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Study objective: Large doses of intramuscular (IM) naloxone are commonly used in out-of-hospital settings to reverse opioid
toxicity; however, they are used less commonly in hospitals because of concerns about opioid withdrawal, particularly agitation.
We aimed to determine the frequency of severe agitation following a single 1.6 mg IM naloxone dose.

Methods: We undertook a prospective study of adult (>15 years) patients treated by an Australian state ambulance service with
1.6 mg IM administration of naloxone for respiratory depression (respiratory rate <11 breaths/min and/or oxygen saturation
<93% in room air) caused by presumed opioid poisoning. The primary outcome was the proportion of presentations with severe
agitation (Sedation Assessment Tool score >1) within 1 hour of naloxone administration. Secondary outcomes were the
proportion of presentations with acute opioid withdrawal (tachycardia [pulse rate >100 beats/min], hypertension [systolic >140
mm Hg], vomiting, agitation, seizure, myocardial infarction, arrhythmia, or pulmonary edema), and reversal of respiratory
depression (respiratory rate >10 breaths/min and saturation >92% or Glasgow Coma Scale score 15).

Results: From October 2019 to July 2021, there were 197 presentations in 171 patients, with a median age of 41 years (range,
18 to 80 years); of the total patients, 119 were men (70%). The most common opioids were heroin (131 [66%]), oxycodone (14
[7%]), and morphine (11 [6%]). Severe agitation occurred in 14 (7% [95% confidence interval {CI} 4% to 12%]) presentations.
Opioid withdrawal occurred in 76 presentations (39% [95% CI 32% to 46%]), most commonly in the form of tachycardia (18%),
mild agitation/anxiety (18%) and hypertension (14%). Three presentations (1.5%) received chemical sedation for severe agitation
within 1 hour of naloxone administration. A single 1.6 mg dose of naloxone reversed respiratory depression in 192 (97% [95% CI:
94% to 99%]) presentations.

Conclusion: Severe agitation was uncommon following the administration of 1.6 mg IM naloxone and rarely required chemical
sedation. [Ann Emerg Med. 2022;80:120-126.]
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INTRODUCTION
Background

Naloxone is an opioid receptor antagonist that is widely
used as an antidote for opioid poisoning. Despite being
available for over 50 years, the optimal dosing regimen of
naloxone remains unclear.1,2 Many clinicians prefer using
small titrated intravenous (IV) boluses (eg, 0.04 to 0.1 mg)
of naloxone during the initial management of opioid
poisoning.3-5 The reasoning behind this dosing approach is
to minimize acute opioid withdrawal, which is thought to
contribute to significant morbidity and potential fatality.1

In the out-of-hospital setting, which can at times be a
chaotic and austere environment, larger intramuscular (IM)
doses (eg, 1.6 to 2.0 mg) of naloxone are often used
because the IM route is more rapid and reliable.6,7

In a recent retrospective study of 117 patients with
suspected heroin poisoning who presented to a clinical
toxicology unit, Harris et al6 reported that a single 1.6 mg IM
dose of naloxone effectively treated opioid poisoning, with few
patients (5/48 [10%] versus 27/69 [29%]) requiring a
subsequent naloxone infusion, compared with the patients
initially administered with small titrated IV aliquots.
However, some authors recommend avoiding large doses of
IM naloxone outside of the out-of-hospital setting because of
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Editor’s Capsule Summary

What is already known on this topic
Naloxone can precipitate withdrawal in opioid-
dependent patients in a dose-dependent fashion.

What question this study addressed
What is the rate of precipitated withdrawal
following a single 1.6 mg dose of intramuscular
naloxone in out-of-hospital patients with opioid
overdose?

What this study adds to our knowledge
Nearly 40% of recipients developed withdrawal after
receiving this dose, though there were few serious
adverse events.

How this is relevant to clinical practice
Although effective in reversing respiratory depression,
the incidence of precipitated withdrawal could be
decreased by using alternative dosing strategies.

the concern that they are more likely to cause acute
opioid withdrawal than the small titrated IV boluses of
naloxone.8

The clinical effects of acute opioid withdrawal range
from mild symptoms, such as dysphoria, vomiting,
diarrhea, and muscle pain, to more serious complications,
such as agitation and violent behavior.9 Life-threatening
complications, including seizures, myocardial infarction,
and pulmonary edema, have also been rarely described.7

Importance
There are relatively few studies investigating the

frequency of agitation following the administration of
naloxone in the out-of-hospital setting. In a large
prospective Norwegian series of 1,192 patients who
received out-of-hospital naloxone (0.2 to 2.8 mg given
through both IM and IV routes), Buajordet et al10 reported
that 8% of the patients demonstrated aggression. In other,
smaller out-of-hospital studies of IM naloxone
administration, the reported rates of agitation range from
7% to 14%.11-13 However, none of these studies define
agitation or use a validated assessment tool for agitation.
Sporer et al,11 in a retrospective series of 608 patients who
received out-of-hospital naloxone (dose range 0.4 to 4.0 mg
both through IV and IM routes), found that 7% of the
patients required restraint for acute behavioral disturbance
following administration of naloxone. Establishing the
safety of high-dose IM naloxone may assist in its adoption

into the hospital setting, particularly in emergency
departments (EDs).

Goals of This Investigation
We aimed to determine the frequency of severe agitation

following the administration of a single 1.6 mg IM
naloxone dose in patients with opioid toxicity in the out-of-
hospital setting.

MATERIALS AND METHODS
Study Design and Setting

This is a prospective observational study of adult
patients (>15 years) with presumed opioid poisoning
who were attended to by a state ambulance service that
responds to approximately 1.2 million cases yearly. The
study was set in an urban catchment area of a capital
city with a population of approximately 2.2 million
people. This study adhered to the Strengthening of
Reporting of Observational Studies in Epidemiology
guidelines.

Selection of Participants
All the patient presentations in which a single 1.6 mg

dose of IM naloxone was administered to reverse
respiratory depression (respiratory rate <11 breaths/min
or oxygen saturation <93% in room air) caused by
suspected opioid toxicity were included in the study
from October 2019 to July 2021. Presentations were
excluded if IV naloxone was given at any stage during
the out-of-hospital care or if there was prolonged (>15
minutes) cardiac arrest before administration of naloxone.
Furthermore, presentations were excluded if a dedicated
data form (Figure E1 [available at http://www.
annemergmed.com/]) was not completed by the
paramedic on scene. Ethical approval for this study,
including a waiver of consent for the participants, was
granted by the Metro South Human Research Ethics
Committee (HREC/2019/QMS/53305).

Intervention
The ambulance service administers naloxone as defined

by their drug therapy protocol (Figure E2 [available at
http://www.annemergmed.com/]). It is available in 0.4
mg/mL glass ampoules. All paramedics within the service
can administer 1.6 mg of IM naloxone as a single dose.
Critical Care Paramedics with additional postgraduate
qualifications and scope of practice can elect to administer
naloxone in titrated 0.05 mg IV aliquots. In 2020,
naloxone was administered to 424 cases across the state of
Queensland, with 308 of 424 (73%) cases receiving 1.6
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mg IM naloxone and 116 of 424 (27%) receiving either
IV or a combination of IV and IM naloxone.

Measurements
A dedicated data form (Figure E1) was completed by the

treating paramedic for each participant, detailing the case
number, sex, age (or estimation, if unknown), ingested opioid
and its dose (if known), pulse rate, blood pressure, the
presence of vomiting, and a sedation score using the Sedation
Assessment Tool, a validated scoring tool for agitation
(Figure E3 [available at http://www.annemergmed.com/]).14

Agitation was assessed prospectively by the paramedics on the
scene using a Sedation Assessment Tool score. The Sedation
Assessment Tool score was documented before administration
of naloxone and at 10-minute intervals following naloxone
administration, until arrival at the hospital. Other
observations of vital signs, including respiratory rate, oxygen
saturation, and Glasgow Coma Scale (GCS) score, were
assessed by the paramedics on the scene and documented in
the electronic ambulance record as part of routine
management. Once completed, the data form and the
electronic ambulance record were emailed to one of the
investigators (L.P.), data was extracted and collected for the
study, and any missing or illegible data items were clarified.
The administrations of 1.6 mg of naloxone documented in
the electronic ambulance record were monitored regularly
throughout the study period to ensure that there were no
missed cases.

Further data were obtained through review of the
electronic ambulance record as well as the ED medical
record to include any coingestants, observations upon
arrival at ED (respiratory rate, oxygen saturation, and GCS
score), complications (seizure, myocardial infarct,
arrhythmia, or pulmonary edema), chemical sedation
administered (drug and dose), further naloxone
administered in hospital, and hospital length of stay. For
the patients who were not transported to the hospital, the
patients who the treating paramedic assessed as having the
capacity to refuse transfer (Figure E4 [available at http://
www.annemergmed.com/]), medical records were reviewed
to ensure the patient survived the event by identifying the
existence of a health care episode following the presentation
to our study. A single investigator (K.Z.I.), not blinded to
the study objective, abstracted all the data in this study.

Outcomes
The primary outcome of this study was the proportion

of presentations with severe agitation (Sedation Assessment
Tool score >1) within 1 hour of the administration of
naloxone.

Secondary outcomes included the proportion of patient
presentations with acute opioid withdrawal, defined as any
of the following clinical effects occurring within 1 hour of
naloxone administration: tachycardia (pulse rate >100
beats/min), hypertension (systolic blood pressure >140
mm Hg), vomiting, agitation, seizure, myocardial
infarction, arrhythmia or pulmonary edema, and the
reversal of respiratory depression (respiratory rate >10
breaths/min and oxygen saturation >92% or GCS score 15
if a repeat oxygen saturation was not performed) before
arrival at the hospital.

The sample size was based on 2 previous studies, a small
ED study (N¼25) that reported 13% of the presentations
that were administered with titrated low doses of IV
naloxone experienced agitation, and a large, out-of-hospital
series (N¼726) in which 7% of presentations required
physical restraint following naloxone administration.11,15

We estimated a sample size of 177 on the basis of the upper
95% confidence interval (CI) of our study being less than
13% and having a point estimate of approximately 7%.

Analysis
Data are reported using descriptive statistics, including

medians, interquartile ranges (IQRs), ranges for continuous
data, and proportions with 95% CI for dichotomous
outcomes. All analyses were performed in GraphPad Prism
8 for Mac OS (GraphPad Software, San Diego, CA;
https://www.graphpad.com).

RESULTS
Characteristics of Study Subjects

Over the 22-month period, there were 232
presentations, of which 35 were excluded (Figure 1),
leaving 197 presentations in 171 patients (119 [70%] men)
with a median age of 41 years (range 18 to 80 years). The
most common opioids were heroin (131 [66%]),
oxycodone (14 [7%]), and morphine (11 [6%]) (Table 1).
Coingestions were taken in 84 (43%) presentations, with
central nervous system depressants being the most common
coingestion. Before naloxone administration, the median
oxygen saturations were 80% in room air (IQR 70% to
90%), the median respiratory rate was 4 breaths/min (IQR
3 to 6), and the median GCS score was 3 (IQR 3 to 7).

Main Results
Severe agitation occurred in 14 (7% [95% CI 4% to

12%]) presentations, all unique patients. In 3 of the
presentations (1.5%), chemical sedation was given for
severe agitation within 1 hour of naloxone administration;
one of these was given out of the hospital, whereas the
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other 2 were given after arrival at the ED. The other 11
presentations settled with verbal de-escalation techniques.

Any feature of opioid withdrawal occurred in 76
presentations (39% [95% CI 32% to 46%]) (Table 2),
with the most common, nonspecific features being
tachycardia in 35 (18%) (median peak pulse rate 115 beats/
min [IQR 107 to 128 beats/min, maximum 152 beats/
min]), hypertension in 28 (14%) (median peak systolic
blood pressure 149 mm Hg [IQR 145 to 155 mm Hg,
maximum 179 mm Hg]), and vomiting in 6 (3%)
presentations. Mild agitation or anxiety occurred in 36
(18% [95% CI 13% to 24%]) cases. There were no
instances of seizure, myocardial infarction, arrhythmia, or
pulmonary edema.

A single 1.6 mg dose of naloxone reversed respiratory
depression in 192 (97%) presentations before arrival at the
hospital. One hundred and sixty cases (81%) were
transported to a hospital for further assessment and
management. Of the 37 presentations that were not
transported, all were counseled by the treating paramedic
and believed to have the capacity to refuse transfer, except
for a 52-year–old man who had taken heroin and became
highly agitated with a Sedation Assessment Tool score of 3
following naloxone administration. He absconded from the
scene before a capacity assessment. Subsequent medical
records confirm that this man is alive. All presentations that
were not transported to the hospital and had sufficient
identifying data recorded on the electronic ambulance
records (33/37) were alive on follow-up.

Further, naloxone was given in 47 (24%) presentations
following arrival at the ED, with 22 (11%) then receiving
naloxone infusions. In those with heroin intoxication,
further naloxone was provided in 26 (20%) presentations,
with 11 (8%) proceeding to a naloxone infusion (Table 3).

The median length of stay was 6.3 hours. The length of
stay was similar in those who experienced opioid
withdrawal symptoms compared with those who had no

opioid withdrawal symptoms (7.6 hours versus 6.0 hours,
difference 1.6 hours, 95% CI 2.3 to 1.7 hours). There were
no deaths in this series.

LIMITATIONS
This study had some limitations, the major one being

the predominance of heroin in the study, which may not
translate to areas where the primary opioid of concern has a
much longer half-life, such as methadone, is more potent
like fentanyl, or where the primary opioid is oxycodone.
Heroin is the main illicit opioid in Australia, although there
is increasing misuse of prescription opioids.16,17 Australia
has not yet experienced a rise in high-potency opioids such
as fentanyl that has been seen in North America in recent
years. Few signals of illicitly manufactured fentanyl have
been identified in Australia, and most misuse is the
diversion of pharmaceutical fentanyl.18

232 presentations 
with a completed 

naloxone datasheet
35 exclusions

•
•

•
•
•
•

1 missing data sheet
22 had no respiratory 
depression
5 were not opioid exposures
4 received IV naloxone
2 received <1.6 mg naloxone 
1 had a prolonged cardiac 
arrest prior to naloxone

197 presentations 
included in study

Figure 1. Flowchart of patient enrolment and the reasons for
exclusion.

Table 1. Baseline characteristics of 197 presentations with opioid
toxicity that received 1.6 mg IM naloxone.

Characteristic No. (%)

Total patients 171

Male 119 70

Female 51 30

Transgender 1 <1

Median Age (y) (range) 41 18-80

Suspected opioid exposure*

Heroin 131 (66)

Undisclosed opioid 21 (11)

Oxycodone 14 (7)

Morphine 11 (6)

Fentanyl 9 (5)

Buprenorphine 6 (3)

Codeine 5 (3)

Tapentadol 4 (2)

Methadone 3 (2)

Tramadol 1 (<1)

Opium 1 (<1)

Hydromorphone 1 (<1)

Etodesnitazene 1 (<1)

Coingestion† 84 (43)

Benzodiazepine 37 (19)

Alcohol 30 (15)

Pregabalin 19 (10)

Methamphetamine 16 (8)

Marijuana 5 (3)

Other 10 (5)

*Ten reported taking multiple opioids.
†Twenty-six admitted to taking multiple coingested agents.
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The study conclusions apply primarily to heroin without
coingestants, rather than semisynthetic fentanyl or
methadone because most of the presentations are caused
only by heroin exposure. The subgroups exposed to
coingestions, methadone, and semisynthetic fentanyl,
which may have different outcomes, were too small to
perform any meaningful subgroup analysis.

A further limitation is that the rate of opioid withdrawal
may have been underestimated as only objective features of
opioid withdrawal were used, and the patient’s subjective
experience of withdrawal was not considered. Using a

subjective rating score like the Subjective Opioid
Withdrawal Scale may have been helpful to capture this.19

Patient height, weight, and ethnicity were not captured in
the data, all of which may have influenced opioid and
naloxone pharmacokinetics.

Furthermore, though the data collection instrument was
created a priori, the secondary outcome data were
abstracted by chart review, and there was only one person
who abstracted the data. This person was not blinded to the
study objective, and there was no interrater reliability
assessment because there was only 1 chart abstractor.

Another limitation is that the patients who received IV
naloxone were excluded. It is possible that IV naloxone was
preferentially given to those who the paramedic believed
were at a higher risk of withdrawal. However, only one
quarter of the naloxone administrations by the ambulance
service are IV; thus it was believed that this effect would be
limited. Finally, the opioids and coingestants taken by the
patient were not analytically confirmed in most cases, and
information was rather based on patient history.

DISCUSSION
Severe agitation was uncommon following the

administration of a 1.6 mg IM dose of naloxone, and
chemical sedation was rarely required. Milder clinical
features of opioid withdrawal were common and appeared
to be well tolerated. Initial reversal of respiratory depression
was achieved in most presentations.

The frequency of opioid withdrawal is similar to that
previously described in the literature following the

Table 2. Features of opioid withdrawal that occurred following
administration of 1.6 mg IM naloxone in 197 presentations of
opioid toxicity.

Feature of Opioid Withdrawal No. %

Any feature of opioid withdrawal* 76 39

Tachycardia 35 18

Hypertension 28 14

Vomiting 6 3

Agitation

Mild agitation/anxiety (SAT 1) 36 18

Severe agitation (SAT 2 or 3) 14 7

Myocardial infarction 0 -

Seizure 0 -

Arrhythmia (excluding sinus tachycardia) 0 -

Pulmonary edema 0 -

SAT, Sedation Assessment Tool.14

*Multiple features of withdrawal could occur in the same presentation.

Table 3. Recurrence of opioid toxicity receiving further doses of naloxone in the emergency department and naloxone infusion use for
individual opioids.

Opioid Number

Recurrence of Opioid Toxicity
Receiving Naloxone in ED

N (%)
Naloxone Infusion

N (%)

Heroin 133 26 (20) 11 (8)

Oxycodone 14 5 (36) 2 (14)

Morphine 11 3 (27) 2 (18)

Fentanyl 9 3 (33) 1 (11)

Buprenorphine 6 3 (50) 2 (33)

Codeine 5 3 (60) 2 (40)

Tapentadol 4 0 0

Methadone 3 0 0

Tramadol 1 1 (100) 0

Opium 1 0 0

Hydromorphone 1 0 0

Etodesnitazene 1 0 0

Unknown opioid 21 6 (28) 4 (19)
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administration of various naloxone regimens.10,20 Most
features of opioid withdrawal are considered unpleasant
rather than serious and clinically significant. Severe
agitation is the most common clinically relevant feature of
rapid opioid withdrawal induced by naloxone and was the
focus of this study. This is a common reason for medical
staff being reluctant to administer naloxone, particularly
large doses of naloxone.4 We report severe agitation in only
7% (95% CI 4% to 12%) of presentations, which is
comparable to other studies reporting agitation and
aggression following opioid reversal, irrespective of the dose
or route of naloxone used. Surveys of take-home naloxone
users report anger or aggression in 9% to 14% of
administrations.21-23) Naloxone doses in these series vary
from 0.4 mg to 2.0 mg delivered by IM and intranasal (IN)
routes. A small retrospective series of patients given titrated
doses of 0.04 mg IV (median 0.08 mg) naloxone also
reported a rate of agitation of 13%.15

Most presentations with severe agitation in our series
settled with verbal de-escalation techniques employed by
the paramedics. Only 3 presentations, or 1.5%, received
chemical restraint. This compares favorably to a large
retrospective out-of-hospital series of opioid-poisoned
patients receiving 0.4 mg to 4.0 mg of naloxone (either IV
or IM), in which 7% of patients received physical restraint
following opioid reversal.11 Our study, even more so than
this previous study, is in contrast to traditional beliefs,
suggesting that larger doses should be avoided in preference
to small, titrated doses to limit severe agitation.1,8 It is
possible that the attenuated peak concentration of naloxone
following IM injection compared to the much higher peak
concentration that results from the same dose delivered
through the IV route is protective and reduces the
probability of severe agitation.24

The 1.6 mg dose of IM naloxone was effective in
initially reversing respiratory depression in 97% of opioid
presentations; further, naloxone was given in a quarter of
cases, and only 11% later received a naloxone infusion.
The rate of naloxone infusion use is lower than has been
reported in other series of opioid intoxication receiving
reversal, in which 16% to 66% of patients received a
naloxone infusion during their treatment.6,25-27 Higher
rates of naloxone infusions are seen with opioids that have
a long half-life, such as methadone or are slow-release
opioid preparations.26,27 While the low rate of naloxone
infusions in our series may be partially explained by the
predominance of heroin, it is still lower than other series
reporting naloxone infusion rates following heroin
intoxication. A retrospective series including 88 patients
with heroin intoxication receiving naloxone reported that
16% of patients then received naloxone infusions.25 In

another retrospective series of 117 patients with heroin
intoxication receiving naloxone, 27% received a naloxone
infusion, although if the patient received 1.6 mg IM
naloxone (rather than titrated IV naloxone), this fell to
11%.6

Again, it is possible that the kinetics of the IM route may
be favorable for treating opioid withdrawal with measurable
concentrations of naloxone persisting for 4 hours following
the administration of 1.6 mg IM naloxone in a volunteer
study.24 This approach to opioid reversal may have a role
beyond the out-of-hospital setting, particularly in smaller
centers or in those with limited resources, in which the
simplicity of administration and lower likelihood for
further naloxone is advantageous.

In summary, severe agitation was uncommon following
1.6 mg IM naloxone in our series, and the use of chemical
sedation was rare, with most patients settling following
verbal de-escalation. Milder features of opioid withdrawal
were common and similar to what is reported following
other dosing regimens. Initial reversal of respiratory
depression was achieved in most patients.
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