
R ESEARCH
Randomised trial of intranasal versus intramuscular naloxone 
in prehospital treatment for suspected opioid overdose

Anne-Maree Kelly, Debra Kerr, Paul Dietze, Ian Patrick, Tony Walker and Zeff Koutsogiannis
SEE ALSO PAGE 20

Western Hospital, Melbourne, VIC.
Anne-Maree Kelly, MD, MClinEd, FACEM, Director, Joseph Epstein Centre for Emergency 
Medicine Research, and Professor, University of Melbourne; Debra Kerr, RN, MBL, Deputy Director, 
Joseph Epstein Centre for Emergency Medicine Research; Zeff Koutsogiannis, MB BS, FACEM, 
Emergency Physician. 
Turning Point Alcohol and Drug Centre, Melbourne, VIC.
Paul Dietze, PhD, Senior Research Fellow. 
Metropolitan Ambulance Service, Melbourne, VIC.
Ian Patrick, General Manager, Clinical and Non-emergency Operations. 
Rural Ambulance Victoria, Ballarat, VIC.
Tony Walker, Manager Operations, Clinical and Education Services. 
Reprints will not be available from the authors. Correspondence: Professor Anne-Maree Kelly, 
Western Hospital, Private Bag, Footscray, Melbourne, VIC 3011. Anne-Maree.Kelly@wh.org.au
The Medical Journal of Australia ISSN:
0025-729X 3 January 2005 182 1 24-27
©The Medical Journal of Australia 2005
www.mja.com.au
Research

with suspected opioid overdose by ambu-
lance officers.5 In Victoria, this is usually
administered by the intramuscular (IM)
route. The intravenous (IV) route is only
used in specific circumstances, guided by
clinical practice guidelines.6

Administering naloxone by injection (IM
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ABSTRACT

Objective:  To determine the effectiveness of intranasal (IN) naloxone compared with 
intramuscular (IM) naloxone for treatment of respiratory depression due to suspected 
opiate overdose in the prehospital setting.
Design:  Prospective, randomised, unblinded trial of either 2 mg naloxone injected 

uscularly or 2 mg naloxone delivered intranasally with a mucosal atomiser.

cipants and setting:  155 patients (71 IM and 84 IN) requiring treatment for 
ected opiate overdose and attended by paramedics of the Metropolitan 
ulance Service (MAS) and Rural Ambulance Victoria (RAV) in Victoria.
 outcome measures:  Response time to regain a respiratory rate greater than 10 
inute. Secondary outcome measures were proportion of patients with respiratory 
reater than 10 per minute at 8 minutes and/or a GCS score over 11 at 8 minutes; 

proportion requiring rescue naloxone; rate of adverse events; proportion of the IN 
group for whom IN naloxone alone was sufficient treatment.
Results:  The IM group had more rapid response than the IN group, and were more 
likely to have more than 10 spontaneous respirations per minute within 8 minutes (82% v 
63%; P = 0.0173). There was no statistically significant difference between the IM and IN 
groups for needing rescue naloxone (13% [IM group] v 26% [IN group]; P = 0.0558). There 
were no major adverse events. For patients treated with IN naloxone, this was sufficient 
to reverse opiate toxicity in 74%.
Conclusion:  IN naloxone is effective in treating opiate-induced respiratory depression, 
but is not as effective as IM naloxone. IN delivery of naxolone could reduce the risk of 
needlestick injury to ambulance officers and, being relatively safe to make more widely 
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available, could increase access to life-saving treatment in the community.
ero
de
recH
 in overdose is a major cause of

ath in some countries,1,2 and until
ently rates of death from over-

dose have been increasing in Australia.2-4

Many lives are saved in the community by
the administration of naloxone to patients

or IV) exposes healthcare workers, includ-
ing ambulance officers, to a degree of risk, as
many patients with heroin overdose carry
blood-borne viruses that may be transmitted
by needlestick injuries.

The sublingual and oral routes for admin-
istering naloxone have been found to be less
effective than the IM and IV routes because
of delayed onset of action.7-8 Pharmacologi-
cal data from animal studies suggest that
naloxone is 100% bioavailable through the
nasal mucosa, with onset of action and
plasma bioavailability curves that are indis-
tinguishable from those for the IV route.9

Compared with intranasal (IN) and IV
naloxone administration, IM naloxone
administration shows delayed onset of
action.10 IN naloxone has been shown to be
effective in detecting opioid dependence10

and to be as effective as the IV route for the
reversal of opioid effects in dependent
patients.11

To date, the evaluation of administering
naloxone intranasally for the emergency
treatment of opiate overdose has been lim-

ited. An earlier pilot study of six cases by
two of us supports its effectiveness in treat-
ing acute opiate overdose.12 That series of
six cases found that all patients had return
of adequate spontaneous respiration within
two minutes of administration, with a
median of 50 seconds. Another prospective
cohort study of 30 patients given IN
naloxone as first-line treatment for sus-

pected opiate toxicity reported that 91% of
patients had a significant improvement in
conscious state. That study predicted that
64% of patients would not have required IV
access in the prehospital setting with initial
IN naloxone treatment.13 However, that
study’s findings are limited by the relatively
small sample size, the non-randomised con-
secutive sampling technique and the subjec-
tivity of the outcome.

The aim of our study was to determine
the effectiveness of IN naloxone compared
with IM naloxone for patients with acute
respiratory depression secondary to sus-
pected opiate overdose treated in the pre-
hospital setting.

METHODS

Study design and setting
This prospective, randomised, unblinded
study of patients who required treatment
with naloxone for suspected heroin over-
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dose by ambulance officers was conducted
in rural and metropolitan Victoria between
5 January 2002 and 19 December 2003.
Patients were randomly allocated to receive
either 2 mg IN naloxone by means of a
mucosal atomiser or 2 mg IM naloxone, in
addition to basic life support governed by
clinical practice guidelines.6 The study was
approved by the Royal Melbourne Hospital
Human Research and Ethics Committee
and a requirement for written patient con-
sent was waived. All patients were
informed of their enrolment in the study by
way of a study information brochure when
they regained consciousness .

This study was conducted by paramedics
of the Metropolitan Ambulance Service
(MAS) and Rural Ambulance Victoria (RAV).
Together, these services provide almost
100% of emergency ambulance response in
Victoria.

Patient selection and 
treatment protocol
Paramedics enrolled patients into the study
in whom opiate overdose was suspected,
who had fewer than 10 respirations per
minute and were not rousable. Random
allocation was by random number alloca-
tion, with the treatment protocol contained
in a sealed envelope that was opened after
patient eligibility was determined. Patients
received either 2 mg IN naloxone (1 mg into
each nostril) by means of a disposable
mucosal atomiser attached to a syringe
(Mucosal Atomiser Device; Wolfe-Tory Med-
ical) or 2 mg IM naloxone. A 2 mg dose was
chosen because previous studies had dem-
onstrated IN naloxone effectiveness at this
dose.13 In addition to naloxone, all patients
received standard respiratory support and
standard supportive care.

All patients who failed to respond within
8 minutes of initial naloxone administration
were given a further 0.8 mg of IM naloxone,
and paramedics were instructed to continue
to treat patients according to standard pro-
tocols and to transport patients to hospital
when appropriate. All paramedics received
instruction about the study and the use of
the atomiser device.

Data collected
Information collected for this study
included demographic data, presence of
needle marks, suspicion of other drugs
taken, specific location (street, house, train),
other people present, respiratory rate before
and after naloxone administration, pulse,
Glasgow Coma Scale (GCS) score, details of

naloxone administration (dose, route, time),
response to naloxone (time to regain sponta-
neous respiration at a rate greater than or
equal to 10 per minute, GCS score greater
than 11), side-effects (vomiting, nausea, sei-
zure, sweating, tremor, pulmonary oedema),
requirement for further naloxone, and dis-
position.

Data were extracted from the patient case
record, a hand-written document of assess-
ment and treatment given to patients while
in paramedic care. Paramedics were
instructed to record additional details about
the incident, such as presence of others,
needle marks present, and response times.

Key outcome measures
The primary outcome measure was the
response time, defined as the time to regain
a respiratory rate greater than 10 per
minute. Secondary outcomes were the pro-
portion of patients with a respiratory rate
greater than 10 per minute at 8 minutes, the

proportion of patients with GCS score
greater than 11 at 8 minutes, the proportion
requiring rescue naloxone, and the rate of
adverse events. The proportion of the IN
group for whom IN naloxone alone was
sufficient treatment was also examined.

Sample size and data analysis
Based on ambulance service experience with
IM naloxone, we estimated a response time
after IM injection of 240 seconds. We pow-
ered the study to detect a 60-second differ-
ence in response time for IN naloxone
assuming a standard deviation of 100 sec-
onds for both groups, 2-sided comparison
of median response times, � of 0.01 and
power of 0.9. This indicated a total sample
of 166 would achieve the defined level of
power.

Data were analysed with descriptive sta-
tistics, χ2 analysis for comparison of propor-
tions and Kaplan–Meier survival curves
compared by the log-rank test for response
rate per unit time.

RESULTS
Of the 182 patients initially enrolled in the
study, 27 patients were not included in the
final cohort (see Box 1), leaving 155 patients
in the final sample, 71 of whom received IM
naloxone and 84 of whom received IN
naloxone.

Most patients were men (111; 72%), and
ranged in age from 13 to 57 years (median,
28 years). More patients were treated in
public places such as a park or street than in
private residences (93 [60%] versus 62
[40%]). For 65 patients (42%) paramedics
recorded suspecting other drugs (eg, benzo-
diazepines, paracetamol) or alcohol con-
sumption in conjunction with the opioid

2 Comparison of demographic and other data for patients given naloxone 
intramuscularly and intranasally

Variable Intramuscular naloxone Intranansal naloxone P

Median age (range) 30 (16–57) 28 (13–52) 0.7111

Males (%) 52 (73%) 59 (70%) 0.8167

Location 0.0194

Street 14 (20%) 32 (38%)

Flat or house 32 (45%) 36 (43%)

Car 8 (11%) 6 (7%)

Train 5 (7%) 0

Other 12 (17%) 10 (12%)

Transported to hospital 15 (21%) 14 (17%) 0.6138

Suspicion of other drugs/alcohol 28 (39%) 37 (44%) 0.6778

1 Description of sample

IN = intranasal; IM = intramuscular.
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overdose. Needle marks were observed for
96 patients (62%), and a friend or family
member was with the patient when the
ambulance arrived in 105 cases (67%).

The IN and IM groups were similar for
age, sex and suspicion of other drugs or
alcohol taken (Box 2). More patients in the
IN group were treated in the street.

Patients who received IM naloxone
responded faster than the IN group with
respect to time of respirations greater than
10 per minute (mean of 6 min [95% CI, 5–7
min] for IM group v mean of 8 min [95% CI,
7–8 min] for IN group; P = 0.006, log rank,
Box 3a). Time to GCS score greater than 11
was not significantly different (P = 0.376, log
rank, Box 3b). The IM group was more
likely to have spontaneous respirations
within 8 minutes (82% for the IM group v
63% for the IN group; P = 0.0163; odds ratio

[OR], 2.6; 95% CI, 1.2–5.5). The difference
in the proportions requiring rescue
naloxone (13% for the IM group v 26% for
the IN group; P = 0.0558; OR, 2.4; 95% CI,
1.0–5.7)] and having a GCS score greater
than 11 at 8 minutes (72% for the IM group
v 57% for the IN group; P = 0.0829; OR,
1.9; 95% CI, 0.98–3.7) did not reach statis-
tical significance. There were no major
adverse events for either group, but those
who received IM naloxone were more likely
to experience a minor adverse effect of
treatment than those who received IN treat-
ment (21% for the IM group v 12% for the
IN group; P = 0.1818; see Box 4). The differ-
ence in agitation/irritation between the
groups was particularly notable (13% for the
IM group v 2% for the IN group; P = 0.0278;
see Box 4). Sixty-two of the 84 patients
allocated to the IN group (74%) did not
require additional therapy.

DISCUSSION
In this study, IN naloxone was found to be
sufficient to reverse the effects of acute
opiate toxicity in most patients (74%)
treated in this way. This percentage is some-
what lower than previously reported13 and
than our pilot study findings,12 but still
considerable. Therefore, in the context of
appropriate respiratory support and the
availability of additional response if
required, the effectiveness of IN naloxone
appears sufficient to warrant its use as a
first-line therapy for acute opiate toxicity in
the prehospital setting.

The IN route has been considered for use
with a variety of other medications, includ-
ing fentanyl, midazolam and nitrogly-
cerine.14-16 The benefits of IN administra-
tion include ease of access and reduced
needlestick exposure. Typically, patients
treated in cases of suspected opioid over-
dose are injecting drug users, in whom the

prevalence of blood-borne viruses such as
HIV and hepatitis B and C is high.17,18

Treating such patients presents occupational
safety issues for healthcare professionals
such as paramedics because of an increased
risk of exposure to blood-borne infections
through needlestick injury. Our findings
suggest that IN naloxone could be used as
first-line treatment for patients with sus-
pected opiate overdose, which would
reduce this risk to healthcare personnel.

In our study, IM administration of
naloxone resulted in slightly faster response
times and a trend towards a lower require-
ment for secondary naloxone treatment than
IN administration. The reasons for these dif-
ferences are unclear, as available pharmaco-
kinetic data from animal studies suggest
equivalent bioavailability. One possible expla-
nation for the observed difference is the IN
preparation that was used. There is currently
no standard preparation of naloxone for IN
administration. We used 5 mL of the availa-
ble injectable preparation administered by an
atomiser. This volume of fluid may have been
too large for ready absorption by the surface
of the nasal passages, thereby resulting in a
reduced effect. In contrast, a previous report
used the same dose, but in a lower volume
(2 mg/2 mL solution; 1 mL per nostril), and
reported a 91% (10/11) response rate to IN
naloxone alone.13 It is possible that the dif-
ferences in responses observed between our
study and the earlier one may be due, at least
in part, to differences in drug formulation.

An unexpected finding was the differ-
ences in rates of agitation/irritation after
naloxone treatment between groups, with
patients who received IM treatment showing
higher rates than those who received IN
treatment. This may be explained by the
faster response times observed in our study
and differences in rates of absorption,10 and
may be an advantage of the IN route.

In our study, most patients (67%) were in
the presence of a friend or relative before
paramedics arrived. Similar findings have
been documented previously,19-22 and sug-
gest that there is often opportunity for inter-
vention before ambulance attendance (eg,
expired-air resuscitation).23 One suggested
strategy for preventing opioid-overdose-
related deaths has been to make naloxone
more widely available in the community.24-29

Our findings suggest that naloxone for IN
use may be an appropriate form in which
this drug could be made more widely availa-
ble, as it has significant advantages over
other forms. An IN form of naloxone would
eliminate the need for needles, thereby

4 Adverse events after naloxone

Adverse event

No. in intra-
muscular 
naloxone 

group

No. in 
intranansal 
naloxone 

group

Agitation and/
or irritation

10 2

Nausea and/or 
vomiting

4 6

Headache 2 0

Tremor 1 1

Sweating 0 1

3 Response times for the groups 
given naloxone intranasally and 
intramuscularly in terms of return 
of spontaneous respiration and 
Glasgow Coma Scale score

Proportion of each group with (a) respiratory 
rate > 10 per minute, and (b) with Glasgow 
Coma Scale score > 11 per minute.
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reducing risks of blood-borne virus trans-
mission. Additionally, the requirement for
training and the secure storage of both used
and unused syringes and needles could be
minimised. A potential disadvantage of IN
naloxone shown in our study is the slower
response compared with the IM route. How-
ever, if the average time for an ambulance to
arrive is 8 minutes, availability of naloxone
via peers, family or community workers
could potentially shorten the period of
hypoxia experienced by patients with opioid
overdose. This finding also highlights the
need for accompanying education about,
firstly, the need to call an ambulance imme-
diately, and secondly, about airway manage-
ment and assisted breathing before an
ambulance arrives, in case the patient is one
of the 26% who require additional therapy
and basic life-support measures. While pro-
grams for the wider provision of naloxone
have been operating in some jurisdictions
for some time, to our knowledge there have
been no confirmatory studies of the safety
and effectiveness of naloxone administration
by peers or family in the community.30 For
reasons of practicability and safety, the wider
distribution of naloxone within the commu-
nity may be best undertaken with a specifi-
cally formulated naloxone preparation
designed for IN administration.

Our study has some limitations. The sam-
ple size was smaller than anticipated, as
heroin overdose rates in Melbourne during
the study period were dramatically reduced
from previously observed rates.31 Neverthe-
less, it had adequate power to detect key
statistically significant differences in the pri-
mary outcomes. On the other hand, power
to detect significant differences in secondary
outcomes (eg, requirement for rescue
naloxone) was low. Data were collected from
patient case records and, as such, depended
on the completeness and accuracy of these
documents. While paramedics were asked
to enrol all patients in whom opioid over-
dose was suspected and whom they antici-
pated treating with naloxone, it is possible
that eligible patients were missed. A com-
parison with a simultaneous but independ-
ent database of drug-related ambulance
attendances in Melbourne32 suggests that
less than 5% of patients were missed for
study enrolment. This small percentage of
cases was unlikely to have resulted from any
form of systematic bias. Finally, as naloxone
is an opioid antagonist, opioid load (ie, the
amount of heroin used) may have an effect
on both response rate and time. We were

unable to control for opioid load in this
study.
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