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Abstract

Key Points

IMPORTANCE Previous unblinded clinical trials suggested that the intranasal route of naloxone
hydrochloride was inferior to the widely used intramuscular route for the reversal of opioid overdose.
OBJECTIVE To test whether a dose of naloxone administered intranasally is as effective as the same
dose of intramuscularly administered naloxone in reversing opioid overdose.

Question Is 800 μg of naloxone
hydrochloride administered intranasally
as effective in reversing opioid overdose
as the same dose administered
intramuscularly?
Findings In this double-blind, double-

DESIGN, SETTING, AND PARTICIPANTS A double-blind, double-dummy randomized clinical trial

dummy randomized clinical trial of 197

was conducted at the Uniting Medically Supervised Injecting Centre in Sydney, Australia. Clients of

clients in a medically supervised

the center were recruited to participate from February 1, 2012, to January 3, 2017. Eligible clients

injecting facility, significantly more

were aged 18 years or older with a history of injecting drug use (n = 197). Intention-to-treat analysis

clients who received naloxone

was performed for all participants who received both intranasal and intramuscular modes of

intranasally required a rescue dose of

treatment (active or placebo).

naloxone compared with clients given
naloxone intramuscularly, reflecting a

INTERVENTIONS Clients were randomized to receive 1 of 2 treatments: (1) intranasal administration

slower time to respond in terms of

of naloxone hydrochloride 800 μg per 1 mL and intramuscular administration of placebo 1 mL or (2)

improved respiration and consciousness

intramuscular administration of naloxone hydrochloride 800 μg per 1 mL and intranasal

among the intranasal group.

administration of placebo 1 mL.

Meaning This trial found that the same
dose of naloxone given intranasally was

MAIN OUTCOMES AND MEASURES The primary outcome measure was the need for a rescue dose
of intramuscular naloxone hydrochloride (800 μg) 10 minutes after the initial treatment. Secondary
outcome measures included time to adequate respiratory rate greater than or equal to 10 breaths per
minute and time to Glasgow Coma Scale score greater than or equal to 13.

not as effective as naloxone given
intramuscularly in reversing opioid
overdose, suggesting that further work
is needed to establish the optimal dose
of nasal naloxone.

RESULTS A total of 197 clients (173 [87.8%] male; mean [SD] age, 34.0 [7.82] years) completed the
trial, of whom 93 (47.2%) were randomized to intramuscular naloxone dose and 104 (52.8%) to
intranasal naloxone dose. Clients randomized to intramuscular naloxone administration were less
likely to require a rescue dose of naloxone compared with clients randomized to intranasal naloxone
administration (8 [8.6%] vs 24 [23.1%]; odds ratio, 0.35; 95% CI, 0.15-0.66; P = .002). A 65%
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increase in hazard (hazard ratio, 1.65; 95% CI, 1.21-2.25; P = .002) for time to respiratory rate of at
least 10 and an 81% increase in hazard (hazard ratio, 1.81; 95% CI, 1.28-2.56; P = .001) for time to
Glasgow Coma Scale score of at least 13 were observed for the group receiving intranasal naloxone
compared with the group receiving intramuscular naloxone. No major adverse events were reported
for either group.
CONCLUSIONS AND RELEVANCE This trial showed that intranasally administered naloxone in a
supervised injecting facility can reverse opioid overdose but not as efficiently as intramuscularly
administered naloxone can, findings that largely replicate those of previous unblinded clinical trials.
(continued)
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Abstract (continued)

These results suggest that determining the optimal dose and concentration of intranasal naloxone to
respond to opioid overdose in real-world conditions is an international priority.
TRIAL REGISTRATION anzctr.org.au Identifier: ACTRN12611000852954.
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Introduction
Naloxone hydrochloride is a highly effective opioid antagonist that has been used in medical practice
to reverse the effects of opioid use for more than 40 years.1 Its use is particularly important in cases
of opioid overdose, and it is listed as an essential medicine by the World Health Organization.
Intramuscular or intravenous injection of naloxone is common for overdose reversal, but it can also
be effective when administered intranasally.2-5 However, few randomized trials have examined the
efficacy of alternate naloxone administration routes. Nevertheless, take-home naloxone programs in
the United States and elsewhere have been offering devices that permit intranasal administration in
tandem with the naloxone designed for intramuscular administration.6-8
The intranasal route for naloxone administration holds promise, with naloxone absorption
possible through the nasal mucosa.9 Published pharmacokinetic data initially suggested that the
intranasal route was inefficient compared with the widely used intramuscular route,10 but recent
work with more concentrated forms suggests the intranasal route has slower onset of action but
adequate bioavailability after 5 to 20 minutes with a range of naloxone doses.11-15 These findings are
consistent with the results of 2 trials of overdose reversal conducted with paramedics in the out-ofhospital setting,3,5 with slightly slower overdose reversal times and an increased need for
intramuscular rescue doses observed in the intranasal groups in both trials. Both studies compared 2
mg of naloxone hydrochloride, but 1 trial used a more concentrated preparation (2 mg per 5 mL3
solution vs 2 mg per 1 mL5 solution); roughly comparable results were found despite the likely waste
of dose with the weaker concentration. However, neither of these trials allowed for blinding of the
paramedics, which may have introduced treatment bias that, in turn, may explain the difference in
the treatment effects,16 including increased propensity to use rescue doses in the intranasal groups.5
In this prospective, double-blind, double dummy randomized clinical trial, we examined
whether a dose of intranasal naloxone hydrochloride 800 μg per 1 mL solution is as effective as the
same dose of intramuscular naloxone for the reversal of acute opioid overdose. On the basis of
previous trial results, we hypothesized that the efficacy of intranasal naloxone would match that of
intramuscular naloxone in terms of the need for an additional rescue dose of intramuscular naloxone,
given that previous unblinded trials were subject to bias.

Methods
This double-blind, double-dummy randomized clinical trial was approved by the ethics committee of
the South East Sydney Local Health District. Verbal informed consent was provided by all
participants. Clinical Trial Notification of the use in this trial of an unapproved medical product was
recorded with the Australian Therapeutic Goods Administration. An independent data and safety
monitoring board provided oversight of the trial, and monthly reports were provided by the study
coordinator (A.S.). This study followed the Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.17 See Supplement 1 for the trial protocol.
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Design and Participants
In this trial, participants were randomized 1:1 to receive 800 μg of naloxone hydrochloride per 1 mL
solution, either intranasally or intramuscularly (Figure 1). All participants received an intramuscular
injection (active or placebo) and an intranasal spray (active or placebo). We tested for differences
between the 2 routes of administration, powered by the differences observed in the primary
outcome of the need for a rescue dose of naloxone in previous research.3,5
Participants were recruited consecutively among clients of the Uniting Medically Supervised
Injecting Centre (MSIC) in Sydney, Australia, from February 1, 2012, to January 3, 2017. The MSIC
serves a particularly vulnerable group of clients who typically have a long history of social and
economic deprivation. The MSIC allows eligible clients (those aged 18 years or older with a history of
injecting drug use) to inject preobtained drugs under the supervision of clinically trained staff. Clients
are observed postinjection for signs of overdose. Internal management protocols are part of the
legislative basis for the service, which means that clients already intoxicated from alcohol or other
drugs or those accompanied by a child are excluded from entry into the facility. All MSIC clients are
required to register before first use of the service. For each subsequent service occasion, clients selfreport which drug or drugs they intend to inject for that visit.
As potential participants in this trial, all registered clients were informed of the study through
extensive advertising within the MSIC. Clients were asked verbally if they were willing to consent to
participate, and declines were documented in the administrative database. All consenting clients
with symptoms or signs of an opioid overdose that required naloxone administration were eligible for
entry on the basis of existing and approved MSIC protocols and clinical criteria for overdose, which
included reduced level of consciousness as measured by the Glasgow Coma Scale score (GCS score of
<13; score range: 3-15, with the highest score indicating normal responses), respiratory depression
(respiratory rate [RR] of <10 breaths per minute), or reduced oxygen saturations (<95%) as measured
by pulse oximetry. Clients could be enrolled in the study multiple times if they experienced an

Figure 1. CONSORT Diagram of Participant Flow
2158 Overdoses recorded
20 Overdoses from nonopioid drugs
excluded
2138 Opioid overdoses screened
1923 Overdoses managed without
naloxone excluded
215 Overdoses with naloxone
administration included
15 Not enrolled
7 Managed off-site
8 Protocol-trained staff
unavailable
200 Randomized

96 Randomized to intramuscular
naloxone
93 Received naloxone as allocated
3 Excluded
1 Not given nasal preparation
1 Received additional naloxone <4
minutes after trial preparation
1 Not given trial preparation
93 Included in primary analysis

104 Randomized to intranasal naloxone
104 Received intranasal naloxone
as allocated

104 Included in primary analysis
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overdose on more than 1 occasion and on each occasion would be randomized according to the trial
method. Consenting clients were informed of their participation after the intervention and fully
regaining consciousness. The MSIC had 249 607 presentations with intention to inject by
approximately 730 individuals per month across the 47-month study period. The staff managed 2158
overdose events, of which 215 (10.0%) involved the naloxone protocol.
Naloxone and placebo were manufactured and prepared in 2 batches (first by Sypharma Pty Ltd
and then by GD Pharma). Labels and randomization sequence were prepared by a packager
(Pharmpackpro Pty Ltd) and sent to the manufacturers. The switch between manufacturers occurred
because the initial batch of naloxone drug packs expired and the availability of additional product
was delayed, which led to the trial being suspended from August 7, 2014, to December 8, 2015.

Randomization, Masking, and Study Treatment
A computer-generated 1:1 randomization schedule along with primary labeling for placebo and active
naloxone study packs were provided by the packager. Each study pack contained 2 vials, 1 of which
was labeled intramuscular and the other intranasal; 1 contained active naloxone, and the other
contained placebo solution (water from Sypharma and saline from GD Pharma). The packs were
sequentially numbered, coded according to the treatment arm, and allocated sequentially to
participants in strict order of their registration for the trial. All vials for use in the study were identical
in design and labeling apart from study codes. No direct contact at any stage occurred between the
generator and executors of the assignment, which meant the participants, the nurses administering
the naloxone, and the researchers were all blinded to the 2 treatment arms. Treatment allocations
were decoded after statistical analysis.
Details of treatment methods are described in detail in the study protocol. Briefly, MSIC staff
managed drug overdoses using existing clinical protocols. These protocols state that a client would
receive airway management and oxygenation either via a mask or artificial ventilation (bagging) for 5
minutes and then would be assessed for the need for naloxone. If a consenting client’s response after
5 minutes was inadequate (oxygen saturation not maintained at ⱖ95% or with GCS score <13 or RR
<10), the client was enrolled into the study, and trial drugs were administered by a registered nurse in
accordance with existing standing orders from the MSIC medical director (M.J.).
Participants were randomized to receive naloxone in 1 of 2 forms: (1) intranasal administration
of naloxone hydrochloride 800 μg per 1 mL and intramuscular administration of placebo 1 mL, or (2)
intramuscular administration of naloxone hydrochloride 800 μg per 1 mL and intranasal
administration of placebo 1 mL. The 800-μg intramuscular dose has been used throughout the
operation of the MSIC and is consistent with paramedic clinical practice guidelines in New South
Wales,18 but the dose is higher than the 400 μg dose recommended by the World Health
Organization.19 Two MSIC staff members attended the patient during treatment of opioid overdose,
and a third attending staff member recorded study information on a data collection form.
For intranasal administration, the contents of the vial were drawn into 1 syringe, and the syringe
was attached to a mucosal atomization device. Each nostril received 0.5 mL (400 μg), with rapid
depression of the syringe to achieve adequate atomization. For intramuscular administration,
following the standard practice, the full 1-mL dose was drawn into a single 3-mL syringe and injected
into the deltoid muscle with a 23-gauge needle. The order of drug administration was altered
approximately midway through the study. Initially, the intranasal route was first, followed by the
intramuscular route, but the order was reversed for the second half of the study.
Supportive care or oxygenation was administered simultaneously in accordance with existing
MSIC clinical protocols. Any client who failed to respond adequately (ie, GCS score remained <13, RR
remained <10, or oxygen saturation remained <95%) after 10 minutes was given a second rescue
dose of 800 μg of intramuscular naloxone hydrochloride. This dose was not subject to
randomization.
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Outcome Measures, Sample Size, and Statistical Power
Outcome measures were assessed at baseline and at 10 minutes after treatment. The primary
outcome measure was the requirement for a secondary dose of naloxone at 10 minutes. Secondary
outcome measures included response time that was indexed in 2 ways: (1) time to effective and
spontaneous respirations at a rate of greater than or equal to 10 per minute, and (2) time to GCS
score greater than or equal to 13. These criteria have been used in previous research in this field.5
An adverse event was defined as any untoward medical occurrence in a participant that may or
may not have a causal relationship with the study treatment. An adverse event can, therefore, be
any unfavorable or unintended sign, symptom, condition, and/or observation that may or may not be
associated with the study treatment. A serious adverse event was defined as any untoward medical
occurrence that resulted in death; persistent or substantial disability or incapacity; or a condition
requiring medical or surgical intervention and/or hospitalization, such as cardiac arrest, acute
pulmonary edema, cardiac arrhythmias, or epileptic seizure.
Previous research in this field found a 14% difference in incidence in the primary outcome
measure.5 The planned sample size was 99 participants in each group, which, at a 2-sided 5%
significance level, provided more than 80% power to detect a difference of 14% in the requirement
for secondary naloxone in the comparison of intranasal with intramuscular naloxone administration.

Statistical Analysis
Descriptive analyses were conducted to compare intranasal and intramuscular groups for observed
differences in demographic data and potential confounding variables shown in Table 1 and Table 2.
These analyses were conducted in accordance with the International Conference on Harmonization
E9 statistical principles.20 An intention-to-treat analysis was performed for all participants who
received both intranasal and intramuscular modes of treatment. The main analysis for comparison of
incidence rate of secondary naloxone was performed using generalized linear mixed effects modeling
for binary outcome variables with a logistic link function to account for within-patient clustering.21 A
generalized estimating equation approach with an unstructured covariance pattern was

Table 1. Event Characteristics
No. (%)
Intramuscular
Administration
(n = 93)

Intranasal
Administration
(n = 104)

Male

81 (87.1)

92 (88.5)

Female

12 (12.9)

12 (11.5)

Variable
Sex

First language
English

85 (91.4)

97 (93.3)

Other

8 (8.6)

7 (6.7)

Country of birth
Australia

86 (92.5)

101 (97.1)

Other

7 (9.7)

3 (2.9)

Yes

14 (15.4)

13 (13.0)

No

77 (84.6)

87 (87.0)

Yes

46 (50.5)

50 (49.0)

No

45 (49.5)

52 (51.0)

Aboriginal
or Torres Strait Islander statusa

Any blood-borne virusa

Individual clients

a

60 (64.5)

67 (64.4)

Age, mean (SD) [range], y

33.6 (7.5)
[19-56]

34.4 (8.1)
[20-55]

First injecting age,
mean (SD) [range], y

19.6 (6.7)
[11-38]

19.6 (7.8)
[11-54]

Some data were missing, so the sample size was less than 197.
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implemented to account for within-client clustering (autocorrelation).21 Odds ratios (ORs) and 95%
CIs were reported as treatment effect.
For secondary time-to-event outcomes (RR and GCS score), medians and 95% CIs for each
study arm were reported as descriptive measures, as were Kaplan-Meier survival plots. Cox
proportional hazards regression models, with shared γ frailties to account for within-participant
clustering effects22 and participants as a random effect, were used to compare between treatment
groups. Hazard ratios (HRs) and 95% CIs are reported as treatment effect. We considered the
assumption of proportional hazards and explored this assumption through visual inspection of
survival and hazard plots.

Table 2. Event-Level Overdose Characteristics and Attributions
by Treatment Group
No. (%)
Intramuscular
Administration
(n = 93)

Intranasal
Administration
(n = 104)

Stage 1 (reception)

1 (1.1)

NA

Stage 2 (injecting booths)

84 (90.3)

93 (89.4)

Stage 3 (recovery space)

8 (8.6)

11 (10.6)

1st (up to August 6, 2014)

52 (55.9)

61 (58.7)

2nd (from December 8, 2015)

41 (44.1)

43 (41.3)

Variable
Location of overdose in MSIC facility

Period

Drug reported injected
Heroin

56 (60.2)

65 (62.5)

Pharmaceutical opioidsa

21 (22.6)

20 (19.2)

Fentanyl

11 (11.8)

14 (13.5)

Methadone

5 (5.4)

5 (4.8)

Yes

20 (23.0)

27 (27.6)

No

67 (77.0)

71 (72.4)

Yes

3 (3.2)

5 (4.8)

No

90 (96.7)

99 (95.2)

Yes

29 (31.2)

43 (41.3)

No

64 (68.8)

61 (58.7)

Yes

61 (65.6)

72 (69.2)

No

32 (34.4)

32 (30.8)

Yes

12 (12.9)

12 (11.5)

No

81 (87.1)

92 (88.5)

Yes

7 (7.5)

10 (9.6)

No

86 (92.5)

94 (90.4)

Concomitant alcohol useb

Current pharmacotherapy
(methadone or buprenorphine)

Overdose Attribution
Reduced tolerancec

Concurrent CNS depressant use

Higher-quality drug

Higher-quantity drug

Abbreviations: CNS, central nervous system; MSIC, Uniting Medically Supervised
Injecting Centre; NA, not applicable.
a

Pharmaceutical opioids include morphine and oxycodone.

b

Reported as having been consumed prior to entering facility with some
missing data, so the sample size was 185.

c

As described by client during postresuscitation questioning.
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As clients could be enrolled multiple times, secondary analyses involving only the first overdose
of clients were conducted using analogous methods for primary binary (logistic regression) and
secondary time-to-event (Cox proportional hazards) outcomes.
All analyses were carried out using Stata, version 15 (StataCorp LLC) by one of us (M.M.). A
2-tailed P = .05 indicated statistical significance across all statistical testing.

Results
Clients
Almost all 215 eligible opioid overdose cases were enrolled in the trial (Figure 1). Of the 200 cases of
opioid overdose enrolled, 197 (98.5%) were included in the analysis sample; 93 (47.2%) were
randomized to receive intramuscular naloxone and 104 (52.8%) to receive intranasal naloxone. Data
from 3 cases were excluded for final analysis, as intranasal preparation was not successfully
administered for 1 case, 1 received additional naloxone before the rescue 10-minute period, and 1 did
not receive medication because the individual became alert directly after randomization and before
medication could be given. The 197 cases comprised 127 individual clients, of whom 99 presented
only once and 28 presented multiple times (12 presented twice; 5, three times; 5, four times; 2, five
times; 1, six times; 1, seven times; and 2, eight times) with blinded assignments.
Data for all 197 overdose cases, according to the treatment they received, are shown in Table 1.
The 2 groups were similar, consisting of predominantly men (173 [87.8%]) and with a mean (SD) age
of 34.0 (7.82) years, reflecting the sex and age composition of the population who typically use the
MSIC. Approximately half of the participants (46 [50.5%] in the intramuscular group; 50 [49.0%] in
the intranasal group) self-reported having a blood-borne virus. No statistically significant differences
were observed between treatment groups at baseline.

Overdose Characteristics
Characteristics of the overdose events varied little between treatment groups (Table 2). Most
overdoses occurred in the injecting booth stage of the MSIC (84 [90.3%] in the intramuscular group;
93 [89.4%] in the intranasal group). Heroin was most frequently reported as the injected opioid (56
[60.2%] in the intramuscular group; 65 [62.5%] in the intranasal group) followed by other
pharmaceutical opioids (21 [22.6%] in the intramuscular group; 20 [19.2%] in the intranasal group)
and fentanyl (11 [11.8%] in the intramuscular group; 14 [13.5%] in the intranasal group). Few
differences were observed between groups regarding presentation in the first or second stage nor
the order of administration. In addition, little variation was noted between the 2 groups in reports of
concurrent central nervous system depressant use (61 [65.6%] in the intramuscular group; 72
[69.2%] in the intranasal group) as well as reported quality or quantity of opioid. The 2 treatment
groups were similar in all other overdose characteristics, with no statistically significant differences.
No clients required further treatment outside of the MSIC.

Efficacy End Points
Clients randomized to intramuscular naloxone administration were less likely to require secondary
naloxone compared with those randomized to intranasal naloxone administration (8 [8.6%] vs 24
[23.1%]; OR, 0.35; 95% CI, 0.15-0.66; P = .002) (Table 3). This difference means that 7 individuals
will need to be given intramuscular naloxone to prevent a rescue dose for 1 additional client (number
needed to treat, 6.9; 95% CI, 4.3-17.4). No major adverse events were reported for either group.
Figure 2 shows the Kaplan-Meier curves of the full range of response times for respiratory rate
and GCS score thresholds. The median time to an RR of at least 10 breaths per minute was 8.0
minutes (95% CI, 6.1-9.9) for intramuscular administration, compared with 17.0 minutes (95% CI,
14.1-19.9) for intranasal administration, which equated to an 81% increase in hazard (HR, 1.81; 95% CI,
1.28-2.56; P = .001). The median time to adequate GCS score greater than or equal to 13 was 8.0
minutes (95% CI, 6.8-9.2) for intramuscular administration, compared with 15.0 minutes (95% CI,
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13.9-16.1) for intranasal administration, which equated to a 65% increase in hazard (HR, 1.65; 95% CI,
1.21-2.25; P = .002). Secondary analyses of data from the first presentations for each client (n = 127)
produced an almost identical pattern of results (see the eAppendix and eTable in Supplement 2).

Discussion
In this double-blind, double-dummy randomized clinical trial of 800 μg of intranasal naloxone
hydrochloride per 1 mL solution, only 23.1% of cases required a rescue dose of naloxone. However,
the same dose of naloxone given intramuscularly was superior in effect. This pattern was evident for
the primary outcome, which compared the requirement for a rescue dose of naloxone 10 minutes
after baseline and secondary temporal response outcomes.
This study builds on previous trials, which have shown that, although naloxone can be administered
intranasally to reverse opioid overdose, the intranasal route of administration is less effective than the
intramuscular route when comparable doses and dose concentrations are used.3,5 To our knowledge,
unlike in previous work, treatment allocation in the present study was hidden from study personnel and
researchers through blinding, thus reducing any bias from differential treatment between study arms.
Nevertheless, the observed effects on the primary outcome were similar to those observed in previous
unblinded trials conducted in the prehospital setting,3,5 but the differences were statistically significant
in this study. Furthermore, we observed significantly greater times to adequate response in the intranasal condition compared with the intramuscular condition, in contrast to a randomized clinical trial that did

Table 3. Between-Group Analysis of Main Outcome Measures in All Cases
Intramuscular
Administration

Intranasal
Administration

Intervention Effect
(95% CI)

Yes

8 (8.6)

24 (23.1)

0.35 (0.15-0.66)a

No

85 (91.4)

80 (76.9)

Outcome
Secondary naloxone, No. (%)

Abbreviations: GCS, Glasgow Coma Scale (score range:
3-15, with the highest score indicating normal
responses); RR, respiratory rate.

Time to GCS score ≥13, min
c

b

No.

86

91

Median (95% CI)

8.0 (6.8-9.2)

15.0 (13.9-16.1)

1.65 (1.21-2.25)

Time to RR ≥10, min
No.c

77

93

Median (95% CI)

8.0 (6.1-9.9)

17.0 (14.1-19.9)

1.81 (1.28-2.56)b

a

Odds ratio and 95% CI for dichotomized outcomes.

b

Hazard ratio for time-to-event outcomes.

c

Some data were missing for these outcomes and
were treated as censored observations.

Figure 2. Kaplan-Meier Survival Curve for (A) Time to Respiratory Rate ≥10 and (B) Time to Glasgow Coma Scale (GCS) score ≥13
A Time to respiratory rate of ≥10 breaths per minute

B

Time to GCS score ≥13-15
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not find a significant difference in response5 (although the nonsignificant difference observed was in the
same direction as the findings in the present trial).
This study was responsive to the practice of intranasal naloxone administration involved in
take-home naloxone programs and some paramedic services in which the formulations designed for
intramuscular administration are used in conjunction with a nasal atomizer.6-8,23,24 New
pharmacokinetic data suggest that even highly concentrated naloxone doses are absorbed less
efficiently when given intranasally compared with doses given intramuscularly.12 This outcome
suggests that larger doses are needed for intranasal administration (eg, 2 mg per 0.1 mL) to match the
plasma levels of 400 μg given intramuscularly (the smallest dose recommended by the World Health
Organization for community programs and a typical clinical dose11,19), at least in the first 5 minutes
after administration.12 Larger, more concentrated intranasal doses now feature in products that have
been approved by the US Food and Drug Administration (eg, 4 mg per 0.1 mL) and 1 product recently
approved by the Australian Therapeutic Goods Administration (2 mg per 0.1 mL). However, whether
the actual atomization of these products (that share the same basic design) differs is not clear.
Furthermore, the plasma concentrations in these doses of intranasal naloxone continue to rise after
the first 5 minutes of administration and remain more than double that of the 400-μg dose given
intramuscularly 1 hour after administration.12 The effect of this higher plasma concentration on
patient safety and treatment experience is unknown.
Intranasal administration of naloxone confers several advantages over intramuscular
administration. Intranasal administration removes the possibility of needlestick injury, and
intramuscular administration typically requires higher levels of training than intranasal drug delivery,
particularly for people unfamiliar with injection (such as noninjecting family members of people who
inject drugs). One exception here is a naloxone autoinjector, which is easy to use but is dramatically
more expensive than other preparations.25
Further research is needed to identify whether the larger doses currently given intranasally can
achieve the same effects as the recommended doses administered intramuscularly that have been
found in pharmacokinetic studies. Such findings would inform the translation into practice in realworld settings in which opioid overdoses are likely to occur. In addition, the clinical significance of the
delayed response to intranasal naloxone administration needs to be determined, particularly given
the large number of reversals reported when using a seemingly inferior route of naloxone
administration in take-home naloxone programs in the community.26 Establishing the optimal dose
and concentration of intranasal naloxone to respond to opioid overdose in real-world conditions in a
way that balances opioid antagonism and the potential for opioid withdrawal is an international
priority,15 and supervised injecting facilities offer a suitable environment in which to carry out
this work.

Limitations
This trial has several limitations. First, it included only clients drawn from the MSIC, which is one of a
few supervised injecting centers in the world and serves a vulnerable group of clients. However, the
characteristics of the clients who experienced overdose were similar to those reported by people
who injected drugs in other settings with similar populations.5,27,28 Second, the overdose
management protocol in the MSIC specifies 5 minutes of ventilation before any naloxone
administration. Many clients respond adequately to ventilation alone in that period, and so the trial
participants were likely to have experienced relatively severe overdoses. However, resuscitation was
commenced as soon as overdose was recognized according to our criteria, which means the
participants did not experience the delay between overdose and response that can occur in other
settings (eg, when paramedics attend). Third, this study was not designed to examine specific clinical
implications of any differences between administration routes, including any differences in the
occurrence of needlestick injury. Fourth, most of the overdoses that occurred involved heroin; thus,
the applicability of the dosing regimen (in either trial arm) to other more potent opioids, such as illicit
fentanyl, for which larger doses of naloxone have been recommended,29 is unknown.
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Conclusions
The findings from this double-blind, double-dummy randomized clinical trial suggest that naloxone
given intranasally can be effective in reversing opioid overdose. However, intranasal administration
was not as effective as a comparable dose at a comparable concentration administered
intramuscularly.
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