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Abstract

Aims: To measure and evaluate clinical response to nasal naloxone in opioid overdoses

in the pre-hospital environment.

Design: Randomised, controlled, double-dummy, blinded, non-inferiority trial, and

conducted at two centres.

Setting: Participants were included by ambulance staff in Oslo and Trondheim, Norway,

and treated at the place where the overdose occurred.

Participants: Men and women age above 18 years with miosis, rate of respiration ≤8/

min, and Glasgow Coma Score <12/15 were included. Informed consent was obtained

through a deferred-consent procedure.

Intervention and comparator: A commercially available 1.4 mg/0.1 mL intranasal

naloxone was compared with 0.8 mg/2 mL naloxone administered intramuscularly.

Measurements: The primary end-point was restoration of spontaneous respiration of

≥10 breaths/min within 10 minutes. Secondary outcomes included time to restoration of

spontaneous respiration, recurrence of overdose within 12 hours and adverse events.

Findings: In total, 201 participants were analysed in the per-protocol population. Heroin

was suspected in 196 cases. With 82% of the participants being men, 105 (97.2%) in the

intramuscular group and 74 (79.6%) in the intranasal group returned to adequate sponta-

neous respiration within 10 minutes after one dose. The estimated risk difference was

17.5% (95% CI, 8.9%–26.1%) in favour of the intramuscular group. The risk of receiving

additional naloxone was 19.4% (95% CI, 9.0%–29.7%) higher in the intranasal group.

Adverse reactions were evenly distributed, except for drug withdrawal reactions, where

the estimated risk difference was 6.8% (95% CI, 0.2%–13%) in favour of the intranasal

group in a post hoc analysis.

Conclusion: Intranasal naloxone (1.4 mg/0.1 mL) was less efficient than 0.8 mg intramus-

cular naloxone for return to spontaneous breathing within 10 minutes in overdose

patients in the pre-hospital environment when compared head-to-head. Intranasal
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naloxone at 1.4 mg/0.1 mL restored breathing in 80% of participants after one dose and

had few mild adverse reactions.

K E YWORD S

Administration, drug overdose, injections, intramuscular, intranasal, naloxone, narcotic antagonists,
physiological effects of drugs, substance-related disorders

INTRODUCTION

Opioid overdose remains a global epidemic, with an annual death toll

of more than 100 000 [1]. As a response, the main opioid antagonist

naloxone has been made available to lay people in Take Home Nalox-

one (THN) Programmes from the late 1990s. THN was never meant

to replace callout to and treatment by emergency medical services. It

is a head start at the scene to shorten the time to the administration

of the antidote while awaiting the emergency medical services for

professional management and post-overdose follow-up.

The route of administration and dosing of naloxone in opioid

overdoses in the community are debated, not least in the fentanyl era

in North America [2]. Recommendations range from 0.04 to 2.0 mg

via the intravenous or intramuscular route and titration to desired

effect [3, 4]. The World Health Organisation (WHO) recommends

starting at the lower end of that spectrum to avoid eliciting withdrawal

[5]. Off-label, unapproved, dilute nasal sprays have been used in THN

programs [2, 6]. Nasal administration is preferred by lay people owing

to its ease of use [7]. Since 2015, several nasal naloxone products with

single doses ranging from 0.9 mg to 8.0 mg have entered the market.

These formulations were approved based on phase I pharmacokinetic

studies in healthy volunteers alone [8–12]. The lack of clinical trials of

these high concentration/low volume sprays and the lack of trials

comparing different naloxone regimens, leave an important knowledge

gap in best practice for management of opioid overdoses in the com-

munity. Previous trials of intranasal (IN) naloxone have shown prom-

ise, but were limited in that the formulations investigated were

neither specifically designed for IN use nor commercially available.

They also lacked systematic information on adverse events and the

risk of rebound overdose after initial naloxone revival [13–16].

The nasal spray with 1.4 mg of naloxone hydrochloride dihydrate,

equivalent to 1.26 mg naloxone (dne pharma as, Oslo, Norway), has

been developed by the Norwegian University of Science and Technol-

ogy (NTNU). The 1.4 mg/0.1 mL formulation was shown to provide

adequate systemic concentrations compared to intramuscular 0.8 mg

injection [10], and its absolute bioavailability was �50% in healthy vol-

unteers [17, 18]. However, exposure to the opioid remifentanil gives a

relative bioavailability as high as 75% [19]. This highlights the need for

clinical studies in the target population. Clinicians, lay people

responders and policy makers should know precisely how a nasal nal-

oxone spray performs in the field, compared to injectable antidotes.

This requires studies that investigate both the effect and harm in the

target population, allowing for evidence-based decision-making. The

population of interest in this trial corresponds to patients suffering

from severe opioid overdose who were treated by ambulance

personnel outside the hospital. The intervention was the administration

of a single dose of the 1.4 mg/0.1 mL dose naloxone nasal spray com-

pared to 0.8 mg naloxone injected intramuscularly. The primary out-

come was the return of spontaneous respiration within 10 minutes of

drug administration. The main hypothesis was that, in a head-to-head

comparison, the nasal spray would be non-inferior to the injection.

METHODS

Study design

The NTNU Intranasal Naloxone Trial (NINA-1) was a two-centre, ran-

domised, double-dummy blinded, phase III, non-inferiority trial [20].

Participants were recruited through ambulance services at Oslo Uni-

versity Hospital and St. Olav’s University Hospital Trondheim, both in

Norway. Extensive trial documentation, including information letters

for consent and the protocol, is available at the NTNU Open Research

Data repository [21].

Participants

Participants treated by ambulance services for suspected opioid over-

dose, recognised by reduced or absent spontaneous respiration (≤8

breaths/min), Glasgow Coma Score <12/15 and miosis, were included.

However, those who had cardiac arrest, suspected pregnancy, age

below 18 years or had received naloxone before the arrival of ambu-

lance staff were excluded. A complete list of the inclusion and exclu-

sion criteria and a flowchart of the consent procedure are provided in

Supporting information Table S1, Fig. S1.

Naloxone formulation and dosing

The investigational medicinal product (IMP) was a 1.4 mg/0.1 mL nalox-

one hydrochloride dihydrate (equivalent to 1.26 mg naloxone) nasal

spray produced by Sanivo Pharma, Oslo, Norway. The drug was admin-

istered as 1.4 mg/0.1 mL nasal spray using an unidose device (Aptar

Pharma). The active comparator was a 2 mL intramuscular (IM) injection

of 0.4 mg/mL naloxone hydrochloride (naloxone hydrochloride injection

USP 4 mg/10 mL; Mylan Institutional). The IN placebo was similar to

the IMP, except that it did not contain naloxone. The IM placebo was a

2 mL injection of sterile 9 mg/mL sodium chloride. The vials for injec-

tion were similar, blinded, and labelled for clinical trial use.
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Randomisation and masking

To ensure blinding, a double-dummy design was used. Active and pla-

cebo drugs were kept in a sealed box—a study kit that also contained

case report forms, written information for consent and needles and

syringes for IM injection. Study drugs were labelled, and kits were ran-

domised, assembled and sealed by the Hospital Pharmacy, St. Olav’s

Hospital, Trondheim, Norway. Each ambulance only held one kit at a

time, the drug contents of which were randomised to the nasal spray

or vial for injection contained naloxone or a placebo. Staff were not

randomised, but used the kit available in their vehicle. Participants

were randomly assigned in a 1:1 ratio to receive either IN or IM nalox-

one. Randomisation was stratified by study centre, and random block

sizes were used. Stratification was done both for practical reasons

and to ensure balance of the treatment groups within each centre,

because Trondheim does not have a safe injection facility that was a

priory considered to be a possible prognostic factor. Computer gener-

ated randomisation lists were produced by The Clinical Trial Unit at

Oslo University Hospital. The blinding was kept for all until after the

database was locked, and only then did we perform the primary analy-

sis. The whole study team, including the statistician, was blinded to

the interventions. A procedure for emergency unblinding was in place,

but never used.

Procedures

All participants were treated with airway control and ventilation using

the bag-mask technique before treatment with the study drug. Partici-

pants were treated in situ where the overdose occurred, not evacu-

ated to an ambulance car or an emergency room before the

administration of the study drug. Nasal spray and IM injection were

administered simultaneously, or within 30 seconds of each other, with

nasal spray always given first. Ambulance staff noted the time from

the administration of the study drug to when a spontaneous respira-

tion rate of ≥10 breaths/min was observed. The number of breaths

per minute was counted manually. If the participant did not respond

adequately or did not wake up after 10 minutes, additional intramus-

cular naloxone (0.4 mg/mL from either Naloxone B, Braun,

Melsungen, or from Naloxon Hameln, Hameln, both in Germany) or

other treatments were provided as clinically indicated. A 10-minute

cut-off for the primary end-point was similar to other trials in the field

[14, 16]. After treatment and observation, participants were either left

at the scene or transported to other health care sites following the

local protocol at each site. Participants with a known national identity

number were identified through an ambulance dispatch system for

repeated naloxone treatment and for recurrence of opioid overdose

within 12 hours after inclusion. A flowchart of the study treatment

and a description of the dummy design kit are provided in Supporting

information Figs. S2 and S3. To ensure fidelity to the study protocol,

each ambulance worker underwent rigorous training that consisted of

electronic learning and live scenarios. Re-training and refresher

courses were administered at all sites during the study period.

Outcomes

The primary outcome was the return of spontaneous respiration (≥10

breaths/min) within 10 minutes of administering the study drug. Sec-

ondary outcomes included the time from administration of naloxone

to respiration of ≥10 breaths/min, receiving additional naloxone, and

recurrence of opioid overdose within 12 hours of inclusion. Adverse

reactions to naloxone formulation were assessed and coded according

to the Medical Dictionary for Regulatory Activities (MedDRA). Symp-

toms of agitation or aggression, or statements from participants that

they were in withdrawal, were coded as drug withdrawal syndrome,

whereas nausea and vomiting were coded separately. A full list of pre-

specified outcomes and subgroups is provided in Supporting informa-

tion (Table S2, Figure S4) and Study Protocol.

Statistical analysis

We assumed a probability of 88% for return to spontaneous respira-

tion within 10 minutes in both groups and calculated that 200 cases

were required to determine with 90% (power) confidence that the

upper limit of the two-sided 95% CI would exclude a difference of

>15% in favour of the IM group. The non-inferiority margin of 15%

and the non-inferiority of IN to IM administration were claimed if the

95% CI of the treatment difference for the primary end-point lay fully

within the margin. The 15% margin was not a mathematical calcula-

tion, but was based on clinical judgement and experience with nalox-

one. A similar range has been used to compare efficacy and safety in a

biosimilar medication [22]. The primary efficacy analyses were con-

ducted in the per-protocol population, which comprised participants

fully compliant with the pre-specified treatment strategy. In non-

inferiority trials, analysis of the per-protocol set is regarded as the pri-

mary analysis. This is a conservative approach, because a full analysis

set (FAS)/intention to treat analysis is generally considered to be

biased toward smaller differences between groups [23]. Protocol devi-

ations that led to exclusion from the per-protocol population are pres-

ented in Supporting information Table S3. Sensitivity analyses were

performed in the FAS, which included all participants who received

the study drug and did not withdraw consent. Safety analyses were

conducted in all participants who received any study drugs, including

those in the FAS as well as those who withdrew consent (safety set).

The primary and secondary dichotomous end-points were

analysed using logistic regression, wherein the treatment variable was

adjusted for the study centre. To account for clustering in the data

(the same individuals may have had several overdose events), general-

ised estimating equations with an exchangeable working correlation

were used to estimate the parameters. The risk difference was calcu-

lated from the estimated model using average marginal means and

corresponding 95% CIs using the delta method. The time-to-event

end-point of time to spontaneous respiration was analysed by calcu-

lating the difference in restricted mean survival time between the

two treatment groups at each minute of follow-up, adjusted for study

centre. The time-to-event data were censored at 10 minutes. The
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jack-knife technique was used to calculate the 95% CI, where one

individual rather than one overdose event was left out in each jack-

knife sample, to account for clustering in the data. A complete over-

view of all pre-specified end-points and a detailed description of the

statistical methods used are given in the Supplementary Statistical

Analysis Plan.

Ethics and consent

The study was approved by the Norwegian Medicines Agency (EudraCT

number: 2016–004072-22) and Regional Committees for Medical and

Health Research Ethics (REC 2016/2000). The trial was performed in

accordance with the principles of the Declaration of Helsinki and

adhered to the Good Clinical Practice guidelines of the International

Council for Harmonisation of Technical Requirements. Participants were

insured through the Drug Liability Association, Norway.

Informed consent was obtained through a deferred-consent pro-

cedure. That is, participants were informed after regaining conscious-

ness and the ability to consent, and two ambulance workers

documented an orally given consent. The information stated that they

were included in a clinical drugs trial, describing the intervention and

information regarding the withdrawal procedure. Participants who did

not respond to naloxone or were unable to give informed consent at

the scene were provided written information and an option to with-

draw later online or by telephone. In participants who withdrew, data

on adverse events and safety end-points were anonymised and

retained. For more information, please consult Supporting information

Figure S1 and S2.

Public consultation and involvement

A board of drug user representatives and family representatives of

participants advised investigators in the study design, protocol, infor-

mation letter writing and in applying the study for ethics committee

approval. This work included assessing the burden of the deferred-

consent model for participants, compared to the burden in other con-

sent models such as proxy consent or prior consent. The board

actively informed the community throughout the inclusion period

about the ongoing trial and will be part of disseminating the results.

For details regarding the members, please consult the Supporting

information.

RESULTS

Characteristics of the participants

From June 12, 2018, to August 4, 2020, a total of 147 cases of opioid

overdose were randomised to IM naloxone treatment and 139 cases

to IN (Figure 1). The per-protocol sample was 108 for IM and 93 for

IN. Overall, the groups were balanced in terms of baseline

characteristics (Table 1). The overall allocation of treatment is bal-

anced (Table 1). However, there is an unbalance among those individ-

uals included several times in the study toward more often IM

treatment (Table 1). Because of the apparently successful blinding

procedure, we have no indication that this is anything but a chance

occurrence. Characteristics of excluded participants and those in the

FAS are available in Supporting information Table S4. Participants

were included in both public places and private homes in n = 121/

201, (60%), and in the Oslo Safe Injection Facility in n = 80/201

(40%). The dispatch time was 5.5 (SD, 3.5) minutes. Participants left at

the scene were treated for 50.4 (SD, 18.0) minutes, whereas partici-

pants transferred elsewhere for further care were treated by ambu-

lance staff for 40.0 (SD, 15.9) min. Heroin was suspected in n = 196/

201 (98%) cases and concomitant drugs in n = 35/201 (17%) cases.

Respiratory arrest was present in n = 56/201 (30%) of cases, they had

no spontaneous breaths within 10 seconds despite a free airway.

Another n = 82/201 (40%) had a respiratory rate of 4/min or less. The

median respiratory rate was 3/min, and n = 157/201 (78%) had a

Glasgow Coma Score of 3/15, which was also the median score

(Figure 1).

Primary outcome

There were 105 participants (97.2%) in the IM and 74 (79.6%) in the

IN group with overdose events who achieved spontaneous breathing

within 10 minutes after one dose of the study drug. The estimated

risk difference between IM and IN naloxone was 17.5% (95% CI,

9.0%–26.1%) (Table 2, Figure 2). An unadjusted (for centre) post hoc

robustness analysis gave a risk difference of 17.7% (95% CI, 9.0%,

26.3%). The primary analysis population in this non-inferiority trial

was the per-protocol population. These results are consistent in an

analysis of the FAS (Table 2). The FAS was the closest to a theoretical

ITT population that is possible to get. The FAS did not contain

patients that did not receive any treatment or patients that have

withdrawn consent (see Figure 1). The results were also consistent

across several pre-specified subgroup analyses of possible prognostic

factors (Supporting information Figure S4). For the Oslo centre, the

estimate and 95% CI was 15.6% (6.9%, 24.4%). For the much smaller

Trondheim centre, the estimate and 95% CI was 42.9% (7.1%, 78.6%)

Furthermore, results are also consistent in post hoc analyses adjusting

the treatment variable for each of the baseline variables given in

Table 1 (Supporting information Table S5).

Figure 3(a) displays the probability of not breathing 10 spontane-

ous breaths per minute over time. The IN curve retained its linear

shape in the 10-minute observation period. Figure 3(b) displays the

average delay in the time to spontaneous breathing in the IN group

compared to the IM group quantified by the restricted mean survival

time. After 4 minutes, a difference existed between the groups

according to the upper 95% CI limit. Within the total follow-up of

10 minutes, participants in the IM group returned to spontaneous res-

piration at an average of 2.3 (95% CI, 1.6–3.0) minutes earlier than in

the IN group.
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Secondary outcomes

In the per-protocol population, additional naloxone was administered

in 10 (9.3%) cases in the IM group and 27 (29.0%) in the IN group.

The estimated risk difference was −19.4% (95% CI, −29.7% to −9.0%).

Similar results were found when repeating the analysis in the FAS and

safety set. The mean dose of additional naloxone administered was

0.6 (SD, 0.35) mg.

F I GU R E 1 Flowchart of participants of the trial
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T AB L E 2 Primary outcome results in both the per-protocol analysis and the full analysis set analysis

Effect estimate Analysis population n_IM n_IN Estimate (95% CI)

Risk difference Per-protocol population 105/108 74/93 17.5% (9.0%, 26.1%)

Risk difference Full analysis set 110/113 76/95 17.3% (8.9%, 25.7%)

IM = intramuscular; IN = intranasal.

F I GU R E 2 Results of primary analysis of the primary end-point in the per-protocol population. The risk difference with 95% CI is displayed.
The red vertical line represents the non-inferiority margin of 15%. IN, intranasal; IM, intramuscular

T AB L E 1 Baseline overdose event characteristics of the per-protocol population

No. of overdose
events with data

Intramuscular
(n = 108)

Intranasal
(n = 93)

Overall
(n = 201)

Centre (%) 201 Oslo University Hospital 101 (93.5) 86 (92.5) 187 (93.0)

St. Olav’s Hospital,

Trondheim

7 (6.5) 7 (7.5) 14 (7.0)

Sex (%) 201 Female 19 (17.6) 17 (18.3) 36 (17.9)

Male 88 (81.5) 75 (80.6) 163 (81.1)

Unknown 1 (0.9) 1 (1.1) 2 (1.0)

Age (mean [SD]) 183 37.3 (10.2) 38.5 (10.8) 38.9 (10.5)

Identity known (%) 201 Yes 100 (92.6) 83 (89.2) 183 (91.0)

No 8 (7.4) 10 (10.8) 18 (9.0)

Baseline respiratory rate in breaths/min (%) 201 0 30 (27.8) 26 (28.0) 56 (27.9)

1–4 46 (42.6) 36 (38.7) 82 (40.8)

5–8 32 (29.6) 31 (33.3) 63 (31.3)

Baseline Glasgow Coma Score (%) 201 3/15 86 (79.6) 71 (76.3) 157 (78.1)

4–11/15 22 (20.4) 22 (23.7) 44 (21.9)

Primary suspected drug (%) 201 Heroin 106 (98.1) 90 (96.8) 196 (97.5)

Methadone 0 (0.0.) 1 (1.1) 1 (0.5)

Other opioids 2 (1.9) 2 (2.2) 4 (2.0)

Benzodiazepines, alcohol, gamma hydroxybutyrate, or

other drugs suspected (%)

201 Yes 19 (17.6) 16 (17.2) 35 (17.4)

No 89 (82.4) 77 (82.8) 166 (82.6)

Location of overdose (%) 201 Oslo Safe injection facility 51 (47.2) 29 (31.2) 80 (39.8)

Private or public 57 (52.8) 64 (68.8) 121 (60.2)

No. of times included (per protocol set) 201 1 68 63 131

2 18 12 30

3 9 9 18

4 3 1 4

5 8 2 10

8 7 1 8

INTRANASAL AND INTRAMUSCULAR NALOXONE IN OPIOID OVERDOSES 1663



In the 201 overdose events in the per-protocol population, four

(3.7%) in the IM group and four (4.3%) in the IN group received treat-

ment with naloxone by the ambulance service at another callout

within 12 hours of inclusion. The estimated risk difference was −0.2%

(95% CI, −6.7%, 6.3%). However, only 183 cases had known identities

and could be followed up for recurrence.

In the per-protocol population, there were 14 (13.0%) and

14 (15.1%) adverse reactions in the IM and IN groups, respectively.

The estimated risk difference was −2.2% (95% CI, −11.5%–7.1%).

Table 3 shows an overview of the adverse reactions in the safety set.

One serious adverse event (self-limiting bradycardia) was reported in

the intranasal group. All participants survived during the treatment

period. There were no reports of suspected unexpected serious

adverse reactions. In the per-protocol population, there were eight

(7.5%) and five (5.4%) occurrences of drug withdrawal syndrome in

the IM and IN groups, respectively. The estimated risk difference was

2.0% (95% CI, −4.6%–8.5%). However, in the safety set, a post hoc

analysis revealed a borderline significant estimated risk difference of

6.8% (95% CI, 0.2%–13%), with a lower risk of withdrawal in the IN

group. Among participants in the IM group with adverse events who

refused or withdrew consent, six of the eight cases suffered with-

drawal syndrome.

DISCUSSION

A single dose of 1.4 mg/0.1 mL IN naloxone was inferior to 0.8 mg IM

naloxone in terms of return to spontaneous breathing at 10 minutes

after administration. In the IM naloxone group, 97% of cases achieved

the primary end-point, which outperformed our expectation of 88%.

After a single 1.4 mg/0.1 mL spray, 80% achieved satisfactory respira-

tion within 10 minutes. This likely resulted from an average slower

F I GU R E 3 Probability of unsatisfactory respiration and average delay in spontaneous breathing. (a) Kaplan–Meier plot (unadjusted for study
centre) showing the probability of not having reached satisfactory respiration (10 breaths/minute). (b) Restricted mean survival time (RMST)
difference in minutes (intramuscular minus intranasal) at each minute of follow-up time, from 1 to 10 minutes. IM, intramuscular; IN, intranasal

T AB L E 3 Number and proportion of cases from the safety set population with adverse reactions classified according to MedDRA

System organ class Preferred term

Treatment group

Overall (n = 238)Intramuscular (n = 129) Intranasal (n = 109)

Cardiac disorders Bradycardia (%) 0 (0.0) 1 (0.9) 1 (0.4)

Gastrointestinal disorders Nausea (%) 5 (3.9) 7 (6.4) 12 (5.0)

Vomiting (%) 0 (0.0) 2 (1.8) 2 (0.8)

General disorders and administration site conditions Drug withdrawal

syndrome (%)

15 (11.6) 5 (4.6) 20 (8.4)

Nervous system disorders Dizziness (%) 1 (0.8) 0 (0.0) 1 (0.4)

Headache (%) 5 (3.9) 4 (3.7) 9 (3.8)

Data on the remaining secondary end-points are presented in Supporting information Table S6, Figure S5. MedDRA, Medical Dictionary for Regulatory

Activities.
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uptake of naloxone in the IN group. After 3 minutes the stronger effect

of IM became evident (Figure 3) and, within the follow-up of

10 minutes, the effect of naloxone was 2.3 minutes slower in the IN

group than in the IM group. The nasal effect curve was linear from

about 3 minutes until censoring at 10 minutes, where non-responders

were administered additional IM naloxone according to protocol. Previ-

ous pharmacokinetic studies have shown that IN serum concentration

continues to rise after 10 minutes, and measurement beyond

10 minutes would likely show an overall similar potency between IM

and IN [10]. Both 0.8 mg IM and 1.4 mg/0.1 mL IN naloxone showed

few and mostly mild, adverse reactions. There was no difference in the

overall risk of adverse reactions, overdose complications, follow-up

after treatment or notable opioid overdose recurrence. However, more

drug withdrawal reactions occurred in the IM group in the safety set.

This is not a trivial matter, because over-antagonism is associated with

physical reactions, aggression, refusal of treatment and premature self-

discharge [3, 24].

To avoid over-antagonism and triggering opioid withdrawal, nal-

oxone should be titrated. Our findings that 0.8 mg IM was sufficient

for reversal in almost 100% of cases indicate that it was too high as a

starting dose and lower doses should be tested. This has also been

seen previously in Australia [16]. Pharmacokinetic trials show that

dose-corrected concentrations of intravenous naloxone are many

times as high as those achieved with IM naloxone [2]. This forms a

strong argument for the efficacy and safety of the intramuscular route

of administration in contrast to intravenous, which has a high proba-

bility of triggering withdrawal.

Role of 1.4 mg/0.1 mL in THN programs

Because the spray is primarily meant for THN distribution, it seems

pertinent to discuss our findings in this context. THN aims to provide

a head start in opioid reversal and the chain of overdose survival, to

restore respiration, to regain consciousness and then to facilitate

post-overdose follow-up, including addiction management and pre-

vention of future overdoses. In this perspective, the slower onset of

action of the 1.4 mg/0.1 mL IN dose, with an 80% probability of

achieving spontaneous breathing within 10 minutes, seems a reason-

able starting point for overdose treatment in THN. THN based on

dose titration has worked in the past [25].

However, discussion on THN dosing of naloxone should also

embrace fentanyl intoxications. Evidence indicating that large nalox-

one doses are required for fentanyl overdoses is limited and contra-

dictory [2, 26]. The presence of fentanyl overdose deaths in

Massachusetts has increased continuously, but the overdose rate has

been stable since 2016 [27, 28]. A moderate increase in multiple nal-

oxone dosing in the preceding years in the United States (US) has

been reported, whereas the rate of additional nasal naloxone has not

changed [29–31]. The amount of naloxone used for reversal has not

increased either [32, 33]. However, the introduction of Narcan in

2016 [34] resulted in a dramatic rise of dose levels approaching those

associated with serious pulmonary complications [35]. Ultimately, the

major challenge with THN in preventing overdose deaths may not be

the dose of naloxone, but whether there are bystanders present that

carry naloxone [27].

Comparisons to other trials

Four previous trials of nasal naloxone used dilute IN formulations with

unknown pharmacokinetic characteristics, making pharmacological

assessment of the comparator impossible [13–16]. However, all trials

agreed that intranasal naloxone is a feasible and safe alternative to

naloxone by the needle in opioid overdose. IM had a faster effect in

all with less need for repeat doses. Therefore, the superiority of IM to

IN in a bioequivalent head-to-head comparison in opioid exposed par-

ticipants seemed not to completely overcome the slower action of IN,

despite similar pharmacokinetics in healthy volunteers [8–10].

Advantages and limitations

The major advantage of this study was that the performance of a

properly characterised and approved nasal naloxone spray was stud-

ied in the target population, strengthening the basis of evidence in the

field. The inclusion criteria ensured that the overdoses studied were

severe, and that the participants were in deep coma with inadequate

spontaneous respiration. Compared to those in a non-selected sample

in Oslo, the participants had lower median respiratory rates (3 vs 7/

min) and Glasgow Coma Score (3 vs 4/15) [36]. The nasal dose was

chosen based on several pharmacokinetic studies of volunteers,

including a study in which volunteers were exposed to an opioid [10,

17, 19]. The comparator dose exceeded the 0.4 mg IM dose required

for regulatory purposes and was chosen based on a field study and

recommendations of the WHO [5, 36]. The trial conformed to con-

temporary standards of clinical trial study design and conductance

according to the Good Clinical Practice guidelines, including the regis-

tration, classification and publication of adverse events, such as recur-

rence of overdose in the 12 hours post-inclusion. Our main results

were consistent in all the trial populations.

The study is limited in that it only compares two single adminis-

trations of naloxone head-to-head and not regimens of titration,

which would have been more relevant to the THN scenario. Adminis-

tering up to two 1.4 sprays in one study arm to incremental doses of

0.4 mg IM naloxone in the other would have increased the value of

this trial. The main end-point number of breaths per minute was man-

ually counted, which allowed for mistakes. The study drugs were

administered simultaneously when possible and always within

30 seconds of each other, with IN first. Although we selected cases

with severe overdoses, the low rate of fentanyl intoxications in this

study is also a limitation. Future clinical studies should focus on over-

dose management, first aid response, the timely administration and

titration of naloxone and follow-up beyond the initial treatment. Stud-

ies should be conducted in areas with suspected fentanyl as overdose

culprits. Policy and practitioners must recognise that opioid overdoses
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are a medical emergency that needs urgent first aid and antidote,

but also follow-up and prevention of new overdoses. The concept of

‘a chain of survival’ as seen in cardiac arrest may guide future practise

[37]. For this to work, over-antagonism with naloxone must be

reduced and post-overdose care must be expanded.

CONCLUSION

In conclusion, this study showed that 1.4 mg/0.1 mL IN naloxone was

less efficient, owing to a slower onset, than 0.8 mg IM naloxone in

terms of return of spontaneous breathing within 10 minutes in partici-

pants with serious opioid overdoses, and that 0.8 mg IM naloxone had

an almost 100% success rate. However, notably, 1.4 mg/0.1 mL IN

naloxone restored breathing in 80% of participants after one dose and

was associated with few and mild adverse reactions, allowing for

titration.
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