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Objectives. To improve public health surveillance and response by using spatial

optimization.

Methods.We identified cases of suspected nonfatal opioid overdose events in which

naloxone was administered from April 2013 through December 2016 treated by the city

of Pittsburgh, Pennsylvania, Bureau of Emergency Medical Services. We used spatial

modeling to identify areas hardest hit to spatially optimize naloxone distribution among

pharmacies in Pittsburgh.

Results.We identified 3182 opioid overdose events with our classification approach,

which generated spatial patterns of opioid overdoses within Pittsburgh. We then used

overdose location to spatially optimize accessibility to naloxone via pharmacies in the

city. Only 24 pharmacies offered naloxone at the time, and only 3 matched with our

optimized solution.

Conclusions. Our methodology rapidly identified communities hardest hit by the

opioid epidemic with standard public health data. Naloxone accessibility can be opti-

mized with established location–allocation approaches.

Public Health Implications. Our methodology can be easily implemented by public

health departments for automated surveillance of the opioid epidemic and has the

flexibility to optimize a variety of intervention strategies. (Am J Public Health. 2018;108:

1191–1196. doi:10.2105/AJPH.2018.304524)

See also Dasgupta, p. 1122.

Amid a national public health crisis of
opioid overdoses in the United States,

Pennsylvania has the sixth-highest rate of drug
overdose deaths (26.3 per 100 000).1 In 2015,
there were 3264 overdose deaths in Pennsyl-
vania, a 20.1% increase from 2014.1 South-
western Pennsylvania represents one of the
regions hardest hit by the opioid epidemic, with
the city of Pittsburgh bearing much of the
burden.2 Mitigation efforts include enhanced
surveillance to identify communities at risk and
enhancing accessibility to health care resources.

Many opioid overdoses in the community
are encountered by emergency medical ser-
vices (EMS) personnel who can administer
naloxone,3 an opioid antagonist that reverses
opioid overdose.4 Naloxone has been
credited with countless lives saved in the
opioid epidemic and use of this medication
has been increasing across the country.4,5 It

rapidly reverses the effects of an opioid
overdose, which include unresponsiveness
and respiratory depression or apnea.

Naloxone can be administered intrave-
nously, intramuscularly, and intranasally.
While naloxone has traditionally been ad-
ministered by EMS personnel via intravenous
or intramuscular routes, bystanders have be-
gun to use this through intramuscular auto-
injectors or intranasal spray preparations that
may be available to laypersons by prescrip-
tion. In a typical case, a bystander such as a

family member who recognizes a victim of
an opioid overdose would call 9-1-1 for an
EMS response and, if naloxonewere previously
obtained and available, administer naloxone to
the individual. Naloxone may begin to take
effect even before ambulance arrival, and in the
case of a patient with apnea for whom minutes
count, could prevent an opioid-related death.

To increase the availability and use of
naloxone by bystanders in Pennsylvania, the
Secretary of Health and Physician General
of the Pennsylvania Department of Health
has written a standing-order prescription so
that anyone in Pennsylvania can obtain nal-
oxone through their local pharmacy without
need for an individual prescription from
a physician.6 However, at the time of this
study, accessibility to naloxone remained
limited, with many pharmacies not regularly
stocking this medication,7 limiting the po-
tential impact of a major public health in-
tervention such as a statewide standing-order
prescription, and, thus, we only used con-
firmed pharmacies stocking naloxone for our
analysis.

Currently, there is a gap in the literature
addressing the optimal distribution of nal-
oxone. Spatial methods could vastly enhance
the ability to maximize the public health
benefit of naloxone accessibility. Imple-
mentation of location–allocation models in
a geographic information system (GIS) can
be leveraged to optimize health care acces-
sibility.8 Specifically, location data of re-
source utilization (such as address level of
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naloxone administration) can be used to
spatially refine public health policy. These
models have been used to optimize pre-
hospital services,9,10 access to health care
facilities (e.g., hospitals, maternal and child
health, primary care services),11,12 and access
to vital medicine such as antiretroviral
therapy.13,14 However, to the best of our
knowledge, these spatial methods have
not yet been adapted by public health de-
partments for opioid overdose surveillance
and mitigation efforts.

Neighborhood pharmacy-based naloxone
distribution has the potential to provide
greater accessibility to care for opioid drug
users,15 reduce time to opioid overdose
rescue,6 and potentially allow pharmacists to
provide initial overdose prevention coun-
seling.16 Our analysis builds on previous
work in the Pittsburgh area that examined
areal patterns of naloxone in pharmacies and
death rates,17 whereby we used individual-
level data for nonfatal opioid overdoses to
provide spatially refined solutions for in-
creasing naloxone accessibility. We used
Pittsburgh and its distribution of naloxone
throughout pharmacies as a case study to
highlight how spatial methods can (1) opti-
mize accessibility to naloxone by identifying
deficiencies in access and (2) redistribute
naloxone among pharmacies in communities
with the highest incidence of opioid over-
doses to more effectively mitigate the opioid
epidemic. For this case study, we sought to
demonstrate how location–allocation mod-
eling can be efficiently performed by using
GIS to optimize the availability of naloxone
in public health systems throughout the
country.

METHODS
We defined an overdose event as a case

involving the administration of naloxone by
bystanders, first responders, or EMS person-
nel in the city of Pittsburgh for a nonfatal
opioid overdose involving a single dose or
multiple doses for an individual patient. Ul-
timately, we chose to focus exclusively on
nonfatal cases, as these best represent op-
portunities for applied spatial optimization
interventions for those who can access health
services.

Data Acquisition
We identified cases through review of the

electronic patient care records used by the
Pittsburgh Bureau of Emergency Medical
Services (emsCharts Inc, Warrendale, PA).
Similar to other EMS systems in the United
States, naloxone is available on all ambulances
in Pittsburgh, and it may be available to
bystanders if previously acquired, most
commonly from a pharmacy. We used
custom reporting software in emsCharts to
obtain data including the date and time of
response, the response location, amount of
naloxone administered, and a record re-
garding whether the individual was trans-
ferred to a hospital. We first captured all
records with any mention of “naloxone” or
“Narcan” in the history of present illness (via
text search) or in the treatment section from
April 2013 through December 2016. We
then manually reviewed cases in which nal-
oxonewas mentioned but not included in the
treatment section to verify it was a case of
suspected opioid overdose in which naloxone
was administered by bystanders, first re-
sponders, or EMS personnel. We used
a conservative classification and only retai-
ned events in which an individual had
a nonfatal opioid overdose and received
naloxone. We used GIS (Esri ArcGIS 10.5.1,
Redlands, CA) to map the location and track
opioid overdose events across Pittsburgh
throughout the study period (2013–2016).

We separately collected data from
OverdoseFreePA for all pharmacies that
were offering naloxone and restricted it to
those operating within the city as of Janu-
ary 1, 2017, to align with the EMS data.
OverdoseFreePA is a Web site dedicated to
disseminating critical information and data
on the opioid epidemic in western Penn-
sylvania. In preparation of the location–
allocation modeling, we converted the
locations of the nonfatal opioid overdose
events and the pharmacies from latitude
and longitude coordinates to state plane
coordinates; the location–allocation
analysis necessitates the conversion of these
locations to those that can be used for
analysis with a projected coordinate system.
In addition, we used speed limits for the
Pittsburgh road network to minimize overall
travel time to the closest pharmacy offering
naloxone.

Data Analysis
We assessed the current availability of

naloxone in pharmacies throughout the city
and modeled the optimal allocation of nal-
oxone by using each naloxone administration
incident of a nonfatal opioid overdose (as
specified according to our selection criteria)
as the demand. Our approach assumes that
improving spatial accessibility of naloxone
can potentially reduce the number of deaths
related to opioid overdose. An important
step when one is working with sensitive,
individual-level data is de-identification. A
common technique for working with data of
this type is to geomask the data—incorporate
statistical noise into the point-level data to
prevent identification of individuals.18 For
this analysis, we geomasked the data and then
aggregated nonfatal opioid overdoses to an
average block size (approximately 310 sq ft)
to visualize the intensity of nonfatal opioid
overdoses throughout Pittsburgh, and
then used the geomasked incident data for
location–allocation analysis to improve
accessibility to naloxone. The aggregated,
geomasked data on nonfatal overdoses are
represented with graduated circles whose
areas are proportional to the number of
expected demand cases.

We conducted location–allocation anal-
ysis to evaluate locational efficiency of the
existing distribution of pharmacies in Pitts-
burgh stocking naloxone during our study
period and assessed their effectiveness to
provide naloxone to communities that need
it most. Facility location models have been
developed and applied to health care planning
to describe hospital catchment areas or dis-
tribute health resources.19 In particular, lo-
cation–allocation models aiming to address
location and allocation decisions have been
widely used in health planning byminimizing
specific parameters such as travel distance or
time,20 but they can also be used to assess the
optimal distribution of selected facilities.
During our study period, there were a total of
24 pharmacies (out of a possible 87) stocking
naloxone. We solved our location–allocation
problem by using the p-median model in
ArcGIS 10.5.1,21,22 whereby we minimized
the total distance between overdose locations
(demand points) and the closest pharmacy
(supply points), allowing us to select the
best possible spatial configuration of 24
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pharmacies to offer naloxone to the com-
munity in need (i.e., we used the entire set of
possible pharmacy locations to optimize the
distribution of naloxone). Specification of the
p-median model is discussed in greater detail
in the Appendix, available as a supplement to
the online version of this article at http://
www.ajph.org.

For our case study, ultimately, the p-
median model is a more practical choice for
improving overall accessibility to naloxone
through pharmacies because it reduces the
overall distance traveled—that is, people who
need naloxone (demand points) must travel to
the closest pharmacy (supply point[s]) to acquire
it, as opposed to choosing the maximize cov-
eragemodel, whichwould focus on pharmacies
delivering naloxone to those who need it at the
location of overdose. Here, the selection of the
current pharmacies to stock naloxone mini-
mized overall travel time by taking into con-
sideration both distance and time to closest
pharmacy. This was done by using the road
network in Pittsburgh (which accounts for both
travel distance and speed). This can be solved
efficiently by using GIS to generate a near-
optimal solution22 and generates computational
savings, which allow for efficient analysis.

RESULTS
There were 3270 cases identified via nal-

oxone administration ormention of naloxone
in the medical records obtained through
emsCharts. For the analyses, we excluded
88 cases that did not receive naloxone because
of improvement in mental status (n = 84),
nonopioid ingestion suspected (n = 2), or
death pronouncement on scene (n= 2). This
resulted in 3182 patients who received nal-
oxone in the field and were included in the
final analysis. Most patients receiving nalox-
one in the field were transported to the
emergency department; only 4% refused
either care or transport.

The spatial pattern of naloxone adminis-
tration in Pittsburgh andwhere it occurred are
displayed in Figure 1. We used the quantiles
to represent the graduated number of in-
cidents (derived statistically) to visualize the
intensity of naloxone use. Communities
where the opioid epidemic is most
entrenched are noted throughout the city
(note: the small rectangular area that appears

as an “island” in Pittsburgh is technically
outside the city limits—Mt Oliver).

In Figure 1, the locations of all pharmacies
(candidate pharmacies) are marked as red
crosses throughout the city. Of the 87
pharmacies in Pittsburgh, only 24 were
identified on OverdoseFreePA as stocking
naloxone during our study period. The 87
pharmacies in Pittsburgh are used to represent
the full set of candidate locations where
naloxone could be stocked, which could be
used to reallocate naloxone to improve ac-
cessibility by minimizing the travel cost of
obtaining it.

Figure 2 provides both the initial config-
uration of pharmacies carrying naloxone
(green triangles) and the optimal solution that
improves accessibility by minimizing travel
according to the locations where people are
overdosing (black crosses)

Out of the original 24 pharmacies offering
naloxone, only 3 agreed between the current
and optimized model. We chose 21 phar-
macies from the candidate set of pharmacies
that were in operation during our study pe-
riod and represented a spatially optimized
solution that minimized travel cost and in-
creased accessibility for communities hardest
hit. This reconfiguration shaved roughly
more than two tenths of a mile off the average
distance to the closest pharmacy offering
naloxone, which may not sound like much,
but provides crucial minutes for acquisition
and administration. Conversely, the existing
configuration of pharmacies has 21 that
currently stock naloxone in areas that do not
need it as much as other communities.

DISCUSSION
This study demonstrated how accessibility

to an essential opioid antagonist can be op-
timized by using EMS data of previous opioid
overdoses and spatial analytics. Our analyses
were guided by an underlying assumption
that improvement in the spatial accessibility of
naloxone could reduce the number of deaths
related to opioid overdose. It relied on
established methods that can be implemented
by using GIS, allowed extrapolation to other
settings, and provided a framework that any
public health department can implement.
End users could use similar analyses for

community surveillance to inform policy
development and implementation.

By transforming discrete point-level data
into a geovisualization that highlights areas in
the study region with greater frequency of
nonfatal opioid overdoses, we demonstrated
a method for rapid assessment of the opioid
epidemic by using first-responder data. Al-
though we used Pittsburgh as our case study
and our results identified that 5 neighbor-
hoods were at highest risk, this analysis fo-
cused on demonstrating the application of
established spatial methods to help maximize
limited resources for mitigating the opioid
epidemic, an approach that can be easily
adapted for rural and urban communities
elsewhere.

Residents in these communities may suffer
from depressed local economies and limited
accessibility to health care already. For ex-
ample, in Pittsburgh there are no hospitals
south of the rivers that are technically in city
limits. This may result in longer transport
times to an emergency department given the
physical distance to hospitals south of the city,
or the need to cross tunnels and bridges to
access the city’s hospitals. Using proportional
graduated circles to represent the incident
locations, we identified these at-risk com-
munities and can target health care inter-
ventions such as making naloxone available
in the community, bridging the gap between
communities and hospital-based resources.

Improving accessibility to naloxone that
is not reliant on EMS or hospital-based re-
sources could take many forms. For example,
overdose education and naloxone distribu-
tion programs have trained bystanders to help
assist in the administration of naloxone in
opioid overdose events.23 Public health ad-
vocacy organizations have also made progress
by combining naloxone distribution with
clean needle exchange.24 Considering a
statewide standing-order prescription for
naloxone is available in Pennsylvania, as well
as increasing emphasis of physicians in our city
to provide instructions on obtaining naloxone
upon discharge following an opioid overdose,
we focused on the availability of naloxone
through community pharmacies. We found
that out of 87 pharmacies in operation in
Pittsburgh during our study period, only 24
offered naloxone and a mere 3 pharmacies
were in an optimal location per our model of
at-risk communities. Although it could be
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expected that all pharmacies stock naloxone
or that new pharmacies open in areas where it
is currently not available, these are costly
interventions for an already costly public
health crisis. In addition, shortages of auto-
injectors and emergency medications in-
cluding naloxone may make availability at all
pharmacies unfeasible. Instead, the current
stock of naloxone could be redistributed
among existing pharmacies to better serve
those areas that need it most. Similar analyses
could be utilized to inform other potentially
costly public health interventions to address
the opioid epidemic, such as spatially opti-
mizing the distribution of naloxone through
public health advocacy groups, a peer support
program, and warm hand-off via a commu-
nity paramedicine initiative.

Data from EMS are unique in nature and
have played a critical role in targeting public
health interventions. The uniqueness of these
data is ultimately what allows for spatially
optimized interventions. For example, EMS
data have been used to improve accessibility
to trauma centers, helping redistribute the
burden of care and maximize patient out-
comes25,26; to optimize access to primary care
stroke centers to help stroke victims recover
faster27,28; and to help optimize care for
opioid abuse in rural locations.29Our research
contributes to the growing literature on
leveraging EMS data for public health in-
terventions. Furthermore, because these data
are ubiquitous throughout the United States,
our approach can be easily implemented in
a variety of urban and rural settings.

Limitations
We identified cases of suspected opioid

overdose with naloxone administration on
the basis of documentation of naloxone use in
EMS patient care records. This may have
missed cases that were incorrectly docu-
mented within the electronic record. Our
manual review and classification of the EMS
data took a conservative approach and may
not have captured all opioid overdoses. We
may have also missed cases of opioid overdose
in which bystanders had naloxone available,
appropriately treated the overdose, and never
called 9-1-1. Although these missing cases in
our analysis may underrepresent the true
incidence of opioid overdoses, it is common
practice in Pittsburgh for citizens to call 9-1-1
for an EMS response even when naloxone is
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Pharmacy candidate

City of Pittsburgh

Rivers

Pittsburgh roads

FIGURE 1—Spatial Distribution of Naloxone Administration Events: Pittsburgh, PA, April 2013–December 2016
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used by bystanders, and it is unlikely that this
would substantially bias the distribution of
cases resulting in EMS response.

Furthermore, the data on pharmacies
throughout Pittsburgh that offered naloxone
during our study period may suffer from a lag
when naloxone is reported as being stocked,
as well as implications of pharmacy supply
chain policy affecting the availability of nal-
oxone. However, OverdoseFreePA seeks to
minimize this lag by employing staff to call
and confirm drug availability with local
pharmacies.

Finally, our descriptive analysis only cap-
tured areas that were purely spatial in nature
and did not consider temporal dynamics.
Although including temporal data in our
analysis would have improved the estimates of
how overdose events evolved over our study
period, our approach captures the chronic hot

spots throughout the city. Future work
should expand the purely spatial approach
to a spatiotemporal one by using scan statistics
to better understand how nonfatal opioid
overdoses may fluctuate temporally across the
city. In addition, data on utilization rates
would be beneficial for assessing the impact
of improved accessibility on a reduction in
opioid overdoses.

Public Health Implications
Accessibility to health care resources has

been broadly defined in the form of either
nonspatial or spatial accessibility.30 Accessi-
bility can also refer to the societal factors that
may impede accessibility to health care.30

The gold standard is to ensure that all
members of society have equal accessibility
to health care,31 a goal that is often not

achieved. New approaches to public health
surveillance and mitigation of the opioid
crisis must consider this inequality by ac-
counting for demographic and economic
factors, distance and time to treatment
(physical accessibility), and ways to improve
accessibility to immediate treatment that is
not reliant on existing hospital and EMS
systems.8,9

Methods similar to those employed in this
study are essential to target and maximize
limited health care resources in the fight
against the opioid epidemic and are critical to
identify communities at greatest risk. Policy
designed to mitigate the opioid epidemic is
only as strong as the detection of the event;
otherwise, suboptimal policy may be imple-
mented and not overly effective. This is
demonstrated by the current allocation of
naloxone within pharmacies in Pittsburgh

1
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4–5

6–25

Rivers

Pittsburgh roads

City of Pittsburgh

Initial pharmacies offering naloxone
Optimized pharmacy to offer naloxone

FIGURE 2—Spatially Optimized Pharmacies That Should Stock Naloxone: Pittsburgh, PA, April 2013–December 2016
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that are not located in the communities where
chronic hot spots of opioid overdose occur.
Future efforts to deploy opioid overdose
interventions should be informed by similar
analyses at the local, regional, or state level.

Conclusions
Our analysis demonstrated how accessi-

bility to naloxone in the community can be
improved through spatial modeling of opioid
overdoses in relation to existing health care
resources. Although it focused on the avail-
ability of naloxone at community pharmacies,
similar methods could be used to target other
public health interventions amid the opioid
crisis, including the positioning of emergency
responder units, public accessibility to nal-
oxone, and targeted education interventions.
Identifying how these spatial modeling
methods can have an impact on multiple
interventions could also address overdoses of
nonresidents who would not likely have
access to naloxone from community-based
pharmacies.
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