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Abstract Naloxone is an opioid antagonist that reverses

opioid-induced respiratory depression. Concentrated

naloxone 1.8 mg nasal spray (Nyxoid�) is approved for the

emergency treatment of opioid overdose in adults and

adolescents aged C 14 years in non-medical and health-

care settings. It is well tolerated, but may lead to opioid

withdrawal syndrome in opioid-dependent individuals.

Naloxone nasal spray is rapidly absorbed and, relative to

reference intramuscular naloxone 0.4 mg, achieves gener-

ally similar early exposure, but better maintenance of

plasma levels, during the intermediate period

(15–120 min).

What is the rationale for developing naloxone
nasal spray?

Drug-induced deaths, the majority of which are associated

with heroin and other opioids, are a major health concern

[1, 2]. In Europe, 6000–8000 overdose-related deaths are

reported each year, and the average mortality rate due to

overdose in 2013 was estimated at 16 deaths per million in

the population aged 15–64 years [1]. In recent years, the

rate of death from overdose appears to have increased as

the average age of the opioid-using population has

increased, reflecting the greater risk of drug-induced death

in older individuals [1]. For example, among all drug-in-

duced deaths recorded in Europe in 2014, 43% were indi-

viduals aged C 40 years and males were more likely than

females to die from a drug overdose (males accounted for

77% of all cases) [1]. In the USA, in particular, there has

been a large increase in opioid overdose and opioid-related

fatalities due to the widespread abuse of prescription and

illicit opioids [2].

While drug overdose may result from suicidal intent, the

vast majority are accidental [1]. Overdoses can be further

categorized into sudden or slow onset. A sudden-onset

event typically occurs after intravenous (IV) administration

of heroin, whereas a slow-onset overdose is more likely to

be associated with oral opioids. In this instance, the patient

may appear to be sleeping soundly and friends or family

fail to realize the need for emergency intervention [1].

The fatal outcome of an opioid overdose can often be

prevented [1]. Data show that 70–80% of all overdose

events occur in the presence of another person, who could

potentially administer an antidote if available (and if the

individual had been instructed on the signs and symptoms

of overdose and use of the antidote). Furthermore, in most

cases, death from overdose does not occur for 2–3 h,
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thereby providing a window of opportunity for emergency

intervention.

Naloxone is a potent opioid antagonist that reverses

opioid-induced respiratory depression [3]. The drug (ad-

ministered in injectable forms and, more recently, as an

intranasal formulation) has been in widespread use in

emergency medicine since the 1970s [1]. It is generally

well-tolerated when administered in typical doses to opi-

oid-naı̈ve patients [4, 5]. In an attempt to prevent more

deaths from drug overdose in non-hospital settings, take-

home naloxone programmes have been established and

well accepted in many regions worldwide [1, 3].

In 2014, the World Health Organization (WHO) issued

guidelines on the community management of opioid

overdose [6]. The guidelines recommend that access to

naloxone and instructions on its administration be provided

to individuals likely to witness an opioid overdose (e.g.

family members, close friends and people who work with

opioid users, such as police officers, firemen, ambulance

workers, community drug-treatment workers and outreach

workers, as well as healthcare professionals) [6]. Evidence

from observational studies indicates that, with appropriate

training given to those who are in contact with opioid

users, naloxone take-home programmes can be safely

implemented and save lives [2, 3, 7–9]. Naloxone nasal

sprays have been developed with the goal of providing

naloxone formulations that are easier than injectable prod-

ucts for non-medical individuals to administer. This review

focuses on the use of Nyxoid�, a nasal spray that contains a

concentrated formulation of naloxone, which was recently

approved in the EU [2, 10]. Each single-dose nasal spray

container delivers 1.8 mg of naloxone (equivalent to

2.0 mg of naloxone hydrochloride dihydrate [11]) in

0.1 mL of solution. Hereafter, unless otherwise specified,

doses of naloxone, rather than doses of naloxone

hydrochloride dihydrate, are provided.

A discussion of the use of other naloxone nasal sprays

(e.g. Narcan� [12], which is approved in the USA and

Canada) is beyond the scope of this review

How should naloxone nasal spray be used?

Naloxone 1.8 mg/0.1 mL nasal spray is intended for

emergency use in adults and adolescents aged C 14 years

in non-medical and healthcare settings [10]. Table 1 pro-

vides a summary of the prescribing information for

naloxone nasal spray in the EU [10].

If an individual is suspected of opioid overdose based on

symptoms of respiratory and/or CNS depression, emergency

services should be called immediately, as naloxone nasal

spray is not a substitute for emergency medical care or basic

life support [10, 13]. Naloxone nasal spray should be given

after emergency services have been called, and the individual

monitored until help arrives. Fig. 1 provides a summary of

the instructions for the administration of naloxone nasal spray

in non-medical settings [10, 13]. Local prescribing informa-

tion should be consulted for further information.

What are the pharmacological properties
of naloxone nasal spray?

Pharmacodynamic profile

Naloxone is a semisynthetic morphine derivative that acts

as a competitive opioid receptor antagonist [10]. The drug

has high affinity for opioid receptors where it displaces

opioid agonists and partial antagonists. Unlike other opioid

antagonists, naloxone does not possess agonist or mor-

phine-like properties and, in the absence of opioids or the

agonist effects of other opioid antagonists, it exhibits vir-

tually no pharmacological activity [10]. There is no evi-

dence that naloxone produces tolerance or causes physical

or mental dependence [10].

Pharmacokinetic profile

Based on the results of a pharmacokinetic analysis, which

identified that concentrated naloxone nasal spray has sub-

stantial bioavailability [14], naloxone nasal spray doses of

0.8, 1.8 and 3.6 mg/0.1 mL (equivalent to naloxone

hydrochloride dihydrate 1, 2 and 4 mg, respectively) were

evaluated in a randomized, crossover study in healthy

volunteers [11]. This section focuses on the descriptive

results pertaining to the approved 1.8 mg dose of naloxone

nasal spray) relative to intramuscular (IM) [primary refer-

ence] and IV naloxone (both at a dose of 0.36 mg, which is

equivalent to naloxone hydrochloride hydrate 0.4 mg).

After intranasal administration, naloxone was rapidly

absorbed and the active substance appeared in the systemic

circulation 1 min after administration [10, 11]. The onset

of action following intranasal administration can reason-

ably be expected to occur before the peak plasma con-

centration (Cmax) is reached. Naloxone nasal spray 1.8 mg/

0.1 mL achieved mean plasma concentrations[ 50% of

Cmax by 9 min, and the median time to Cmax was 30 min

(range 8–60 min) (Table 1) [11]. The Cmax value achieved

with naloxone nasal spray 1.8 mg/0.1 mL was more than

twofold higher than that achieved with IM naloxone

0.36 mg, and approximately half of that achieved with IV

naloxone 0.36 mg (Table 1) [11].

During the first 10 min post-dose, mean naloxone plasma

concentrations achieved with naloxone nasal spray 1.8 mg

were generally similar to those achieved with IM naloxone

0.36 mg [11]. At 15 minutes, mean naloxone plasma
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concentrations with naloxone nasal spray 1.8 mg/0.1 mL were

twice those of IM naloxone 0.36 mg and were maintained at

more than twice those of the IM dose for the next 2 h.

The duration of action, as indicated by the half-value

duration (Table 1), following intranasal administration of

naloxone is longer than that following IM naloxone and

much longer than that following IV naloxone [11]. Some

opioids have a longer half-life than naloxone, and if opioid

agonist effects return after those of naloxone have disap-

peared, repeat doses of naloxone may be needed (Table 1)

Table 1 Prescribing summary of naloxone nasal spray (Nyxoid�) in opioid overdose in the EU [10]

What is the approved indication of naloxone nasal spray?

Immediate emergency therapy for known or suspected opioid overdose based on evidence of respiratory and/or CNS depression in adults and

adolescents aged C 14 y in non-medical and healthcare settings

How is naloxone nasal spray available?

Naloxone (as hydrochloride dihydrate) solution in a single-dose container that delivers 1.8 mg naloxone in 0.1 mL of solution

Each spray pack contains two single-dose nasal sprays

What is the recommended dose and administration regimen of naloxone nasal spray?

Dose One spray (1.8 mg of naloxone) administered into one nostril immediately on suspecting an opioid

overdose

Second and subsequent doses Administer second dose into alternate nostril after 2–3 min if the patient does not respond

Administer second dose into alternate nostril immediately if the patient relapses into respiratory depression

after responding to the first dose

Emergency services may administer further doses according to local guidelines

What was the pharmacokinetic profile of intranasal naloxone 1.8 mga vs IM and IV naloxone 0.36 mga in a randomized, crossover
study in healthy volunteers? [11]

Parameter Intranasal 1.8 mg IM 0.36 mg IV 0.36 mg

Time to 50% Cmax (mean) 9 min 4 min

Time to Cmax (median) 30 min 10 min 2 min

Cmax (mean) 2.87 ng/mL 1.27 ng/mL 5.94 ng/mL

AUCt (mean) 4.86 h�ng/mL 2.01 h�ng/mL 2.01 h�ng/mL

Half-value duration (mean) 76 min 65 min 8 min

Terminal phase half-life (mean) 84 min 81 min 75 min

What special warnings, precautions and monitoring requirements pertain to the use of naloxone nasal spray?

Specific instructions for users Ensure individual who is to administer naloxone is suitable and competent

Ensure potential user understands the indications for use, including a description of the symptoms that

allow presumptive diagnosis of respiratory and/or CNS depression

Ensure potential user understands how to use the spray and importance of seeking medical assistance

Naloxone is not a substitute for emergency medical care; it may be used instead of IV injection if IV access

is not immediately available

Monitor patient Closely monitor patients after a response; further doses may be needed if the effect of naloxone is shorter

than the effect of the opioid, leading to recurrence of respiratory depression

Opioid withdrawal symptoms Patients may experience symptoms of opioid withdrawal, including restlessness, irritability, hyperaesthesia,

nausea, vomiting, gastrointestinal pain etc., after receiving naloxone

Incomplete response Mechanically assist respiration if response is incomplete (may occur with buprenorphine overdose)

Intranasal absorption and efficacy can be altered in patients with damaged nasal mucosa or septal defects

How should naloxone nasal spray be used in special populations?

Pregnant women Should not be used unless clearly indicated based on the clinical condition of the woman (potential risk to

fetus is unknown)

Monitor fetus for signs of distress in pregnant women treated with naloxone

Life-threatening opioid withdrawal symptoms (e.g. convulsions, excessive crying and hyperactive reflexes)

may occur in neonates after naloxone is administered to opioid-dependent pregnant women

Breastfeeding women Use with caution, but breastfeeding may continue; monitor breastfed infants of mothers treated with

naloxone for sedation or irritability

AUCt area under the concentration-time curve to last measurable timepoint, Cmax peak plasma concentration, IM intramuscular, IV intravenous
aNaloxone 0.36 and 1.8 mg are equivalent to naloxone hydrochloride dihydrate 0.4 and 2 mg, respectively
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[10]. The quantity, type and route of administration of the

opioid involved in the overdose help determine whether a

repeat dose of naloxone is required [10].

The mean absolute bioavailability of concentrated

naloxone nasal spray 1.8 mg/0.1 mL (47.1% vs IM

naloxone 0.36 mg and 46.8% vs IV naloxone 0.36 mg)

Emergency treatment with naloxone nasal spray is required for a 
known or suspected opioid overdose in an individual aged ≥ 14 years

Check for signs of overdose
• Approach individual with care and check for dangers (e.g. injecting materials lying around)
• Check for a response to see if the individual is conscious (e.g. shout their name, gently their shoulders, talk loudly into their 

ears, rub their sternum, pinch their ear or fingernail bed)
• Check airways and clear the mouth and nose of any blockages
• Check breathing for 10 sec (e.g. is the chest moving? Can breathing sounds be heard or breath felt on cheek?)
• Check for signs of overdose (e.g. lack of response to touch or sounds; slow uneven breathing or no breathing; snoring, 

gasping or gulping; blue or purple fingernails or lips)

After administration of naloxone nasal spray
• Place the individual in the recovery position (i.e. on their side with their mouth pointing towards the ground)
• Stay with the individual until emergency services arrive
• Watch for improvement in breathing level, alertness and response to noise and touch, as well as for a return of overdose 

symptoms
• Individual is unconscious or breathing abnormally: provide basic life support (e.g. CPR) if you are trained to do so

Administer one spray of naloxone 
• Peel the back of the blister off of the packaging; remove the nasal spray and place within easy reach
• Lay the individual on their back, support the back of their neck, allow their head to tilt back; clear away anything blocking 

their nose
• Hold the nasal spray with the thumb on the bottom of the plunger and the first and middle fingers on either side of the nozzle
• DO NOT prime or test the nasal spray before use (device only contains one dose and cannot be reused)
• Gently insert the nozzle of the device into one nostril
• Press firmly on the plunger until it clicks and administers the dose
• Remove the nozzle from the nostril (note which nostril was used)

Individual is no better within 2‒3 min or overdose symptoms return
• Administer a second dose (using a new naloxone nasal spray) to the other nostril (may be done while the 

individual is in the recovery position)
• Individual wakes up, then becomes unconscious again and stops breathing: administer second dose 

Emergency services arrive
• Immediately inform them about what has happened and that naloxone has been administered
• Give them the used naloxone spray(s); if forget to return sprays, give them to a healthcare professional for proper disposal later
• Arrange to receive replacement naloxone nasal sprays

Patient care guidelines

CALL EMERGENCY SERVICES IMMEDIATELY (even if individual wakes up)
• Treatment with naloxone nasal spray is not a substitute for emergency medical care
• Provide emergency services with as much information as possible (e.g. exact location; substances the individual appears to 

have taken; whether the individual is conscious or breathing; that administration of naloxone nasal spray is planned)

Take care of your own safety
Be aware that acute opioid withdrawal symptoms can occur, including aggression

Fig. 1 Instructions for the administration of naloxone 1.8 mg nasal spray in non-medical settings [10, 13]
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[11] is higher than that reported with dilute naloxone nasal

spray 1.8 mg/5 mL (4.0% vs IV administration) [15], and

comparable to that with one spray of another concentrated

nasal spray containing naloxone 3.6 mg/0.1 mL (44.2% vs

IM administration) [12, 16]. It is thought that when the

volume of nasal spray is in excess of what can be fully

absorbed nasally, there is likely to be loss of drug from the

nasal cavity or from post-nasal drip [11]; therefore, the

administration of a concentrated formulation of naloxone

with a volume of 0.1 mL/dose should prevent the loss of

drug relative to more dilute formulations.

Simulation of repeat administration of naloxone nasal

spray 1.8 mg/0.1 mL indicated that two doses, as supplied

in naloxone 1.8 mg nasal spray packs, would result in

naloxone exposure similar to a series of five IM naloxone

0.36 mg doses (i.e. 1.8 mg IM in total; the WHO recom-

mended dose range is 0.36–1.8 mg [6]) [11].

Naloxone is rapidly and extensively metabolized in the

liver, mainly by glucuronide conjugation, and is excreted in

the urine [10].

What is the clinical effectiveness of naloxone?

Naloxone is highly effective in reversing of opioid over-

dose [2, 17]. Specific clinical studies in opioid overdose

patients have not been performed with naloxone 1.8 mg/

0.1 mL nasal spray, as approval was based on a study

showing that naloxone nasal spray produces generally

similar mean plasma concentrations to those of IM nalox-

one 0.36 mg [11].

What is the tolerability profile of naloxone?

Naloxone nasal spray is well tolerated [11]. In the ran-

domized, cross-over pharmacokinetic study in healthy

volunteers, no severe adverse events were reported [11].

Eleven naloxone-related adverse events occurred in 9 of 38

patients (24%), and the incidence did not appear to be

related to dose.

Based on data regarding the use of all naloxone for-

mulations, nausea is the most common drug-related

adverse event, occurring in more than 10% of recipients

[10]. Naloxone-related adverse events occurring in 1–10%

of recipients include vomiting, dizziness, headache,

tachycardia, and hypotension or hypertension. Adverse

cardiovascular events with IV or IM naloxone have

occurred more frequently in postoperative patients with a

pre-existing cardiovascular disease or in those receiving

other medicines that produce similar adverse cardiovascu-

lar effects. The risk of hypersensitivity reactions is con-

sidered to be very rare [10].

Consistent with its mechanism of action, administration

of naloxone is typically associated with opioid withdrawal

syndrome, which results from the abrupt withdrawal of

opioids in individuals physically dependent on the drug

[10]. Signs and symptoms of drug withdrawal syndrome

include restlessness, irritability, hyperaesthesia, nausea,

vomiting, gastrointestinal pain, muscle spasms, dysphoria,

insomnia, anxiety, hyperhidrosis, piloerection, tachycardia,

increased blood pressure, yawning and pyrexia. In some

cases, behavioural changes, such as violent behaviour,

nervousness and excitement, may also be observed. A

correlation between the severity of withdrawal symptoms

and a faster onset of opioid antagonism and potency sug-

gests that routes of administration other than IV may be

more desirable in some situations [17].

It is not expected that an overdose of naloxone can be

administered because of its broad therapeutic margin [10].

What is the current clinical position of naloxone
nasal spray?

Naloxone is an opioid antagonist that reverses opioid-in-

duced respiratory depression. As with injectable naloxone,

the nasal spray can be administered in emergency situa-

tions by healthcare and non-healthcare professionals. The

nasal spray formulation is potentially easier to use than

injectable formulations, particularly with regard to indi-

viduals who are likely to witness an opioid overdose, such

as family members and close friends, as well as police

officers and other first-response personnel. The drug is well

tolerated and is virtually devoid of pharmacological effects

in opioid-naı̈ve individuals. Opioid withdrawal syndrome

may result from the use of naloxone.

Naloxone is rapidly absorbed when administered intra-

nasally as the 1.8 mg/0.1 mL nasal spray, with early

exposure to naloxone that is generally similar to that with

reference IM naloxone 0.36 mg. From 15–120 min after

the intranasal dose, naloxone plasma concentrations are

maintained at twice those of IM naloxone, which may be

beneficial when the overdose involves highly potent opi-

oids (e.g. fentanyl or carfentanil) that require a higher dose

of reversal agents. As the duration of action of some opi-

oids exceeds that of naloxone, sustained plasma naloxone

concentrations over the first 2 h may potentially reduce the

risk of rebound opioid toxicity that is often observed fol-

lowing an initial response to IV or IM naloxone [11].

Additional doses of naloxone may be administered if the

patient does not respond to the first dose or relapses into

respiratory depression after responding to the first dose. As

with the initial dose, it may be easier to administer sub-

sequent doses of naloxone via a nasal spray rather than via

an injection. Each naloxone nasal spray pack contains two
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single-use nasal sprays (Table 1). Other potential advan-

tages of intranasal versus injectable naloxone include the

avoidance of needle-stick injuries and the relatively small

amount of training required regarding the use of the device

[18].

Fully published cost-effectiveness analyses of the costs

and benefits of the distribution of naloxone 1.8 mg/0.1 mL

nasal spray for emergency use are not currently available;

however, the cost effectiveness of the distribution of other

naloxone formulations has been evaluated [19, 20]. For

example, a Markov/decision tree model [19] was used to

estimate the cost effectiveness of distributing naloxone to

adults at risk of heroin overdose (i.e. take-home naloxone)

relative to no distribution of take-home naloxone over a

lifetime horizon and from a societal perspective in the USA

[19] and the UK [20]. In the USA, relative to no distri-

bution, distribution of naloxone (IM or nasal spray kits) to

20% of heroin users was estimated to prevent 6.5% of

overdose deaths (one death prevented for every 164

naloxone kits distributed), and was cost effective [base-

case incremental cost-effectiveness ratio (ICER) of

$US421 per quality-adjusted life-year (QALY) gained;

2012 costs] [19]. Similarly, in the UK, the distribution of

take-home IM naloxone to 30% of all heroin users was

estimated to provide a 6.6% decrease in overdose deaths

(preventing 2500 deaths per 200,000 heroin users), and was

cost effective (base-case ICER �942 per QALY gained;

2016 costs) relative to no distribution [20]. In an explora-

tory scenario in the UK analysis, the distribution of

naloxone 1.8 mg/0.1 mL nasal spray instead of IM nalox-

one provided additional benefits arising from its ease of use

and lack of needlestick injuries; distribution of take-home

intranasal naloxone to 30% of all heroin users was pre-

dicted to provide a 7.5% decrease in overdose deaths rel-

ative to no distribution, and to prevent an additional 324

deaths per 200,000 heroin users relative to the distribution

of IM naloxone [20].

Data regarding the effectiveness and safety of naloxone

nasal spray in the treatment of opioid overdose in the

clinical-practice setting, as well as investigations of its use

and cost effectiveness when distributed via various access

programmes, are awaited with interest.
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