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ackground 

In the United States (U.S.), drug overdose deaths have increased

ubstantially during the COVID-19 pandemic ( Centers for Disease Con-

rol and Prevention, 2020 ). Synthetic opioids are implicated as the pri-

ary drivers of this increase. Naloxone, an opioid antagonist which can

apidly reverse opioid-induced respiratory depression, is recommended

or use and distribution by health professionals and laypersons to ad-

ress this crisis. Given the relative potency of many synthetic opioids, it

as been theorized that higher doses of naloxone – or even more potent

nd longer-acting opioid antagonists – may be required to effectively

everse overdoses ( Krieter, Gyaw, Crystal, & Skolnick, 2019 ). 

pioid antagonists 

Prior to 2015, the predominant form of naloxone for first responders

as a generic 0.4 mg vial for intravenous (IV) or intramuscular (IM)

dministration ( Lim, Bratberg, Davis, Green, & Walley, 2016 ). An im-

rovised intranasal (IN) form using a prefilled 2 mg syringe retrofitted

ith a mucosal atomization device also gained some traction prior to

pproval of branded 2 mg and 4 mg IN devices in late 2015. Only the

 mg device has ever been marketed. This was followed by approval of a

randed IM device which was initially marketed at a 0.4 mg dose, then

ater a 2 mg dose, but ultimately discontinued by the manufacturer. In

021, a branded 8 mg IN device was approved, and development of a

randed form of nalmefene is ongoing. Nalmefene is an opioid antago-

ist with substantially greater mu opioid receptor affinity and a longer

limination half-life compared to naloxone ( Krieter et al., 2019 ). 

Pharmacokinetic data for key formulations of each of these opioid

ntagonists, abstracted from two reports of studies in healthy volun-

eers, are summarized in Table 1 ( Krieter et al., 2016 ; Krieter et al.,

019 ). Compared to naloxone 0.4 mg IM, the 4 mg IN and 8 mg IN

oses achieve dramatically greater peak concentrations and total drug

xposure. Data for naloxone and nalmefene are not directly compara-

le given differing pharmacodynamic properties, though it is likely that

ubstantially greater mu opioid receptor affinity will translate to a lower

oncentration achieving a similar physiological effect. 

onsidering the evidence 

Advocates for more powerful opioid antagonists often cite two ret-

ospective studies which found that emergency medical services (EMS)
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roviders responding to a suspected opioid overdose were more likely

o administer multiple doses of naloxone in 2015 (18.2%) compared to

012 (14.5%) ( Faul et al., 2017 ) and in 2016 (21.4%) compared to 2013

15.0%) ( Geiger, Smart, & Stein, 2020 ). However, these studies did not

escribe the route or dose of these administrations. IN naloxone admin-

strations were likely rare as trained clinicians often prefer to carefully

itrate IV dosing and may also administer IM. The significance of a mod-

st increase in multiple administrations of unknown IV and IM doses is

ifficult to ascertain. Given widespread news reports describing the in-

reased prevalence of potent synthetic opioids, often accompanied by

larmist misinformation about passive exposure risk, it is plausible that

he increase in multiple naloxone administrations among EMS is an ar-

ifact of availability bias with multiple doses of naloxone administered

ut of an abundance of caution rather than based on clinical signs and

ymptoms. Patients treated for a suspected opioid overdose may also

ppear to need more naloxone due to intentional concomitant use of

pioids and other sedating drugs (e.g., alcohol, benzodiazepines) and

ontamination of the illegal opioid supply with non-opioid depressants

e.g., xylazine, barbiturates). 

Three other studies, two in emergency departments and one in a sy-

inge services program, provide superior insight regarding the hypoth-

sized need for more powerful opioid antagonists. An analysis of pre-

ospital and emergency department naloxone administration was con-

ucted in Atlanta from 2017 to 2018 ( Carpenter et al., 2020 ). This study

ncluded naloxone dosing information and urine drug screen results, and

t found that the median dose of naloxone administered in successful re-

ersals did not differ significantly based on the presence or absence of

entanyl (0.8 mg IV vs 0.56 mg IV, p = 0.79). A study conducted in

oston from 2017 to 2018 compared blood fentanyl concentrations to

aloxone doses administered among patients experiencing a non-fatal

pioid-related overdose ( Krotulski et al., 2021 ). All 20 subjects reported

se of heroin, and fentanyl was detected in 19. No relationship between

lood fentanyl concentration and naloxone dose administered was iden-

ified. Data collected from clients of a syringe services program in Pitts-

urgh, Pennsylvania from 2013 to 2016 corroborate these results ( Bell,

ennett, Jones, Doe-Simkins, & Williams, 2019 ). While the proportion

f opioid overdose deaths testing positive for fentanyl in the county in-

reased from 3.5% to 68.7% during this timeframe, the reported nalox-

ne doses used by clients to effectively reverse opioid overdoses did not

hange. Notably, the program distributed relatively low-dose 0.4 mg

ials for IM administration, and a mean of only 1.56 doses per reversal

ere required. 

https://doi.org/10.1016/j.drugpo.2021.103457
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Table 1 

Pharmacokinetics of opioid antagonists in healthy volunteers ( Krieter et al., 

2016 ; Krieter et al., 2019 ). 

Drug Route Dose C max (ng/mL) t max (hours) AUC (ng ⋅h/mL) 

Naloxone IM 0.4mg 0.9 0.4 1.8 

Naloxone IN 2mg 3.1 0.3 4.7 

Naloxone IN 4mg 5.3 0.5 8.5 

Naloxone IN 8mg 10.3 0.3 15.8 

Nalmefene IN 3mg 4.45 0.25 15.2 

C max indicates the maximum plasma concentration achieved. 

t max indicates the amount of time elapsed prior to achieving Cmax. 

AUC represents the total drug exposure. 
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nintended consequences 

The proliferation of powerful opioid antagonists could have unin-

ended consequences that are counterproductive to efforts to prevent

pioid-related overdose deaths. Precipitated opioid withdrawal is a

nown risk of naloxone for opioid-tolerant individuals, producing symp-

oms such as hyperalgesia, diarrhea, and vomiting, particularly at higher

oses ( Purssell et al., 2021 ). Aversion to being administered naloxone

nd experiencing opioid withdrawal symptoms was thoroughly docu-

ented in an ethnographic study conducted in Scotland from 1997 to

999 ( Neale & Strang, 2015 ). Nearly all subjects who were familiar with

aloxone described it negatively and indicated it should be avoided,

nd many expressed mistrust of health professionals’ judgment regard-

ng when to administer it. Notably, while this study included interviews

ith 200 people who use opioids, it occurred in an environment of rel-

tively low-dose naloxone administration and poor awareness of nalox-

ne among the subjects. Thus, it is worthwhile to consider the findings

f two recent studies describing naloxone wariness among people who

se opioids in the U.S. 

In one study, 10 adults reporting to an emergency department in

oston with an opioid-related chief complaint were interviewed ( Lai

t al., 2021 ). All were familiar with naloxone and had received training

n its administration, and they generally reported positive perceptions of

t. However, the eight subjects who had previously received naloxone

ach reported experiencing severe opioid withdrawal symptoms they

ere eager to avoid in the future. In another study, 20 adults who use

pioids in New York were interviewed to identify reasons they do or do

ot carry naloxone ( Bennett, Freeman, Des Jarlais, & Aronson, 2020 ).

 major reported theme from these interviews was a fear of misrecog-

izing the need for naloxone and inducing or experiencing prolonged

pioid withdrawal symptoms. Significantly, an 8 mg naloxone product

as not yet been marketed, so these qualitative findings are in the con-

ext of 4 mg IN being the highest single-dose naloxone product available.

he introduction of an 8 mg IN naloxone product and the potential fu-

ure introduction of a similarly potent nalmefene product with longer

uration of action could plausibly lead some people who use opioids to

void carrying it. 

onclusion 

The development and marketing of more powerful opioid antago-

ists should be viewed with great skepticism. Since opioid antagonists

re commonly purchased for the public in bulk by state health agencies,
2 
 relatively small number of purchasing decisions can impact thousands

f individuals. State health agency staff, public health professionals,

olicymakers, and clinicians should be aware that more potent, longer-

cting opioid antagonists are not necessary and may have unintended

onsequences. The input of people who use drugs should be solicited

nd considered carefully before embracing more powerful opioid an-

agonists. 
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