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A B S T R A C T

Background: Rapid naloxone administration is crucial in reversing an opioid overdose. We investigated
whether equipping community members, including people who use opioids (PWUO), with a smartphone
application enabling them to signal and respond to suspected overdose would support naloxone administra-
tion in advance of Emrgency Medical Services (EMS).
Methods: This observational cohort study of opioid overdose intervention used a dedicated smartphone app,
UnityPhilly, activated by volunteers witnessing an overdose to signal other nearby volunteers in Philadelphia
(March 2019 - February 2020). Alerted volunteers chose to respond, or declined to respond, or ignored/
missed the alert. Witnessing volunteer was connected to 9-1-1 through a semi-automated telephone call.
The primary outcome was layperson-initiated overdose reversal before EMS arrival, and a secondary out-
come was hospital transfer. This study is registered with ClinicalTrials.gov, NCT03305497.
Findings: 112 volunteers, including 57 PWUO and 55 community members, signaled 291 suspected opioid
overdose alerts. 89 (30¢6%) were false alarms. For 202 true alerts, the rate of layperson initiated naloxone use
was 36¢6% (74/202 cases). Most naloxone-use cases occurred in the street (58¢11% (43/74)) and some in
home settings (22¢98% (17/74)). The first naloxone dose was provided by a nearby volunteer responding to
the alert in 29¢73% (22/74) of cases and by the signaling volunteer in 70¢27% (52/74) of cases. Successful
reversal was reported in 95¢9% (71/74) of cases. Layperson intervention preceded EMS by 5 min or more in
59¢5% of cases. Recovery without hospital transport was reported in 52¢7% (39/74) of cases.
Interpretation: Our findings support the benefits of equipping community members, potentially witnessing
suspected opioid overdose, with naloxone and an emergency response community smartphone app, alerting
EMS and nearby laypersons to provide additional naloxone.
Funding: Funding provided by NIH through NIDA, grant number: 5R34DA044758.

© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
rtz).

Ltd. This is an open access article under the CC BY-NC-ND license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
1. Introduction

A crippling opioid epidemic continues to grip the United States [1,
2] where the drug overdose death rate was 20¢7 per 100,000 in
20183. Philadelphia has the highest per capita overdose mortality
rate among large U.S. cities, with 1150 deaths in 2019 and a death
rate of over 60 per 100,000 [3, 4]. The use of naloxone hydrochloride
(naloxone) an opioid receptor antagonist that displaces opioid drugs
(e.g., heroin, fentanyl, or morphine) interferes with their respiratory
depressant effects, thus reversing the immediate effects of opioid
overdose, and has achieved widespread acceptance as part of initial
emergency response [2, 5�7]. American Medical Association (AMA)
[8] and World Health Organization (WHO) [9] guidelines advocate
making naloxone widely available “in the community” in the hope
that distribution of naloxone to laypersons may reduce time to nalox-
one administration and thus reduce mortality in opioid overdose
[10]. Naloxone access throughout Pennsylvania was increased
through a standing order issued in 2015 [11]. While the availability
of intranasal naloxone has greatly facilitated the administration of
naloxone by laypersons, we are still faced with the challenge of
ensuring naloxone can reach those who need it at short notice [2].
The aim of our study was to assess the feasibility of a smartphone-
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Research in context

Evidence before this study

A recognized remaining challenge in decreasing lethal opioid
overdoses is ensuring naloxone reaches those in need at short
notice. The time-sensitive nature of opioid overdose and its
occurence in the community are two crucial characteristics in
common with Out-of-hospital cardiac arrest (OHCA). Yet just
last year OHCA has been characterised as a unique medical
emergency given its unpredictable and time-sensitive nature,
with “no other medical situation having such a vital reliance on
the community”. We believe that one answer to the challenge
of the former lies in reconsidering the latter. Recognizing this
may open the door to new interventions and lower mortality.
There has been an abundance of research on OHCA covering
layperson CPR training, automatic external defibrillator (AED)
placement and tracking, proximity-based volunteer notifica-
tion, and integration with emergency services dispatch. Previ-
ous opioid overdose and drug policy studies have established
the importance of making naloxone widely available in the
community. The use of a smartphone-based layperson
responder network to signal and respond to opioid overdose
incidents has yet to be investigated.

Added value of this study

We report the first observational cohort study of community
members equipped with naloxone and a smartphone applica-
tion to signal and respond to opioid overdoses. We followed
the cohort over one year in which they lived and/or worked in
a neighborhood with high incidence of opioid overdose. We
showed that laypersons, including people who use opioids
(PWUO), can effectively signal and respond to overdose inci-
dents to administer nasal naloxone in advance of EMS arrival.
We observed 202 layperson-initiated overdose true alerts with
a rate of layperson naloxone administration of 36¢6% (74/202)
and found that naloxone-based reversal was initiated over
5 min prior to EMS arrival in 59¢6% of these cases. Without
timely reversal, opioid overdose causes respiratory depression
that may deteriorate into apnea, leading to anoxic injury. We
observed layperson support behaviors, including contacting
EMS and remaining with the victim until recovery, that are con-
sistent with American Heart Association guidelines and
strengthens the chain of survival that begins in the community.

Implications of all the available evidence

For opioid overdose, as for OHCA, layperson response is a key
link in the “chain of survival”, the complex relationship
between bystanders, emergency services, and hospitals. Locat-
ing a nearby volunteer with naloxone presents some unique
challenges but is not inherently different than locating a nearby
AED. It is time to recognize that opioid use disorder patients
can benefit from similar forms of community support that we
advance for OHCA. Creating and studying smartphone-based
emergency response communities for naloxone provision can
help address this important challenge.
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based layperson responder network for opioid overdose in Philadel-
phia, with the potential for volunteer responders to use intranasal
naloxone to initiate overdose reversal in advance of Emergency Med-
ical Services (EMS).

We observe that striking parallels for emergency healthcare deliv-
ery exist between opioid overdose in the community and out-of-hos-
pital cardiac arrest (OHCA). Yet OHCA has been characterised as a
unique medical emergency with time-sensitive characteristics and a
reliance on the community found in no other medical situation [12].
This view is supported by decades of research into creating networks
of layperson responders trained in cardiopulmonary resuscitation
(CPR) and automated external defibrillator (AED) programs - recog-
nized priorities for OHCA response [13]. Studies show that CPR and
early defibrillation by a layperson, in advance of EMS, contributes to
positive outcomes after OHCA [14, 15]. This has improved with the
introduction of public-access AEDs, providing an infrastructure for
citizen use, and the introduction and study of smartphone dispatch
of nearby laypersons [15�19]. Nonetheless, the two key characteris-
tics that make OHCA unique, time-sensitivity and reliance on com-
munity, dominate what we know of the opioid overdose care
environment [1, 2, 5].

In sharp contrast to OHCA, evidence to inform management of
suspected opioid overdose with intranasal naloxone is very limited
[5], and the use of a smartphone-based layperson responder network
to attend and intervene at opioid overdose incidents has not been
investigated. Our objective is to assess such an intervention by
observing actual response and naloxone administration rates by lay-
persons equipped with an emergency response app for opioid over-
dose, providing evidence in support of future studies paralleling
those undertaken for OHCA.

2. Methods

2.1. Study design, population, and settings

We conducted a community-based observational cohort study [20,
21] in the Philadelphia neighborhood of Kensington, from March 2019
through February 2020. Kensington, where fentanyl, heroin, prescrip-
tion opioids, and other illegal drugs are openly sold, has Philadelphia’s
highest concentration of overdose deaths [22]. Kensington is also home
to Prevention Point Philadelphia, the only city-sanctioned syringe
exchange program in Philadelphia, and one of only two in the state of
Pennsylvania, and a primary distribution site for naloxone and other
harm reduction services [23]. We selected Kensington due to its high
number of overdoses, its population density, and the proximity of Pre-
vention Point as a possible recruitment venue.

Volunteers were trained in recognizing opioid overdose, the use of
intranasal naloxone, and use of a dedicated smartphone app to signal
and/or respond to a suspected overdose alert. The app was activated
by volunteers witnessing an overdose to signal other nearby volun-
teers. We looked for three possible scenarios when volunteers
received an alert. Volunteers receiving an alert chose to respond and
help, explicitly declined to respond, or missed/ignored the alert. The
witnessing volunteer was connected to speak with 9-1-1 dispatch
through a semi-automated telephone call. The primary outcome was
layperson-initiated overdose reversal before the arrival of EMS/first
responders. Our report follows STROBE guidelines [20].

2.2. The UnityPhilly emergency response community app

UnityPhilly is an Emergency Response Community (ERC) app
designed to support laypersons in signaling and responding to opioid
overdose incidents [24, 25]. The app SOS function enabled volunteers
to signal an overdose incident with a single button press, initiating
an automated alert to other nearby volunteer app users (Fig. 1a). For
this study, ‘nearby’ was defined as within a 15 min estimated time of
arrival (ETA) to the overdose site, calculated dynamically based on
the participants’ declared transport mode (foot, car, etc.). Concurrent
with sending the alert, a call was initiated from the signaler's smart-
phone to a dedicated PSAP (Public Safety Answering Point) phone
number connecting to the Philadelphia Police EMS dispatch unit.
Smartphone operating system constraints resulted in slightly differ-
ent EMS call behavior for Android and Apple-based phones. On



Fig. 1. UnityPhilly Smartphone App Interface Screens. (a) SOS alert (b) Responder dispatch (c) Responder support (d) Signaler updates.
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Android handsets calls were placed immediately when the SOS but-
ton was pressed. On Apple (IOS) handsets, a pop-up with the EMS
phone number appeared requiring the caller to confirm the dial
request.

Volunteers receiving the alert enter the Responder module
(Fig. 1b and c) enabling them to choose to respond or decline to
respond to the alert; navigate to the overdose site; communicate
with the signaler and other responding volunteers (Fig. 1d); and
review salient overdose information including instruction for recog-
nizing overdose, administering naloxone, and rescue breathing.

2.3. EMS notification and involvement

Philadelphia EMS is one of the busiest systems in the United
States and uses a priority dispatch system [26]. Overdose/poisoning
(unconscious, MPDS code 23D1) is considered a high priority (Delta)
dispatch, immediately life threatening and very time sensitive [27].

A pre-trial version of the UnityPhilly app featured an automatic
computer-generated voice call to EMS in which the system “spoke”
to a human EMS dispatcher and provided the address+GPS coordi-
nates, and a message that an opioid overdose had occurred - without
any direct interaction between EMS dispatch and the human signal-
ler. The text of the original message was “Hi, I am reporting an over-
dose incident that is happening now. This automated message was
generated by the UnityPhilly app and will repeat twice. The overdose is
occurring at {Street Address}, {City}. The GPS coordinates are {SOS loca-
tion GPS x} and {SOS location GPS y}. Please send an ambulance with
naloxone.” During pre-trial consultations with Philadelphia EMS, con-
cerns for situational assessment and control were raised leading to
an EMS request that this functionality be removed and that a direct
person-to-person voice call be established. Therefore, we modified
the app to comply with Philadelphia EMS requirements, which
enabled a process whereby standard EMS caller interrogation proto-
cols could be followed irrespective of the additional layperson sup-
port provided through the ERC app. These phone calls were initiated
immediately and without delay when a participant, having encoun-
tered a suspected opioid overdose, pressed the SOS button.

We distinguish between false alarms as determined by EMS, and
false alarms as determined by data analysts for our research. Under
no circumstance did our system or participants make any determina-
tion that EMS should consider a call to be false, which was solely in
the hands of EMS when they received a phone call. We do not report
false alarms as determined by EMS. In analyzing our data, we
observed many SOS alerts in which the signaller canceled the alert
within 2 min or the signaller wrote a chat message to tell other par-
ticipants that the alert was false. In these cases, and only in these
cases, we treat those incidents as false for data analysis purposes. In
no way did cancelation of an app alert or a cancelation chat message
influence EMS response.

2.4. Recruiting and enrollment

Rolling enrollment of participants (n = 112) occurred in Kensing-
ton between October 2018 and January 2020. Recruitment occurred
via face-to-face screening at Prevention Point’s drop-in center, Pre-
vention Point’s substance use disorder treatment van, street inter-
cepts, and chain referrals from enrolled participants.

Inclusion requirements for participants were that they lived, worked,
or used drugs within four zip codes around the Kensington neighbor-
hood (19122, 19125, 19133, 19134); possessed a smartphone with a
data plan; were willing to have location/movements tracked via an app;
were willing to carry naloxone; and were aged 18 years or older. Sam-
pling purposely targeted a mix of members of the Kensington commu-
nity who used opioids non-medically in the past 30 days and those who
reported no non-medical opioid use in the past 30 days.

At a research storefront in Kensington, study enrollment included:
written informed consent; recording of contact information; struc-
tured baseline interview; app installation and training; and naloxone
distribution and training. During informed consent, participants
agreed to a baseline interview, monthly follow up interviews, and
brief surveys following overdose incidents. Project staff installed the
app on the participant’s smartphone, followed by app training which
included watching an animated training video explaining app use,
and practicing using the app to send and receive alerts with project
staff. The training video, which highlights the app’s main functions,
can be found in the online supplementary material. Naloxone train-
ing included recognizing signs of opioid overdose, practicing rescue
breathing on a CPR dummy, and demonstrating how to administer
intranasal naloxone. All participants received a kit containing two
doses of intranasal naloxone (2£ 4mg). Overdose prevention train-
ing was designed to be adaptive to the expertise of the participants
and was delivered by trained staff interviewers. The curriculum
included typical components of community-based opioid overdose
prevention training, [28] such as an overview of opioids and risk fac-
tors for opioid overdose, opioid overdose recognition, and essential
responses to an opioid overdose outlined by the American Heart
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Association [29]. Participants were provided with a hands-on oppor-
tunity to practice intranasal naloxone administration with a demo
model and simulate rescue breathing using a manikin and face shield.
At the end of the training, the participants answered review ques-
tions and received a naloxone kit including two doses of intranasal
naloxone with instructions, disposable gloves, and a face shield. The
session lasted 15�20 min for participants never trained in overdose
prevention and 2�5 min for participants who needed refresher train-
ing. Participants received $25 in cash for the baseline interview and
$5 for each completed follow up monthly interview or incident sur-
vey. No compensation was offered or given for usage of the app to
signal or respond to overdose incidents.

The sample size for this observational feasibility study was deter-
mined by the sample sizes of other feasibility studies in the literature
and resources provided by the grant mechanism for study staff and
participant-related costs [30]. In this case, we determined that we
had adequate resources for 112 participants: recruit, interview, and
train in naloxone administration and app use; provide intranasal nal-
oxone at recruitment and refills; provide participant incentives at
baseline and for follow-up interviews; and track/retain during the 12
month follow up.

All study procedures were approved by the Drexel University
Institutional Review Board, and registered with ClinicalTrials.gov
(NCT03305497).

2.5. Layperson participation and dispatch

Participants were instructed to signal an SOS alert when they
encountered a suspected opioid overdose, to administer naloxone if
they had any, and to speak with 9-1-1 through a phone call initiated
by the app. Location data from the volunteer’s smartphone were
transmitted to UnityPhilly servers which automatically checked for
other nearby volunteers and sent dispatch alerts with the overdose
location to the four closest. The system sent alerts to additional vol-
unteers if an alerted volunteer did not acknowledge within 2 min. In
this manner, additional volunteers were notified of the incident until
either 4 had confirmed they were en-route, or there were no addi-
tional volunteers within the ETA radius.

Volunteer locations were automatically updated every 15 min by
a message sent from the app to the server. Signalers in SOS mode
were automatically informed when nearby volunteers were found,
when volunteers indicated they were responding, and when a volun-
teer was arriving on scene (Fig. 1d).

2.6. Data collection

Three sources of data were collected and analyzed:

(1) Structured baseline interview. The interview included structured
questions focusing on demographics, history of witnessing or
responding to drug overdoses, personal history of overdose, and
drug use history.

(2) App system data. All app activities were timestamped and logged
on the system server. Activities examined in this analysis are:
signaling an overdose by pressing the SOS button; receiving an
alert based on location ETA; agreeing to respond to an alert by
selecting “En-route”; declining to respond to an alert by selecting
“Can’t go”; and arriving on scene to the location of an overdose.
The incident number, participant ID, and date and time was
recorded for each activity. No activity data was retained on par-
ticipant smartphones.

(3) Incident survey data. Within 72 h following each suspected over-
dose incident alert, a Qualtrics-based incident survey was sent to
study participants involved in the incident. Survey text included
the date and time of the overdose incident to help trigger recollec-
tion. Incident involvement was defined as: (a) signaling the alert;
(b) selecting “En-route” to accept a request to respond to an alert;
or (c) selecting “Can’t go” to decline a request to respond to an
alert. The survey instrument polled respondents on the observed
condition of the victim; naloxone administration; number of nal-
oxone doses administered; arrival of EMS/police/fire responders;
time lapsed between layperson arrival and EMS/police/fire arrival;
observed victim recovery; and post-recovery actions.
2.7. Outcome measures

The primary outcome was the rate of layperson-initiated overdose
reversal through administration of naloxone before the arrival of an
ambulance or first responders. A secondary outcome was transfer of
the overdose victim to a healthcare facility. All diagnosis and out-
come measures are based on laypersons/nonmedical self-reports in
the aforementioned incident survey data.

2.8. Statistical analysis

In keeping with accepted guidelines for reporting feasibility
results, we mainly report descriptive statistics [20, 31]. Data were
analyzed with IBM SPSS Statistics version 25. Baseline interview data
were used to describe the participants by demographics, history of
opioid misuse and treatment, history of personal and witnessed over-
dose, and history of overdose prevention training; these results were
stratified by current opioid use (Table 1). App system data and inci-
dent surveys were used to assess study outcomes, including layper-
sons’ naloxone use, successful reversals, and hospital transfers
(Table 2). All categorical variables were summarized with frequencies
and percentages. Mean and standard deviation were computed for
age, a variable with moderately skewed distribution. Medians and
interquartile ranges (IQR) were calculated for count variables with
highly skewed distribution, including the number of days in the
study, the number of lifetime personal and witnessed overdoses, the
number of lifetime naloxone administrations, and the number of nal-
oxone doses administered at overdose events signaled by volunteers.

2.9. Role of the funding source

Funding for this study was received from the National Institutes of
Health (NIH) through the National Institute on Drug Abuse (NIDA).
NIH and NIDA had no role in the study design, collection, analysis or
interpretation of the data, nor in the writing of this report. All authors
had full access to all data collected and used in this study. The corre-
sponding author had the ultimate responsibility for the decision to
submit the study for publication.

3. Results

3.1. Participant characteristics

The 112 participants were almost equally divided between people
who use opioids (PWUO) (57) and community members (55). Table 1
presents baseline characteristics, opioid use and overdose history.
Participant median number of days in the study was 237¢5;
(IQR:139¢75�316¢00; minimum: 15, maximum:366).

3.2. Overdose incidents

Participants signaled 291 suspected opioid overdose alerts during
the 366 days of the study trial period (March 1, 2019 to February 29,
2020). 89 (30¢58%) signaled events were determined to be false
alarms, i.e., canceled by the signaler within 2 min of the alert being
sent or the signaler entering an app chat message to the effect that
this was a “false alarm”. Every signaled event initiated a phone call to
EMS, irrespective of the alert being true or false, enabling EMS to

ctgov:NCT03305497


Table 1
Sociodemographic, drug use and overdose profile of study participants.

Categories Variables Total N = 112 Community Members
(CM) n = 55

People Who Use Opioids (PWUO)
n = 57

% (n) % (n) % (n)

Demographics Age (years)
Mean (SD)
Range

38.9 (10.2)
21�69

41.9 (11.5)
22�69

36.1 (7.9)
21�54

Gender identity
Men
Women
Transgender or Genderqueer/Non-
binary

48.2 (54)
50.9 (57)
0.9 (1)

41.8 (23)
56.4 (31)
1.8 (1)

54.4(31)
45.6 (26)
0

Race
Non-Hispanic White
Hispanic or Latino
Non-Hispanic Black
Non-Hispanic American Indian or
Native American
Non-Hispanic Asian or Asian
American

67.9 (76)
21.4 (24)
8.0 (9)
1.8 (2)

0.9 (1)

61.8 (34)
27.3 (15)
9.1 (5)
0

1.8 (1)

73.7 (42)
15.8 (9)
7.0 (4)
3.5 (2)

0

Employment, full- or part-time 35.7 (40) 52.7 (29) 19.3 (11)
Neighborhood of residence:
Kensington

64.3 (72) 58.2 (32) 70.2 (40)

Homelessness, past 30 days 29.5 (33) 16.4 (9) 42.1 (24)
History of opioid misuse and treatment Lifetime misuse of opioids1

30-day misuse of opioids1

Lifetime medication-assisted treat-
ment (MAT)2

72.3 (81)
50.9 (57)
50.9 (57)

43.6 (24)
0
27.3 (15)

100.0 (57)
100.0 (57)
73.7 (42)

Lifetime personal and witnessed opioid
overdose

Prevalence of witnessed overdose
Frequency of witnessed overdose,
median (IQR)3

95.5 (107)
10.0 (5.0�20.0)

90.9 (50)
10.0 (4.0�20.0)

100.0 (57)
10.0 (5.0�20.0)

Prevalence of personal overdose
Frequency of personal overdose,
median (IQR)4

53.6 (60)
0.5 (0�3.0)

27.3 (15)
0 (0�0)

78.9 (45)
2.0 (1.0�3.5)

Lifetime naloxone training and use Training in naloxone use
Frequency of giving naloxone to a
person who experienced an opioid
overdose, median (IQR)5

86.6 (97)
4.0 (2.0�11.0)

85.5 (47)
3.0 (2.0�10.0)

87.7 (50)
6.0 (2.0�11.0)

IQR=Interquartile Range.
1 Includes heroin, fentanyl, and prescription opioids.
2 Includes treatment with methadone, buprenorphine/naloxone, or vivitrol.
3 Total n = 106, CM=53, PWUO=53.
4 Total n = 104, CM=53, PWUO=51.
5 Total n = 107, CM=50, PWUO=57.
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execute their follow up protocol regardless of layperson
responder engagement. In 74 (36¢63%) of the remaining 202
cases, at least one dose of naloxone was administered by a lay-
person participating in the study. In the remaining 128 (63¢37%)
cases 9-1-1 was called but no naloxone administration or fol-
lowup by laypersons was reported by incident survey respond-
ents. The 291 alerts were signaled by a subset of 48¢21% (54/112)
of study participants. The number of alerts per signaler ranged
from 1 to 52, the median (IQR) was 2 (1 to 4). 290 incident sur-
veys were sent and 243 (83¢79%) valid responses were received.
Fig. 2 illustrates suspected opioid overdose case flow. Fig. 3
shows geographic distribution of naloxone-provision cases.

3.3. Outcomes

Across 74 naloxone-provision cases, 117 doses of nasal naloxone
were administered by UnityPhilly volunteers, the median (IQR) of 1
dose (4mg) per reversal was 1 (1 to 2). The first dose of naloxone
was provided by a nearby volunteer responding to the alert in 29¢73%
(22/74) of cases and by the signaling volunteer in 70¢27% (52/74) of
cases. A successful reversal was reported in 95¢95% (71/74) of cases.
One on-scene death was reported (1¢35%) and two intervention out-
comes were unreported (2¢70%). In just over half the cases the patient
was reported recovered with no transport to a healthcare facility
(52¢70%). Table 2 summarizes outcomes.
3.4. First responder arrival

EMS arrival relative to the volunteer was reported in 68 naloxone-
provision cases (in 6 cases EMS arrival was unreported) and mea-
sured in 5-min blocks ranging from ‘EMS already there’ to ‘more than
20 min after’. Volunteers reported EMS arrival: within 5 min 32¢43%
(24/74); 5�10 min after 45¢95% (34/74); 11�15 min after 10¢81% (8/
74); 16�20 min after 2¢70% (2/74). No volunteer reported ‘EMS
already there’ or ‘more than 20 min after’. Volunteers reported stay-
ing with the overdose victim until they regained consciousness or
EMS arrival in 89¢19% (66/74) of cases.

3.5. Overdose environment

Volunteers reported observing the suspected overdose event on
the street 58¢11% (43/74), in their home 16¢22% (12/74), in a vehicle
6¢76% (5/74), in a business 8¢11% (6/74), in someone else’s home
6¢76% (5/74), in an abandoned building 1¢35% (1/74), and somewhere
else 2¢70% (2/74).

3.6. Volunteer response rates

A total of 1303 alert notifications were sent to volunteers during
the study (Fig. 2b). Alerts were sent to available volunteers in 86¢25%
of suspected overdose cases (251/291). Non-notification was due to



Table 2.
Primary and secondary outcomes.

Outcomes Result % (n)

Primary outcome: volunteer-
initiated suspected over-
dose alert (n = 202)

At least one dose of nalox-
one administered

36.63 (74)

No naloxone administered 63.37(128)
Nasal naloxone administra-
tion cases (n = 74)

Successful reversal 95.95 (71)
On-scene death 1.35 (1)
Outcome unreported 2.70 (2)

Role of volunteer providing
naloxone (n = 74)

Signaled alert and gave 1st
dose

70.27 (52)

Responded to alert with 1st
dose

29.73 (22)

Responded to alert with 2nd
dose

5.41 (4)

EMS/First-responder arrival
(n = 74)

Already there 0 (0)
Within 5 min 32.43(24)
5�10 min after 45.95 (34)
11�15 min after 10.81 (8)
16�20 min after 2.70 (2)
More than 20 min 0 (0)
EMS arrival unreported 8.11 (6)

Secondary outcome: Trans-
port to a healthcare facility
(n = 74)

Yes 45.95 (34)
No 52.70 (39)
Hospital transport
unreported

1.35 (1)

Overdose Environment
(n = 74)

On the street 58.11 (43)
In their home 16.22 (12)
In a vehicle 6.76 (5)
In a business 8.11 (6)
In someone else’s home 6.76 (5)
In an abandoned building 1.35 (1)
Somewhere else 2.70 (2)

Volunteer stayed with the vic-
tim until regained con-
sciousness (n = 74)

Yes 89.19 (66)
No 10.81 (8)
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lack of signaler smartphone GPS/location data in 37¢5% (15/40) of
non-notification cases and due to no responders being within a
15 min ETA in 62¢5% (25/40) of non-notification cases.

Of those contacted with an alert, 21¢72% (283/1303) replied that
they “Can’t go”, 16¢96% (221/1303) responded by indicating ‘En-
route’, and 61¢32% (799/1303) alerts were unanswered. Overall
response rate based on alerts sent was 11¢9% (155/1303). Of those
who responded, 70¢14% (155/221) arrived on scene. Of those who
arrived on scene, 16¢77% (26/155) provided naloxone. In 47¢30% (35/
Fig. 2. (a) Naloxone provision rates
74) of naloxone-provision cases a second volunteer arrived on scene,
and in 18¢92% (14/74) cases a third volunteer arrived.

Of 112 participants, 78 (69.64%) were sent at least one alert. In this
group, 34 of 78 people or 43¢59% confirmed they were en-route at
least once. The number of “En-route” responses per person ranged
from 1 to 29, the median (IQR) was 3¢.5 (1 to 8¢5). Additionally, 29/78
or 37¢18% participants (of whom 27 have ever provided the “En-
route” response) arrived at an overdose emergency scene at least
once. In this subset, the onsite arrivals ranged from 1 to 20 with the
median (IQR) of 3 (1 to 8).
4. Discussion

This observational cohort study assessed feasibility of laypersons
signaling and responding to suspected opioid overdose emergencies
when equipped with a dedicated smartphone app and naloxone. Dur-
ing the 52 week study, naloxone was administered at 74 overdose
events (1¢42 times per week on average), and was done more than
5 min in advance of EMS arrival in 59¢46% of cases. Without timely
reversal, opioid overdose causes respiratory depression that may
deteriorate into apnea, leading to anoxic injury. Models have sug-
gested that each minute of cerebral ischemia is associated with the
loss of millions of neurons, billions of synapses, and miles of myelin-
ated fibers [32]. In the minutes immediately following opioid over-
dose, 'time is brain.' Systematic reviews have demonstrated the
ability of laypersons to effectively administer naloxone and shown
the need for increasing access to naloxone in the community [28, 33].

Key elements for opioid overdose response as determined by the
American Heart Association include: seeking help from emergency
services, performing rescue breathing, administering naloxone, and
staying with the victim until help arrives or the victim recovers [29].
Help seeking by community responders trained in overdose preven-
tion and naloxone administration has been shown to be low, and in
fact a pre-study assessment of intervention design found that
respondents prefer not to communicate with EMS [25]. Lim et al. [34]
who studied a decade (2007�2017) of 10,256 overdose events
attended to by overdose education and naloxone distribution (OEND)
program volunteers, found the percentage of overdoses where help
seeking occurred reached a maximum of 50%, and concluded a need
for targeted interventions that promote help seeking. Our study par-
ticipants, whose app initiated calls to EMS in addition to alerting
(b) Volunteer response rates.



Fig. 3. Map of Study Area Indicating Overdose Alert Locations. Signaled opioid overdose cases with naloxone-provision (n = 74), March 2019-February 2020. Inset: geographic out-
liers beyond core study area.
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other volunteers, reported staying with the victim until EMS arrival
in 89¢19% of cases.

The UnityPhilly Emergency Response Community supported a
two-tiered intervention approach. Every volunteer was able to act as
a signaler, pressing the SOS button when encountering a suspected
opioid overdose victim, but also able to act as a responder when
receiving an overdose alert sent by another volunteer. Since adher-
ence rates of carrying nasal naloxone are low [34], this approach ena-
bles a network of volunteers to leverage availability of naloxone from
ERC members, when they encounter an overdose victim and have no
naloxone on their person. In almost 30% of cases (22/74) the first
dose of naloxone was provided by a nearby volunteer responding to
the alert. However, even when the signaler has naloxone to initiate
reversal, the second tier can arrive with additional naloxone doses,
which are often needed [5]. Volunteer responders provided addi-
tional naloxone doses in 5¢41% (4/74) of naloxone-provision cases.

It is important to differentiate between the rate of response to
“alerts sent” (Fig. 2(b) and the rate of “layperson naloxone provision”
(Fig. 2(a)). The former is measured as a percentage of response to all
alerts that were sent by the system to nearby participants. The number
of alerts sent and the radius (ETA) chosen are parameterized and can
be studied to improve the response rate. For example, tightening the
ETA radius will result in fewer alerts being sent, but may not reduce
the actual response since most ‘no go’ decisions are due to distance/
time as respondents feel someone else will get there faster. As
reported, this was only 11¢9% which can be considered low. We mea-
sured this to be able to compare with OHCA studies that seek to deter-
mine how many potential responders are needed to cover a given
population and geography. However, the latter rate of “layperson
naloxone provision” is measured as a percentage of incidents in which
laypersons provided naloxone at a suspected opioid overdose which,
as reported, was 25¢43% - a rate with significant potential impact (ris-
ing to 36¢63% if we exclude false alarms). This is a measure of incidents
that actually received confirmed delivery of naloxone, irrespective of
howmany nearby laypersons had to be notified.

Consider that if there were 10 signaled SOS incidents, 100 people
in the vicinity were notified (10 per incident), and single responders
arrived with naloxone to 5 distinct incidents, the rate of response to
“alerts sent” is only 5% (5/100), but the rate of “layperson naloxone
provision” reaches 50% (5/10). One of the promising aspects of this
type of layperson intervention is that a small increase in community
engagement can result in a large increase in on-scene assistance,
which we believe can be demonstrated with a larger-scale study.

The Kensington community environment is characterized by an
open-air drug market [35, 36] and a significant proportion of study
participants were homeless. While most incidents were reported as
occurring on the street (58¢11%), we observed a significant number of
in-home overdose signaling (22¢98%) indicating the relevance of this
approach in providing at-home support for caregivers and family
members of opioid users. Allowing entry of layperson responders
into homes or businesses in this study was at the discretion of the
person who signaled the SOS. Layperson responders in Pennsylvania
are afforded certain legal protections through the ‘Good Samaritan’
provision of Act 139 [37].

There are no studies of app-based automatic dispatch of nalox-
one-carrying volunteers for opioid overdose with which to compare.
While cognizant of the clinical and treatment distinctions between
OHCA and opioid overdose, in the absence of existing relevant opioid
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overdose response studies, comparison with OHCA response studies
offer some indication of the unrealized potential for layperson opioid
overdose reversal. Our observed naloxone intervention rate (36¢6%)
exceeds both CPR and AED intervention rates reported for OHCA by
Berglund et al. [18] The observed volunteer response rates of this
study with 17% en-route to an incident and 70% of those dispatched
arriving on scene, compares favorably with Brooks et al. [17] studies of
volunteer response for OHCA using the PulsePoint app with rates of
23% and 70% respectively. Study volunteers who responded rarely or
not at all to an overdose alert indicated the main factor for non-
response was incident distance and a consideration that EMS or some-
one else will arrive faster. Subjects indicated that tightening the ETA
radius would be effective in generating greater response rates. This
should be examined in future studies. A future city-wide study is now
being planned to test the scalability of the intervention. Aspects to be
studied in addition to scalability include whomight oversee the system
if scalable, such as public health authorities, a city agency, or a non-
profit. This study has examined an unmediated Emergency Response
Community model in which layperson dispatch is concurrent with, yet
independent from, EMS dispatch. Future research should also consider
an integrated model in which EMS mediates layperson dispatch and
directly supports the responses of community laypersons [38].

Our study has a few limitations. First, it was a single-center obser-
vational trial to assess feasibility, and not powered to analyze efficacy
or survival. Second, our survey data may be affected by recall bias.
This includes baseline measures of prior drug use, prior overdose and
overdose reversal experience; incident survey reporting of naloxone
administration and overdose incident details; and EMS arrival time
estimates. All incident-related data are based on the recollection and
time sense of layperson responders who were under the psychologi-
cal stress of attending an opioid overdose incident, and could not be
objectively measured. Third, only 112 participants were recruited for
an area covering four zip codes and a local population of 137,097 [39]
such that response rates and relative arrival times may not be repre-
sentative of response characteristics of a widely disseminated app
with a different density of population and participants. Finally, the
Kensington neighborhood of Philadelphia, where this study took
place, is characterized by a highly active street-based drug scene, and
relatively high levels of naloxone availability. Generalizability of
results may depend on similar neighborhood characteristics.

In conclusion, the results of our study show that equipping layper-
sons with naloxone and an emergency response community app to
signal suspected opioid overdose and alert other nearby volunteers
to provide naloxone, can result in naloxone administration prior to
EMS arrival and overdose reversal, potentially reducing mortality in
opioid overdose. Our findings support further study of smartphone-
based naloxone intervention to strengthen the chain of survival start-
ing at the community level.
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