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Introduction: People who use drugs in community settings are at risk of a fatal overdose, which can be
mitigated by naloxone administered via bystanders. In this study we sought to investigate methods of
estimating and tracking opioid overdose reversals by community members with take-home naloxone
(THN) to coalesce possible ways of characterizing THN reach with ametric that is useful for guiding both
distribution of naloxone and advocacy of its benefits.

Methods:We conducted a scoping review of published literature on PubMed on August 15, 2022, using
PRISMA-ScR protocol, for articles discussingmethods to estimate THN reversals in the community. The
following search terms were used: naloxone AND (“take home” OR kit OR “community distribution” OR
“naloxone distribution”). We used backwards citation searching to potentially find additional studies.
Overdose education and naloxone distribution program-based studies that analyzed only single
programs were excluded.

Results: The database search captured 614 studies, of which 14 studies were relevant. Backwards
citation searching of 765 references did not reveal additional relevant studies. Of the 14 relevant studies,
11 were mathematical models. Ten used Markov models, and one used a system dynamics model. Of
the remaining three articles, one was a meta-analysis, and two used spatial analysis. Studies ranged in
year of publication from 2013–2022withmathematical modeling increasing in use over time. Only spatial
analysis was used with a focus on characterizing local naloxone use at the level of a specific city.

Conclusion: Of existing methods to estimate bystander administration of THN, mathematical models
are most common, particularly Markov models. System dynamics modeling, meta-analysis, and spatial
analysis have also been used. All methods are heavily dependent upon overdose education and
naloxone distribution program data published in the literature or available as ongoing surveillance data.
Overall, there is a paucity of literature describing methods of estimation and even fewer with methods
applied to a local focus that would allow for more targeted distribution of naloxone. [West J Emerg Med.
2024;25(4)500–506.]

INTRODUCTION
People who use drugs in community settings have the risk

of a fatal overdose, which can be mitigated by naloxone
administered via bystanders during overdose incidents.
Currently, there is some public health infrastructure in place
to track naloxone distribution. In California, the
Department of Health Care Services (DHCS) acts as a hub

for dissemination of naloxone to community-based
organizations.1 These organizations are, in turn, charged
with maintaining distribution and use data. However, the
DHCS is not the only distributor of naloxone, nor do
programs that distribute naloxone have any way to require
individuals to report use. Further, naloxone in Narcan nasal
spray form has recently been approved (in March 2023) by
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the US Food and Drug Administration for over-the-counter
(OTC) distribution. Due to this multitude of factors, it is not
known how frequently community-distributed naloxone is
administered to treat overdose.

While naloxone distribution is an effective, evidence-
based intervention, and OTC formulations are approved,
there is still pushback against highly visible and available
naloxone distribution points from policymakers and
community members due to the stigma associated with drug
use and, by extension, the legal landscape.2,3 In this study we
sought to investigate methods of estimating and tracking
opioid overdose reversals by community members with take-
home naloxone (THN) to coalesce possible ways of
characterizing THN reach with a metric that is useful for
guiding both distribution of naloxone and advocacy
of its benefits.

METHODS
With PRISMA-ScR protocol using the PubMed

database,4 we conducted a scoping review on methods to
estimate opioid overdose reversals by community members
using THN, before any potential intervention by first
responders or clinicians. The database search was followed
by backwards citation searching to identify relevant articles
omitted in the database search. PubMed, a database
provided by the National Center for Biotechnology
Information at the US National Library of Medicine, was
used for the scoping review due to its coverage of
35 million citations contained within the literature
compilations of MEDLINE, PubMed Central,
and Bookshelf.5

Search Strategy
We performed a search on August 15, 2022, using

PubMed to find articles that discussed surveillance or
estimation of THNadministration. The search was restricted
to articles published in the English language, but it was not
restricted by year of publication. The terms used for the
search strategy were selected to ensure that relevant studies
found in pilot searches were all included. Since there has been
an evolving lexicon surrounding “take-home” naloxone,
alternative terms had to be included in the search, even
though this diluted the proportion of relevant studies in the
final search. We used the following search terms: naloxone
AND (“take home” OR kit OR “community distribution”
OR “naloxone distribution”).

Articles from the PubMed search that discussed THN and
were possibly related to surveillance or estimation were
sorted into methodology buckets for possible further review
based on title and abstract, or review of full articles where
uncertainty existed. Thesemethodology buckets included the
following: 1) mathematical models; 2) meta-analysis;
3) spatial analysis; 4) other possibly relevant articles;
5) opioid overdose education and naloxone distribution

(OEND) program-based studies; and 6) other articles
deemed not relevant.

The articles sorted into the first four buckets—
mathematical models; meta-analysis; spatial analysis; and
other possibly relevant articles—were read in full for
confirmation of final inclusion. We excluded from further
review bucket 5 (OEND program-based studies) because
these studies have straightforward methodology and are
already a well-known method of tracking THN
administration, which is evidenced by the number of OEND
program-based studies (59 studies captured with our
database search strategy). These OEND program-based
studies are discussed further in the Discussion section. After
selection of PubMed articles for final inclusion, we
performed backwards citation searching on these articles
using titles, with abstracts as needed. The full text of possibly
relevant articles was reviewed for final inclusion.

Data Extraction and Synthesis
We extracted the following data using a standardized

table: method (bucket); model type; data sources; location
(country, location – community); and funding sources.
Method corresponded to the bucket categories discussed
above. Model type was relevant for studies in bucket 1
(mathematical models), and the recorded model type was
based on how authors self-described their studies. These self-

Population Health Research Capsule

What do we already know about this issue?
Administration of naloxone mitigates the risk
of a fatal overdose in community settings;
however, surveillance of community naloxone
and its administration is weak.

What was the research question?
What methods exist for tracking or estimating
opioid overdose reversals by community
members with naloxone?

What was the major finding of the study?
The scoping review yielded 14 studies: 11
mathematical models, one meta-analysis, and
two spatial analyses.

How does this improve population health?
Few methods have been published to estimate
community naloxone administration;
methods must be adapted for local use before
informing policy or advocacy.
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descriptions for mathematical models included Markov
modeling and system dynamics modeling. Data was
synthesized through concept mapping.

RESULTS
The database search resulted in the capture of 614 studies.

Of these, 108 studies were marked as possibly relevant based
on titles or abstracts discussing THNprograms, surveillance,
or estimation. Using full articles as needed, 39 studies were
categorized into buckets of interest (1–4). Following
categorization, full article review resulted in 14 articles for
final inclusion. Backwards citation searching of the 765
references contained within the 14 articles resulted in three
articles for full review. All three were excluded from final
analysis leaving 14 articles for final inclusion. These 14
articles were from buckets 1–3. Figure 1 presents a flowchart
of the captures and the review of literature.

Study Characteristics
The included studies varied in their objectives. Developing

a way to identify how much naloxone was administered by
bystanders was often a contributor to the overall goals of the
studies instead of the primary objective. This section presents
a synthesis of study objectives and the methods employed to
surveil or estimate community naloxone use. The Table
presents an overview of the studies by method.

Mathematical Models
Of the 14 studies, 11 employed mathematical models. Of

these, 10 used Markov models and were published between
2012–2022. Markov models define several non-overlapping
statuses (ie, chronic opioid use, cessation of opioid use,
overdosing, dead) and represent each individual within a
simulated population as a member of one of the statuses.6

Individuals transition from one state to another, not
necessarily linearly, based on probability parameters that
represent change in individual statuses over time. This means
that model output of any prior or subsequent population
distribution within the system can be derived from any given
population distribution. The one remaining mathematical
modeling study used a system dynamics model and was
published in 2022. System dynamics modeling represents
different variables (ie, population, treatment availability,
overdose deaths) within a system and the relationships
between them, factoring in temporal delay as appropriate.7

This means that the model output of any subsequent
population distribution within the system may be based on
both the given population distribution and the changes
preceding the given population distribution.

Studies employing mathematical models varied in their
primary objectives. Five of the studies employing Markov
models were designed to evaluate the cost effectiveness of
naloxone distribution. Four of these cost-effectiveness
studies use variations of the sameMarkov model, which was
originally developed in 2013 by Coffin and Sullivan, who
authored two of the four articles.8–11 The one remaining cost-
effectiveness study, by Uyei et al, was unique in that it also
investigated naloxone distribution in conjunction with other
interventions, including pre-exposure prophylaxis for
HIV prevention.12

Of the remaining five Markov model studies, all modeled
the effects of naloxone distribution on opioid overdose death
rates. Coffin et al (2022) modeled the US population using
the Markov model developed previously by Coffin and
Sullivan in 2013.13 Irvine et al (2018) and Irvine et al (2019)
modeled the population of British Columbia using a model
developed by Irvine et al in 2018.14,15 Irvine et al (2022)
modeled the US population, and Linas et al (2021) modeled

Studies identified through 
database searching.

(n = 614)

Abstracts screened.
(n = 614)

Studies excluded; abstracts 
not relevant.

(n = 506)

Abstracts possibly relevant. 
Categorized into buckets 
using full text as needed.

(n = 108)

Study excluded; bucket not 
relevant.
(n = 69)

Studies categorized into 
relevant buckets. Full text 

reviewed.
(n = 39)

Studies included in qualitative 
synthesis.
(n = 14)

Studies excluded; full text not 
relevant.
(n = 25)

Titles screened from 
backwards citation searching 

using abstracts as needed.
(n = 765)

Studies excluded; 
title/abstract not relevant or 

duplicate study.
(n = 762)

Abstract relevant and not 
duplicate study. Full text 

reviewed.
(n = 3)

Studies excluded; full text not 
relevant.
(n = 3)

Studies included in qualitative 
synthesis.

(n = 0)

TOTAL studies included in qualitative synthesis.
(n = 14)

Figure 1. PRISMA flowchart.
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urban and rural Massachusetts populations also using the
2018 Irvine et al model.16,17

The one study using a system dynamics model was
conducted by Stringfellow et al in 2022 and investigated the
effects of different interventions, including naloxone
distribution, on opioid overdose death rates.18

Mathematical models employed various data sources to
inform the parameters used. These sources included
parameters from published literature and surveillance data
(ie, public health department records, coroner reports,
insurance claims). When sources of data were not available,
authors used their own assumptions or expert input,

Table. Study characteristics by method.

Method
(bucket)

Model
type

First
author Year Data sources

Location
country

Location
community Funding sources

Mathematical
models

Markov
model

Acharya M 2020 Literature,
Surveillance data,

Assumption

US US Not reported

Coffin PO 2022 Literature,
Assumption

US US National Institutes of Health

Coffin PO 2013 Literature,
Expert input,
Assumption

US US National Institute of Allergy and
Infectious Diseases (National

Institutes of Health)

Coffin PO 2013 Literature,
Assumption

Russia Russia Open Society Foundation

Irvine MA 2018 Surveillance data,
Literature,

Expert input,
Assumption

Canada British
Columbia

Canadian Institutes of Health
Research, Natural Science and
Engineering Research Council

of Canada

Irvine MA 2019 Surveillance data,
Literature,

Expert input,
Assumption

Canada British
Columbia

British Columbia Government,
Canadian Institutes of Health

Research, Natural Science and
Engineering Research Council

of Canada, Michael Smith
Foundation for Health

Research, National Institutes
of Health

Irvine MA 2022 Literature,
Modified-Delphi

panel

US US National Institute on Drug
Abuse (National Institutes

of Health)

Langham S 2018 Literature,
Assumption

UK UK Mundipharma International Ltd.

Linas BP 2021 Surveillance data,
Literature,
Assumption

US Rural, urban
Massachusetts

National Institute on Drug
Abuse (National Institutes

of Health)

Uyei J 2017 Surveillance data,
Literature,
Assumption

US Connecticut Connecticut Department of
Public Health, National Institute

of Mental Health (National
Institutes of Health)

System
dynamics
model

Stringfellow
EJ

2022 Surveillance data,
Literature,

Expert input,
Assumption

US US US Food and Drug
Administration

Meta-analysis McAuley A 2015 OEND program
studies

Canada,
UK, US

n/a National Health Service
Scotland

Spatial analysis Rowe C 2016 Surveillance data US San Francisco National Institute on Drug
Abuse (National Institutes

of Health)

Yi G 2022 Surveillance data US Baltimore Not reported

Volume 25, No. 4: July 2024 Western Journal of Emergency Medicine503

Kinoshita et al. Bystanders Saving Lives with Naloxone



including a modified-Delphi panel in the 2022 Irvine et al
study.16 The studies do not apply themathematical models to
any specific cities or smaller communities, although the 2021
Linas et al study models a generalized rural city and a
generalized urban city in Massachusetts.17 Adopting the
mathematical models employed in these studies to estimate
bystander naloxone administration in a particular
community of interest would require the input of local
parameters, which could be an intensive effort if surveillance
infrastructure is not established.

Meta-analysis
One study by McAuley et al, published in 2015, consisted

of a meta-analysis of nine OEND program studies,
synthesizing their outcomes and accounting for participants
lost to follow-up to report the proportion of naloxone kits
that are likely to be used in the first three months after
distribution.19 The studies that comprised the meta-analysis
were from Canada, the United Kingdom, and the US.
Adopting a meta-analysis methodology to estimate
bystander naloxone administration in a particular
community of interest would involve synthesizing data from
OEND programs in the community.

Spatial Analysis
Two studies, by Rowe et al (2016) andYi et al (2022), used

geographic system information (GSI)mapping technology to
conduct spatial analysis of naloxone overdose incidents. The
studies determined the relationship between proximity of the
census tract in which naloxone was administered and the
nearest naloxone distribution site.20,21 Rowe et al conducted
an analysis of San Francisco, California, and Yi et al
conducted an analysis of Baltimore, Maryland. Surveillance
data was used to establish this relationship. The GSI
mapping and spatial analysis methodology used in these
studies could be adopted in other jurisdictions to estimate
bystander naloxone administration in a particular
neighborhood of interest based in part on distance from
naloxone distribution points.

DISCUSSION
Limited Methods to Estimate Take-home Naloxone Use

The limited number of studies captured in this scoping
review evidences the lack of surveillance and estimation
methods for the administration of THN, outside of OEND
program records based on self-reports. Of the methods used,
mathematical modeling and meta-analysis provided direct
estimations of the proportion of distributed naloxone
administered; however, bothmethods were applied only over
large geographic areas (entire countries, states or provinces,
amalgamating different cities around the globe) or
theoretical cities representing a large geographic area
(“urban city of Massachusetts”).

Mathematical modeling was the most popular form of
estimating administration of naloxone by community
members. Further, the popularity of modeling increased
relative to the other methods. While making up 79% of study
methodologies found overall, it comprises 89% of studies in
the five years from 2018–2022, as shown in Figure 2. Reasons
for the popularity of mathematical models may be
convenience, including the use of expert input and
assumptions for unknown parameters, and the ability to
tailor models to different geographic areas by adjusting
parameters. Nine of the 11 modeling studies used one of two
model bases, Coffin and Sullivan (2013) and
Irvine et al (2018).9,14

The relative disuse of meta-analysis may be explained by
the lower practical value of naloxone administration data
averaged over multiple locations, as opposed to applying
local data to inform program growth and gauge impact.
Meta-analysis of naloxone use in other communities may be
informative in jurisdictions lacking their own surveillance
data, but care must be exercised in selecting which
communities and programs to use as references. The spread
of OEND programs, however, may provide an opportunity
for more applicable comparisons. Further, large proportions
of follow-up loss are evidenced in some OEND programs,
adding uncertainty to meta-analysis results; three of the nine
OEND programs that McAuley et al (2015) used in their
analysis had three-month follow-up rates of less than 70%
(eg, 34%, 30%, 23%).19

Spatial analysis yielded a relationship between naloxone
administration and distance from naloxone distribution
point. Both studies included in this scoping review (Rowe
et al 2016, and Yi et al 2022) were reliant upon self-reported
data from OEND programs. This data, which is needed to
construct a GSI map, may be useful for identifying
geographic areas for intervention but may be less useful for
extrapolation to unreported THN use. Further, only the
study by Yi et al (2022) characterized the relationship
between probability of bystander naloxone administration at

Figure 2. Methods used over time.

Western Journal of Emergency Medicine Volume 25, No. 4: July 2024504

Bystanders Saving Lives with Naloxone Kinoshita et al.



an overdose and distance from distribution point.21 Rowe
et al (2016) instead reported total number of administration
events as a function of distance, further limiting external
validity of the results.20

Opioid Education and Naloxone Distribution Programs
While we excluded individual OEND program-based

studies from this scoping review, they are important for
discussion and comprised 59 of the captured articles in the
systematic search. Data from these programs, whether or not
published in peer-reviewed journals, is the foundation for the
parameters in mathematical models, the component studies
of meta-analysis, and the location data for spatial analysis.
The accuracy of all methods to estimate naloxone
administration by bystanders wraps back around to the
quality of self-reported data from OEND programs. When
estimations of THNuse are put forward to inform policy, the
methods behind the estimate must be justifiably better than
local OEND data, if available. Amalgamated data provided
by government institutions and national coalitions may also
be available but will lack local specificity.22,23

LIMITATIONS
There are limitations to this scoping review and its

applicability. In our study we did not attempt to include
methods published in the gray literature in our initial search
strategy. This limitation was addressed in part through
informal preliminary searches, correspondence with public
health personnel at the California Department of Public
Health and the CA Bridge program, and citation searching.
Further, it was not expected that methods for estimation of
bystander naloxone use would exist without being published
in peer-reviewed journals.

A related limitation of this study is that the initial search
for relevant articles was limited to the PubMed database.
This decision was based on the PubMed search terms
comprehensively capturing all studies identified by previous
informal preliminary searches and correspondence with
public health personnel. Additionally, the search strategy
attempted to capture any potentially missed literature
through backwards citation searching, and the absence of
any new relevant articles supported the parameters of the
initial search.

Another limitation to this scoping review is that it did not
attempt to ascertain the comparative value of methods used
in estimating bystander naloxone use. It is possible that
preferred methods for determining bystander naloxone use
will be dependent upon intended use of the analysis and
preference for risk. Methods highly influenced by OEND
program data will inherently provide underestimation,
while others may cause overestimation. Finally, the
environment surrounding harm reduction is constantly
changing. The recent approval of OTC naloxone is a new

policy that the studies captured in our review
do not address.

CONCLUSION
The present scoping review describes the available

methods for estimating bystander administration of
naloxone. Mathematical models, particularly Markov
models, are most common. System dynamics modeling,
meta-analysis, and spatial analysis have also been used. All
methods are heavily dependent upon OEND program data
published in the literature or available as ongoing
surveillance data. Overall, there is a paucity of literature
describing methods of estimation, and of these few have been
applied with a local focus. This is of concern as harm
reduction is still regarded with stigma. Further, even as
naloxone distribution becomes more normalized, both
politically and socially, effective distribution will remain
important in a landscape of funding and resource scarcity
with complementary interventions and competing
policy priorities.
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