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   Questions 

 • What is the difference in efficacy between NARCAN® Nasal Spray and naloxone administered 
by intramuscular injection?

 • What are the considerations regarding ease of use of NARCAN® Nasal Spray?

 • What is the possible impact of nasal passage blockage on 
efficacy of NARCAN® Nasal Spray?

 • What is the role of fentanyl in chest wall rigidity?
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NARCAN® Nasal Spray efficacy for emergency 
treatment of opioid overdose

   Key Take-Home Messages

 • The administration of ready-to-use, needle-free 
concentrated NARCAN® Nasal Spray (containing 4mg of 
naloxone hydrochloride in low volume of 0.1 mL) results in 
pharmacokinetic parameters that either equal or exceed 
those observed following the intramuscular dose of 
naloxone (0.4 mg) (1).

 • According to a pharmacokinetic study preceding the 
regulatory approval of NARCAN® Nasal Spray, the 
maximum plasma concentration obtained after intranasal 
administration of a naloxone hydrochloride between 2 
mg and 8 mg is dose-proportional, exceeds the maximum 
concentration produced by the 0.4 mg intramuscular dose 
of naloxone, and is independent of delivery to either one 
or both nostrils (1).

 • At the earliest time sampled (2.5 minutes), plasma 
naloxone concentrations after intranasal administration 
of 2 mg to 8 mg are higher than following the 0.4 mg 
intramuscular dose which may be advantageous for 
reversing respiratory depression in opioid overdose (1).

 • There are no differences in the safety profile of NARCAN® 
Nasal Spray compared to the intramuscular injection of 
naloxone (1).

https://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM480092.pdf.
https://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM480092.pdf.
https://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM480092.pdf.
https://www.fda.gov/downloads/Drugs/DevelopmentApprovalProcess/DevelopmentResources/UCM480092.pdf.
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   The Issue and Why It’s Important 

Deaths from opioid overdose can be prevented through 
administration of the antagonist naloxone, which has been licensed 
for injection since the 1970s. The need for a naloxone product for use 
outside of a controlled medical setting extends beyond the setting 
of illicit drug use. As the management of chronic pain often relies on 
the use of chronic opioid treatment, there is risk for overdose for 
patients and household contacts (2). 

Over recent years, the off-label use of commercially available 
naloxone hydrochloride by the intranasal route of administration 
using a nasal atomizer has been growing in popularity to address 
the public health problem of overdoses (2). Improvised nasal kits 
(consisting of a pre-filled naloxone syringe and an atomizer which 
fits onto the syringe to generate a nasal spray) have been used in 
different settings (3, 4). These include usage by:  ambulance personnel 
(5-11), emergency departments (12), opioid users, peers, and families 
in take-home naloxone trials (13–16), and police first responders 
(17). However, the only published pharmacokinetics study evaluating 
improvised nasal kits with atomizers in humans found intranasal 
naloxone (2 mg/5 mL) had a relative bioavailability of only 4% (3, 18, 
19), and it is unclear if the pharmacokinetic properties of naloxone 
produced by these improvised intranasal devices are equivalent to the 
approved dose of parenterally administered naloxone (1). Improvised 
devices also require training for effective use, and the recommended 
volumes (2 to 4 mL) exceed those considered optimum for intranasal 
administration (1).

To support wider availability of naloxone in community settings, 
novel formulations are being developed, suitable for emergency use 
by non-medical personnel (3). The first product approved to address 
the risk of opioid overdose in all settings was Evzio (naloxone auto-
injector), approved in 2014 (2). Evzio rapidly delivers a single dose 
of naloxone via a hand-held auto-injector with audible and written 
instructions for use and is a prescription treatment that can be 
used by family members or caregivers to treat a person known or 
suspected to have had an opioid overdose (2). 

With the increasing momentum of community-level efforts to 
increase the distribution and timely availability of take-home 
naloxone, including intranasal naloxone, in response to the public 
health crisis of opioid overdose fatalities, there was increasing 
pressure to develop new intranasal naloxone products for formal 
approval (20). The U.S. Food and Drug Administration’s requirement 
was that an approvable intranasal naloxone product must exhibit 
essentially the same (or better) pharmacokinetic properties 
compared to the already approved parenteral naloxone product, 
with evidence of effective usability without prior training (20). A 
product meeting these criteria can be approved without additional 
efficacy studies, based on the predictive validity of the required 
pharmacokinetic profile (20). As a result, NARCAN® Nasal Spray, 

4. Chou R, Korthuis PT, McCarty D, 
Coffin PO, Griffin JC, Davis-O’Reilly C, 
et al. Management of suspected opioid 
overdose with naloxone in out-of-hospi-
tal settings: A systematic review. Annals 
of Internal Medicine. 2017;167(12):867–
75.

5. Barton ED, Colwell CB, Wolfe T, 
Fosnocht D, Gravitz C, Bryan T, et al. 
Efficacy of intranasal naloxone as a 
needleless alternative for treatment of 
opioid overdose in the prehospital set-
ting. Journal of Emergency Medicine. 
2005;29(3):265–71.

6. Belz D, Lieb J, Rea T, Eisenberg MS. 
Naloxone use in a tiered-response emer-
gency medical services system. Prehospi-
tal Emergency Care. 2006;10(4):468–71.

7. Kelly AM, Kerr D, Dietze P, Patrick I, 
Walker T, Koutsogiannis Z. Randomised 
trial of intranasal versus intramuscular 
naloxone in prehospital treatment for 
suspected opioid overdose. Medical Jour-
nal of Australia. 2005;182(1):24–7.

8. Kerr D, Kelly AM, Dietze P, Jolley D, 
Barger B. Randomized controlled trial 
comparing the effectiveness and safety of 
intranasal and intramuscular naloxone 
for the treatment of suspected heroin 
overdose. Addiction. 2009;104(12):2067–
74.

9. Merlin MA, Saybolt M, Kapitanyan 
R, Alter SM, Jeges J, Liu J, et al. Intrana-
sal naloxone delivery is an alternative to 
intravenous naloxone for opioid over-
doses. American Journal of Emergency 
Medicine. 2010;28(3):296–303.

10. Robertson TM, Hendey GW, Stroh G, 
Shalit M. Intranasal naloxone is a viable 
alternative to intravenous naloxone for 
prehospital narcotic overdose. Prehospi-
tal Emergency Care. 2009;13(4):512–5.



RAPID RESPONSE SERVICE | #125, MAY 2018 3

11. Weber JM, Tataris KL, Hoffman 
JD, Aks SE, Mycyk MB. Can nebulized 
naloxone be used safely and effectively 
by emergency medical services for 
suspected opioid overdose? Prehospital 
Emergency Care. 2012;16(2):289–92.

12. Sabzghabaee AM, Eizadi-Mood N, 
Yaraghi A, Zandifar S. Naloxone therapy 
in opioid overdose patients: Intranasal 
or intravenous? A randomized clini-
cal trial. Archives of Medical Science. 
2014;10(2):309–14.

13. Doe-Simkins M, Walley AY, Epstein 
A, Moyer P. Saved by the nose: Bystand-
er-administered intranasal naloxone 
hydrochloride for opioid overdose. 
American Journal of Public Health. 
2009;99(5):788–91.

14. Dwyer K, Walley AY, Langlois BK, 
Mitchell PM, Nelson KP, Cromwell J, et 
al. Opioid education and nasal naloxone 
rescue kits in the emergency depart-
ment. The Western Journal of Emer-
gency Medicine. 2015;16(3):381–4.

15. Walley AY, Doe-Simkins M, Quinn 
E, Pierce C, Xuan Z, Ozonoff A. Opioid 
overdose prevention with intranasal 
naloxone among people who take 
methadone. Journal of Substance Abuse 
Treatment. 2013;44(2):241–7.

16. Walley AY, Xuan Z, Hackman HH, 
Quinn E, Doe-Simkins M, Sorensen-
Alawad A, et al. Opioid overdose rates 
and implementation of overdose educa-
tion and nasal naloxone distribution in 
Massachusetts: Interrupted time series 
analysis. BMJ. 2013;346:f174.

17. Rando J, Broering D, Olson JE, 
Marco C, Evans SB. Intranasal naloxone 
administration by police first respond-
ers is associated with decreased opioid 
overdose deaths. American Journal of 
Emergency Medicine. 2015;33(9):1201–
4.

produced by ADAPT Pharma, Inc., became the first, and so far only 
nasal naloxone approved in North America.

This review describes NARCAN® Nasal Spray and its comparison 
with intramuscular naloxone. In addition to efficacy of NARCAN® 
Nasal Spray, this review also addresses the issues of its ease of use, 
the possible impact of nasal passage blockage on its efficacy, and 
chest wall rigidity during opioid overdose.

   What We Found

NARCAN® Nasal Spray pharmacokinetics 

Currently NARCAN® Nasal Spray is the first and only nasal 
naloxone available in North America for the emergency treatment 
of a known or suspected opioid overdose (21, 22). The U.S. Food 
and Drug Administration approved a first nasal naloxone product in 
November 2015 and Health Canada followed in October 2016 (23). It 
was granted priority review status upon submission reflecting the 
public health importance of this product (2).

No clinical studies on naloxone hydrochloride nasal spray (device 
with naloxone) were identified either in this review or in a 2017 review 
conducted by the Canadian Agency for Drugs and Technologies in 
Health (CADTH) (24). A pivotal pharmacokinetic study served as 
the basis for the approval by the US Food and Drug Administration 
and Health Canada (2, 24). The application for approval relied on 
a relative bioavailability study in 30 healthy volunteers (1, 2). A 
single dose of 4 mg naloxone was selected as the formulation 
for NARCAN® Nasal Spray because it delivers approximately the 
same amount of drug as 2 mg intramuscular injection, the highest 
recommended initial dose for treating suspected opioid overdose (1). 
This pharmacokinetic study was supported in part by the National 
Institute on Drug Abuse (NIDA) and compared the pharmacokinetic 
properties of intranasal naloxone (2 to 8 mg) concentrated in low 
volumes (0.1 to 0.2 mL) to an approved (0.4 mg) intramuscular dose 
(1). The study design was an inpatient, open-label, randomized, 
5-period, 5-treatment, 5-sequence, crossover study (1). Plasma 
concentrations were detectable within 2.5 minutes after nasal spray 
and maximum concentration levels of NARCAN® Nasal Spray were 
achieved as rapidly as with the intramuscular injection of naloxone 
(1).  The 4 mg dose of NARCAN® Nasal Spray provides naloxone 
concentrations ranging from 3.5-fold to 6-fold higher than a 0.4 mg 
intramuscular injection (2). The bioavailability of intranasal naloxone 
is lower than naloxone administered intramuscularly, requiring 
a higher dose to reach comparable systemic levels (25). Plasma 
concentrations of naloxone were dose proportional between 2 and 
8 mg and independent of whether drug was administered to one 
or both nostrils (1). The pharmacokinetic properties of naloxone 
following intranasal administration were similar between male and 
female subjects (1). There were no differences in the safety profile 
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of NARCAN® Nasal Spray compared to the intramuscular injection 
of naloxone (1).

A recent survey of U.S. community organizations known to have 
received units of NARCAN® Nasal Spray found that over 70% of 
the cases reported an observed response within five minutes 
of NARCAN® Nasal Spray administration (27). This is consistent 
with the response times reported for intramuscular naloxone 
formulation; mean time to response with intramuscular naloxone 
was reported to be six minutes in a randomized study (7). The 
majority of reported observed events in this survey were consistent 
with the effects of opioid withdrawal and within the product’s label 
(28). No new safety issues were identified (27).

NARCAN® Nasal Spray costs

Each carton of NARCAN® Nasal Spray contains two devices, each 
unit contains 4 mg naloxone concentrated in a single 0.1 mL spray. 
In the U.S. NARCAN® Nasal Spray can be accessed at a discounted 
public interest price of $37.50 per dose ($75 per carton of two 
devices) by first responders, state and local purchasers, and non-
for-profits (20, 26). The wholesaler acquisition cost is $125 per 
carton containing two devices (equivalent of $62.50 per device) 
(26). This is by far less expensive than the wholesaler acquisition 
cost of $3,500 for Evzio (naloxone hydrochloride auto-injector) 
for each package containing two devices and a training device (20, 
26). In Canada, patient or patient’s agent can obtain NARCAN™ 
Nasal Spray directly from a community pharmacist without a 
prescription (21). It was announced on March 8, 2018 that in 
Ontario NARCAN™ Nasal Spray will be available free of charge in 
pharmacies by the end of March 2018 (27).

Other naloxone nasal sprays

Other naloxone nasal sprays as non-injectable alternatives are 
currently being developed and tested. Two of these formulations 
were tested in small randomized-controlled trials: A 2017 UK study 
found that concentrated  intranasal naloxone doses achieved 
peak plasma concentrations at 18 minutes (versus 10 minutes by 
intramuscular injection), and mean bioavailability was around 0.50 
(47–51% relative to intramuscular naloxone) (28). A 2017 Norwegian 
study reported a similar bioavailability (0.52–0.54) and time to 
maximum concentrations (18 minutes) (29). The Norwegian study 
reported maximum plasma concentration about half that of the 
4-mg dose of NARCAN® nasal spray (29). These studies concluded 
that an optimized high-concentration/low-volume nasal spray 
formulation may deliver a therapeutic dose (29), but these findings 
so far have not resulted in any new product development or 
regulatory approval.
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A 2018 review of international patent applications for non-
injectable naloxone for opioid overdose reversal found that 
concentrated intranasal formulations of naloxone (≥10 mg/mL) 
have bioavailability of 21–42% (relative to intravenous) and 26–57% 
(relative to intramuscular), with peak concentrations (dose-adjusted 
Cmax=0.8–1.7 ng/mL) reached in 19–30 minutes (19). Overall, 
intranasal bioavailability was associated positively with dose and 
negatively with volume (19).

Ease of use

The usability of NARCAN® Nasal Spray by the general public 
has been supported by a study where the vast majority of study 
participants were able to successfully perform the most critical 
steps to administer it, on the basis of the instructions for use 
without the need for any specialized device training (1). Human 
factor and usability study on the ease of use of NARCAN® Nasal 
Spray demonstrated that first responders and laypersons were 
able to safely and effectively use this product without any prior 
training (1). Aptar Unit-Dose device (Louveciennes, France) is used 
in NARCAN® Nasal Spray and human factors studies demonstrated 
that participants were able to correctly perform the two critical 
tasks (insert device in nostril and deliver a dose of medication) with 
a success rate >90%, even when no prior training or guidance was 
provided (1). This high rate of success is not surprising because the 
device is intuitive, and has been used effectively in other intranasal 
products available to the lay public, such as sumatriptan (Imitrex®) 
for treating migraine headaches (1). In addition, comprehension 
scores were high for most of the key communication objectives in 
the patient information section of the package insert, indicating 
that the labeling is clear (1).

A study published in 2018 surveyed U.S. community organizations 
known to have received units of NARCAN® Nasal Spray regarding 
their experiences using this formulation (30). NARCAN® Nasal 
Spray formulation was successful at reversing the effects of opioid 
overdose in 242 of the 245 cases in which outcomes were reported 
(30). NARCAN® Nasal Spray was considered non-contributory 
in two cases (the individuals who overdosed were thought to be 
already deceased) and no additional information was available 
regarding the third case of unsuccessful reversal (30).

Compared with injectable naloxone products modified to be used 
off-label for intranasal administration (packaged for layperson use 
as prefilled syringes along with an atomizer), NARCAN® Nasal Spray 
does not require training for successful administration, is easier to 
use and contains a higher dose of naloxone, which is particularly 
important in light of the increased use of high-potency opioids 
such as fentanyl (30).
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Possible impact of nasal passage blockage on 
efficacy of NARCAN® Nasal Spray

Nasal physiologic changes during pathologic conditions, such as 
polyposis and allergic and vasomotor rhinitis, could theoretically 
alter the biopharmaceutics of intranasal medications intended 
for systemic drug administration (31). Physical obstruction of the 
nasal passage due to prior trauma and subsequent deflection of the 
passageways is another possibility. Concurrent use of medications 
with vasoconstriction or vasodilation properties may also affect 
drug absorption. Increases in mucus production and changes in 
mucociliary clearance rates could also affect bioavailability (31). A 
recent study found that obstructive nasal pathology is relatively 
common in patients who experience serious opioid-induced 
respiratory depression at about 12%, and it in itself is associated 
with a higher risk of having opioid-induced respiratory depression 
(32).

Effectiveness of intranasal delivery may be limited in individuals 
with nasal abnormalities (24) and U.S. Food and Drug Administration 
listed periodic summary evaluation of airways obstruction among 
postmarketing risk management activities required from the 
NARCAN® Nasal Spray manufacturer (2, 25).

The only currently available pharmacokinetic study with NARCAN® 
Nasal Spray excluded participants with either abnormal nasal 
anatomy or symptoms and those with upper respiratory tract 
infections (1). Consequently, no relevant literature could be 
identified on the possible impact of nasal passage blockage on 
efficacy of NARCAN® Nasal Spray.

Chest wall rigidity

Chest wall rigidity with opioids was first described in 1953 as 
“wooden chest syndrome” (33–37). Onset of wooden chest is sudden 
and produces a rapid inability to ventilate or move the chest wall. 
The incidence is unknown but this syndrome is rare (33, 36). With 
the introduction of fentanyl in anesthetic practice in 1981, fentanyl-
induced muscle rigidity started to be reported both in adults and 
children (36). The dose and rate of opioid administration are believed 
to be risk factors (33). In the peer-reviewed medical literature opioid 
induced chest wall rigidity has been usually described in case reports 
of anesthesia complications using fentanyl (33, 34, 36, 37). Acute 
chest wall rigidity is a well-recognized complication in the medical 
community but unknown within the drug using community (35) and 
an average user of illicit opioids may be unaware of the increasing 
fentanyl content of their illicit opioid purchase and additional risk 
of death from chest wall rigidity (35). A 2016 study concluded that 
sudden onset chest wall rigidity may be a significant and previously 
unreported factor leading to an increased mortality from illicit 
intravenous fentanyl use (35). Chest wall rigidity may help explain 
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the cause of death in these instances, in contrast 
to the typical opioid-related overdose deaths. 

Chest wall rigidity during anesthesia complications 
is usually reversed by intravenous administration 
of naloxone (33, 34, 36, 37). No studies have 
reported on efficacy of NARCAN® Nasal Spray 
in reversing chest wall rigidity during fentanyl 
overdose.

    Factors That May Impact  
Local Applicability 

No studies identified in this review have 
evaluated the comparative clinical effectiveness 
of NARCAN® Nasal Spray versus intramuscular 
naloxone. Nevertheless, substantial and adequate 
evidence of safety, efficacy and product quality 
have been provided to obtain approval by Food 
and Drug Administration and Health Canada 
(25). There may be considerations about cost-
effectiveness that require further analysis. With 
Ontario set to be the first jurisdiction to provide 
NARCAN® Nasal Spray free of charge and 
prescription-free, further studies and data will 
provide more details about real-life usability and 
effectiveness of NARCAN® Nasal Spray.  

   What We Did 

We searched Medline using a combination of 
text terms (Narcan or Naloxone) and (nasal or 
intranasal). In addition, to identify grey literature, 
Google search was conducted using different 
combinations of terms Narcan, naloxone, nasal, 
intranasal. Reference lists of identified articles 
were also searched. Searches were conducted on 
March 9, 2018 and results were limited to English 
articles without date restrictions. The searches 
yielded 240 references from which 37 were 
included. Efficacy and effectiveness of improvised 
nasal kits with atomizers were not the subject of 
this review and they are referenced for contextual 
purposes only.

Rapid Response: Evidence into Action

The OHTN Rapid Response Service offers quick access to research 
evidence to help inform decision making, service delivery and 
advocacy. In response to a question from the field, the Rapid 
Response Team reviews the scientific and grey literature, consults 
with experts, and prepares a brief fact sheet summarizing the 
current evidence and its implications for policy and practice.
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