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ABSTRACT
Introduction: An estimated 100,306 people died from an overdose from May 2020 to April
2021. Emergency Medical Services (EMS) are often the first responder to opioid overdose, and
EMS encounter records can provide granular epidemiologic data on opioid overdose. This study
describes the demographic, temporal, and geographic epidemiology of suspected opioid over-
dose in Baltimore City using data from Baltimore City Fire Department EMS encounters with the
administration of the opioid antagonist naloxone.
Method: The present analyses used patient encounter data from 2012 to 2017 from the
Baltimore City Fire Department, the city’s primary provider of EMS services. The analytic sample
included patient encounters within the city that involved naloxone administration to patients
15 years of age or older (n¼ 20,592). Negative binomial regression was used to calculate the
incidence rates based on demographic characteristics, year, and census tract. Choropleth maps
were used to show the geographic distribution of overdose incidence across census tracts in
2013, 2015, and 2017.
Results: From 2012 to 2017, the annual number of EMS encounters with naloxone administra-
tions approximately doubled every 2 years, and the temporal pattern of naloxone administration
was similar to the pattern of fatal opioid-related overdoses. For most census tracts, incidence
rates significantly increased over time. Population-based incidence of naloxone administration
varied significantly by socio-demographic characteristics. Males, non-whites, and those
25–69 years of age had the highest incidence rates.
Conclusion: The incidence of naloxone administration increased dramatically over the study
period. Despite significant cross-sectional variation in incidence across demographically and geo-
graphically defined groups, there were significant proportional increases in incidence rates, con-
sistent with fatal overdose rates over the period. This study demonstrated the value of EMS
data for understanding the local epidemiology of opioid-related overdose.

KEY MESSAGES

� Patterns of EMS encounters with naloxone administration appear to be an excellent proxy for
patterns of opioid-related overdoses based on the consistency of fatal overdose rates
over time.

� EMS plays a central role in preventing fatal opioid-related overdoses through the administra-
tion of naloxone, provision of other emergency services, and transportation to med-
ical facilities.

� EMS encounters with naloxone administration could also be used to evaluate the impact of
overdose prevention interventions and public health services.
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Introduction

The Centres for Disease Control and Prevention (CDC)
reported a 1040% increase in opioid overdose in the
United States from 2013 to 2019 [1]. Opioid overdose
is increasing amongst the U.S. population and is a
leading cause of death, with an estimated 100,306

people have died from an overdose from May 2020 to
April 2021 [2]. The number of people dying from an
opioid overdose is rising in most states, due in part to
increasing fentanyl use, affecting both men and
women in all age groups [3,4]. Surveillance data show
that intoxication deaths in the City of Baltimore are
predominantly opioid-related, with 851 of 914 (93%)
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intoxication deaths involving opioids, although non-
opioids are also commonly present [5].

Through identifying and describing changes in the
epidemiology of opioid overdose, surveillance plays an
essential role in informing prevention and treatment
strategies. The dearth of local data is a major issue for
surveillance of opioid overdose, making it difficult for
local policymakers to alter policies and respond to
changes in epidemics in a timely manner [6–11].
Hospital emergency department records and death
records are two common surveillance methods for
local opioid overdose epidemiology. Vital statistics
data from the CDC [12] is a publicly accessible source
of death records, but sample sizes are small for
smaller jurisdictions, and lags in data accessibility a
year or longer are common [13]. As a result, local
researchers and policymakers cannot get accurate
information on recent local trends from vital statistics
data alone. Hospital emergency departments can pro-
vide important local data. However, administrative
regions of interest to policymakers, such as city or
county boundaries, may include the catchment areas
of multiple hospitals, and separate electronic medical
records and reporting systems may make hospital-
based surveillance challenging.

Emergency Medical Service (EMS) data can be used
to provide timely local data on opioid-related overdose
[14]. EMS medicks are often the first responders to opi-
oid overdoses, and records of naloxone administration
are a useful indicator of suspected opioid-related over-
doses. Furthermore, electronic medical records may
include geocoded locations (longitude and latitude),
and researchers can combine the geocoded locations
into census information and incorporate information on
patient characteristics and conditions. EMS records can
also be used for sentinel surveillance, as EMS patient
encounter data are often recorded during or soon after
an encounter [10,15]. Indeed, the Council for State and
Territorial Epidemiologists has recommended using
EMS encounter data among other data systems for sur-
veillance of nonfatal opioid overdoses [16].

Several prior research studies used EMS data as a sur-
veillance method to describe the epidemiology of opi-
oid overdose. Merchant et al. used EMS administration
of naloxone and other EMS data to estimate suspected
opioid overdoses in Rhode Island and demonstrated
that EMS data might be useful for opioid overdose sur-
veillance [17]. Knowlton et al. explored temporal pat-
terns of naloxone administration from Baltimore City
EMS data and found that late afternoon, summertime,
and the weekend (Friday and Saturday) had the highest
incidence rates of suspected opioid overdose [10].

Madah-Amiri et al. found that peak incidence of non-
fatal opioid overdoses occurred in August and among
males using EMS in Norway [18].

The aims of the present study are to illustrate
approaches to analysing EMS data, to describe the
demographic and temporal-spatial epidemiology of opi-
oid-related overdose in Baltimore City [19] and to dis-
cuss implications for opioid overdose policy and
prevention. We combine Baltimore City EMS data and
US Census demographic data for the City of Baltimore
and its census tracts to identify differences in the popu-
lation-based incidence of EMS encounters with naloxone
administration across census tracts and across groups
defined by sex, age, and race/ethnicity. We also describe
how the increasing burden of opioid-related overdose,
as reflected by EMS naloxone administration, is dispro-
portionately borne by different demographic groups.

Methods

EMS data

The data were collected through the BQUEST (Baltimore
Quality Urban Emergency Services and Treatment) study
[10], approved by the Johns Hopkins University
Bloomberg School of Public Health’s Institutional Review
Board (IRB number 00002092). We used EMS data
obtained from the Baltimore City Fire Department and
included EMS encounters from January 2012 to
December 2017 in which naloxone was administered.
For the analytic sample, we excluded EMS encounters
occurring outside the city boundary and encounters
among patients younger than 15 years of age, with the
latter exclusion used to avoid large low-risk age groups
skewing population-based incidence rates. Data from
encounters included the date, time, geocoordinates of
patient encounter demographics, vitals, medick assess-
ments, medical procedures, medications administered,
change in patient condition, patient disposition, trans-
portation, and destination. Multiple non-fatal overdose
encounters with the same person were treated as separ-
ate encounters and due to data restrictions for patient
confidentiality, we did not identify how many individuals
had one or more EMS encounters with naloxone admin-
istration. Other research indicates that repeat encounters
are common, even during relatively short periods of
time [20].

Data on medications included dosage, route of
administration, and participant response to medication
(improved, worse, or unchanged). Demographics
included sex (male or female), race (White, Black or
African American, American Indian or Alaska Native,
Asian, Native Hawaiian or Pacific Islander, other, or

ANNALS OF MEDICINE 1739



unknown), ethnicity (Hispanic or Latino or not
Hispanic or Latino), and age (in units of years, months,
or days). We recorded demographic variables to match
categories used in the US Census so that population-
based rates could be calculated. Race and ethnicity
were categorised into non-Hispanic White, non-
Hispanic Black, and Hispanic of any race or other, and
age was categorised into 5-year age groups from
15–19 to 80–84, and 85 or older.

EMS encounters were spatially joined to Baltimore
City census tracts using ArcGIS Pro, with shapefiles
obtained from the US Census Bureau [21,22].
Population estimates by sex, race, ethnicity, age, and
census tract in Baltimore City were from the 2010U.S.
Census [23], with the decennial census providing a
greater demographic breakdown than the yearly
American Community Survey. To provide population-
based denominators for EMS data, census data on
race and ethnicity were grouped as non-Hispanic
White, non-Hispanic Black, and Hispanic/other, and
age included 5-year age groups from 15–29 to 80–84,
and 85 or older.

Statistical analyses

The first analysis described the city-wide pattern of
EMS encounters with naloxone administration per 1000
person-years per month. The numerator included all
encounters in the analytic sample regardless of missing
data on sex or race/ethnicity. The denominator for the
rate included all city residents 15 years of age or older
and accounted for the number of days in each month.
These rates were presented as a time series along with
a time series of the annual number of fatal opioid-
related overdoses per year within Baltimore City to
allow a visual comparison of the consistency across
these measures with respect to time [24].

To describe the spatial and spatial-temporal pat-
terns of EMS naloxone administration over time, we
calculated the yearly incidence rate for each census
tract in Baltimore City. ArcGIS was used to produce
choropleth incidence maps for Baltimore City for the
years 2013, 2015, and 2017.

We also calculated city-wide yearly incidence rates
by sex, race/ethnicity, and age group, and the numer-
ators excluded encounters with missing data on the
relevant demographic measure. Demographic inci-
dence rates were presented as time-series graphs. We
used negative binomial regression to calculate inci-
dence rates and 95% confidence intervals for each
demographic characteristic for the years 2013, 2015,
and 2017, and to evaluate whether the incidence rates

varied across demographic characteristics. We also
estimated the incidence rate ratios by comparing the
incidence in 2015 to 2013 and 2017 to 2015 for each
demographic characteristic, and we used interaction
terms to evaluate significant variation in the IRRs by
year across demographic characteristics. Statistical ana-
lysis in this study was performed in Stata version 14.
All statistical tests were 2-sided, and the level of sig-
nificance was set at p < .05.

Results

From 2012 to 2017, there were 20,592 EMS encounters
with reported naloxone administration among individu-
als 15 years of age or older in Baltimore City (Figure 1).
The number of such incidents increased every year
(Figure 2 and Table 1), constituting more than a four-
fold increase from 2012 (n¼ 1,546) to 2017 (n¼ 6,508).
Among residents 15 years of age or older, the incidence
rate increased from 3.2 (95% C.I., 1.2–8.1) per 1,000 resi-
dents in 2012 to 11.0 (95% C.I., 4.3–28.3) per 1,000 resi-
dents in 2017. The highest proportional yearly increase
occurred from 2015 to 2016 (87% increase). 69.0%
(n¼ 14,201) patients were reported and transported to
a hospital after naloxone administration.

Incidence rate by census tract

Figure 3 shows the incidence rate of EMS encounters
with naloxone administration per 1,000 residents for
each of 200 census tracts in 2013, 2015, and 2017. In
2013, the mean incidence was 7.7 across census tracts,
and in 2017 the mean incidence was 32.5 across cen-
sus tracts. In 2013 there were only two census tracts
(1% of all census tracts) that had more than 50 EMS
incidents with naloxone administration, whereas in
2017 there were 39 census tracts (19.5% of census
tracts) with more than 50 EMS incidents with naloxone
administration.

Patient demographics

The incidence rate of naloxone administration
increased every year for both males and females
(Figure 4 and Table 2). The incidence rate for males
increased from 4.8 per 1000 residents in 2013 to 19.4
per 1000 residents in 2017. The incidence rate for
females increased from 2.2 per 1000 residents in 2013
to 6.1 per 1000 residents in 2017. The incident rate
ratio for 2015 vs. 2013 and 2017 vs. 2015 were signifi-
cantly higher for males than females, indicating a
larger proportional increase in incidence.
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The incidence rate of naloxone administrations
increased every year for each racial/ethnic group
(Figure 5 and Table 2). Overall, the incidence was
higher for whites and African Americans than for other
racial/ethnic groups. Incidence rates among whites
were significantly higher than among African
Americans in 2013 (3.4 vs 2.6 p< .001) and

significantly lower than among African Americans in
2017 (10.3 vs 11.6 p< .001). For both 2015 vs. 2013
and 2017 vs. 2015, Whites had the lowest proportional
increase in incidence (2015 vs 2013 IRR: 1.5, 95% C.I.,
1.3–1.7, 2017 vs 2015 IRR, 2.0, 95% C.I., 1.9, 2.2).

There was significant variation in incidence across
age groups, with the highest incidence generally in

Figure 2. The number of EMS-related non-fatal naloxone administrations per month and number of fatal opioid-related overdoses
per year within Baltimore City.

Figure 1. Flowchart of the breakdown of incidents included/excluded.
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the 50–54 age group and lower rates among the
youngest and oldest age groups (Figure 6 and
Table 2). The incidence rate of naloxone administra-
tion increased every year for almost all age groups,
particularly for those in the 25–64 age group. In 2013,
only one age group (50–54) had an incidence rate
higher than 7 per 1,000 residents, whereas, in 2017,
nine age groups (ranging from 25 to 69) had an inci-
dence rate higher than 7 per 1,000 residents. For 2015
vs. 2013, there was no significant variation in the inci-
dent rate ratios across age groups. However, for 2017
vs. 2015, there was significant variation in the incident
rate ratios across age groups, with the highest propor-
tional increases among the 25–69 age groups.

Discussion

EMS incidents with naloxone administration increased
over four-fold from 1,546 naloxone administrations in
2012 to 6,508 administrations in 2017. EMS encounters
with naloxone administration followed a temporal
pattern similar to fatal opioid-related overdoses in
Baltimore City at a similar time (Figure 2), based
on the fatal overdose date from the Maryland
Department of Health [25]. The city-wide pattern in
the increase in EMS encounters with naloxone admin-
istration was mirrored in almost all groups based on

sex, race/ethnicity, age, and geography. This suggests
that changes in factors that have increased opioid-
related overdose risk in Baltimore may be widely dis-
tributed, and an increase in the adulteration of the
illicit drug supply with fentanyl-related compounds
would not be inconsistent with the epidemiology.

Despite the consistency of the overall pattern, there
are some important variations. Throughout the study
period, the incidence was higher among males than
females, higher among non-Hispanic whites and non-
Hispanic African Americans than those of other races/
ethnicity, and higher among the middle age groups
(25–69) than younger or older age groups. Regarding
changes in incidence over time, incidence rate ratios
for both 2015 vs. 2013 and 2017 vs. 2015 were signifi-
cantly higher for males than females, African
Americans and those of other race/ethnicity than
whites, and those of the middle age groups than
those younger or older.

Another important consideration is that while the
proportional increases in population-based incidence
over time tended to be more similar than dissimilar
across demographic groups, the similar proportional
increases often belie large differences in absolute
increases. For example, while the proportional increase
in incidence from 2015 to 2017 was similar for African
Americans and those of other races/ethnicity (IRR ¼

Table 1. Demographics distribution and percentages of EMS encounters with naloxone administration within Baltimore City for
patients age 15 or older from 2012 to 2017.

2012 2013 2014 2015 2016 2017 Total

N (%) N (%) N (%) N (%) N (%) N (%) N (%)

Total 1,546 (7.51) 1,799 (8.74) 2,267 (11.01) 2,953 (14.34) 5,519 (26.80) 6,508 (31.60) 20,592 (100.00)
Sex
Female 484 (31.31) 613 (34.07) 691 (30.48) 900 (30.48) 1,486 (26.93) 1,665 (25.58) 5,839 (28.36)
Male 1,035 (66.95) 1,123 (62.42) 1,561 (68.86) 2,034 (68.88) 3,936 (71.32) 4,660 (71.60) 14,349 (69.68)
Missing 27 (1.75) 63 (3.50) 15 (0.66) 19 (0.64) 97 (1.76) 183 (2.81) 404 (1.96)

Race
White 391 (25.29) 513 (28.52) 600 (26.47) 773 (26.18) 1,386 (25.11) 1,570 (24.12) 5,233 (25.41)
African American 615 (39.78) 829 (46.08) 1,089 (48.04) 1,548 (52.42) 3,113 (56.41) 3,631 (55.79) 10,825 (52.57)
Other 41 (2.65) 38 (2.11) 53 (2.34) 81 (2.74) 134 (2.43) 185 (2.84) 532 (2.58)
Missing 499 (32.28) 419 (23.29) 525 (23.16) 551 (18.66) 886 (16.05) 1,122 (17.24) 4,002 (19.43)

Age
15–19 26 (1.68) 27 (1.50) 21 (0.93) 28 (0.95) 34 (0.62) 26 (0.40) 162 (0.79)
20–24 79 (5.11) 87 (4.84) 107 (4.72) 132 (4.47) 237 (4.29) 239 (3.67) 881 (4.28)
25–29 110 (7.12) 136 (7.56) 171 (7.54) 235 (7.96) 404 (7.32) 508 (7.81) 1,564 (7.60)
30–34 99 (6.40) 155 (8.62) 165 (7.28) 214 (7.25) 409 (7.41) 525 (8.07) 1,567 (7.61)
35–39 83 (5.37) 122 (6.78) 157 (6.93) 231 (7.82) 386 (6.99) 454 (6.98) 1,433 (6.96)
40–44 145 (9.38) 172 (9.56) 227 (10.01) 253 (8.57) 407 (7.37) 448 (6.88) 1,652 (8.02)
45–49 193 (12.48) 229 (12.73) 294 (12.97) 407 (13.78) 742 (13.44) 812 (12.48) 2,677 (13.00)
50–54 230 (14.88) 298 (16.56) 375 (16.54) 492 (16.66) 870 (15.76) 1,048 (16.10) 3,313 (16.09)
55–59 164 (10.61) 222 (12.34) 293 (12.92) 395 (13.38) 901 (16.33) 1,001 (15.38) 2,976 (14.45)
60–64 105 (6.79) 133 (7.39) 192 (8.47) 221 (7.48) 458 (8.30) 554 (8.51) 1,663 (8.08)
65–69 51 (3.30) 62 (3.45) 79 (3.48) 124 (4.20) 266 (4.82) 315 (4.84) 897 (4.36)
70–74 18 (1.16) 28 (1.56) 57 (2.51) 67 (2.27) 96 (1.74) 109 (1.67) 375 (1.82)
75–79 10 (0.65) 18 (1.00) 49 (2.16) 30 (1.02) 64 (1.16) 63 (0.97) 234 (1.14)
80–84 12 (0.78) 22 (1.22) 13 (0.57) 34 (1.15) 37 (0.67) 45 (0.69) 163 (0.79)
85 or older 16 (1.03) 21 (1.17) 35 (1.54) 42 (1.42) 42 (0.76) 39 (0.60) 195 (0.95)
Missing 205 (13.26) 67 (3.72) 32 (1.41) 48 (1.63) 166 (3.01) 322 (4.95) 840 (4.08)
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2.3 for both), the number of EMS runs with naloxone
administration increased by 6.6 per 1000 for African
Americans compared to only 2.4 per 1000 for other
race/ethnicity. This difference between proportional

and absolute increases demonstrates that groups with
an already high burden of an overdose in 2015 (or
2013) are also the groups experiencing the largest
absolute increases in burden.

Figure 3. The incidence rate of EMS encounters with naloxone administration in Baltimore City by census tract, 2013, 2015 and
2017. EMS encounters among 15 years of age or older. Year-specific population estimates from Census tract [20].
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The value of EMS for overdose epidemiology
and prevention

A previous study concluded that opioid-related EMS
data could serve as early detection of trends in opioid
overdose and lead to harm reduction [26]. Patterns of
EMS encounters with naloxone administration appear

to be an excellent proxy for patterns of opioid-related
overdoses based on the consistency of fatal overdose
rates over time (Figure 2). The former also has the
advantages of close to real-time data availability, geo-
graphic and temporal precision, and opportunities for
prevention. Prior overdose is one of the strongest

Figure 4. Incidence rates of EMS encounters with naloxone administration by sex, Baltimore City, 2012–2017. EMS encounters
among 15 years of age or older. Year-specific population estimates from US Census [20].

Table 2. Incidence rate (IR) of naloxone administration per 1,000 person-years and incidence rate ratios (IRR) for 2015 vs. 2013
and 2017 vs. 2015 by demographic characteristics.

2013 2015 2017 2015 vs. 2013 2017 vs. 2015

IR (95% CI) IR (95% CI) IR (95% CI) IRR (95% CI) IRR (95% CI)

Total 3.2 (1.2, 8.1) 5.4 (2.1, 13.9) 11 (4.3, 28.3) 1.6 (1.6, 1.7) 2.2 (2.1, 2.3)
Sex
Female 2.2 (2.1, 2.4) 3.3 (3.1, 3.5) 6.1 (5.8, 6.4) 1.5 (1.3, 1.6) 1.8 (1.7, 2.0)
Male 4.8 (4.5, 5.0) 8.6 (8.3, 9.0) 19.7 (19.2, 20.3) 1.8 (1.7, 2.0) 2.3 (2.2, 2.4)

v�2 (1)¼226.4, p< .001 v�2 (1)¼226.4, p< .001 v�2 (1)¼1713.2, p< .001 v�2 (1)¼10.3, p¼ .001 v�2 (1)¼20.2, p< .001
Race/ethnicity
White 3.4 (3.1, 3.7) 5.1 (4.7, 5.4) 10.3 (9.8, 10.8) 1.5 (1.3, 1.7) 2.0 (1.9, 2.2)
African American 2.6 (2.5, 2.8) 5.0 (4.7, 5.2) 11.6 (11.2, 12.0) 1.9 (1.7, 2.0) 2.3 (2.2, 2.5)
Other 0.9 (0.6, 1.2) 1.8 (1.5, 2.3) 4.2 (3.6, 4.8) 2.1 (1.4, 3.1) 2.3 (1.8, 3.0)

v�2 (2)¼73.5, p< .001 v�2 (2)¼79.6, p< .001 v�2 (2)¼188.4, p< .001 v�2 (2)¼10.4, p¼ .006 v�2 (2)¼7.5, p¼ .02
Age
15–19 0.7 (0.5, 1.1) 0.8 (0.5, 1.1) 0.7 (0.5, 1.0) 1.0 (0.6, 1.8) 0.9 (0.5, 1.6)
20–24 1.9 (1.5, 2.3) 2.8 (2.3, 3.3) 5.0 (4.4, 5.7) 1.5 (1.1, 2.0) 1.8 (1.5, 2.2)
25–29 2.2 (1.8, 2.6) 3.7 (3.3, 4.2) 8.1 (7.4, 8.8) 1.7 (1.4, 2.1) 2.2 (1.9, 2.5)
30–34 2.9 (2.5, 3.4) 4.0 (3.5, 4.6) 9.8 (9.0, 10.7) 1.4 (1.1, 1.7) 2.4 (2.1, 2.9)
35–39 3.0 (2.5, 3.6) 5.7 (5.0, 6.5) 11.2 (10.2, 12.3) 1.9 (1.5, 2.4) 2.0 (1.7, 2.3)
40–44 5.0 (4.3, 5.8) 7.3 (6.5, 8.3) 13.0 (11.8, 14.2) 1.5 (1.2, 1.8) 1.8 (1.5, 2.1)
45–49 6.2 (5.4, 7.0) 11.0 (10.0, 12.2) 22.0 (20.5, 23.6) 1.8 (1.5, 2.1) 2.0 (1.8, 2.2)
50–54 7.1 (6.4, 8.0) 11.8 (10.8, 12.9) 25.1 (23.6, 26.7) 1.6 (1.4, 1.9) 2.1 (1.9, 2.4)
55–59 5.3 (4.6, 6.0) 9.5 (8.6, 10.5) 23.9 (22.4, 25.4) 1.8 (1.5, 2.1) 2.5 (2.2, 2.8)
60–64 3.7 (3.2, 4.4) 6.2 (5.5, 7.1) 15.7 (14.4, 17.0) 1.7 (1.3, 2.1) 2.5 (2.2, 2.9)
65–69 2.2 (1.8, 2.9) 4.5 (3.8, 5.4) 11.4 (10.2, 12.8) 2.0 (1.5, 2.7) 2.5 (2.0, 3.1)
70–74 1.5 (1.0, 2.2) 3.6 (2.8, 4.6) 5.9 (4.9, 7.1) 2.4 (1.5, 3.7) 1.6 (1.2, 2.2)
75–79 1.4 (0.9, 2.2) 2.5 (1.8, 3.5) 4.8 (3.7, 6.1) 1.8 (1.0, 3.3) 1.9 (1.3, 2.9)
80–84 2.3 (1.5, 3.5) 3.7 (2.7, 5.2) 4.8 (3.6, 6.4) 1.6 (1.0, 2.8) 1.3 (0.8, 2.0)
85 or older 2.0 (1.3, 3.1) 4.0 (3.0, 5.4) 3.7 (2.7, 5.1) 2.0 (1.2, 3.4) 0.9 (0.6, 1.4)

v�2 (14)¼461.2, p< .001 v�2 (14)¼785.9, p< .001 v�2 (14)¼1819.4, p< .001 v�2 (14)¼15.9, p¼ .33 v�2 (14)¼59.7, p< .001
�Chi-Square tests used for testing significant variation in each demographic characteristic group.
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predictors of fatal overdose. We found that the num-
ber of EMS encounters with naloxone administrations
was approximately twelve-fold higher than fatal opi-
oid-related overdoses for each calendar year.
Compared to mortality data, EMS data may reveal
emerging trends more quickly and allow for a more

granular understanding of opioid overdose epidemi-
ology and prevention.

EMS plays a central role in preventing fatal opioid-
related overdoses through the administration of
naloxone, provision of other emergency services, and
transportation to medical facilities. There does not

Figure 5. Incidence rates of EMS encounters with naloxone administration by race, Baltimore City, 2012–2017. EMS encounters
among 15 years of age or older. Year-specific population estimates from US Census [20].

Figure 6. Incidence rates of EMS encounters with naloxone administration by year and age group, Baltimore City, 2012–2017.
EMS encounters among 15 years of age or older. Year-specific population estimates from US Census [20].
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appear to be a good point estimate in the literature
of the effectiveness of EMS naloxone administration in
preventing fatal overdoses [27]; however, given the
number of EMS encounters with naloxone administra-
tion (20,592) and the percent with subsequent
improvement in patient status (79%), the number of
fatal opioid-related overdoses averted is likely substan-
tial. The pivotal role of EMS could be expanded or
supplemented. EMS encounters with naloxone admin-
istration may be suitable for naloxone distribution and
other harm reduction interventions. Individuals who
use opioids encountered through EMS could be fol-
lowed up by social workers or peer navigators to link
them with needed medical and social services, includ-
ing naloxone distribution and drug treatment services.
More general epidemiologic data could be used to
identify higher-risk geographic areas for targeted “bad
batch” alerts [28], naloxone distribution, and other
harm reduction services.

EMS encounters with naloxone administration could
also be used to evaluate the impact of overdose pre-
vention interventions and public health services. At
the person level, EMS data could be used to deter-
mine whether the provision of naloxone kits or other
services is associated with a reduced risk of subse-
quent EMS encounters with naloxone administration.
At the neighbourhood level, EMS data could be used
in space-time count models to evaluate whether inter-
ventions are associated with lower than expected
counts of EMS encounters with naloxone administra-
tion. Knowing EMS data as a beneficial surveillance
tool for harm reduction, local stakeholders should
closely work and highly engage with research teams
for future studies to maximise the data and resource
utilisation efficiency. With the growing use of EMS for
surveillance, there is an urgent need for researchers
and epidemiologists to engage with community part-
ners. The role data may play in spurring action on
combating the opioid epidemic.

Limitations

This study had several limitations. First, although con-
ditions improved for the majority of patients following
the administration of naloxone (79%), some patients
administered naloxone may not have been suffering
from an opioid-related overdose. Relatedly, there may
be some patients experiencing opioid-related over-
dose who were not administered naloxone and there-
fore not reflected in these analyses. Consequently,
there may be misclassification of opioid-related over-
doses based on naloxone administration.

In addition to misclassification among individuals with
EMS records, there are also opioid-related overdoses out-
side of the EMS system. Naloxone is available to all adults
in Baltimore City without a prescription, and naloxone
may be administered outside of the health care system
by bystanders if it is readily available. In other cases, indi-
viduals who have overdosed may be transported to
emergency departments independent of EMS.

Second, EMS records may be prone to the missing-
ness and misclassification of patient demographics.
Missing data on race and other demographics may be
a frequent concern with EMS data. For example, Zozula
et al. found that 40% of EMS encounters with naloxone
administration in Cincinnati were missing data on race
[20]. In our data, 19% of patients were missing a racial
identification. Demographic factors may not be relevant
to the provision of emergency medical care, and the
altered mental status of some patients may make it dif-
ficult for them to self-report age, race, ethnicity, and
sex. Anecdotally, EMS staff reported that demographic
data were often based on medick impression rather
than on self-report because patients may not be able
to self-report demographics or because demographics
may be viewed as of little importance during an emer-
gency situation. Differences in how race and ethnicity
are determined on the census versus in the EMS
records could account for the lower population-based
rate of naloxone administration among those in the
“other” race/ethnicity category. Individuals who might
not consider themselves to be either White or Black
may be incorrectly categorised as such by EMS pro-
viders. Similarly, while the census allows for individuals
to specify more than one racial category, that was not
possible with the EMS records. Consequently, those in
the “other” race/ethnicity category may be underrepre-
sented in the EMS records, artificially lowering the
population-based incidence.

Lastly, our study did not extend beyond demo-
graphic, geographic, and temporal factors associated
with EMS encounters with naloxone administration.
Many factors drive opioid-related overdose, including
drug using practices, characteristics of neighbour-
hoods, characteristics of the drug supply, and nalox-
one availability, to name a few. The results of the
present study should be considered in the context of
other studies that more fully elucidate the drivers of
opioid-related overdose in Baltimore and elsewhere.

Conclusions

EMS records can be a valuable tool in responding to
the opioid-related overdose epidemic. The findings
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illustrate the scale of the epidemic in Baltimore, with
11 naloxone administrations per 1000 adults in 2017.
With more than a four-fold city-wide increase from
2012 to 2017, EMS data may also demonstrate the
urgency of public health response, but the specificity
of EMS records in regard to demographics and geog-
raphy can also be used to develop targeted responses
for individuals and groups at highest risk of non-fatal
and fatal overdose.
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