Characteristics of the Included Studies

Out of 23 studies included, 18 studies were conducted in children: 1 PS in the PHES
(Murphy et al., 2017 [38]), 9 observational studies (Akinsola et al., 2018 [39],
Anderson et al., 2022 [40], Cole et al., 2009 [41], Crelin et al., 2010 [42], Finn et al., 2010 [43],
Kelly et al., 2018 [44], Nemeth et al., 2019 [45], Saunders et al., 2010 [46], Schaefer et al., 2015 [47])
and 8 RCTs (Borland et al., 2011 [48], Fein et al., 2017 [49], Frey et al., 2019 [50],
Graudins et al., 2015 [51], Quinn et al., 2021 [52], Reynolds et al., 2017 [53], Ruffin et al.,
2022 [54], Younge et al., 1999 [30]) in the ED; 5 studies were conducted in the adult popula-
tion: 1 observational study in the PHES setting (Tanguay et al., 2020 [55]), 2 observational
studies (Assad et al., 2023 [56], Belkouch et al., 2015 [57]) and 2 RCTs (Nasr Isfahani et al.,
2022 [58], Nazemian et al., 2020 [59]) in the ED setting; one subgroup analysis of an obser-
vational study reported data on the elderly patients in the PHES (Tanguay et al., 2020 [55]).
A total of 10,280 patients were included: 1203 in the PHES setting (94 children, 729 adults
and 380 elderly) and 9077 in the ED setting (8714 children and 363 adults). The population,
the pain scale used, the INF dose, the comparators, the primary outcomes and the authors’
conclusion for each included study are shown in Tables 1-3.
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Sample Size N (N of

Table 1. General characteristics of the included studies conducted on children.

INF Dose ** Comparator

Population, Primary
Outcomes and Authors’
Conclusions

Women Included, (%)),
N in INF Group/N in

Type of Study *
the Comparator Group

Age &** Pain Scale Used

Prehospital emergency service setting

In children aged 1-16 y-o, INF
at a dose of 1.5 ug/kg appears

to be a safe and effective
analgesic in the prehospital

FLACC or the

L5 ug/kg

INF+additional analgesia ®

management of acute severe

Wong-Baker faces or the

11 (7-13)
VNR according to age.

Emergency department setting

Standard care (£ oral
hydrocodone, & IV

pain.

In children with pain due to
vaso-occlusive crisis, INF use
significantly improved time to

ketorolac and + IV

1.5 ug/kg, two
morphine or IV

first parenteral-opioid dose
and was a safe and effective

Author, Year of Publication
(if Available)
Murphy et al., 2017 [38] P 94 (44 (47))
P 228 (128, (56))-180/48

Akinsola et al., 2018 [39]

doses 5 min apart
hydromorphone)

2-5 Hg / kg/ NC

maximum 200 ug

treatment for pain.

In children, higher doses of
fentanyl (2-5 ug/kg) are well
tolerated without any
clinically significant adverse

outcomes observed over a

3205 (1263, (40))

1.5 pug/kg of INF delivered
with a concentration

7-year period.

In children aged 3-15 y-o with
pain due to suspected long
bone fracture, standard
concentration fentanyl and
high concentration fentanyl

12+£5 NR
13.7, (11.8-15.9) NR
9.1 (95% CI 8.4-9.8)
for INF,
8.8 (95% CI 8.1-9.5) VAS or FPS-R
for comparator
FLACC

15 ug/kg
of 300 pg/mL
15 ng/kg a
second dose of
0.5 ug/kg if NC

persistent pain

were equivalent in
reducing pain.

In children aged 1-3 years
with acute moderate to severe
pain, INF is an effective, safe
and well-tolerated mode
of analgesia.

22.6 (12-36) months

VAS or Bieri faces

after 10 min

1.5 ug/kg NC

In children aged 5-18 y-o with
upper limb injuries, INF
appeared to be an
effective analgesic.

Anderson et al., 2022 [40] R
Borland et al., 2011 [48] RCT 189 (118 (63))
Cole et al., 2009 [41] P 46, (24, (52))
P 36

Crellin et al., 2010 [42]

6.7, range 5-15 scale-revised
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Table 1. Cont.

Author, Year of Publication

Type of Study *

Sample Size N (N of
Women Included, (%)),
N in INF Group/N in
the Comparator Group
(if Available)

Age £, %%

Pain Scale Used

INF Dose **

Comparator

Population, Primary
Outcomes and Authors’
Conclusions

Fein et al., 2017 [49]

RCT

49 (19 (39))-24/25

10.6 (5.3) for INF,
12.5 (5.1) for
comparator

Modified Wong-Baker
faces pain rating scale

2 ng/kg
(maximum
100 pg),
single dose

SoC and
IN 0.9% NaCl

In children aged 3-20 y-o with
a vaso-occlusive crisis and
pain score > 6 at WBFPRS, at
20 min, INF reduced
vaso-occlusive crisis pain
more than placebo.

Finn et al., 2010 [43]

49 (0 (0))

6.2, range 1-16

VAS

L5 ug/kg

NC

In children aged 1-16 y-o, this
study shows INF to be both
effective and safe.

Frey et al., 2019 [50]

RCT

90 (29 (32))-45/45

12.2 (2.3) for the
INF group; 11.8 (2.6)
for the comparator

VAS

2 ng/kg

1.5mg/kg
IN ketamine

IN ketamine provides
effective analgesia that is
non-inferior to INF, although
participants who received IN
ketamine had an increase in
adverse events that were
minor and transient.

Graudins et al., 2015 [51]

RCT

73 (27 (37))-37/36

9 (6-11) for INF,
7 (6-9.5) for
comparator

VAS

L5 ug/kg

1 mg/kg IN ketamine

In children aged 3-13 y-o with
isolated limb injury and pain
at least 6/10 at triage, INF and
IN ketamine were associated
with similar pain reduction.
IN Ketamine was associated
with more minor
adverse events.

Kelly et al., 2018 [44]

487 (170 (35))-376/111

In INF group:
16.3 £ 4.8;
in comparator
group: 18.2 & 3.6

NRS

NR

Routine care, drugs and
dosage NR

In children aged 1-21 y-o with
acute pain due to
vaso-occlusive events
compared with routine care,
INF demonstrated a
significantly reduced time to
initiation of opioid analgesic
therapy when using INF.
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Table 1. Cont.

Population, Primary

Author, Year of Publication

Sample Size N (N of
Women Included, (%)),
N in INF Group/N in
the Comparator Group
(if Available)

Type of Study *

Age £, %%

Pain Scale Used

INF Dose **

Comparator

Outcomes and Authors’
Conclusions

In children aged 0-17 y-o with
trauma for analgesia or

Nemeth et al., 2019 [45]

P 100 (42
(42))-19/7/5/1/1/1

55+41

FLACC, faces pain scale
revised or NRS
according to age

2.0 ug/kg

S-ketamine, midazolam via
IV, PO or PR in
various combinations

procedural sedation,
intranasal administration of
fentanyl, s-ketamine and
midazolam was shown to be
generally rapid for achieving
analgesia and/or sedation. No
marked circulatory,
respiratory or other SAEs
were noted.

In children aged 3-17 y-o,
IN ketamine was found to be
inferior to IN fentanyl in

Quinn et al., 2021 [52]

RCT 22 (4 (18))-11/11

INF group:
9.58 £ 2.92;
comparator group:
9.77 £2.51;p=0.87

NRS or Wong—Baker
faces pain score

15 ug/kg

1 mg/kg IN ketamine

relieving pain at 10 min and
was found to have
significantly greater rates of
sedation and dizziness. No
sufficient power to support
the non-inferiority of IN
ketamine compared with INF
at 20 min after administration.

In children 4-17 y-o with
acute pain from suspected

Reynolds et al., 2017 [53]

RCT 82 (31 (38))—41/41

8 (5-11)

NRS or Wong-Baker
faces pain scale

1.5 ug/kg

1 mg/kg IN ketamine

isolated extremity fractures
with pain score >3 on the
Wong-Baker faces pain scale
or >2 at NRS, IN ketamine
was associated with more
minor side effects than
intranasal fentanyl. Pain relief
at 20 min was similar
between groups.
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Table 1. Cont.

Sample Size N (N of
Women Included, (%)), Population, Primary
Author, Year of Publication Type of Study * N in INF Group/N in Age &% Pain Scale Used INF Dose ** Comparator Outcomes and Authors’
the Comparator Group Conclusions
(if Available)
In 6 months-18 y-o children
INF group: O rered withdpainfulI 11\11111;ectious m%uth
D administered ac- conditions, seems to be a
Ruffin et al., 2022 [54] RCT 34 (17 (50)), 17 /17 com Bzﬁ‘a};g?rsi‘ou . Facaisc’olj‘lciﬁlcgoos ZAS 1.5 ug/kg etaminophen+hydrocodone, safe and effective alternative
1.8 )F/)ears P § 0 Og' gloag 0.15 mg/kg hydrocodone to acetaminophen with
! ’ hydrocodone in
reducing pain.
In children aged 3-18 y-o with
moderate to severe pain on
the Wong-Baker faces scale or
VAS, a single dose of INF
Saunders et al., 2010 [46] P 81 (32 (39)) 8+37 Xr%fsiilgs;c{?rfestscilz 2 ug/kg NC provides effective analgesia
gtoag for paediatric ED patients
with painful orthopaedic
trauma within 10 min
of administration.
INF eroun: INF administration reduces
77 ;St Yy i the time from physician
Schaefer et al., 2015 [47] R 54 (36 (66))-7/47 compeirator group' NRS or faces pain score 1.1to 1.5 ug/kg IV opioids administration encounter to opioid
134+ 38 p= 0018 administration in
’ paediatric patients.
In children aged 3-10 y-o, INF
INF group: mean provides effective pain relief
6.6 (SD NR) for children requiring opioid
Younge et al., 1999 [30] RCT 47 (30 (63))-24/23 comparator: 7.1 NR 1 ug/kg 0.2 mg/kg IM morphine analgesia in the ED. It appears
mean (SD NR), as effective, with better
p =0.053 tolerance to administration,

as IMM

Note: *: RCT—randomised controlled trial, P—prospective cohort study, R—retrospective cohort study; ** expressed as media-tstandard deviation (SD) or median (IQR); £ in years unless
otherwise specified; # additional analgesia: + paracetamol + ibuprofen + inhaled nitrous oxide; ED—emergency department; FLACC—face, leg, activity, cry, consolability; FPS-R—face,
pain scale revised; IM—intramuscular; IMM—intramuscular morphine; IV—intravenous; IN—intranasal; INF—intranasal fentanyl; NR—non-reported; NC—no comparator; PO—orally
administered; PR—rectal administered; SoC—standard of care; VAS—visual analogue scale; y-o—years old; WBS—Wong-Baker faces scale.
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Table 2. General characteristics of the studies conducted in the adult population.

Author, Year of Publication

Type of Study *

Sample Size N (N of
Women Included, (%)), N
in INF Group/N in the
Comparator Group (if
Available)

Age in Years **

Pain Scale Used

INF Dose

Comparator

Population, Primary Outcomes
and Authors’ Conclusions

Prehospital emergency service setting

Tanguay et al., 2020 [55]

R (subgroup analysis for
patients aged 18-70 y-o)

729-402/327

59 £19.9

NRS

1.5 ng/kg, maximum
dose of 100 ug, 50 ug
in patients with
general comorbidities ©

1.5 nug/kg SC fentanyl

In patients aged 18-70 y-o, both
INF and SCF are feasible, effective
and safe for managing acute
severe pain in the prehospital
setting. We also found that a
greater proportion of older
patients in the INF group
experienced pain relief, even
though they received a lower dose
of fentanyl.

Emergency department setting

Assad et al., 2023 [56]

95-31/64

31.1 (10.4) for INF,
31.8 (9.2) for
comparator, p = 0.5

NR

50 pgor 100 ng

IV morphine, 0.1 mg/kg

INF provided similar pain
reduction compared to IV
morphine in the treatment of
adults with VOC presenting to the
ED; however, there was a trend in
readmission within 48 h. No
significant difference in adverse
events between the groups.

Belkouch et al., 2015 [57]

23 (11 (47.8))

VAS

15 ug/kg

NC

In patients admitted for renal
colic, INF provides quick pain
relief and its use is safe.

Nasr Isfahani et al., 2022 [58]

RCT

125 (9 (8)) —44/40 in IN

ketamine/41 in IN placebo

INF group:
30.51 + 10.77; for
lacebo group:
32.25 £13.23;
IN ketamine group:
31.26 & 12.07
(p>0.05)

VAS

1 ug/kg

1 mg/kg IN ketamine
and IN placebo

In patients with isolated limb
trauma aged 15-65 y-o with
moderate to severe pain (at least
45 mm at VAS), the efficacy of INF
and IN ketamine was similar in
reduction of pain 40 min after the
administration. IN ketamine has a
reduced time of onset.

The rate of minor adverse events
after IN 1 ketamine was higher
than INF without serious adverse
events registered.

Nazemian et al., 2020 [59]

RCT

220 (96 (43)) -110/110

NR

NRS

2 ug/kg + 60 mg
IM ketorolac

1 ug/kg IV fentanyl + 60 mg

IM ketorolac

In patients with renal colic pain,
INF in combination with ketorolac
is a fast-acting, non-invasive,
convenient and effective method
to manage pain in these patients.

Note: * RCT—randomised controlled trial; P—prospective cohort study; R—retrospective cohort study; ** expressed as media + SD or median (IQR); “—defined as chronic obstructive
pulmonary disease, general weakness or malnutrition; IM—intramuscular; IN—intranasal; INF—intranasal fentanyl; IV—intravenous; NC—no comparator; NR—non-reported;

NRS—numeric rating scale; VAS—visual analogue scale; SC—subcutaneous; y-o—years old.
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Table 3. General characteristics of the studies included in the elderly population.

Sample Size N (N of
Women Included, Population, Primary
o, 3 4
Auth01:, Ye.ar Type of Study * (%)), N in I.N F Age in Years ** Pain Scale Used INF Dose Comparator Outcomes and Authors’
of Publication Group/N in .
Conclusions

Comparator Group

(if Available)

Prehospital emergency service setting

In patients aged >70 y-o
with severe pain, both INF
and SCF are feasible,
effective and safe for
managing acute severe
pain in the

380-202/195 NR NRS 50 pug 50 pg SC fentanyl prehospital setting. We
also found that a greater
proportion of older
patients in the INF group
experienced pain relief,
even though they received
a lower dose of fentanyl.

R (subgroup analysis for

Tanguay et al., 2020 [55] patients aged >70 y-o)

Note: * RCT—randomised controlled trial; P—prospective cohort study; R—retrospective cohort study; ** expressed as media + SD or median (IQR); INF—intranasal fentanyl;
NRS—numeric rating scale; SC—subcutaneous; SCF—subcutaneous fentanyl; y-o—years old.
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3.3. Efficacy of Intranasal Fentanyl
3.3.1. Efficacy in Children, PHES Setting

One study reported efficacy in reducing pain at 10 min after INF, without differences
reported with traditional analgesia [38].

3.3.2. Efficacy in Children, ED Setting

Four studies reported INF to be effective in reducing pain at different time points
(Cole et al., 2009 at 10 and 30 min [41]; Crellin et al., 2010 [42]; Finn et al., [43] at 5 and
30 min; Saunders et al., 10, 20 and 30 min [46]). Two studies [44,45] and six RCTs reported
INF to be equally effective as comparators [48,50-54]. Two RCTs demonstrated INF to
be more effective in reducing pain: Fein et al., 2017, compared INF to the “standard of
care” (more effective at 20 min after administration, no differences at 10 and 30 min) [49]
and Younge et al., 1999, compared IM 0.2 mg/kg morphine (more effective at 10 min, no
difference at 20 and 30 min) [30]. Several authors have reported different secondary efficacy
outcomes: one RCT reported an increased need for additional analgesia in patients treated
with 50 pg/mL INF compared with 300 ng/mL INF [48], while other RCTs reported no
difference between INF and 1 mg/kg IN ketamine [51,52] and 1.5 mg/kg IN ketamine [50];
one PS [45] reported no difference from comparators. Three studies reported a reduction
in the time to first opioid administration in patients treated with INF [39,44,47] and an
increased percentage of pain relief at 30 min after ED arrival [44]. One PS also reported a
reduced ED length of stay and admission rate in the INF group [39]. One RCT reported
no change in overall satisfaction or pain score at 60 min [54] and one RCT reported higher
tolerance to INF compared with IM morphine [30].

3.3.3. Efficacy in Adults, PHES Setting

One RS reported a higher proportion of patients with clinically significant pain relief
in patients treated with INF than with subcutaneous fentanyl, with no differences in time
to drug administration [55].

3.3.4. Efficacy in Adults, ED Setting

One PS reported that INF effectively reduced pain at each time point after adminis-
tration (5, 30, 45 and 60 min) [57]; one RS reported no difference in pain reduction with
IV morphine [56]; one RCT reported a reduced efficacy at 5 min and 10 min compared
with IN ketamine, with no difference at 30 and 40 min [58]; one RCT reported a reduced
efficacy of INF compared with IV fentanyl at each time point after administration [59].
Regarding secondary efficacy outcomes, one RS reported no difference in time to first
analgesic administration between INF and IV morphine. However, INF resulted in higher
milligrams of morphine equivalents and a lower percentage of patients discharged home
from the ED [56]; one RCT reported lower rescue analgesia with INF than IN ketamine
and higher satisfaction levels [58]; one RCT reported no difference in satisfaction levels
between INF and IV fentanyl [59].

3.3.5. Efficacy in the Elderly, PHES Setting

One RS reported a greater INF analgesic effect among patients aged >70 years, but
precise numerical pain data for INF and the comparator were not reported. In this study,
patients aged >70 years received an INF dose of 50 pg, with a rescue dose of 25 ug after
15 min in case of ineffective analgesia. The time of fentanyl administration was similar for
both routes of administration (INF, mean 9 min 36 s (s) (SD 3 min 32 s); SCF, mean 9 min
30 s (SD 3 min 46 s), p-value 0.674) [55].

3.3.6. Efficacy in the Elderly, ED Setting

No data were reported.
All data regarding the efficacy of INF according to each included study are reported
in Appendix A.
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3.4. Safety of Intranasal Fentanyl
3.4.1. Safety in Children, PHES Setting

One PS reported no respiratory, CV or CNS depression or secondary adverse events [38].

3.4.2. Safety in Children, ED Setting

Among all included studies, adverse respiratory, CV or CNS events were reported
in five studies. One RCT reported sedation in 16% and 24% of patients treated with INF
and INF at higher concentrations (p = 0.18) [48]; one RCT reported transient hypoxia
in 13% of patients, transient hypotension in 8% and drowsiness in 42% of patients (no
further specification), with no difference reported with the comparator drugs and all events
requiring no intervention [49]; one PS reported an UMSS score = 1 in 21% of patients
and n UMSS = 2 in 5% of patients, without differences with the comparator [45]; one
RCT reported a significantly lower rate of sedation due to INF than IN ketamine (0 vs.
64%, p = 0.004) [52]; one RCT reported no difference in sedation and 2% of patients with
transient mild hypotension without requiring interventions [53]. Secondary minor adverse
effects attributable to fentanyl or the IN route were also reported in 11 studies: dizziness
was reported in 1% [48], 9% [52], 15% [53] and 17% of patients [51]; nausea in 4% [48],
8% [49] and 7% of patients [53]; vomiting in 1% of patients [48], nasal burning in 13% of
patients [48], itchy nose in 12% of patients [51], unpleasant taste in two patients [50] and
22% of patients [53]. Although fewer minor adverse events occurred with INF than with
IN ketamine [52,53], no differences in the frequency of adverse events due to the route of
administration were reported.

3.4.3. Safety in Adults, PHES Setting
One RS did not report adverse events [55].

3.4.4. Safety in Adults, ED Setting

One RS reported bradycardia within 6 h of administration in 12.9% of patients, with
no difference from IV morphine or need for intervention [55]; one RCT reported sedation
in 4.5% and 2.3% of patients after 15 and 30 min from administration, respectively, with no
difference from IN ketamine [58]; minor adverse events were reported by Nasr Isfahani
et al.,, 2022 [58] (general discomfort in 6.8% of patients with no difference from IN ketamine)
and by Nazemian et al., 2020 [59] (nausea in 8.2%, dizziness in 2.7%, itching in 2.7%, bad
taste in 10.9%, throat irritation in 8.2%, with no difference from IV fentanyl).

3.4.5. Safety in Elderly, PHES Setting
One RS did not report adverse effects in this population [55].

3.4.6. Safety in the Elderly; ED Setting

No study available.
All data regarding the safety of INF according to each included study are reported
in Appendix B.

3.5. Risk of Bias for the Outcome of Efficacy in Reducing Pain in the Included RCTs

According to the Cochrane R.0.B. 2.0 tool, in children, six of the eight RCTs conducted
in the ED setting were rated as low risk of bias [48-53], while two RCTs were rated as high
risk of bias [30,54].

In adults, of the two RCTs conducted in the ED setting, one RCT was rated as low
risk [58] and one RCT was rated as high risk of bias [59] (Table 4).
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Table 4. Risk of bias assessment using Cochrane’s risk of bias 2.0 criteria for RCTs included.
Risk of Bias Due Ris]l)(‘:)ef t]?) ias
to Deviations Deviations Risk of Bias
Bi.sk of Bias from the from the Risk of Bias in the . Risk of Bias .
Author, Year of Publication Arising from the Intended Intended Due to Measurement i1 Selection of Overall Risk
Randomisation Interventions Interventions Missing of the the Reported of Bias
Process (Effect of (Effect of Outcome Data Outcome Result
Assignment to Adhering to
Intervention) Intervention)
Children, emergency department setting:

Borland et al., 2011 [48] L L L L L L L
Fein et al., 2016 [49] L L L L L L L
Frey et al., 2018 [50] L L L L L L L

Graudins et al., 2015 [51] L L L L L L L
Quinn et al., 2018 [52] L L L L L L L
Reynolds et al., 2017 [53] L L L L L L L
Ruffin et al., 2022 [54] L L L L H L H
Younge et al., 1999 [30] L L L L H L H

Adult, emergency department setting:

Nasr Isfahani et al., 2022 [58] L L L L L L L
Nazemian et al., 2019 [59] SC H L H L H

Note: H—high risk of bias; L—low risk of bias; SC—some concerns about the risk of bias.

According to the MINORS criteria, in children, one study in the PHES setting was

rated 13 out of 16 points; five studies in the ED setting were rated 10 to 16 out of 16 points
and four studies were rated 14 to 17 out of 24 points. In adults, one study conducted in the
PHES setting was rated 20 out of 24 points and two studies conducted in the ED setting

were rated 14 to 19 out of 24 points (Table 5).

Table 5. MINORS criteria quality evaluation of retrospective and prospective studies included.

Author, Year of Publication Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12  Total
Children, prehospital emergency service:
Murphy et al., 2017 [38] 2 2 2 2 2 2 1 0 NA NA NA NA 13
Children, emergency department
Akinsola et al., 2018 [39] 2 2 1 2 0 2 0 0 2 1 2 0 14
Anderson et al., 2022 [40] 2 2 1 2 2 2 0 0 NA NA NA NA 13
Cole et al., 2009 [41] 2 2 2 2 2 2 0 2 NA NA NA NA 16
Crelin et al., 2010 [42] 2 2 2 2 2 0 0 0 NA NA NA NA 12
Finn et al., 2010 [43] 2 2 2 2 0 2 0 0 NA NA NA NA 10
Kelly et al., 2017 [44] 2 2 0 2 2 2 0 0 17
Nemeth et al., 2017 [45] 2 2 2 2 2 2 1 0 2 16
Saunders et al., 2010 [46] 2 2 2 2 2 2 0 0 NA NA NA NA 14
Schaefer et al., 2015 [47] 2 2 1 2 2 0 0 0 1 2 1 2 15
Adult, prehospital emergency service setting
Tanguay et al., 2020 [55] 2 2 1 2 2 2 1 0 2 2 2 2 20
Adult, emergency department setting
Assad et al., 2022 [56] 2 0 0 2 1 2 2 2 2 2 2 2 19
Belkouch et al., 2015 [57] 2 1 2 2 2 2 2 0 0 0 0 1 14

Note: for the following items, 0 points were given if “not reported”; 1 point if “reported but inadequate; 2 points
if “reported and adequate”. NA—not admitted due to lack of comparative study. Ql—a clearly stated aim;
Q2—inclusion of consecutive patients; Q3—prospective collection of data; Q4—endpoints appropriate to the aim
of the study; Q5—unbiased assessment of the study endpoint; Q6—follow-up period appropriate to the aim of the
study; Q7—loss to follow-up of <5%; Q8—prospective calculation of the study size. Additional criteria in the case of
comparative studies: Q9—an adequate control group; Q10—contemporary groups; Ql1—Dbaseline equivalence of
groups; Ql2—adequate statistical analyses.
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4. Discussion

The aim of this systematic review was to assess the evidence for intranasal administra-
tion of fentanyl for the relief of acute pain of any cause in the emergency setting, both in
the prehospital and emergency department.

This systematic review focused on the standard concentration of 50 pg/mL and
excluded studies that investigated the use of higher concentrations of fentanyl, as these
are not routinely available and may result in different absorption rates due to the different
volumes administered into each nostril. In addition, due to the complex pathophysiology
of chronic pain and cancer-related pain, studies that investigated INF for the treatment of
breakthrough pain were excluded from this systematic review.

A total of 23 studies have shown INF to be safe and effective in children in both the
PHES setting [38] and the ED setting [39,42,45,46], including children aged 1-3 years [40]
and at higher doses administered [39], with no difference in efficacy between the standard
50 pg/mL concentration and the higher concentration [48]. Furthermore, INF is as effective
as orally administered paracetamol and hydrocodone [54], as effective with a lower rate of
adverse events and discomfort than IN ketamine [50-53] and IM morphine [30] and more
effective than standard treatment plus IN placebo at 20 min after drug administration [48],
improving the time to opioid administration [39,44,47]. In adults, one study in the PHES
setting showed INF to be effective, feasible and safe, particularly in older people. Four
studies have shown INF to be rapid and effective in the ED setting [57], equivalent to
IV morphine [56] and IN ketamine [58], as effective as IV fentanyl at 30 min but less
effective at 10, 20 and 60 min [59]. Despite the very few minor adverse events reported
in the included studies, older adults with obstructive sleep apnoea, chronic obstructive
pulmonary disease, heart disease and diabetes mellitus may be at a higher risk for adverse
respiratory effects [60,61] and further studies focusing on this population are needed.

The included studies were heterogeneous in terms of methodology, cause of pain,
scale used for pain assessment, comparison groups, INF dosing and secondary efficacy
endpoints studied and deserve to be highlighted (Tables 1-3).

Of the 23 studies, we included only 10 RCTs in the ED, of which 8 were in children and
2 in adults. Two RCTs in children [30,54] and one in adults [59] were assessed as having
a high risk of bias due to the unblinded methodology of the studies, which may have
influenced the results. No RCTs conducted in the context of PHES or in older patients were
included in this systematic review, highlighting the need for additional high-quality studies
in this setting and population. However, in 2007, Rickard et al. published the results of
a RCT that compared the efficacy and safety of 180 pg INF, administered via a fentanyl
concentration of 300 nug/mL, with that of 2.5-5 mg IV morphine. According to the results
of this study, INF and IV morphine demonstrated no difference in effectiveness, safety, and
acceptability [34].

The included studies investigated the efficacy of INF for the medical, traumatic, and
combined causes of pain. As already known, pain is defined as “an unpleasant sensory
and emotional experience that is associated with or resembles actual or potential tissue
damage” [62], pointing out how psychological and emotional distress could affect pain
experience. Seven of the included studies investigated the use of INF for medical reasons:
in children, three out of four studies were conducted for pain caused by vaso-occlusive
crises due to sickle cell disease; in adults, two out of three studies were conducted for
pain due to renal colic. Both conditions cause very severe, persistent, and frequently
recurring pain that lasts for a prolonged period and causes a level of distress that can
greatly affect the perception of pain [63-65]. Similarly, traumatic pain is often associated
with great psychological stress due to the traumatic event and the fear of anatomical
dysfunction. As is well known, IN is an unusual route of drug administration and the
route of administration leads to different placebo or nocebo effects, potentially strongly
influencing pain perception [66-68]. Of the 23 included studies, only 7 compared the
administration of INF with other drugs or placebo IN, so the confounding effect of this
route of administration could not be assessed. Additionally, pain assessment modalities
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varied widely across the included studies. The numerical rating scale (NRS), verbal rating
scale (VRS) and visual analogue scale (VAS) are the most used and recommended scales
for assessing pain intensity [69]. Several different scales were used in the studies included
in this systematic review, including the NRS, VRS, VAS and several others, particularly in
studies with children, where multiple scales were used in a single study. These included
the modified Wong—Baker faces pain rating scale (WBFPRS), the Bieri faces scale and the
FLACKC (face, leg, activity, cry, consolability) scale. Despite the large differences between
these scales, only Saunders et al., 2010 [46] reported the effectiveness of INF depending on
the scale used in the subgroup analysis. However, different scales can lead to different pain
intensity ratings. Pain catastrophising has a major impact on pain intensity [70] and verbal
rating scales of pain severity may also reflect patients’ perceptions of pain disorders and
beliefs about their pain [71]. As previously reported, the lack of detail on pain intensity
ratings leads to ambiguity in the interpretation of research findings [72]. In addition, none
of the included studies used the pain assessment in advanced dementia scale (PAINAD)
and the results might be different in frail older patients with neurodegenerative diseases.

The studies were also very heterogeneous in terms of INF dosing, making it difficult
to draw firm conclusions about the best dose in terms of efficacy and safety. Most of the
included studies looked at 1.5 pug/kg INF and showed no difference in pain relief compared
with INF and other drugs, IN ketamine or oral paracetamol plus hydrocodone. Of the
studies examining 2 pg/kg INF, three reported no difference from standard treatment,
one reported greater efficacy at 20 min than standard treatment [48] and one reported less
efficacy than IV fentanyl at any time except 30 min after administration, with fewer adverse
effects (without reaching statistical significance). One study investigated 1 ug/kg INF and
showed lower efficacy at 5 and 10 min compared with IN ketamine, with no difference at
subsequent time points.

4.1. Implications for Clinical Practice

The IN route proved to be a safe and rapid method of drug administration, with
only minor side effects such as transient nasal itching, nasal burning, and cough. IN-
administered fentanyl proved to be effective and well tolerated, with no serious adverse
events. In clinical practice, INF can be used in paediatric and adult patients in prehospital
emergency care and in the emergency department for acute pain of both medical and trau-
matic origin, especially in cases where intravenous access is required for pain management
only. The results of this systematic review are consistent with those of previous SRs. In
2012, Hanses et al. published a systematic review that included 16 RCTs on the use of INF
for acute pain. According to their results, there were no significant analgesic differences
between IN fentanyl and IV morphine, oral morphine or IV fentanyl in the treatment
of acute pain after long bone fractures, in burn patients or in the relief of postoperative
pain and a significant analgesic effect of IN fentanyl was demonstrated in the treatment
of breakthrough pain in cancer patients. However, no data on the safety of this route of
administration have been presented [73]. Murphy et al. conducted a systematic review of
the use of INF in children in 2014, which included only three studies conducted in children
over three years of age with traumatic causes of pain. Although no firm conclusions could
be drawn regarding the superiority, equal efficacy, or inferiority of INF over IV or IM
morphine, INF was found to be an effective analgesic treatment in patients with acute
moderate or severe pain, with minimal distress and no adverse events [74]. In 2018, Setlur
et al. conducted a systematic review of the use of INF in paediatric patients, which included
four observational studies and six RCTs. They concluded that INF was effective in relieving
pain, with no differences from comparator drugs; only one RCT showed its superiority over
IM morphine, again with no serious adverse events, with mild adverse effects in 3.3-3.9%
of cases [75]. Abebe et al., 2021, conducted a systematic review to assess the preferred
medications for pain relief in paediatric patients before hospitalisation. This showed that
IN fentanyl (as well as inhaled methoxyflurane) appears to be the preferred drug for prehos-
pital analgesia, is easy to administer, has a rapid onset and short duration of action and is
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as effective as morphine [76]. The PHES setting is challenging, and more studies should be
conducted in this specific setting. According to the “Italian Intersociety Recommendations
for pain management in emergency settings” [77], an ideal prehospital analgesic should be
easy to use, safe and effective and have a predictable dose-response relationship with rapid
onset and a short duration of action; many of these properties are achieved by INF. In 2014,
Karlsen et al. published the results of a prospective observational study investigating the
safety of INF in the PHES setting. They included 903 patients, who received a single dose of
50 ug INEF, aged > 65 years and aged 18-65 years with general diseases (chronic obstructive
pulmonary disease, general weakness, or malnutrition) or 100 pug INF in adults without
comorbidities, using a fentanyl concentration of 500 ug/mL or 1000 ug/mL. According to
their results, INF demonstrated mild adverse events in 39 patients (4.3%), with transient
hypotension in 14 (1.6%), a transient drop in GCS to 14 in 5 patients (0.6%), nausea in
6 patients (0.7%), and no serious or life-threatening adverse events. No adverse events
related to age were reported and similar pain relief was observed in patients with different
INF dosages [33].

4.2. Limitations of the Present Systematic Review

This systematic review included all studies reporting the administration of fentanyl at
the standard concentration of 50 pg/mL via IN for the treatment of acute pain. However,
some limitations of the inclusion criteria must be discussed. Despite the broad inclusion
criteria, only a few double-blind RCTs were included; more rigorous high-quality RCTs are
needed. Second, we included RCTs and observational studies without sufficient blinding,
which increases the risk of over- or underestimating efficacy, which is difficult to assess
and could potentially lead to inaccurate conclusions. Third, the heterogeneity of the
studies prevented meta-analysis and only a narrative analysis of the studies was reported.
In addition, no sensitivity analysis or meta-regression was performed to evaluate the
heterogeneity. Fourth, studies not in English were excluded, potentially altering the
conclusions of this systematic review. Fifth, the authors were not contacted to obtain the
study protocols or full study information. Sixth, we excluded studies conducted in patients
with chronic pain, breakthrough pain, postoperative pain and procedural pain, therefore
the conclusions of this SR may not be applicable in these settings.

5. Conclusions

Intranasally administered fentanyl is effective and safe for the relief of acute medical
and traumatic pain, particularly in children and in the ED. INF was found to be at least as
effective as IV and IM morphine, IV fentanyl and IN ketamine, with fewer adverse events
than the comparator drugs. INF demonstrated efficacy and safety in children in the PHES
setting, in the ED setting and in adults. However, this systematic review highlights the
need for additional high-quality studies conducted in both PHES and elderly patients.
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Appendix A. Tables A1-A3: Efficacy of INF in Children, Adults and Elderly Patients, Respectively

Table A1l. Efficacy of INF in children.

Other Efficacy Outcomes

Author, Year of . . . Time Point Evaluated, Time Point Evaluated, Other Efficacy Outcomes
Publication Cause of Pain * Pain at Baseline ** Pain after INF Pain after Comparator p Value Evaluated after INF E‘g(}&a;?‘;laetl(f)trer p Value
Prehospital emergency service setting
10 (8-10) in INF alone
Murphy et al., 2016 [38] A group; 9 (8-10) in the 10 min: 5 (2-7) 5 min: 5 (2.5-7) NR NR NR NR
comparator group
Emergency department setting
Time to first parenteral
First time reassessment <0.05 for first time opioid (min SD): 29 =+ 15 Time to first parenteral
First time reassessment NR, exact pain reassessment Time to first parenteral opioid: <0.0001
NR, elxaclt\T %am value NR LOS: 215 + 86 min opioid (min SD): 77 =+ 44
. value
Akinsola et al., 2018 [39] M NR Admission rate: 86 (48%) LOS: 197 + 67 LOS:0.028
Time of disposition NR,
exact pain value NR Time of disposition NR, <0,0} for 'time Rate of patient/parent Admission rate: 34 4+ 71
pain value NR of disposition satisfaction after INF: Admission rate: 0.004
exact value NR
Anderson et al., 2022 [40] A NR NR NR NR NR NR NR
For INF: . . Baseline pain: 0.881
w 10 min: 49.5 (26.5-68.5) 10 min: 43.0 (15.2-66.0) e . . es i
Borland et al., 2011 [48] T 800 (60.0-95.5), 20 min: 275 (185-565) 20 min: 35.0 (9.0-57.0) 10 min: 0.17¢ Additiona’ amalgesia: Additional analgesia: 0028
s (601’0_100)' 30 min: 10.0-46.0) 30 min: 21.5 (4.75-51.0) o min: e (43%) (27%)
A x 10 min: 2 (0-4) Second dose of INF: 2 (4),
Cole et al., 2009 [41] T 8(5-10) 30 min: 0 (0-2) NC rescue analgesia: 1(2.2)
. ) 5 min: 5 (4-8) <0.001 for each Second dose: 1, _
Crellin et al., 2010 [42] T 7 (5-10) 30 min: 2 (1-40) NC time point IV morphine: 1 NC
- - Baseline pain: p > 0.05
. 10 min: 8 (6-8) 10 min: 8 (7-9) pal
Fein et al., 2016 [49] M 10 (8-10) for INE, 9 20 min: 6.5 (4-8) 20 min: 8 (6-9) 10 min: >0.05 NR NR -
(8-10) for comparator 30 min: 8 (5-8) 30 min: 8 (6-8) 20 min: 0.048
’ ’ 30 min: >0.05
5 min: 52/100
. ; Media 91/100, (range 40-75) _ Further opiate R
Finn et al., 2010 [43] A range 85-100 30 min: 16/100 NC analgesia: 1 NC
(range 8-42)
££ 15 min: —25.3 ££ 15 min: —24
(—30.3-—23.3) (—29.3-—19.4) in: ; . X
Frey et al., 2018 [50] T 72 (18.6) for INF, 74.7 30 min: —31.9 30 min: —30.6 .1,8 min: no gﬁiiﬁﬁi Needing rescue Needing rescue RR
Y v - (15.3) for comparator (—37.2-—-26.6) (—35.8-—25.4) ) ; analgesia: 9 (21) analgesia: 11 (25) 0.89 (95% CI1 0.5-1.6)
60 min: —29.0 60 mir: —27.7 60 min: no difference
(—35.1-—22.8) (—33.8-—21.6)
INF group: 80 (70-100), o . £ . e . . .
N ££15 min: 30 (15-40) 15 min: 30 (16-42) 15 min: 0 (—20-20) ; : Difference in IN
Graudins et al., 2015 [51] T N lfegtgngg‘e% 30 min: 40 (20-45) 30 min: 45 (20-60) 30 min: 5 (—10-20) Neled“Tg_ Pryes Ne'“;dm.g e ketamine vs. INF:
group: (()5 -96) 60 min: 50 (20-60) 60 min: 50 (30-61) 60 min: 0 (—13-13) analgesia: 12 (32) analgesia: 5 (36) —18 (—37-3)

p>0.
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Table Al. Cont.

Author, Year of
Publication

Pain at Baseline **

Time Point Evaluated,
Pain after INF

Time Point Evaluated,
Pain after Comparator

p Value

Other Efficacy Outcomes
Evaluated after INF

Other Efficacy Outcomes
Evaluated after
Comparator

p Value

Kelly et al., 2017 [44]

9 (8-10) in INF group,
8 (7-9) in
comparator group

First time point at 59
(36) min: 8 (7-9),
first decrease in pain
score: 0 (0-2),
second time point at 70
(47) min: 7 (6-9),
second decrease in pain
score: 1 (0-2)

First time point at 59
(36) min: 7 (6-8),
first decrease in pain
score: 1 (0-2),
second time point at 90
(51) min: 7 (5-8),

second decrease in pain

score: 1 (0-3)

<0.001 at first and
second time point,
first decrease in pain
score: 0.838,
second decrease in pain
score: 0.369

Time to first opioid
administration:
29 + 16 min,
patients treated in
<30 min: 252 (67%)

Time to first opioid
administration: 78 (57),
patients treated in
<30 min: 6 (5%)

<0.001 for time to
first opioid

<0.001 for patients
treated in <30 min

Nemeth et al., 2019 [45]

6 (2-10)

2 (0-6)

Ranging from 1 to 6,
including all
patients: 2 (0-6)

>0.05

IN repetition: 1 (5%),
need for IV
supplementation: 1 (5%)

IN repetition total: 3 (9%),
IV supplementation: 2 (6%)

>0.05 for all
comparisons

Quinn et al., 2021 [52]

For INF group: 8 (6-10),
for comparator
group: 8 (5-10)

30 min: median
1 (IQR NR),
60 min: median
2 (IQR NR)

30 min: 2 (IQR NR)
60 min: 2 (IQR NR)

At baseline: 0.87
30 min: 0.18
60 min: 0.5

Rescue medication: 0 (0)

Rescue medication: 0 (0)

Reynolds et al., 2017 [53]

For INF group: 69 & 26,
for comparator group:
73 £26

20 min: reduction of
pain equal to 35 & 29,
60 min: reduction of

20 min: reduction of
pain equal to 44 =+ 36,
60 min: reduction of

At baseline: mean
difference
4(95% CIL: —7-15),
20 min: mean
difference
9 (95% CI: —5-23),

Clinically significant
reduction at

Clinically significant
reduction of pain at

Clinically significant
reduction of pain at

pain equal to 44 + 28 pain equal to 42 + 32 O i moa 20 min: 35 (80%) 20 min: 30 (77%) 20 min: 0.77
difference —2 (95% CL:
—16-13)

Parental perception in: Parental perception in: P
dehydration at 60 min, dehydration at 60 min, gz;ergjal t?s;cjféloogliﬁ'
from 1 to 4: 1.7 (1.4-1.9). from 1 to 4: 1.5 (1.2-1.8). fy Lo roser

- . Change in dehydration Change in dehydration rom 1 t0 %:4.567.

15 min: 15 min: 1.1 (~1.4 to —0.9) 14 (1.7 to —1.0) Change in
. = 1.7 (95% CI: 0.7-2.6), 2.9 (95% CI1.7-4.0), 15 min: 0.088 T 7 TR Wi dehydration 0.265.
Ruffin et al., 2022 [54] NR 0 min: 30 min: 30 min: 0.059 Pain at 60 min Pain at 60 min Pa?n };t ré% 11,101?“ 0.770.

0.6 (95% CI 0-1.2)

1.6 (95% CI 0.7-2.5)

2.2 (1.5-3.0).
Overall satisfaction, from
1to7: 6.4 (5.9-6.8).
Admission to hospital: 0
(0%).

2.4 (1.4-3.5).
Overall satisfaction, from
1to7: 6.5 (6.0-6.9).
Admission to hospital:
2 (12%).

Overall satisfaction,
from 1 to 7: 0.707.
Admission to
hospital: 0.485.

Saunders et al., 2010 [46]

For Wong-Baker group:
5 (4-6),
for VAS group: 70 mm
(95% CI: 63-77)

For Wong—-Baker group:
10 min: 3 (2-5)
20 min: 2 (1-4)
30 min: 2 (1-3),
for VAS group:
10 min: 21 mm
(95 %CI: 14-28)
20 min: 25 mm
(95% CI. 15-34)
30 min: 27mm
(95% CI: 16-37)

NC

Rescue analgesia: 7 (9%),
provider satisfaction
score: 79 mm
(95% CI: 74-83 mm),
parent’s mean satisfaction
score: 74 mm
(95% CI: 69-79),
patient’s mean
satisfaction score: 62 mm
(95% CI: 53-70)

NC
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Table Al. Cont.

. . . . s Other Efficacy Outcomes
Author, Year of . . . Time Point Evaluated, Time Point Evaluated, Other Efficacy Outcomes
Publication Cause of Pain * Pain at Baseline ** Pain after INF Pain after Comparator p Value Evaluated after INF E‘gluated after p Value
omparator
Time to opioid Time to opioid . L
Schaefer et al., 2015 [47] 7.19 £2.49 NR NR - administration: administration: a dg:ﬁ;::aggﬁlgso%
20.43 £ 11.54 min 42.04 + 31.55 min e
10 min:
median 1 (IQR NR) 10 min: At baseline: 0.46
Younge et al., 1999 [30] INF group: NR, 20 min: median 2 (IQR NR) 10 min: 0.014 Tolerance score: exact Tolerance score: exact Tolerance score: <0.001
& v . comparator group: NR median 1 (IQR NR) 20 min: 2 (IQR NR) 20 min: 0.64 value NR value NR for better INF
30 min: 30 min: 1 (IQR NR) 30 min: >0.05

median 1 (IQR NR)

note: * M—medical, T—traumatic, B—all cause; ** expressed as media + SD or median (interquartile range (IQR)) if not otherwise specified; £8 expressed as change from baseline pain;
£E£ expressed as difference in medians and 95% CI; LOS—length of stay; NC—mno comparator; NR—non-reported; VAS—visual analogue scale. 95% CI: 95% confidence interval.

Table A2. Efficacy of INF in adults.

. . . . X Other Efficacy
Author, Year of Publication Cause of Pain * Pain at Baseline " Tlmle):;glglftt]eirvlall\}xl? ted, g;ﬂealf’?el :Itchg‘;:;fg; p Value O]tzl:;ffaftfé fiaca}f’tgl}tlf]%l?e Outcomes Evaluated p Value
after Comparator
Prehospital emergency service setting
(Log rank test:
proportion of patients
. . . . . . with reduction in pain
Time ppmt NR, pain Time Romt NR, pain atleast 1.5 poin}t)s,
reduction at least 1.5 reduction at least 1.5 — 0.050; proportion of INF admini . Sub P 1
Tanguay et al., 2020 [55] A 89+1.1 points: exact value NR, points: exact value NR, p = 0.050; proportion o . administration mean ubcutaneous fentanyl, mean >0.05
; ; . . patients with a time=9min36s +£3min32s  time=9min30s £ 3min46s
pain reduction atleast 3  pain reduction at least 3 L .
ints: b reduction in pain at
points: exact value NR points: exact value NR .
least 3 points: p = 0.003)
for INF higher than
subcutaneous fentanyl
Emergency department
Time to . .
first rescue medication: 6 Time t?j. - fi Time to
22.4 (16.4) min irst rescue medication: irst rescue
27.3 (15.6) min medication: 0.22
Median IV opiates: : . . .
. . . ) . . Median IV opiate dose: 6 Median IV opiate
Time point NR, pain Time point NR, pain o (_0 2.0 E9 8 (6-14) MME . .
Assad et al., 2022 [56] M NR reduction of 17.25% reduction of 17.15% 0.1% (—9.3-9.5%) o (5.7-9.3) MME dose: 0.03
Read;n(165551%r)1 rate: Readmission rate: 13 (20.9%)  Readmission rate: 0.06
. Discharged home from ED: Discharged home
Discharged home from ED: 8 &
8 (16%) 41 (66%) from ED: 0.02
i Reduction at each time .
5 min: 48 mm (36-63) _ ; <0.001 for reduction
Belkouch et al., 2015 [57] M 82.2 (59-100) mm 30 min: 8 mm (0-22) NC point (15, 30, 45, 60), at each time point

exact value NR
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Table A2. Cont.

Author, Year of Publication

Cause of Pain * Pain at Baseline "

Time Point Evaluated,
Pain after INF

Time Point Evaluated,
Pain after Comparator

p Value

Other Efficacy Outcome
Evaluated after INF "

Other Efficacy
Outcomes Evaluated
after Comparator *

p Value

Nasr Isfahani et al., 2022 [58]

INF: 83.41 + 17.11),
IN ketamine:
T 82.5 +13.73,
control:
85.85 + 16.73

5 min: 71.59 + 22.09
10 min: 64.5 + 22.87
15 min: 62.95 + 24.74
30 min: 64.32 +24.72
40 min: 62.95 + 25.11

For IN ketamine:

5 min: 61.5 + 20.45

10 min:55 + 21.96
15 min: 54.5 + 22.64

30 min: 57 + 23.56
40 min: 57.5 + 24.68,

for control:

5 min: 72.44 + 22.11
10 min: 66.59 + 24.25
15 min: 67.8 + 27.88
30 min: 67.8 + 27.88
40 min: 67.32 + 27.48

p > 0.05 for all
comparisons except:
5 min: p = 0.03 for IN
ketamine vs. control;
p =0.044 for IN
ketamine vs. INF;
10 min: p = 0.047 for IN
ketamine vs. control;
p =0.03 for IN
ketamine vs. INF

Need for rescue
analgesia: 3 (6.8),
satisfaction with the
administered drug: median
1.5 (min—-max 1-10)

Need for rescue analgesia in
IN ketamine group: 5 (12.5),
need for rescue analgesia in
control group: 7 (17.1),
satisfaction with the
administered drug for IN
ketamine: median 4
(min-max 1-10),
satisfaction with the
administered drug for
control: median
4 (min-max 1-10)

For the need of
rescue analgesia:
p=0.336,
for satisfaction:

p =0.047, for IN
ketamine vs. control;
p =0.045 for IN
ketamine vs. INF

Nazemian et al., 2020 [59]

INF group:
M 9.22 +0.62,
IV fentanyl:
9.22 +0.51

10 min: 9.22 4 0.52
20 min: 7.5 + 0.97
30 min: 5.99 & 1.09
40 min: 3.84 & 0.62
60 min: 3 £ 0.4

10 min: 6.89 + 1.05
20 min: 5.09 + 1.19
30 min: 4.35 + 0.8
40 min: 3.19 + 1.1
60 min: 2.47 + 1.06

Baseline: p = 1;
10 min: <0.0001
20 min: <0.0001
30 min: 0.32
40 min: <0.0001
60 min: <0.0001

Patients not satisfied:
14 (12.7%),
satisfied: 71 (64.5%),
very satisfied: 25 (22.7%)

Patients not satisfied:
10 (9.1),
satisfied: 67 (60.9),
very satisfied: 33 (30)

0.38

note: *: M—medical, T—traumatic, A—all-cause; " all data reported as media + SD or median (IQR) or N (%); N—intranasal; INF—intranasal fentanyl; [V—intravenous; MME—morphine
milligrams equivalent; NC—no comparator; NR—non-reported.

Table A3. Efficacy of INF in elderly patients.

Author, Year

Time Point

Time Point

. . . + s Other Efficacy Outcomes Other Efficacy Outcomes
Faon Cause of Pain * Pain at Baseline Evaluated, Pain after Evaluated, Pain after p Value ¥ A Evaluated after Comparator ~ p Value
of Publication Comparator Evaluated after INF =
Prehospital emergency service setting
Time to drug administration ~ Time to drug administration
Tanguay et al., 2020 [55] A NR Exact value NR Exact value NR NR 9:3% & 3:3 9:35 -+ 3:46 0.674
note: *: M—medical, T—traumatic, A—all-cause; " all data reported as media + SD or median (IQR) or N (%).
Appendix B. Tables A4 and A5: Safety of INF in Children and Adults, Respectively
Table A4. Safety of INF in children.
Respiratory Respirat CV De- CV De- CNS
Depres- piratory € pression, CNS h Other Adverse Events
Author, Year of f Depression, N pression, o h Depression, N Other Adverse Events
Publication ?11,/0 ;‘% (l)\i (%) for p-Value N (%) for g o(n'/:):?;- p-Value D(eo}))rif’srl?f\}’l:N (%) for p-Value Evaluated for INE, N (%) CE valuatetd fo;]t(}},/e) p-Value
INF Comparator INF t 0}; ° Comparator omparator, °
Prehospital
Murphy et al., 2017 [38] 0(0) 0(0) - 0(0) 0(0) - 0(0) 0(0) - 0(0) 0(0) -




J. Clin. Med. 2023, 12, 2609

21 of 26

Table A4. Cont.

Respiratory ... CV De-
" piratory CV De- . CNS
Author, Year of D.ep res Depression, N pression, p reos sion, CNS Depression, N Other Adverse Events Other Adverse Events
J sion, N o p-Value o, N (%) for p-Value Depression, N o, p-Value o Evaluated for the p-Value
Publication (%) for %) for N (%) for Compara- (%) for INF (%) for Evaluated for INF, N (%) Comparator, N (%)
INF Comparator INF £ 01: ° Comparator omparator, X {7
Hospital
Akinsola et al., 2018 [39] 0 0 NR 0 0 NR 0 0 NR Nasal burning and NR NR
irritation, NR
Two events (NR type of
Anderson et al., 2022 [40] 0(0) NC - 0(0) NC - NR NC - event) due to higher NC -
dose administered
Nausea: 4 (4), Nausea:6 (6.5), Nausea: 0.442,
vomiting: 1 (1), vomiting: 3 (3.2), vomiting: 0.27,
Borland et al., 2011 [48] 0 0 NR 0 0 NR 16 (16) 22 (24) 0.18 itch: 5 (5), itch: 9 (9), itch: 0.21,
rash: 0, rash: 1, rash: NR,
dizziness: 1 (1) dizziness: 2 dizziness: NR
Cole et al., 2009 [41] 0 NC - 0 NC - 0 NC - NR NC -
Crellin et al., 2010 [42] 0 NC - 0 NC - 0 NC - NR NC -
Headache: 4 (17), Headache: 0 (0),
itching: 2 (8), itching: 1 (4),
nausea: 2 (8), nausea: 1 (4), Headache: = 0.05,
Fein et al., 2016 [49] 3(13) £ 0(0) >0.05 2(8) £ 2(8) >0.05 10 (42) £££ 6 (24) >0.05 vomiting: 0 (0), vomiting: 0 (0), p > 0.05 for all
nasal pain: 3 (13), nasal pain: 0 (0), adverse effects
prolonged cough: 0 (0), prolonged cough: 0 (0),
prolonged gagging: 0 (0) prolonged gagging: 0 (0)
i : - - _ Nausea: 0 (0), )
Finn et al., 2010 [43] 0(0) NC NR NC 0(0) NC vomiting: 0 (0) NC
Dizziness: 0, Dizziness: 9,
dysphoria: 0, dysphoria: 1,
unpleasant taste: 2, unpleasant taste: 9,
drowsiness: 10, drowsiness: 21,
UMSS score * 1: UMSS score * 1: nausea or vomiting: 0, nausea or vomiting: 3,
- B ~ 9 (21), 17 (39), >0.05 for itchiness: 0, itchiness: 1,
Frey et al., 2019 [50] 0(0) 0(0) 00 0 UMSS score * 2: UMSS score * 2: all vision changes: 0, vision changes: 2, NR
1(2) 409 headache: 1, headache: 0,
rash: 1, rash: 0,
light-headedness: 0, light-headedness: 2,
nystagmus: 0, nystagmus: 1,
total: 14 total: 49
Bad taste: 10 (42), Bad taste:17 (25),
drowsiness: 5 (21), drowsiness: 11 (16),
R d dizziness: 4 (17), dizziness: 20 (30),
Aeporte itchy nose: 3 (12), itchy nose: 3 (4), Total: diff 38
Graudins et al., 2015 [51] NR NR - NR NR - Exact value NR Exact value NR 51m11a}r‘ at nausea: 1 (4), nausea: 4 (6), ((;t;o/' CII' eﬁrggﬁé)
ﬁme:;mm dysphoria: 1 (4), dysphoria: 3 (4), o

hallucinations: 0 (0),
other: 0 (0),
total: 15 (40)

hallucinations: 4 (6),
other: 5 (7),
total: 28 (78)
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CV De-

Respiratory Respi
" piratory CV De- . CNS
Author, Year of Dep rel\sl Depression, N 1 pression, I%re;su;n, 1 D CNS N Depression, N 1 Other Adverse Events OtherlA dve‘:irsfe E\ilents 1
Publication sion, %) for p-Value N (%) for (%) for p-Value cpression, (%) for p-Value Evaluated for INF, N (%) Evaluated for the p-Value
(%) for Compara- (%) for INF ’ Comparator, N (%)
INF Comparator INF t Comparator 4
or
Kelly et al., 2018 [44] NR NR - NR NR - NR NR - NR NR -
R ted burni ft
UMSS score * = UMSS score * = Ilng;gazoig;lri\r% 5a 1;7
5 1: 4 (21%) 1: 13 (38) o ” L. 470
Nemeth et al., 2019 [45] 0(0) 0(0) - 0 (0) 0(0) - UMSS score * = UMSS =2 % 6 > 0.05% NR of cases; \;lomltmg, 1 NR-
2:1 (5% 18 episode, not
(%) (18) specified group
) ) ) Dizziness: 9% Di;ziness: 64%, Di;ziness: 0.02,
Quinn et al., 2021 [52] 0(0) 0(0) - 0 (0) 0(0) - 20 min: 0 (0) 20 min: 7 (64%) 0.004 various adverse effects: 9% vaé}?elgsa'c%g/(r’se vaerflf(égtss .agx(siarzse
** Bad taste: 68%
(53-84%),
dizziness: 59%
(41-76%),
drowsiness: 7%
Bad taste: 9 (22), Bad taste: 37 (90), (—6-21%),
Risk dizziness: 6 (15), dizziness: 30 (73), itchy nose: 2%
difference drowsiness: 3 (7), drowsiness: 6 (15), (—16-21%),
Risk difference for IN itchy nose: 9 (22), itchy nose: 10 (24), visual disturbance:
. for IN ketamine - ketamine visual disturbance: 1 (2), visual disturbance: 4 (10), 7% (—3-2%),
Reynolds et al., 2017 [53] NR NR - 1(2) % 0(0) vs. INF: —2% 15 (37) £££ 19 (46) #£ vs. INF: mood change: 3 (7), mood change: 1 (2), mood change:
(95% CL: —7-2%) 10% nausea: 3 (7), nausea: 3 (7), —2% (—11-6%),
(95% CI: funny dreams: 0 (0), funny dreams: 1 (2), nausea: 0%
—11-31%) other: 3 (7), other: 5 (12), (—11-11%), N
any event: 25 (61) any event: 41 (100%) funn(y c;re7an/m)s: 2%
other: 5%
(—8-18%),
any event: 39%
(24-54%)
No significant
central nervous
Ruffin et al., 2022 [54] 0(0) NR - 0(0) NR - dezsggg:)n NR - Cry: 1 NR -
Definition
not reported.
Vomiting: 0 (0),
S / rhinorrhoea: 0 (0),
aunders et al., 2010 [46] 0(0) NC - 0 (0) NC - NR NC - epistaxis (0), NC -
nasal complaints 0 (0)
Schaefer et al., 2015 [47] 0(0) 0(0) - NR NR - NR NR - NR Dizziness: 1
Younge et al., 1999 [30] 0(0) 0(0) - 0(0) 0(0) - NR NR - NR NR -

Note: * According to the University of Michigan sedation scale, score 1: minimally sedated, an appropriate response to the verbal conversation, score = 2: moderately sedated, easily
aroused with light tactile stimulation or simple verbal command; ** all expressed as risk difference (95% CI) for IN ketamine compared to INF; £ reported as “transient hypoxia” resolved
without intervention; £ reported as hypotension resolved without intervention; £££ defined as “sleepiness”; CV—cardiovascular; CNS—central nervous system; NC—no comparator;

NR—not reported.
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Table A5. Safety of INF in adults.

. . Other Adverse
Respiratory Respiratory cv cv CNS CNS Other Adverse Events Evaluated
Author, Year of Publication Dep res” Dep ression, p-Value Depression, Depﬁessmn, p-Value Depression, N Dep£e551on, N p-Value Events for the p-Value
sion, N (%) N (%) for N (%) for INF N (%) for (%) for INF (%) for Evaluated for Comparator.
for INF Comparator ° Comparator ° Comparator INE N (%) NP(%) 4
Hospital:
Hypotension: Hypotension
0 (0), 0(0), Hypotension: 1,
Assad et al., 2023 [56] 0(0) 0(0) 1 bradycardia4  bradycardia 5 bradycardia: 0.2 NR NR NR NR NR NR
(12.9) % (7.7)%
Belkouch et al., 2015 [57] 0(0) 0(0) NR NR NR NR NR NR
General
discomfort: 5 (12.5)
for IN ketamine;
2 (4.9) for control,
General headache: 0 (0),
discomfort: dizziness: 4 (10)
3(6.8), for IN ketamine;
headache: 0 (0), 3 (7.3) for control,
For IN dizziness: feeling of
or It 1(2.3), unreality: 0 (0), >0.05 for all
d'ff>0‘05 o RR 1 Sketngglee:S) feel%ng of nausea: 9 (7.5) for comparisons,
ot SpO2: 15 min: 2 (4.5) 30 min: >0.05 for all uneany: 0((?)' (IN e ool Ny W
Nasr Isfahani et al., 2022 [58 0(0 0(0 0 0(0 0(0 - o : o nausea: 0 (0), 1 (2.4) for control, =0.038 f
581 © © between all © © 30 min: 1 (2.3) % fozosn(tlcz)i'S)/ comparisons fatigue: 0 (0), fatigue:0 (0), mgod chang(;rin
groups at each 15 min: 2 (4.9), changes in changes in IN ketamine
P 30 min: 1 (2.4) % hearing: 0 (0), hearing: 0 (0), vs. control.
B mood change: mood change:
0(0), 7 (7.5) for IN
hallucination: ketamine, 0 (0) for
0 (0) control,
(at 15 min) hallucination:
1(2.5) for IN
ketamine, 0 (0) for
control
(at 15 min)
Nausea: 9 (8.2), Nausea:
dizziness: 3 10 9 1)'
it @7),  dizziness:5(45), 0.05 for all
Nazemian et al., 2020 [59] 1(0.9) %8 4 (3.6) 9% >0.05 0(0) 0(0) >0.05 0 (0) 0(0) >0.05 pba d taste: 12 pruritus: 8 (7.3), ;rﬁ s
: bad taste: 0 (0), P
’ pharyngeal

pharyngeal
irritation: 9 (8.2)

irritation: 0 (0)

note: ® within 6 h after administration; no need for interventions reported; % defined as sedation; no drop in GCS reported for INF group; GCS 14.98 + 0.16 for ketamine group; #

“respiratory depression” without further specifications, no need for interventions reported.
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