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Abstract

Background: With the rapid rise in opioid overdose-related deaths, state policymakers have
expanded policies to increase the use of naloxone by emergency medical services (EMS).
However, little is known about changes in EMS naloxone administration in the context of
continued worsening of the opioid crisis and efforts to increase use of naloxone. This study
examines trends in patient demographic and EMS response characteristics over time and by county
urbanicity.

Methods: We used data from the 2013-2016 National EMS Information System to examine
trends in patient demographics and EMS response characteristics for 911-initiated incidents that
resulted in EMS naloxone administration. We also assessed temporal, regional, and urban-rural
variation in per capita rates of EMS naloxone administrations compared with per capita rates of
opioid-related overdose deaths.

Results: From 2013 to 2016, naloxone administrations increasingly involved young adults and
occurred in public settings. Particularly in urban counties, there were modest but significant
increases in the percentage of individuals who refused subsequent treatment, were treated and
released, and received multiple administrations of naloxone before and after arrival of EMS
personnel. Over the four year period, EMS naloxone administrations per capita increased at a
faster rate than opioid-related overdose deaths across urban, suburban, and rural counties.
Although national rates of naloxone administration were consistently higher in suburban counties,
these trends varied across U.S. Census Regions, with the highest rates of suburban administration
occurring in the South.

Conclusions: Naloxone administration rates increased more quickly than opioid deaths across
all levels of county urbanicity, but increases in the percentage of individuals requiring multiple
doses and refusing subsequent care require further attention.
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INTRODUCTION

In 2017, an estimated 49,068 deaths were attributable to opioid overdoses, up from 8,050 in
1999.1 Although the rate of increase in deaths due to opioid analgesics has slowed, deaths
due to heroin and synthetic opioids such as fentanyl have surged in recent years,! with a
corresponding increase in the prevalence of illicit opioids seen in hospital encounters data,?
in law enforcement seizure data,® and among opioid treatment program entrants.# This
increase in non-prescription opioid overdoses has largely been concentrated among young
adults? 5 and in urban areas, where overdose deaths from synthetic opioids have surpassed
those from opioid analgesics.® 7 The evolution of the opioid crisis influences not only the
populations and communities most affected but has important implications for strategies
implemented to mitigate opioid-related harms.8-11

Expanding access to naloxone, an opioid antagonist effective in reversing the life-
threatening effects of opioids,12 is one strategy increasingly used by state and local
policymakers to reduce opioid-related overdoses. Historically used only by paramedics and
clinicians in organized health care settings,!3 recent state and local policy changes have
increasingly authorized all emergency medical services (EMS) licensure levels to administer
naloxone. As of September 2017, all but one U.S. state had expanded EMS scope of practice
to allow basic life support (BLS) personnel, including emergency medical technicians
(EMTSs), to administer naloxone,14 up from only thirteen states just four years prior.1> These
efforts may have particular benefits for residents of rural areas, who have faced disparities in
access to prehospital naloxone, a more limited supply of paramedics, and increasingly

greater rates of drug overdose deaths compared with residents of urban and suburban areas.
16, 17

While prior studies have found notable disparities in access to prehospital naloxone in rural
communities,16: 18. 19 these national studies have largely examined cross-sectional data on
EMS events prior to the increase in prevalence of synthetic opioids and expansion of EMS
scope of practice. Other recent work has documented an upward trend in EMS naloxone
administrations nationwide2? but has not examined differential changes in pre-hospital
naloxone administration across geographic regions nor across different levels of urbanicity.
Nor have studies examined how the characteristics of EMS calls in which naloxone is
administered might differ between urban, suburban, and rural areas in the context of the
continued evolution of the opioid crisis and associated policy changes, despite clear
differences by county urbanicity in access to treatment for opioid use disorder,2! availability
of community-based naloxone distribution programs,22 and general EMS workforce
demands.23 Yet, such information can inform policies and resource allocation decisions in a
dynamically evolving opioid risk environment.

To address this gap in the literature and better understand trends in EMS administration of
naloxone, this study uses 2013 to 2016 data from a national dataset containing information
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on the administration of naloxone by EMS personnel to examine trends in EMS naloxone
administration, including location, patient demographics, and EMS response characteristics.
It is hypothesized that trends in EMS naloxone administration will reflect the shift in opioid
overdoses toward younger individuals, particularly in areas with more potent synthetic
opioids. In addition, we expect trends in EMS response characteristics to differ by urbanicity
due to the changing scope of practice laws in this period increasing access to naloxone in
rural counties.

Data Sources and Sample

Using the 2013 to 2016 National Emergency Medical Services Information System
(NEMSIS), a uniform database representative of the U.S. population of EMS patients,2* we
identified 698,260 incidents in which EMS personnel administered naloxone using the text-
based field for medications administered. In 2013, 43 states participated in NEMSIS, with
three additional states (Rhode Island, Vermont, and Louisiana) and the District of Columbia
submitting data by 2016. Consistent with previous research,6: 20 we restricted our sample to
911-initiated EMS incidents and excluded calls reported as cancelled, no patient found, or
no treatment required. While the NEMSIS provides a standardized national registry of EMS
responses, it is important to note that it relies on the completeness and accuracy of reporting
by EMS field personnel, and the public use version of the data does not contain codes to
identify overdose incidents in which naloxone was not administered. Our analyses of the
NEMSIS are thus restricted to overdose incidents in which EMS responded and
administered naloxone, which allows examination of a broader class of opioid overdose
outcomes than mortality data but likely captures a relatively small proportion of total opioid
overdose events.2% In addition, because the data do not contain codes for whether an incident
involved an opioid overdose, our sample of EMS naloxone administrations may also capture
non-opioid-overdose incidents in which naloxone treatment was administered as part of
standard resuscitative procedures in emergent situations with undetermined underlying
clinical cause.

To explore the relationship between EMS naloxone administration and opioid overdose
mortality, we obtained information on opioid-related overdose death rates from the Center
for Disease Control’s National Center for Health Statistics multiple cause of death mortality
files, restricting the mortality sample to those states included in the NEMSIS in each year.
Consistent with previous research,26 we identified opioid-related overdose deaths using
International Classification of Diseases, 10t (ICD-10) edition codes for a drug overdose
(X40-X44, X60-X64, X85, and Y10-Y14) as well as an ICD-10 code for opium (T40.0),
heroin (T40.1), other opioids (T40.2), methadone (T40.3), other synthetic narcotics (T40.4),
and other or unspecified narcotics (T40.6). Given research showing geographic and temporal
variation in the specificity with which specific drugs are reported in the death certificate
data,2” 28 we also assessed EMS naloxone administration trends compared with all drug
overdose mortality. The corresponding author’s Institutional Review Board determined the
study to be exempt.
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Annual rates of EMS naloxone administrations and opioid-related overdose deaths per capita
were calculated overall and by county urbanicity and U.S. Census Region. Within the
NEMSIS, county urbanicity is defined based on the county in which the reporting EMS
agency is located and is categorized based on the county’s Urban Influence Code?® as urban
(large or small metropolitan counties), suburban (micropolitan counties adjacent to
metropolitan county), rural/frontier (non-urban core counties adjacent to metropolitan
county or non-core counties adjacent to micropolitan county). To convert counts to per
capita rates, population counts for the states included in NEMSIS in each year were obtained
from the U.S. Census Bureau and summarized by county urbanicity (urban, suburban, or
rural/frontier) using the 2013 Urban Influence Codes,2? consistent with the county-based
urbanicity classification used in NEMSIS.

The NEMSIS dataset includes information on patient age (categorized as 0-19, 20-29, 30—
39, 40-49, 50-59, and = 60 years) and gender, as well as information about EMS response
characteristics, including incident location (categorized as “home/residence,” “street or
highway,” “trade or service,” or “other location”). Information on whether the patient had
received naloxone prior to EMS personnel arrival or whether the individual received
naloxone multiple times from the reporting EMS agency came from text-based fields.
Finally, we examined the disposition of individuals administered naloxone using the
categorical variable in the NEMSIS, which includes the following classification: died at
scene, treated and released, treated and transferred care, treated and transported by EMS,
treated and transported by law enforcement, treated and transported by private vehicle, or a
“refused care” category for individuals who withdrew consent for care at some point during
the EMS response or refused to give consent (such as might occur after an individual was
revived with naloxone).

We examined variation in incident characteristics involving EMS naloxone administration
over time from 2013 to 2016 and stratified by urbanicity. We also assessed trends in per
capita naloxone administration and opioid-related and all-drug overdose death rates over
time by county urbanicity and by U.S. Census Region. Significance of changes over time
was assessed using the chi-squared test of independence, and comparisons were considered
statistically significant based on a two-sided p-value of 0.05. A sensitivity analysis including
NEMSIS data from 2012, which did not include California, Montana, and Indiana, was
conducted to assess changes in observed trends. As there was no meaningful difference in
findings using the 2012 data, we chose to present the 2013 to 2016 data to allow more
complete and consistent state coverage. Analyses were conducted using SAS 9.4 (SAS
Institute, Cary, NC).

We found a substantial increase in the number of EMS incidents in which naloxone was
administered, rising from 107,666 in 2013 to 206,354 in 2016. Across all four years, EMS-
administered naloxone occurred predominantly in response to incidents occurring in private
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residences and among individuals who were male, over age 40, and residing in the South
(Table 1). We also found an increase in the percentage of EMS-administered naloxone in
urban settings with a corresponding decrease in suburban and rural counties (p-values all
<0.001). However, we noted a significant shift in location over time, with the percentage of
EMS incidents in which naloxone was administered in streets/highways and public settings
such as bars, restaurants, and other businesses increasing significantly from 2013 to 2016, as
well as a trend toward naloxone receipt among young adults aged 20 to 39. Over the same
time period, there were decreases in the percentage of EMS naloxone administrations in
private residences and to individuals over age 40 (with the most pronounced decline among
individuals age 60 and older). Despite the shift in the age distribution toward younger adults,
across each year more than 40% of naloxone administrations by EMS were for adults aged
50 and older.

From 2013 to 2016, there were statistically significant increases (all p<0.001) in the
percentage of individuals receiving multiple doses of naloxone from EMS personnel (15.0%
in 2013 to 21.4% in 2016), as well as smaller but notable increases in the percentage of
individuals who had received naloxone prior to EMS arrival (0.3% to 1.4%) and who refused
or withdrew consent to receive subsequent treatment from EMS following the administration
of naloxone (0.4% to 1.8%). Across all years, there were comparably few cases and more
modest increases in the number of individuals who were treated and released without
receiving transport or subsequent care (1.0% to 1.9%) or who had died at the scene (2.7% to
3.1%).

Urban/Suburban/Rural and Regional Variation

Given differences in the nature of the opioid problem and available treatment by urbanicity
and region,” we assessed whether national trends in EMS-administered naloxone mask
important geographic variation. Figure 1 illustrates the increase in per capita rates of both
EMS naloxone administrations and opioid-related overdose deaths from 2013 through 2016,
stratified by county urbanicity. Over the four-year period, there was an 88% increase in EMS
naloxone administrations per capita in urban counties, a rate of increase exceeding that seen
in suburban (46%) and rural counties (49%), paralleling increases in opioid-related overdose
deaths in urban (65%), suburban (40%), and rural counties (24%). Per capita EMS naloxone
administrations were consistently higher in suburban counties, but there were substantial
increases in EMS naloxone administration rates in 2015 and 2016 across all levels of county
urbanicity that do not correspond to comparable increases in opioid overdose mortality.
Results were consistent when examining all drug overdose mortality (see Supplemental
Material), showing that the increases in all drug overdose death rates were also greatest in
urban areas (42%), followed by suburban (27%) and rural areas (18%).

While suburban areas nationally had the highest EMS naloxone administration rates relative
to other urbanicity levels, there was substantial variation in naloxone administration by
urbanicity in different regions (Figure 2). The highest level of naloxone administration in
suburban counties was in the South, primarily the South Atlantic division which includes
West Virginia and North Carolina (see Supplemental Material for figures stratified by
Census Division). In contrast, EMS naloxone administration rates in the Midwest were
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highest in urban counties, with suburban counties having the lowest rates of naloxone
administration. The Northeast had the most the rapid growth in naloxone administration
rates at all urbanicity levels since 2013, with rates of naloxone administration persistently
highest in suburban and urban counties. The West, however, has seen relatively little growth
in naloxone administration rates, with relatively low levels of EMS naloxone administration
in urban areas compared with other regions.

Finally, we examined if individual or incident characteristics involving naloxone
administration differed by the urbanicity of EMS agency locations (Figure 3). Compared
with suburban and rural counties, a greater percentage of individuals administered naloxone
by EMS in urban counties were between ages 20 and 39. In contrast, recipients of EMS-
administered naloxone in suburban and rural counties were skewed toward persons over age
60. Naloxone administration in urban counties more commonly occurred in public settings,
while naloxone administration in rural counties occurred more frequently in private
residences. Individuals in urban areas were also more likely to have received a dose of
naloxone prior to EMS administration and were more likely to receive multiple doses of
naloxone from EMS personnel (p-values all <0.001).

DISCUSSION

The substantial increase in 911 calls resulting in naloxone administration by EMS personnel
from 2013 to 2016 corresponds with the worsening opioid crisis, including a dramatic
increase in deaths involving fentanyl.30 Prior studies have found substantially elevated risk
of mortality after nonfatal opioid overdose,31-33 but these risks are heterogeneous across
populations. For instance, one study in Marion County, Indiana showed nearly 10% of
individuals who received EMS-administered naloxone died during an average two years of
follow-up, with younger adults more likely to die from drug-related causes and older adults
from causes related to chronic health conditions.32 In light of public concerns that
individuals administered naloxone who refuse subsequent interventions or transport may
miss a critical opportunity to receive treatment,34-38 it is important to emphasize that
effective interventions may include treatment with buprenorphine or methadone maintenance
therapy, which have been shown to significantly reduce mortality risk,31: 39 as well as efforts
to address high-risk opioid prescribing, a significant risk for opioid-related mortality in older
individuals.#® Furthermore, while we found that the percentage of individuals administered
naloxone by EMS who refused care or were treated and released without subsequent medical
attention had increased since 2014, we note that over 93% of patients received transport after
naloxone administration by EMS in 2016. Further research on the context of those EMS
naloxone administration incidents that involve refusal of subsequent care, as well as
longitudinal follow-up study of patients who receive treatment for overdose from EMS can
offer insights on opportunities to engage and support individuals who receive prehospital
naloxone through EMS channels.!

As stronger opioids such as fentanyl and carfentanil become more widely available, opioid
overdose victims may require more than a single dose of naloxone, and thus a longer
observation window may be required for individuals administered naloxone by EMS.30 In
2016, over one in five individuals receiving naloxone from EMS received multiple doses, a
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42% increase from 2013; furthermore, a small but increasing share of individuals received
naloxone before the arrival of EMS. Given increasing availability of more potent opioids,
attention to additional harm reduction approaches, such as test strips and supervised
injection facilities, will become increasingly important as a complement to naloxone in
public health efforts to decrease fatal opioid overdoses.

Regional and urban-rural differences in EMS naloxone administration trends mirror
differential trends in rates of opioid overdose mortality.” The shifting composition of EMS
naloxone administrations toward younger, male patients also aligns with evidence on the
demographic characteristics of overdose deaths involving illicit opioids relative to those
involving prescription opioids.1! Across all levels of county urbanicity, naloxone
administration rates increased more quickly than opioid deaths, with the most notable
increases in naloxone administrations observed in 2015 and 2016. This is encouraging as
more widespread naloxone use is a key component of public health efforts to reduce opioid-
related overdose deaths. Our findings coincide with the timing of policies passed after 2014
in many states to allow non-paramedic EMS professionals to administer naloxone,4 raising
important questions for future research regarding the extent to which recent policies are
contributing to the increase in naloxone administrations.

While most EMS naloxone administration still occurs in private residences, there is a trend
for EMS-administered naloxone, particularly in urban communities, to be provided in public
settings such as businesses and on streets and highways. Policies that make naloxone
available to casual bystanders, such as placing naloxone kits in public venues and areas with
frequent overdoses, may be important complements to existing efforts such as third-party
prescribing and naloxone distribution programs that are more likely to enhance naloxone use
by an individual’s friends or family. The finding that characteristics of EMS naloxone
administration incidents vary by urban-rural status, combined with the growing burden of
illicit opioids in overdoses in more urban areas,19 suggest the potential need for targeted
approaches to naloxone delivery and other public health interventions that account for the
local environment.

Our study had several limitations. The NEMSIS is a convenience sample, relying on
information submitted by EMS agencies in participating states. While generalizable to the
U.S. population of EMS patients,24 we do not know if our findings are generalizable to the
four non-participating jurisdictions as of 2016 (Rhode Island, Vermont, Louisiana, and the
District of Columbia); however, the population of those jurisdictions represents only 2.2% of
the US population,*2 and results were consistent in census divisions unaffected by sample
changes, so we believe it is unlikely that sample composition changes drive our results.
Findings from the NEMSIS should also not be considered generalizable to all overdoses, as
the dataset contains information only for individuals who were administered naloxone from
EMS, a population likely to skew older and hence involve pharmaceutical opioid overdose
events rather than those related to heroin or other illicit opioids.8: 40: 43 In addition, the
public NEMSIS does not capture variables that would permit us to identify opioid overdose
events in which naloxone was not administered, or to confirm whether a naloxone recipient
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did in fact overdose on opioids; given patient privacy protections, the NEMSIS also does not
provide state identifiers, and thus we cannot determine whether the changes in EMS
naloxone administration are driven by changes in state policies aimed at increasing naloxone
access. Finally, while our findings are statistically significant, we note that many changes in
trends over time are small, and the clinical impact of these changes should be explored in
future research.

In light of the ongoing opioid crisis and the role of naloxone in reversing potentially fatal
overdoses, it is encouraging that we observed that rates of increase in naloxone
administration by EMS personnel exceeded increases in opioid-related overdose deaths.
However, EMS administration of naloxone is complemented in many communities by
naloxone available from pharmacies under standing orders and from community-based
naloxone distribution programs, and understanding how to maximize the benefits from all
three approaches is critical to effective harm reduction efforts. Furthermore, as the opioid
crisis evolves and opioid-related overdoses continue to climb, policy approaches need to
evolve to address shifts in the populations most affected, and continued efforts are needed to
enhance the availability and use of naloxone to reverse potentially fatal overdoses, ensure
that individuals receive treatment to decrease the likelihood of future overdoses, and
potentially decrease high-risk prescribing of opioid analgesics to such individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
Per Capita Rates of Opioid-Related Overdose Deaths and Naloxone Administrations by

Emergency Medical Services (EMS) Responding to 911 Calls, by County Urbanicity
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FIGURE 2.

Trends in Per Capita Rates of Emergency Medical Services Naloxone Administrations, by

Census Region
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TABLE 1.
Characteristics of Emergency Medical Services (EMS) Naloxone Administrations, by Year of Incident
2013 (n=107,666) | 2014 (N=122,506) | 2015 (N=166,002) | 2016 (N=206,354)
% % % % p-value

Patient gender <0.001
Male 54.6 56.4 58.4 61.0
Female 44.9 43.1 41.3 38.6

Patient age <0.001
<20 4.2 3.8 35 3.0
20-29 17.4 18.0 19.7 20.6
30-39 15.4 16.2 18.2 19.9
40-49 16.5 15.9 15.4 15.6
50-59 19.7 19.3 18.6 18.2
60+ 26.5 26.3 241 225
Unknown 0.3 0.4 0.4 0.4

Incident location <0.001
Private residence 65.3 63.9 62.0 55.6
Industrial place 0.3 0.3 0.3 0.2
Street or highway 8.4 9.4 11.7 12.1
Trade or service 5.3 5.4 6.2 6.6
Residential institution 2.9 3.2 2.9 2.8
Other location 12.0 13.0 11.9 153
Unknown 5.9 4.9 5.0 7.4

Patient disposition <0.001
Died at scene 2.7 2.9 3.0 3.1
Patient refused/withdrew permission 0.4 0.5 0.8 1.8
Treated and released 1.0 1.2 14 1.9
Treated and transferred 2.2 3.1 3.6 4.7
Treated, transport by EMS 93.6 92.2 91.2 88.4
Treated, transport by law enforcement 0.0 0.0 0.0 0.0
Treated, transport by private vehicle 0.1 0.1 0.0 0.0

EM S-administered naloxone doses <0.001
1 85.0 83.5 81.6 78.6
22 15.0 16.5 18.4 214

Naloxone prior to EMSarrival <0.001
Yes 0.3 0.8 0.7 1.4
No 99.7 99.2 99.3 98.6

Censusregion <0.001
Midwest 19.6 20.0 20.2 20.1
Northeast 14.0 16.1 19.0 19.4
South 48.0 451 44.4 47.0
West 18.3 18.7 16.3 13.6
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County urbanicity
Urban
Suburban

Rural or frontier

Not recorded

2013 (n=107,666)
%

81.5
7.7
9.4
15

2014 (N=122,506)
%

80.7
7.2
8.9
3.2

2015 (N=166,002)
%

81.1
6.9
8.6
3.4

2016 (N=206,354)
%

83.9
6.0
7.4
2.6

p-value
<0.001
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