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Naloxone is an effective FDA-approved opioid antagonist for reversing opioid overdoses. Naloxone is available

to the public and can be administered through intramuscular (IM), intravenous (IV), and intranasal spray (IN) routes.
Our literature review investigates the adequacy of two doses of standard IM or IN naloxone in reversing fentanyl
overdoses compared to newer high-dose naloxone formulations. Moreover, our initiative incorporates the experi-
ences of people who use drugs, enabling a more practical and contextually-grounded analysis. The evidence indi-
cates that the vast majority of fentanyl overdoses can be successfully reversed using two standard IM or IN dosages.
Exceptions include cases of carfentanil overdose, which necessitates > 3 doses for reversal. Multiple studies docu-
mented the risk of precipitated withdrawal using > 2 doses of naloxone, notably including the possibility of recurring
overdose symptoms after resuscitation, contingent upon the half-life of the specific opioid involved. We recommend
distributing multiple doses of standard IM or IN naloxone to bystanders and educating individuals on the adequacy
of two doses in reversing fentanyl overdoses. Individuals should continue administration until the recipient is revived,
ensuring appropriate intervals between each dose along with rescue breaths, and calling emergency medical services
if the individual is unresponsive after two doses. We do not recommend high-dose naloxone formulations as a substi-
tute for four doses of IM or IN naloxone due to the higher cost, risk of precipitated withdrawal, and limited evidence
compared to standard doses. Future research must take into consideration lived and living experience, scientific
evidence, conflicts of interest, and the bodily autonomy of people who use drugs.

Background

Opioid use disorder affects more than 2.1 million indi-
viduals in the United States [1]. Persistent opioid use
can leave individuals with opioid dependency resulting
in daily opioid use, despite potential medical and social
consequences, the most significant of which is overdose
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[2, 3]. Opioid overdose occurs when opioids bind to and
activate opioid receptors and suppress breathing rate
below that which is required to maintain consciousness
[4]. If suppression is continued for an extended time,
health complications including death can occur.

Opioid overdose, however, is reversible if a bystander
identifies an overdose in progress and administers nalox-
one hydrochloride (hereafter, naloxone) quickly [1, 2].
Naloxone is an opioid antagonist medication with a
stronger binding affinity for opioid receptors than heroin
or fentanyl. When administered, it “knocks opioids oft”
the opioid receptors in the central or peripheral nervous
system and binds without activation, thereby reversing
both intentional (i.e. analgesia, euphoria) and uninten-
tional (i.e. respiratory depression, coma) effects of the
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used opioid [3, 4]. Naloxone administered by community
members (bystanders, friends, family, etc.) has proven
successful in reversing opioid overdoses in 75-100% of
cases [5]. It is considered safe at the recommended doses
to opioid-naive persons as well [5].

Naloxone is primarily available to the public through
free community-based programs, though it is also avail-
able through provider prescriptions and as an over-the-
counter medication at pharmacies. Community health
workers, pharmacists, and medical professionals distrib-
uting naloxone often also provide training on overdose
recognition and response, however, some organizations
also incorporate a train-the-trainer model to enable com-
munity members to share these skills in their networks.

Community based overdose response can occur any-
where individuals use substances including private
homes and public spaces (restaurants, shopping cent-
ers, laundromat, etc.) [6]. The currently recommended
response protocol is a five step process: (1) checking for
signs of opioid overdose, such as unconsciousness, slow
or absent breathing, pale and clammy skin, and slow or
no heartbeat, (2) calls emergency medical services (EMS)
to ensure timely medical attention, (3) administer nalox-
one, (4) clear the airways to perform rescue breathing
to help provide oxygen to the body, (5) administer addi-
tional naloxone if the individual does not regain con-
sciousness and respiration [7]. An additional strategy to
support someone experiencing overdose is to admin-
ister oxygen, however oxygen should not be used as the
sole treatment method especially if breathing has ceased
[8-10]. Many factors determine the amount of naloxone
needed including type, amount, half-life and method of
opioid use, tolerance levels, health status, and naloxone
administration route [11-13].

While overdose detection and response is straightfor-
ward, the general population has an ingrained fear of and
stigma towards PWUD. Many social and environmental
factors contribute to the fear including lack of under-
standing, political beliefs, personal experiences, dissemi-
nation of misinformation, criminalization, and the ‘war
on drugs’ mentality [14—16]. Oftentimes, individuals who
use recreationally for personal, constructive purposes,
and in a manner characterized by safety and responsibil-
ity, remain largely invisible within media representation
and public forums [17]. Instead, the focus tends to prior-
itize individuals with SUD, those who overdose, or those
solely in abstinence-based recovery. This biased depic-
tion results in an altered portrayal of the effects and risks
associated with recreational drug use [18] and provides
opportunities for reinforcing racial, gender, and class
stereotypes pertaining to drug users [18, 19]. Misunder-
standings and socially reinforced biases result in misun-
derstandings of and opposition towards harm reduction
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strategies [20, 21]. In the context of naloxone, the misun-
derstandings can be seen in the altered portrayal of the
effects and risks associated with naloxone use for over-
dose reversal [21-23]. It also results in sidelining of peo-
ple with lived and living experience when exploring new
developments regarding appropriate naloxone dose and
administration.

Opioid use is a complex issue that is influenced by a
variety of factors, such as social, economic, environmen-
tal, and other determinants of health. People who use
drugs (PWUD) should not be delineated solely by their
drug consumption, but rather recognized as multifaceted
individuals with distinct requirements and aspirations.
Therefore, adopting an impartial and non-judgmental
approach is imperative when addressing the subject of
drug use and, consequently, the application of naloxone.

Another consequence of the criminalization of non-
prescribed opioid use is that it forces individuals who are
dependent on opioids to use the unregulated illicit drug
supply. Lack of regulatory standards results in a market
fraught with impurities including both filler and unde-
sired illicit substances. Notably, fentanyl has overtaken
the heroin supply as the predominantly available opioid
and has been found in non-opioid substance samples
[24-26]. Fentanyl and its analogs are short acting opioids
with exceptionally high potency when compared to other
opioids like heroin and morphine [24]. Consequently,
individuals who are exposed to fentanyl unintentionally
or intentionally or at a higher purity level than antici-
pated are particularly vulnerable to overdose [27].

According to provisional data from the Centers for
Disease Control and Prevention (CDC), there were more
than 100,000 drug overdose deaths in the United States in
2021[28]. This concern for high overdose rates and drug
poisoning severity provides theoretical justification for
the proposal of higher doses of naloxone formulations.
Nevertheless, this theoretical foundation lacks input
from the ground level experts: PWUD, harm reduction
workers, and other relevant groups possessing firsthand
experience and direct involvement with drug users. These
groups possess unique experiences and knowledge that
most researchers and medical providers do not regularly
have access to, including in the development of high-dose
naloxone formulations.

Two previous literature reviews have been conducted
on this topic: Moe and colleagues conducted a systematic
review of overdoses (n=26,660) in North America and
Europe through 2018. They found that although higher
initial and cumulative naloxone doses were being used
by lay and healthcare responders for overdoses presumed
to be fentanyl or another synthetic opioid, a cumulative
total dose of 4 mg of naloxone (e.g., two doses of standard
IN) was sufficient in 97% of presumed fentanyl/potent
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opioid cases [29]. Abdelal et al. [30] recently exam-
ined the use of two or more naloxone doses, however
the authors received consultancy fees or stock options
from Hika Pharmaceuticals, which manufactures the
high-dose naloxone formulations product Kloxxado.
The implementation of naloxone programs remains an
imprecise science despite the reliability of naloxone in
reversing opioid overdose. The emergence of newer
formulations necessitates close examination of scien-
tific research. Accordingly, this literature review aims to
improve our understanding of how often more than two
doses of IM and IN naloxone are needed to reverse a fen-
tanyl overdose and whether promoting high-dose nalox-
one formulations is an optimal and necessary solution for
community-led overdose response.

Naloxone options in the U.S.

There are currently three U.S. Food and Drug Adminis-
tration (FDA)-approved administration routes of nalox-
one that are available: injectable intramuscular (IM),
intravenous (IV), and intranasal spray (IN). Only IM
and IN formulations are currently used in lay person
response. Subcutaneous auto-injectors were used previ-
ously but have been discontinued [31, 32]. IM naloxone
solution has traditionally been provided in kits of two
1-mL vials containing a 0.4 mg/mL solution [33]. 10-mL
vials containing 0.4 mg/mL are also available but are not
readily accessible in IM naloxone kits provided to PWUD
[34, 35]. IN naloxone is also provided in two-unit kits
with a 4 mg/0.1 ml naloxone solution pre-loaded into an
atomizer that is ready to use intranasally. Regardless of
the exact route of administration, naloxone can be eas-
ily administered by a lay bystander as an intervention for
overdose [16].

The FDA has continued to support high-dose naloxone
formulations (high-dose naloxone formulations) such as
Kloxxado (double the dosage of standard IN) and Zimbhi
(25 times higher dose than generic IM) [17], despite the
voiced concerns of harm reduction workers and others
with lived experience of using naloxone to reverse an
overdose [36, 37]. This is in part due to concerns that the
high potency of fentanyl could require higher doses of
naloxone to be effective and the assumption that a single
high dose formulation is preferred over multiple doses of
the typical formulation. Having input on drug policy and
research from people with lived and living experiences of
drug use is invaluable because it provides a more com-
prehensive understanding of the complexities and reali-
ties of drug use. Inclusion results in policies and research
that are informed by the perspectives and needs of those
directly affected, leading to more effective and equitable
outcomes [38]. However, the historical exclusion of these
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individuals can be attributed, in part, to the pervasive
stigma surrounding drugs and PWUD [39].

The U.S. currently has seven overdose reversal prod-
ucts that contain naloxone described both below and in
Table 1.

Generic injectable naloxone is one of the most popu-
lar formulations supplied to PWUD [40, 41]. It comes
in 1 mL vials of 0.4 mg/mL concentration [33]. It can
be utilized in any method of administration, includ-
ing intramuscular (IM), and intravenous (IV) routes,
as well as intranasally (IN) via an atomizer. NARCAN®
Is the most well-known brand name for naloxone nasal
spray. It comes with a 0.1 mL pre-packaged solution that
contains 4 mg/0.1 mL of naloxone. This specific brand’s
pre-packaged administration tool only allows for nalox-
one to be administered intranasally. The generic coun-
terparts to NARCAN® are the Teva and Perrigo generic
nasal sprays which have chemically identical active ingre-
dients and concentrations. Kloxxado® is a newer nalox-
one nasal spray that also comes with double the dose of
NARCAN. It comes with a 0.1 mL pre-packaged solu-
tion that contains 8 mg/0.1 mL of naloxone. Identical to
NARCAN, this specific brand’s pre-packaged administra-
tion tool also only allows for naloxone to be administered
intranasally. Zimhi is a brand name autoinjector that
comes pre-loaded with 0.5 mL of 5 mg/0.5 mL naloxone.
This syringe can only be administered intramuscularly
(IM). Lastly, Amphastar® Prefilled Naloxone Syringes
come in 2 mL, with 1 mg/mL naloxone. These prefilled
syringes are also compatible with any method of admin-
istration, both nasal and injection routes. It is a recently
approved IN naloxone formulation with a 4 mg/0.1 mL
concentration. It is not yet widely available in the US.

In May 2023, the FDA approved Opvee®, a nasal spray
version of nalmefene and the first alternative opioid
antagonist indicated for opioid overdose reversal. The
half-life of nalmefene is~11 h, much longer than the
60- to 90-min half-life of naloxone [42]. Nalmefene may
reverse opioid intoxication for longer than naloxone,
which some view as a benefit over naloxone. However,
its extended half-life presents the continued concern of
placing opioid-dependent persons who overdose into
precipitated opioid withdrawal for far longer than nalox-
one. Opvee was developed by Opiant Pharmaceuticals,
which plans to release Opvee to the U.S. market as early
as October 2023 [43]. Opiant also contributed to the
development and manufacture of Narcan[44].

Bioavailability, referring to the proportion of a drug
that is able to enter the body’s circulation to have an
active effect [45] and is a key consideration to take
into account during discussions of naloxone dosing.
It is used to approximate a drug’s effectiveness when
taken by a patient. Factors that can affect bioavailability
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Table 1 Naloxone products available in the United States
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Image Original Brand or Route of Dosage Relative dosage Cost (as of July 2023) Over the
Approval manufacturer name  Administration compared to counter
Date standard dose
Oct 1985 Hospira (generic) IM/IV 04 mg/1.0ml Reference (IM) $15—40/ 2 units No
)\. 2
Nov 2015 Narcan IN 4mg/0.1 ml Reference (IN) $130—145/ 2 units Yes
=nQIII..;.!lIé!)i'I|ASALS4’HI\V“§
E 2
e H
i 2
Apr 2019 Teva generic nasal IN 4mg/0.1ml 1x $20—92/ 2 units No
spray
Oct 2021 Zimhi IM 5mg/05ml  25x $131- 145/ 2 units No
Apr 2021 Kloxxado IN 8mg/0.1ml  2x $131—145/ 2 units No
QulomadaT
Jun 2022 Perrigo (Generic) IN 4 mg/0.1 ml 1X $20—92/ 2 units No
RE— Mar 2023 Amphastar IN 4mg/0.1ml  1x $30-60/ 2 units No
e
e

All prices were retrieved from https://www.goodrx.com/ in July 2023

include the administration route (e.g. IN, IM, IV), drug
form (e.g. tablet, liquid), and personal characteristics
(e.g., age, weight, liver function).

The IN and IM administration routes are both com-
monly used by first responders in the community. They
have bioavailability of 50% and 98% and a latency time
to effectiveness of 15-min and 8-min, respectively [42,
45-47]. The IV route is only used in inpatient medical
settings and has a bioavailability of 100% with a 2-min
latency to effect. The IV route is preferred by medical
professionals as the dose can be tailored to each patient

allowing for sufficient overdose reversal while minimiz-
ing the risk of withdrawal.

Methods

This study was conducted using the principles outlined
by researchers with lived experience [38, 48]. Tennessee
Harm Reduction is a drug-user run community-based
organization in rural West Tennessee focused on dis-
tributing naloxone, drug checking supplies, and safer use
supplies to over 200 community members. The organiza-
tion’s Director (second author) and Outreach Specialist
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(first author) initially connected with the third and sen-
ior authors at the Harm Reduction Innovation Lab to
share their experiences, knowledge, and perspectives
surrounding high-dose naloxone formulations. Through
their work, DPG and PLM found that PWUD reported
that IN naloxone seemed to cause worse precipitated
withdrawal compared to IM naloxone and that it seemed
to take longer to reverse the overdose. As a result, peo-
ple giving or receiving naloxone became cautious about
continuing to use it. Tennessee Harm Reduction’s cli-
ent base have reported over 215 known overdose rever-
sals, the majority of which (135) used IM naloxone first.
About half of those only needed one dose and a further
40% required two doses with the remaining 10% having
3 or more doses administered. No unsuccessful overdose
reversals have been reported. It is important to note that
both time between doses and whether the administra-
tor had proper training was not reported so it is unclear
whether 3 or more doses were actually needed. High-
dose naloxone formulations caused even worse symp-
toms of precipitated withdrawal. DPG also noted that
newly available high-dose naloxone formulations cost

between 2 to 10 times more than generic IM naloxone.
Given the limited resources allocated to harm reduc-
tion organizations, we saw a need to better understand
whether adopting high-dose naloxone formulations
would be beneficial. Through an unfunded partner-
ship between Tennessee Harm Reduction and the Harm
Reduction Innovation Lab, a search strategy was imple-
mented between August 2022 and February 2023.
Phrases included: “high-dose naloxone formulation’,
" “naloxone dosage overdose’, “nalox-

“opioid overdose’,
’ “high dose nalox-

one dosage’, “high dose naloxone’,

one opioid’;, “naloxone dosing’, “naloxone formulation’,
“high dose naloxone formulation’, “high-dose naloxone’,
and “high-dosage naloxone” A literature review was
performed using search engines PubMed and Google
Scholar to compile a collection of relevant scholarly
works. We filtered for original peer-reviewed articles
published between January 2012 to February 2023 when
heroin and fentanyl became the leading cause of U.S.
overdose death. We also conducted a Google search to
gather information on each naloxone product and cited
research. We reviewed the title and abstract of each
article and excluded those that focused on unrelated
concepts.

The remaining eligible articles were summarized by
research assistants using a matrix developed by the study
team. We extracted article characteristics, including sup-
port or opposition to high-dose naloxone formulations,
any funding received, the authors’ employment/con-
flicts of interest, main findings, if more than two doses of
naloxone were administered, and the stated advantages/
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disadvantages of high-dose naloxone formulations. The
findings were discussed and organized into three topics
as described below.

Given the number of articles funded by naloxone man-
ufacturers or consultants paid by pharmaceutical com-
panies, we decided to remove those articles and discuss
them in a separate section in order to minimize bias.

Results

We identified 23 articles eligible for inclusion (Fig. 1).
Most articles were based on community-based response
(N=8) or medical response (N=13) which included
EMS response, hospitals, and outpatient settings. The
3 remaining articles focused on a combination of site
types or police response. Most articles did not specify the
brand of naloxone that was used but 2 explicitly focused
on Narcan. The majority of the articles included multi-
ple administration routes (N =15) whereas 3 focused on
intravenous, 1 on intramuscular, and 3 on intranasal. Two
articles did not specify how naloxone was administered
in the reported data. Additionally, no included articles
noted whether oxygen was given to support overdose
reversal and recovery despite that it has been shown to
improve the success of naloxone [9].

We coded each article as supportive of high-dose
naloxone formulations (N=7; 30%), unsupportive (N=4;
17%), or neutral (N=12; 52%) as seen in Table 2. Notably,
very few articles elicited the perspectives of PWUD. Six
articles (25%) directly interviewed or surveyed PWUD.
Common points of discussion identified in the articles
included frequency of more than two doses, arguments
supporting high-dose naloxone, and arguments against
high-dose naloxone. Specific details of our synthesis
are organized under these three overarching questions
below.

Part one: how often are more than two standard doses

of im or in naloxone needed to reverse a fentanyl
overdose?

Relatively few papers have been published examining the
number of doses of IM or IN naloxone needed to reverse
an overdose. Supporters of high-dose naloxone formu-
lations often reference a single nationwide study con-
ducted from 2012 to 2015 [49], which reported a trend

Included

Articles Included
N=23
< Articles Excluded
N=6389

Identification Screening

Articles Screened
for Eligibility =
6412

Fig. 1 Flow chart of all articles included

Databases
Searched N=2




Page 6 of 17

(2024) 21:93

Lemen et al. Harm Reduction Journal

AJessadau ueyl

Bumas [eudsoyaid ay3 ul
papiAoid 21om sasop

13461y 1Ry Aujigissod ayy
Bunsabbns ‘bumas g3 ayi 1e
SUOXO|eU paJR1siulwpe
2lam syuaned 68/5 AluQ

Buniwon pue

easneu ‘uolelbe ‘elpiedAydel
PaPN|DUI S1993 9PIS IBY10
‘syua1diDas sUOXOleU JO

9% | Ul pariodal sem
lemespyim piotdo

pauonuUsaW sUON

SUIIIDIA 9SOPISAOC Ul
|lemelpyim proido a1endd
-a1d ued sasop a|diyny

pauonuUsW 2UON

Bumes g3 pue

|endsoyaid pauiquiod ul
UOXO[eU BW 70 < PaI3s!
-ulupe a1am swuaned 68/78

99/ 01 78 W0l
posealdop Solel [BSIoASl
[eo1ul2 Ing ‘B €9°¢ 03

B 7'z woly pasealdul
9SOP dUOXO|eu abesane ay |

syonpoud suon
-B|NW IO} SUOXOeU 350p
-ybiy Apnis Jou pip Ay

SUOIIR|NULIOY
UOXO|eU 3S0P-YbIY ainbal
AW pue SUOXO[eu ueyl
sioydadas-ri Joy Ayuyye
1212310 SUQIYXD [IURIUDLIED

s1onpoud suone

-NULIO} SUOXO[eU 350p-Ybly
Apnis 10U pIp Inqg paiuawW
-a|dwi §1 patied ag 03 pasu
Aew s1UN Jamaj pue 121sey
94 P|NOM SUOIIR|NULIO}
auoxoleu asop-ybly 1eyy
3pN|2UO0D sloyiny

(papinoid Jou
1un Jad asop) umouun

Aipixoy proido

9519A31 01 SUOXO|euU B |
PaAIRd3I (% L) 62/T1 PUB
‘SUOX0[eU bW /() PIAISIRI
(%12) €1/ 'Bw  paARdaI
(965€) T0E/901 ‘SuoxOleu
Bw 7 panlsdas syuaned
(9690) €£¥/SC1 "950p

| < palinbai syusied jo
%¥0) 617 ‘susned 616 JO

pasn sem aUOX0[eu N 10
WI Al #1 Jespun usned Jad
(9107 1das) Bw G 01

(¥10c uer) bw g woy
paseaidul buisop abesany -

Al PUe N| paAIadal yiog
"9UOXO0[eU 350p/bwi 7 Jo
S950p G pasinbai 7 wusned
"9UOXO0[eU 350p/bwi 7 Jo
S9S0pP 9 paJInbai | Jusned
‘paliodal S9SED [eDIUlD OM |

(bwp)
Aeids |eseN uedIep JO Sasop

20w 10 € pasn (SZ1L=N)
syuedidied Jo 940€

oiyo

puejfiepy

o1yO "Uony

au1Ys
-duiey MaN I21sayduery

(suoibay snsuad)

SN UO paseq ‘yinos 1o
1SOIMPIN 1SeIYHION)

8107 ul ploido d3ayiuAs e
Buiajoaul saneIIOW
spioldo Jo 9505 ueyi Ja1eaib
Uum) suoibay 5 199195

suone|nw.oy
auoxojeu asop-ybiy
Jsuiebe 2dudpIAg

suolle|nwio) SUOXojeu
asop-ybiy 10} 9dU3pPIAT

papaau sasop |
10 N| pAepuels om) ueyy
210W 3I9M US}JO MOH

uondIpsung

£102-910¢ 810C ‘021ey SOA
£102-510C  610C 'Msouoyepy SOA
910Z-¥10z /10 "weybuiwig SOA
L10T 610¢ A3|spieg S9A
1c0Z-0¢0e Ce0z 'e;epqy S9A
qnd suole|nw.oy

Jo Jeak ‘sweu
jse| s, Joyne 3sii4

auoxojeu asop-ybiy

UOI133]|0D eEp JO JBD) Jo 1oddns |jeslanp

MB3IABI 2INJRISY| Ul PIAJOAU] SI|DIIIE YDIRasal paysliqnd g alqeL



Page 7 of 17

(2024) 21:93

Lemen et al. Harm Reduction Journal

suoeNULIO)
2UOXO0[eu asop-yb1y ainbai
sbnip Aouarod-ybiy 1eyy
B3PI 91Ny31 PIEP 3S3Y |

paUONUSW SUON

pauonusw sUON

pauonuUsW sUON

pauonuUsaW sUON

paUONUSW SUON

(dWwn uonea

-19500 [020304d S 21UlD URY)
196U0]) SUOXO[eU INOYIIM
UOoPAISSCO JO Y 8 Jaye
92Ua1INdal uolssaidap K10}
-esidsal Jo sased ale auay |

(%6'S€) suon

-B|NWIOJ UOXOeU 350P
-ybiy e buisn paAIAaI 3q 0}
pauiayaid piy1 e INoge pue
(968%) 92ua49421d suonenw
-10J SUOXO[eU 35OP-YbIYy ou
pey jjey ‘ssuspuodsail
ASAINS 7G| | Buowy

S95BD JO 9601 Ul
JUSDLYNSUI 3G P[NOM SUON
-Dafur | Bw 70 Jo sasop
OM1 1Ing (s10303fujoine

NI PUB NI) SUORe|NULIO)
P21BJ1USDUOD YIM

pa1e3.1 9I9M SISOPIIAO JO
906 UeY1 IO\ ‘|AurIUD)
10111 jo A1und ay1 apnjpoul
suopeue|dx3 ‘syuaned
9AIlIsod a1eido pue aAnisod
|AuBIUS) USMID]

pUNOJ SeM 3SOP SUOXOeU
Al Ul 9D2UI34Ip ON
‘syusned | 7| woljereg

|Auejuay jo

UOIDNPOIIUL B3 Jaye
pabueyd 10u sey paidl
-SIUJWIPE SUOXO[eU JO
950p 2brISAY "DUOXO[RU
IN| JO S9SOP 2I0W JO 33443
palinbal sase2 JO 946

2UOXOeU JO Bwi € bul
-AI9231 9)1dsap palp jualied
3UQ "UOISNjul SUOXO|eU

Al PanR31 81/t '(Pay
-1pads Jou 23n01) suoxofeu
Bw 7 < uaAIb syusned gl //

sasop
SUOXO[BU 210W 10 OM]
pasn syuapuodsal JO 909

VO ‘eluepy

elueA|AS
-Uuad “Axunod Ausyba)y

elulojljeD ‘olusweldes

sanyoey
JUBWILAI| UONDIPPY SN

810¢—=/10¢ 610¢ 193uadied
910¢-¢€10¢ 810Z 'lleg
910¢ 910¢ 4amns

Lcoc 2T0T 'puepRIIS

ON

ON

SOA

SOA

suone|nw.oy
auoxojeu asop-ybiy
1suiebe asuapIng

suole|nw.ioy suoxojeu
asop-ybiy 10) 3USPIAT

papasu sasop |
10 N| p4epuels om) ueyy
2I0W 319M US1JO MOH

uoIpsUnf

qnd
Jo Jeak ‘sweu
uo11239]|0d elep JO D) 1SE| S JOYyIne 1sil]

suone|nw.oy
auoxojeu asop-ybiy
jo uoddns jjesanQ

(panunuod) g ajqey



Page 8 of 17

(2024) 21:93

Lemen et al. Harm Reduction Journal

uondiosge N|
9onpas Aewl Bulleds
obessed |esep ‘spioido
Bupse-buo| 01 anp sasop
-1aA0 Brup 3s19A31 03 bul
-A13 USym papasu aq Aew
auoxoleu Jo sasop adiinuw
"UIW 06-0€ S| SUOXOeU JO 05-0C
3JI|-J|eY Y3 9SNedag siasn saby syualed sjew Ul
Bnip Ag pawinsuod spioido sasop a|dinul Jo sppo
Bupen2id pue 3sop aUo paseaIdul Yim ‘5107 03
-X0[eu [ed1dA1 usamiaq 7107 WOl 997 paseainul

USAIB SUON| 21BWSIW [BIIUSIO4  2UOXO[eU JO SasOp a|diniy 9PIM UONEN-SN 5107-210T /102 '|ne4 [eJInaN
W1 AU JO %
POPISU SI9M SISOP SIOW JO
[emelp 9911 's9S0PIaA0 pa1dadsns
-yum pareyddaid adnpul -ujoJay Ajsow bupusl
ued $3S0p L10phue YbIH V/N  -2dxe siusned gz buowy suesboid suoxoleN-SN 9107 8107 'uenany [LEN
LAlunwiwiod ay) Ul
Buw g0 Spaadxe 1ey3 buisop
JIWRISAS [eRIUl JO 3sN 3y1
syoddns 3ey1 92usapIA JLUDD)
RITMIEIRSETITESICICIVIN PaUONUSW SUON v/N SN—MB3IASI IN1eJal v/N 120Z ‘IIH ON
Adesayy suoxojeu jo
UOI1E|PISS PopUS-USdo,
Buisn ueyy Jayies passaippe
94 1SNW uolssaidap SND
95ned 18yl SUORIPUOD JBY10
‘Aj[ea1ulD ‘uonezijendsoy paniwpe
1uanbasqgns Jo pooyay| 2Jam oym syusied buowe
paseaIdUl Ue Yum pale Bbw g7+ Jendsoy ayi 03
-1D0SSe SeM INg SN1e1S paNIWPE 3 0} Paau LUpIp
2160]-01nau aAcidwl 10U oym syusned buowe
pIp soipaweled Aq uonensl Bw /| F '€ 950P A U0
-UlWpe 3UOXO[eU [eUONIPPY PaUONUSW SUON| -X0|eu |e10] ‘syuaned 6G¢ elueAAsUUS 'YbIngsnld 9107-€10¢ 1 20T 'sexieq ON
suole|nw.oy papaau sasop NI qnd suone|nwioy

auoxojeu asop-ybiy
1suiebe aduapIng

suole|nw.ioy suoxojeu
asop-ybiy 10j 3OUSPIAT

10 N| piepuels om] ueyl
210W 3J9M U3}jO0 MOH

uoIpsUNf

Jo Jeak ‘sweu
uo1179]|0d Blep JO D)  1SE| S JoYyIne 1sily

auoxojeu asop-ybiy
jo uoddns jjesanQ

(panunuod) g ajqey



Page 9 of 17

(2024) 21:93

Lemen et al. Harm Reduction Journal

-XO[BU JO 350P [E1IUI ||[eWS &
Buizi|n Ag [emeipyim Jo
SDUBPIOAR 31 BuLIOAR) JUSW
-dinbs 1ioddns-ayl| [euon
-Ippe Yum 319|dai Juswiuol
-IAUD Ue U] [2uuosiad [edipaw
paulel] JO SpUBY 2Y3 Ul 18y}
5159bbNS 3dUsPIAS 1UBLIND),

Jsyuaned

NQ7 SNSIDA [eSI9A4 ploldo
dARY 01 A|93}1] 2J0W OS[e INq
MO dArY 01 A|23)1| 210U
2Jom syuaned NOH,

pauonuswl 10N

pauonuUsW sUON

J[EMBIDYIM
pioido bunendpaid jo sysu
[enus1od oy syblamino Jey

auoxoleu bujsop-ispun jo
ysu ay1 ‘1oddns Aloresidsal
pabuojoid apiroid 01 3usw
-dinba Jo buiuien a1enb
-9pe noyim ajdoadAe| jo
SpUBY 343 Ul '19AIMOH,,

ssiuaited NG yum
pasedwod |esianal ploido
SABY O} A1 210W S19M
suuaned NOH ‘auoxoleu Jo
9SOp [eniul sy Joyje

Wi UaAIb Aue 1y,

pauonusw 10N

pauonuUsW sUON

J01dadal ploido-nuwl ay3 18
Buipulq Joj 19dwiod ued
SUOXO|eU JO S9S0P plepuels
JUSLIND YDIYM Yum Jeyl bul
-P330X3 Je} UOIIRAIUSDUOD
ploido a11s-109))3 ue ul
S}Nsai 1ey1 BuISOp-1an0 JO
apniubew e 109|431 [eSIaA)
SUOXO|eU 01 JUels|sal Al
-DIX0} |lueIURIed pue
|Aue1UDy JO S1I0daI JUSDDY

,2Uox0eu
Bw g1'0<se NaH pue
auoxojeu bul G0 asop
[BI1IUI UB SB PUYIP SeM
N@7.s:usned NaH 66¢ Yum
payoiew syuazed N
08=U ;PIM3IND] BIoM
/107°'1€29001€10T L

uer wolj SN 9|buls e Ag
P32IAISS SOJ UegUN OM Ul
paiealy sjuaned 4o
ploido Jo sp103al (S3)
3DIAJ9S 3dUBINGWe pue
(a3) Juawniedap Aouab
-IdWa" ", ApNnis 1oyod
paylew aA1dadsolIaYy

S[enpialpul

paple 01 AUOXO|U JO SISOP
Z Jo abelane ue panjoul
0¢0¢ 01 §10¢ Woyusw
-92I0jua me| g suonesy
-SIUIUIPe SUOXO[RU €€ 16

asop bul ¢

3UO AJUO PaAIadaI 1531 Y|
‘poddns aj1] paoueape AQq
(|e101 Bwi 9) suoxoeu Jo
S9SOP 921y} PAAIDIAI
suaned Jo (9%¢) €6 pue
(1e303 Bw 1) s9s0p N| bw 7
OM] PaAIRI3I (%6) 561

MIIADY 17 |euoiIeUIRIU|

epeue)) Ul s,q3 Uegun om|

YIOA MON

ASSI3( M3N

V/N  810C 'uuAq esezy

£10C-€10¢ 020z 'l19ssind

0¢0¢-510¢ 70T 19yennod

910z dunf—10¢ |Hdy £10T 13y2egapy

[ERGEN

ERGEN

|eJinoN

|eJinoN

suone|nw.oy
auoxojeu asop-ybiy
1suiebe asuapIng

suole|nw.ioy suoxojeu
asop-ybiy 10) 3USPIAT

papasu sasop |
10 N| p4epuels om) ueyy
2I0W 319M US1JO MOH

uoIpsUnf

qnd
Jo Jeak ‘sweu

UOI1D3]|0d BlEp JO JBS)  1SE| SJoyIne )sil4

suone|nw.oy
auoxojeu asop-ybiy
jo uoddns jjesanQ

(panunuod) g ajqey



Page 10 of 17

(2024) 21:93

Lemen et al. Harm Reduction Journal

Luoixol jo

95Ua4Nd3l 21 01 3INGHY
-U0D 10U S30P pue (J3 3y ul
asopJano ploido Joj asop
Bunels JusdYNs e aq o}
sieadde (bw 0 “6-9) abuel
Buisop sy Jo pus Jamoj 3y,

|Auejuay Jo sasop

JejIWIS J21UNodUd 1Ybiu oym
1uaiied Jeljiues-pioido sbe
-JaAe 23U} 1o} paiinbal sasop
2UOXO0|eu 123|)21 10U ybBIw
S9DURISLINDIID [BNSNUN

pauonusw sUON

pauonuUsW sUON

pako|dap Aj9|os a1om uon
-23ful || 1oy sasop b 70
OM] AJUO UIRIUOD 18y}

S)I¥ SUOXO[BU SUIOY-2XE]}
pasiroidudl Auew 41 INd>>0
p|no> Buisop s1enbapeu|
‘ewapa Ateuownd ‘eayl
-1e1p/1I0JUI0DSIP [PUILLOPGR
‘Buniuoa/easneu ‘uopelibe
/uolssaibbe ‘eipiedAyoel
:(BIS 10U 04 | 17 SNSIDA 94| €)
sdnoib asop-laybiy pue
9S0P-I9MO]| U3M1]
SIUSAS SSIDAPE JB|IWIS

950pJaA0 ploido buiziu
-60231 Aynoyyip Jo/pue A
-|igndaasns |eaibojoisAyd ul
Bunynsas ‘uoneindod anleu
-pioido ue 01 aule>0d se
p|os U3aq pey eyl
|Aueiuay Ag pasned sem
3B3IGIN0 3y "UOIS

-slupe Jaye skep € palp INqg
3uoxo|eu (P10} bW G0
paAladai Juaed auQ

(Ol 10/pue ‘Al ‘N| :21n01)
auoxoleu bul 7 < paniadal
sjuanedzi/LL

pides pue 21nde ale
JINI BUIAJOAUL S3SOPIDAQ

SUOIB|NULIOJ SUO
-X0[eu 9sop-ybiy Joj apew
s)uswinbie dypads oN

paJnseswun sem
aInsodxa |Aueiua4 ‘sbojeue
S)I pue |AuelUa) paIn1de)
-nuew ApI|| BuiAjoAul
as0pJano ploido jo
JJwiapIda ay3 Ul SUOXO[eU
SWIOY-33e] JO 9|01 3y
'S9SOp [eUONIPPE Papaau
oym syuaned papnpdul Ajuo
Apnis ay] |jod030id Jad se
SUOXO|eU Al Jo bwi 7 pue
Bu 0 usamiaq sem

350P 15414

3B2Ig3IN0 SIY) Bul

-Inp BUISOP SUOXORU JI2Y}
95PaIDU| 0} PISIAPE SeM
SN UIS9ASMOH Al

Bw z'0—1°0 S |020104d 350p
[BIIUI [BNSN 94 "UMOUNUN
palinbas usyo sssop a|d
-l}INW 4N BulAjoAul sasOp
-19A0 $3519A3) SUOXO|eN
asop

-I2NO UB 3519A3] 0} S350p
2J0W 10 331y} palinbai
ANMd LLL=NJO %¢E'6L

A3D uequn ue Ul

5,3 24ed Ale1a) paiel|yje
OM] sem uonendod -pay
-1>ads A2 1o 91e1S ON

1NJ198UU0D

'|RIASOH USABH MIN 3[BA
S119SNYDeSSeI Ul
S3IUNOD YINOWA| pue
‘loIsg ‘9|qeisuleg

‘puelkiepy
'AIUNOD) [9punIy sUuy

0c¢0¢
Y2IeN—610¢ J2qUISAON

910z aunf
[smainia1ul] 9107

|dy “[e3ep 950p12A0] 50T
‘L€ YIBW 10T 'L 1290120

0c0¢
Y2JeN—6107 JSQWSAON

610 'Buopm

/ 10z 'luossewo|

£10T "3||IMRWOS

L20Z 19piauyds

|eJineN

[elINaN

|eJinaN

|eJinoN

suone|nw.oy
auoxojeu asop-ybiy
1suiebe asuapIng

suole|nw.ioy suoxojeu
asop-ybiy 10) 3USPIAT

papasu sasop |
10 N| p4epuels om) ueyy
2I0W 319M US1JO MOH

uoIpsUnf

UOI133]|0 B1Eep JO Jes)

qnd
Jo Jeak ‘sweu
1se] s, Joyine 1sii4

suone|nw.oy
auoxojeu asop-ybiy
jo uoddns jjesanQ

(panunuod) g ajqey



Page 11 of 17

(2024) 21:93

Lemen et al. Harm Reduction Journal

paUO[IUSW SUON

poob ueyy wey

2J0U 3SNED pue 35N3J 0}
JoleAnnow [npamod e aq
AW SUOXO|[RU [ESEURAUI AQ
pa126611 [emeipyim proido
9SOPISAO [e1RJUOU WO} AID
-A0J3J buimoj|oy A|[ed1reutelp
S9SBIDUI SSOPISAO WO
41eaq |eyia| 2q ued Joineyaq
4oNS SwoldwAs [emeIpyim
4onNs 1831} 03 SUONed|Paul
ploido Yam san[@swayl
950pal A|231| pjnom A3y 1eyd
1odal siasn asay] [61]
SUOXO|eU WOy JO UOIeIIs]
-ujwipe BuIMO||0},SSUNDIS
adop, bunendpaid jo

1e3) e aAeY A3y) 1ey) 1Uodal
NAAl Yum sdnoib sndo4,

paUO[IUSW SUON

uon
-diosge s|gerdipaidun sey
SUOXO|eU N| ‘pPapaau s
2.eD [eDIPaW JBY1N4
‘eaude JO 9duU1INd3I JO
S1 9y pUB 'SUOXO|eU JO
103}J3 JO UOIRINP 1I0YS Y3
‘sa1e1do pasnge Ajuow
-W0D JO 12943 JO uoleInp
Buo| sy1 1pWNSAISPUN
,dn ussjom aney Asyy j1aun,
1uaized ay1 yum buikess 1oy
SUONEPUSUWIUIODSI JURLIND

suoxojeu
I 40 T z/Bbw g0 bul
-Al923) suaed buowe
%/6 YIM pasedwod
S95ED JO 9408 Ul bulyieaiq
P2J0154 UOXO[RU N|

W L0/Bw | djqejieae
AJje11auwwod v ‘syuaied
Buisn-uioay |0z buowy

auoxo|eu [exdsoy Jo 1IN0 Jo
UO[IBIISIUIW peal pue Al
-pigJow [eyIs|uou ssiu
Aew (sp1odaJ Jaujwexs
[BDIPW [PDO| MIIAI 18U
S3IPNIS Al B g0 [euon
-Ippe papasu I1e)|
'SS3USNOIDSUOD Ulebal 0}
SUOXOeU Al B | pue N|
Bw 7 paiinbai ‘|Aueiusy
[0 Br1 0G 4aYy W 0/A 97

Kemion
‘Wwisypuol] pue ojsQ

S112SNYDLSSeIA UI91S9DI0AN

Paso|asIp 10N 20z 'biaqInys

PISOPSIPION 10T ‘UBWISONZ

[eJInNaN

[EGEN

suolne|nw.oy
auoxojeu asop-ybiy
Jsutebe aduaping

suole|NWIO) duoxojeu
asop-ybiy 10} 3USPIAT

papaau sasop |
10 N| pAepuels om) ueyy
2I0W 319M US}JO0 MOH

uopIpsUnf

qnd
J0 aeak ‘sweu
UoI123]|0d Blep JO JBSA  1SE| S Joyine isilg

suole|nw.oy
auoxojeu asop-ybiy
jo uoddng jjesdanQ

(PanuNUOd) Z 3jqey



Lemen et al. Harm Reduction Journal (2024) 21:93

of Emergency Medical Service (EMS) providers needing
to administer more doses per patient each year. However,
this study is limited in its methodology as it fails to con-
sider administration route, dose volume, and dose con-
centration. The omission results in uncertainty that is
driving the need for more doses, an important factor to
understand before changing dosing practices.

Other researchers report that there was an increase
in the average dose provided by EMS. One Ohio-based
study from 2014 and 2016 reported the average IV dose
increased from 2 to 5 mg [50]. However, a study con-
ducted in Pittsburgh from 2013-2016 found that less
than 5% of overdoses required three or more doses of IM
naloxone [51]. This was corroborated by a national study
from 2018, though heroin not fentanyl was involved in the
majority of these cases [52]. Similarly, only two percent of
EMS responders in New Jersey reported requiring a third
dose of IN naloxone after having a second dose adminis-
tered by an advanced life support team [53]. A large study
of New York police officers from 2015-2020 noted that
an average of two doses of naloxone were administered to
rescue individuals [54]. One survey-based study reported
that 30% of participants living in regions with fentanyl
epidemics used 3 or more doses of IN naloxone [11]. A
randomized double-dummy controlled trial found that
the risk of receiving additional doses was 19.4% higher
in those given IN naloxone (1.4 mg/0.1 mL) compared
to IM (0.8 mg/2 mL), and that IN naloxone was less effi-
cient in bringing overdose patients back to spontaneous
breathing within 10 min in the prehospital setting[55].
However, heroin was the suspected drug in 196 of the
201 participants analyzed.

Interestingly, a Morbidity and Mortality Weekly Report
(MMWR) reported 83% of patients in Massachusetts
required 3 or more doses of nasal naloxone to reverse a
suspected fentanyl overdose [56]. A 2021 survey-based
study out of Maryland indicated that 79% of participants
administered 3 or more doses at their last witnessed
overdose [57]. Case studies and hospital chart reports
have recorded high doses (12-15 mg) of naloxone being
administered for synthetic opioid overdoses [58]. More
than two doses of naloxone were required to reverse two
carfentanil overdoses, likely owing to the greater affin-
ity of carfentanil for p-receptors than naloxone [59, 60].
p-opioid receptors are one of the specific target sites in
the body that naloxone binds to and blocks, effectively
reversing the effects of opioid drugs [61, 62].

An aforementioned rigorous systematic review by
Moe and colleagues of overdoses (n=26,660) from
North America and Europe through 2018 found that
less patients with presumed fentanyl/ultra-potent opioid
exposure were revived using initial low doses (<0.4 mg/
ml) versus when heroin was presumed (57% vs. 80%) but
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they concluded that a cumulative dose of 4 mg (e.g., two
standard doses of IN) was sufficient in 97% of presumed
fentanyl/potent opioid cases [29].

In conclusion, although there have been greater doses
used in clinical and community settings, evidence sug-
gests that the vast majority of fentanyl overdoses can
be reversed with standard dosing. However, overdoses
involving carfentanil or other similarly potent synthetic
analogs may require three or more doses. Two doses
of IM naloxone (0.8 mg) have also been insufficient in
reversing some fentanyl overdoses though such data are
subject to the amount of fentanyl exposure [63]. Addi-
tionally, depending on the half life of the opioid used,
an individual may fall back into an overdose after being
revived due to naloxone’s half life of 30—90 min [64].
Given these facts, and the observation that three or more
doses are already being used in the community, our rec-
ommendation is that four doses of IN or IM naloxone be
provided to community members with clear education
on the length of latency to effectiveness to optimize cov-
erage. To determine whether high-dose naloxone formu-
lations are an optimal solution we weigh the advantages
and disadvantages of these formulations next.

Part two: what are the potential advantages of high-dose
formulations?
There are many perceived benefits of high-dose nalox-
one formulations, though, in practice, the evidence
base is underdeveloped. Given that the formulations
currently approved have been relatively comparable in
their concentration to others of the same administration
route, much of the literature has focused on administer-
ing naloxone slowly over time (“titration”) rather than
administering a single high-dose naloxone formulation.
According to the small number of papers [46, 65] on this
topic, a high-dose naloxone formulation could theoreti-
cally result in a faster response and reduce the magni-
tude of the harmful non-fatal impacts of drug toxicity,
including cognitive and physiologic issues, although this
was not proven with real-world data. A high-dose nalox-
one formulation would improve reversal rates for over-
doses involving carfentanil and other opioids that have
a stronger p-receptor affinity than fentanyl [59], though
such experiences are relatively rare and localized. Inter-
estingly, recent national study showed that almost half
(48%) of people who had reversed an overdose with
naloxone held no preference for, or were against, high-
dose naloxone formulations, while over one third (36%)
preferred a high-dose naloxone formulations to be made
available [37].

Owing to the preconceived biases around drug use
and naloxone by association, the need to carry fewer
doses may help reduce experiences of stigma [11], while
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simultaneously providing more convenience in port-
ability. Despite these potential benefits and community
interest in high-dose naloxone formulations [37], we see
many potential pitfalls of relying solely on them.

Part three: what are the potential disadvantages

of high-dose formulations?

As discussed previously, prior literature suggests that,
despite fentanyl poisoning becoming more prevalent, a
standard dose can still be equally effective in many cases
[36, 51, 66—68]. Below, we discuss further reasoning to
not recommend high-dose naloxone formulations over
standard dosing.

There is no pharmacological basis for high dose naloxone
when it comes to fentanyl

In vivo, in the human brain, researchers have used a
positron emission tomography (PET) scanner’s non-
tomography positron detecting system to measure the
dose—response curve of naloxone and found that ~ 13 pg/
kg (0.013 mg/kg) of naloxone per kg of patient body-
weight was required to produce an estimated 50%
receptor occupation when given intravenously[69]. In
general, a drug typically needs to occupy a sufficient
number of its target receptors to initiate the desired bio-
logical response. Studies have indicated that achieving
approximately 50% receptor occupancy by naloxone is
associated with its desired therapeutic effects in revers-
ing opioid overdose [69, 70]. This suggests that higher
doses of naloxone may not be needed as long as 50% of
the p-opioid receptors are occupied. However, there are
many factors that could affect level of occupancy such as
route of administration and bioavailability [71].

A second pharmacokinetic consideration is the variable
binding affinities of various opioids relative to the antago-
nistic effects of naloxone. Each opioid has a unique bind-
ing affinity (K;) towards the p-opioid receptors. Naloxone
must have a lower K, indicating a stronger binding
affinity, to successfully reverse an overdose. Notably,
morphine and fentanyl have similar K; values despite
their vastly different potency levels demonstrating that
potency does not always correlate with binding affinity
[72, 73]. Therefore, stronger analogs are not an indication
of the need for high-dose naloxone formulations in the
absence of binding affinity assessment.

While naloxone exhibits a relatively rapid and strong
binding affinity to opioid receptors, the short duration of
action means it is relatively quick to dissociate from the
receptors [70, 74]. For longer acting opioids, this means
opioids may rebind causing a recurrence of respiratory
depression. high-dose naloxone formulations have been
found to make the effect last longer but doesn’t change
how quickly it works to reverse an overdose[75]. The
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duration of a drug’s effects can vary depending on several
factors, including the individual’s tolerance, the method
of administration, the dosage, and the purity of the drug.
high-dose naloxone formulations may have an applica-
tion for these longer-acting opioids and circumstances,
but evidence is limited.

The risk of withdrawal from high-dose naloxone

As with any medication, there are potential risks asso-
ciated with taking too much naloxone. The main risk
of excessive naloxone dosing is that it can cause rapid-
onset naloxone-induced withdrawal symptoms if a per-
son has a high dependence to opioids [76-78]. Naloxone
is effective at reversing overdose as it displaces opioids
from the receptors without activating their sedative and
respiratory depressant effects. The displacement effec-
tively reverses the effects of the opioids and causes with-
drawal even if opioids remain in the person’s system [79,
80]. This can include the well-known symptoms such as
severe pain, agitation, muscle cramps, and nausea [81].
Additionally, precipitated withdrawal has serious symp-
toms, such as diarrhea, vomiting, myalgia, anxiety, and
autonomic hyperactivity [82]. Additionally, in rare cases,
naloxone can cause an allergic reaction, such as hives,
difficulty breathing, or swelling of the face, lips, tongue,
or throat [5]. Sequelae such as death, coma, and encepha-
lopathy have been documented in association with these
occurrences. Notably, such events have predominantly
manifested in patients with pre-existing cardiovascular
disorders or those concurrently administered medica-
tions with comparable adverse cardiovascular effects.
However, establishing a definitive cause-and-effect rela-
tionship requires further investigation [83].

Due to these risks, the recommended dose for opioid
reversal remains controversial. The aforementioned with-
drawal risk can lead to hesitation among PWUD when
encountering a potential overdose. They must quickly
balance the potentially life threatening consequence of
withholding the narcan with the ensuing implications
of withdrawal. Namely, that the intense discomfort and
cravings following withdrawal can lead to subsequent
increased use and opioid seeking behaviors. Addition-
ally, negative experiences related to overdose reversal
may result in avoidance of treatment due to fears of hav-
ing similar experiences in an already stressful medical
setting. Finally, withdrawal can temporarily impair an
individual’s ability to carry out acts of daily living such as
caring for oneself, attending work, or engaging in social
activities. high-dose naloxone formulations are likely to
intensify these drawbacks as administration to someone
with high opioid dependence can lead to more intensified
symptoms then the typical dose would as more opioids
will be displaced with naloxone.
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The need for respect, consent, and a voice in drug policy:
ethical considerations

From a literal perspective, consent is the act of volun-
tarily agreeing to participate in something, such as a
medical procedure, sexual activity, or research study. It
is important because it ensures that individuals know
and understand what they are agreeing to. Consent is a
fundamental aspect of respecting individual autonomy
and personal freedom and it is crucial for maintaining
ethical standards in healthcare, research and interper-
sonal relationships.

In the context of an overdose, obtaining consent is
not possible because the victim is unconscious. Unless
the responder and person experiencing the overdose
had discussed their preferences on how to handle such
a situation before the overdose occurred, standard
guidance should aim to do as little harm as possible.
In such cases, it’s also important to provide clear and
accurate information and to respect their autonomy
as much as possible after administration of naloxone
when conscious.

Listening to PWUD is crucial in making informed
decisions about increasing the dose formulation of
naloxone. Those with lived and living experience have
unique insight into the complexities of overdose and
the effectiveness of naloxone. They can provide valu-
able information on how a higher dose formulation may
impact their ability to respond to an overdose. Addi-
tionally, they can offer insight into other factors that
may contribute to overdose, such as polysubstance use
or lack of access to harm reduction services. By listen-
ing to those with lived and living experience, we can
gain a better understanding of the challenges and barri-
ers faced by PWUD and make more informed decisions
about how to address overdose in a way that is effective,
equitable, and inclusive.

Collaborating with PWUD is also an important aspect
of practicing informed consent. By actively hearing their
experiences and concerns, we can better understand
their needs and preferences allowing us to provide care
with respect and consideration of their unique circum-
stances. Individuals who use drugs have the right to make
informed decisions about their healthcare and incorpo-
rating their preferences ensures they are empowered to
make informed decisions about their healthcare. This
can help build trust between healthcare providers and
PWUD, leading to better health outcomes and more
effective overdose prevention strategies. Conrarily, mak-
ing decisions on naloxone dose, route of administra-
tion, and cost without including those who are directly
impacted in the decision process violates their right to
consent, erodes their trust and perpetuates the overdose
epidemic.
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Cost considerations

As shown in Table 1, the costs of available naloxone
formulations vary widely from $15-$40 per unit for the
most affordable generic IM formulation to $131-$145 per
unit for Zimhi high-dose IM auto injector and Kloxxado
high-dose IN. As expected, generic formulations cost less
than branded formulations with the IM and IN costing
$15 and $20 at the lower cost range respectively. Nota-
bly, the two highest single dose formulations, Zimhi and
Kloxxado, are also the most costly. Zimhi is 25 times
stronger than generic IM naloxone and costs over 8 times
the generic equivalent. Kloxxado is twice as strong as the
generic IN formulation and costs about 5 times as much.
Given that the majority of fentanyl overdoses studied
only require two or three doses of standard IM or IN,
high dose naloxone formulations with more than three
times the dose within the same administration route cat-
egory may not be a cost effective solution.

Discussion

We aimed to understand whether two doses of IM/
IN naloxone can effectively reverse fentanyl overdoses
and whether newer high-dose formulations are an opti-
mal and necessary solution. Our findings indicate that
although two or more standard doses of naloxone have
been administered in clinical and community settings,
most fentanyl overdoses can be successfully reversed
using two standard dosages of IN or IM. Overdoses
involving carfentanil, a highly potent fentanyl analog,
necessitate three or more doses for effective reversal; this
may be due to carfentanil having a slower rate of opioid
receptor dissociation [84]. However, carfentanil over-
doses are relatively rare compared to fentanyl overdoses
throughout the United States.

Although comparing formulations was beyond the
scope of our review, we did note that in some cases, the
administration of two IM naloxone doses (0.8 mg) has
been insufficient in reversing a fentanyl overdose. How-
ever, the accuracy of this conclusion is contingent upon
the quantity of fentanyl present in the drug samples con-
sumed and the individual’s tolerance. For this reason,
community-based programs that solely distribute IM
naloxone could pre-emptively begin distributing four or
more doses to all program participants. Given the well-
established knowledge that overdose symptoms may
recur after resuscitation, depending on the half-life of
the specific opioid, keeping additional doses of nalox-
one on hand can be useful regardless of the formulation
distributed.

Considering these findings and the current community
practice of using multiple doses of standard IM and IN,
we recommend providing, at minimum, four standard
doses of IN or IM naloxone to each individual (i.e., two



Lemen et al. Harm Reduction Journal (2024) 21:93

two-dose kits). This guarantees that administration can
continue until the recipient achieves stability, ensuring
appropriate intervals between each dose, and extra doses
are on hand in case of carfentanil exposure or symptom
recurrence. Given that some people who use fentanyl use
multiple times per day, and some bystanders know multi-
ple people who use fentanyl, providing an ample number
of kits to potential bystanders is critical.

Higher-dosage formulations are unnecessary for fenta-
nyl overdoses, and may also cause harm as evidenced by
the risk of precipitated opioid withdrawal. While there is
little evidence that high-dose naloxone formulations will
be more effective for responding to fentanyl overdoses,
high-dose naloxone formulations may elicit a faster over-
dose reversal rate for carfentanil overdoses compared to
standard doses.

One barrier that remains in scaling up IM and IN
naloxone is that only one brand of over-the-counter IN
naloxone (Emergent) has been FDA approved. Approving
generic naloxone and standard IM formulations will help
speed up community-level naloxone coverage. Another
barrier to carrying IM naloxone is that syringe possession
remains illegal in some states.

Data limitations

Much of the literature supporting the use of high-dose
naloxone formulations fails to take into consideration
the expressed needs, barriers, and consent of PWUD,
which may have significant implications for the ethical
and effective implementation of such interventions. For
these reasons, we encourage scientists, medical provid-
ers, and pharmaceutical companies to speak to PWUD
and service providers (such as harm reduction workers or
others working directly with drug users) when develop-
ing and testing new high-dose naloxone products. Pro-
viding the context to epidemiological and clinical data
through lived experience is important because it allows
for a more accurate interpretation of the results as well
as a more realistic understanding of how naloxone for-
mulary changes would impact PWUD. Without context,
assumptions may be based on bias, or draw the wrong
conclusions. We also noted that some studies were either
conducted or funded by pharmaceutical companies who
may have a conflict of interest in the study’s outcome.

Future studies and conclusions

The majority of the research conducted in the field of
substance use has not been done in settings that accu-
rately reflect the contexts in which PWUD experience
an overdose and withdrawal symptoms. For example,
there has been scientific debate on the role of non-opi-
oid sedatives such as xylazine (a tranquilizer commonly
used in veterinary medicine) and benzodiazepines
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(a central nervous system depressant) in overdose
response[85—87]. We must communicate to the pub-
lic that naloxone will not reverse the effects of these
sedatives and additional medical intervention may be
required to assist PWUD even after naloxone is admin-
istered. More studies that center the perspectives of
PWUD are needed to optimize community bystander
reversals especially in the era of xylazine and other
contaminants.

In conclusion we did not find rigorous evidence to
support the distribution of high-dose naloxone formula-
tions compared to standard doses. Community programs
should provide at least four doses of standard IM or IN
(and more if possible) to each program participant to
optimize naloxone coverage without sacrificing the phys-
ical and psychological wellbeing of PWUD.
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