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Abstract Fentanyl-mixed and substituted heroin is
well-documented, but less is known about uninten-
tional fentanyl use among people using stimulants.
To determine the prevalence of and racial and ethnic
disparities in unintentional fentanyl use among peo-
ple experiencing a medically attended opioid over-
dose, we reviewed 448 suspected non-fatal overdose
cases attended by a community paramedic over-
dose response team in San Francisco from June to
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September 2022. We applied a case definition for opi-
oid overdose to paramedic records and abstracted data
on intended substance use prior to overdose. Among
events meeting case criteria with data on intended
substance use, intentional opioid use was reported by
57.3%, 98.0% of whom intended to use fentanyl. No
intentional opioid use was reported by 42.7%, with
most intending to use stimulants (72.6%), including
methamphetamine and cocaine. No intentional opioid
use was reported by 58.5% of Black, 52.4% of Latinx,
and 28.8% of White individuals (p=0.021), and
by 57.6% of women and 39.5% of men (p=0.061).
These findings suggest that unintentional fentanyl use
among people without opioid tolerance may cause
a significant proportion of opioid overdoses in San
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Francisco. While intentional fentanyl use might be
underreported, the magnitude of self-reported unin-
tentional use merits further investigation to confirm
this phenomenon, explore mechanisms of use and
disparities by race and ethnicity, and deploy targeted
overdose prevention interventions.

Keywords Fentanyl - Opioid - Stimulant -
Overdose - Emergency medical services

Introduction

In 2022, opioid overdoses caused over 70,000 deaths
in the U.S. and 649 deaths in San Francisco, with 91%
attributable to fentanyl and related analogues [1-3].
Nationally and locally, opioid overdose mortality has
disproportionally affected Black individuals, who
experience overdose deaths with alarming frequency
[2, 4]. At the same time, deaths involving stimulants
(i.e. cocaine and methamphetamine) also attributed to
fentanyl have become increasingly common nation-
wide [5]. Although exposure among people who use
opioids to fentanyl-mixed or substituted heroin is
well-documented [6, 7], less is known about uninten-
tional fentanyl use among people who primarily use
non-opioid substances. Even rare fentanyl exposure
in individuals without opioid tolerance could mean-
ingfully contribute to overdose mortality. Multiple
lines of evidence highlight the potential risk of unin-
tentional fentanyl use among people who use stimu-
lants, including reports of opioid overdose clusters
among people intending to use stimulants [8, 9], as
well as drug testing services and seizure data showing
fentanyl in stimulant samples [10, 11]. Despite docu-
mented concern from people who use drugs [12],
there is a paucity of research directly assessing unin-
tentional opioid use in individuals intending to use
stimulants or other non-opioid substances [13].
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In San Francisco, the impact of unintentional fen-
tanyl use on fentanyl-attributed deaths also remains
unclear. Findings from a community-based study of
women experiencing homelessness in San Francisco
suggest that the presence of fentanyl in substances
thought to be stimulants may be a rare occurrence
[14]. Yet a study of fentanyl and stimulant overdose
decedents in San Francisco revealed significantly
less chart-documented pre-mortem opioid use than
expected, suggesting that a significant proportion
of fentanyl-stimulant poisoning decedents may not
have regularly used opioids prior to their death [15].
This evidence and increasing reports from staff on
post-overdose response teams of clients endorsing
unintentional fentanyl use motivated the current
investigation. We used data from a case review of
first-responder records from individuals who expe-
rienced a non-fatal opioid overdose in San Fran-
cisco to estimate the prevalence and demographic
correlates of unintentional opioid use overdose.

Methods
Data Source

We reviewed consecutive records of suspected over-
doses from June to September 2022 from San Fran-
cisco’s Street Overdose Response Team (SORT).
SORT is a specialized post-overdose response team
consisting of community paramedics and peer coun-
sellors attending to suspected overdose cases often
alongside general emergency medical services
(EMS). Case records included both structured and
unstructured data. Structured data included demo-
graphics, behavioral activity rating scale (BARS)
score [16], and clinical opiate withdrawal scale
(COWS) score [17], which was only used in a sen-
sitivity analysis due to reliability concerns given
variability in the timing and dosing of naloxone and
time of assessments. Unstructured data abstracted
from paramedic-recorded free text notes included
reports of overdose, patient responsiveness, nalox-
one administration, naloxone response, and patient-
reported intended substance used prior to overdose.
Data were imported into REDCap where unstruc-
tured data were manually abstracted by the research
team [18].



Overdose from Unintentional Fentanyl Use

247

Overdose and Unintentional Opioid Use
Determination

The case definition for opioid overdose was based
on the initial clinical presentation and subsequent
improvement in responsiveness or respiratory rate
after naloxone administration (Table 1). Our case
definition was adapted from the Rhode Island Crite-
ria, a validated approach for opioid overdose determi-
nation from EMS data [19], though since our clini-
cal impression data were unstructured, the definition
required modification. As a sensitivity analysis, we
piloted an alternative case definition that also uti-
lized BARS and COWS scores to identify increased
responsiveness  after naloxone administration.
Intended substance used and intentionality of opioid
use were determined based on patient self-report,
recorded in unstructured text responses. Two mem-
bers of the research team independently reviewed
records in sets of 20 until achieving >95% concord-
ance on opioid overdose determination, intended sub-
stance used, and intentionality of opioid use, after
which reviews were independently conducted by one
individual, with a random subset of 5% verified by
the principal investigator.

Analysis

We calculated the proportion of opioid overdoses
attributed to intentional and unintentional opioid use
and compared demographics. Among those reporting
no intentional opioid use, we examined which sub-
stances people intended to use. All statistical analyses
were conducted in R, version 4.3.2 [20].

Ethical Approval
This study was reviewed and deemed exempt by the

University of California, San Francisco Institutional
Review Board (IRB #23-40491).

Table 1 Opioid overdose criteria

Results

Out of 448 response records for suspected overdose,
281 met the case definition for opioid overdose and
171 also included data on intended substance use at
the time of overdose. Of these 171 cases, 98 (57.3%)
reported intentional opioid use and 73 (42.7%)
reported no intentional opioid use at the time of
overdose. Among those intending to use opioids,
96 (98.0%) reported intending to use fentanyl and
only two (2.0%) reported intending to use heroin.
Among those not intending to use opioids, 53 (72.6%)
intended to use stimulants, including methampheta-
mine (43.8%), crack cocaine (15.1%), powder cocaine
(11.0%), and unspecified stimulant (2.7%). Fifteen
individuals (20.5%) reported cannabis use and 5
(6.8%) reported some other substance (3 alcohol, 1
GHB, 1 tobacco).

With regard to demographics (Table 2), intention-
ality of opioid use differed by race and ethnicity, with
no intentional opioid use reported by 58.5% of Black,
52.4% of Latinx, and 28.8% of White individuals
(»p=0.021). By gender, 57.6% of women and 39.5%
of men reported no intentional opioid use (p=0.061).
Those reporting no intentional opioid use were older
than those reporting intentional opioid use (median
age 40.5 years vs. 36.0 years, p=0.043).

The alternative case definition that allowed for evi-
dence of post-naloxone improvement in responsive-
ness from improvement in the BARS score or increase
of the COWS score resulted in an additional 3 of 448
responses being classified as opioid overdoses, but
none of these individuals had data on intended sub-
stance use for inclusion in the analysis, so results
were unchanged. An additional analysis found similar
demographics among those with missing compared
to complete intended substance use data, although a
greater proportion of those with missing substance
use data had “other” or “missing” data on race and
ethnicity (Supplementary Information).

Narrative includes at least 1 of the AND Naloxone administration: AND Symptom improvement:

following:

Administered by either EMS or

Narrative includes at least 1 of the

o report of suspected overdose to bystander prior to EMS arrival following:
dispatcher e Responsive to verbal or physical
e unresponsiveness to verbal or physi- stimuli

cal stimuli (per bystander or EMS)

e Improvement in respiratory rate
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Table 2 Unintentional and intentional opioid exposure by survivor demographics and intended substance use

Overall (n, % of total sample) Unintentional opioid (1, % of  Intentional opioid (n, % of P-value
subgroup with outcome) subgroup with outcome)
Total N=171 N=73 N=98
Race and ethnicity 0.021%
Asian 52.9%) 2 (40.0%) 3 (60.0%)
Black or African American 41 (24.0%) 24 (58.5%) 17 (41.5%)
Hispanic or Latinx 21 (12.3%) 11 (52.4%) 10 (47.6%)
White 66 (38.6%) 19 (28.8%) 47 (71.2%)
Other race/ethnicity 15 (8.8%) 8 (53.3%) 7 (46.7%)
Missing 23 (13.5%) 9(39.1%) 14 (60.9%)
Gender 0.061°
Women 33 (19.3%) 19 (57.6%) 14 (42.4%)
Men 129 (75.4%) 51 (39.5%) 78 (60.5%)
Non-Binary 1(0.6%) 1 (100%) 0 (0%)
Missing 8 (4.7%) 2 (25.0%) 6 (75.0%)
Age 0.043°¢
Mean, y (SD) 40.2 (13.0) 42.7 (14.2) 38.3(11.8)

Median, y [Min, Max] 38.0[19.0, 77.0]

41.0 [21.0, 77.0]

36.0 [19.0, 73.0]

Overall (n, % of total sample) Unintentional opioid (n, % of  Intentional opioid (n, % of

outcome) outcome)
Intended substance
Fentanyl 96 (56.1%) 0 (0%) 96 (98.0%)
Heroin 2 (1.2%) 0 (0%) 2 (2.0%)
Any stimulant 53 (31.0%) 53 (72.6%) 0 (0%)
Methamphetamine 32 (18.7%) 32 (43.8%) 0 (0%)
Cocaine, crack 11 (6.4%) 11 (15.1%) 0 (0%)
Cocaine, powder 8 (4.7%) 8 (11.0%) 0 (0%)
Stimulant, unspecified 2 (1.2%) 2 (2.7%) 0 (0%)
Cannabis 15 (8.8%) 15 (20.5%) 0 (0%)
Other substance 5(12.9%) 5 (6.8%) 0 (0%)

*Fisher’s exact test after excluding individuals with missing race/ethnicity data; p=0.042 when including missing data as race/eth-
nicity category. PFisher’s exact test after excluding individuals with missing gender data; p=0.089 when including missing data as

gender category. “Wilcoxon rank-sum test

Discussion

In this first study to document the prevalence of self-
reported unintentional opioid use among people who
have just experienced an opioid overdose, we found that
nearly half of overdoses were attributed to unintentional
opioid use, with most of these reported to occur while
intending to use stimulants, both cocaine and meth-
amphetamine. In San Francisco, fentanyl is the opioid
involved in over 91% of opioid overdose deaths and was
the reported opioid used by 98% of individuals intend-
ing to use opioids in this cohort [3]. Unintentional

@ Springer

opioid use is believed to be almost entirely attributable
to fentanyl in San Francisco, given that fentanyl is the
predominant street opioid and that the now dwindling
heroin market remains dominated by black tar heroin
that is easily distinguished from and rarely mixed with
fentanyl due to physical characteristics, in contrast to
street opioid markets in eastern U.S. states [3, 21, 22].
No individuals in this sample reported intending to use
opioid or other pills or tablets.

This study does not identify potential mechanisms
of unintentional fentanyl use, which include mistaking
fentanyl for other substances (stimulants and fentanyl
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are both often sold as white powder or crystals), fen-
tanyl contamination of non-opioid substances, storage
of drugs together, and reuse of equipment previously
used to consume fentanyl. Prior public health investi-
gations have highlighted clusters of overdoses occur-
ring among people mistakenly using fentanyl [8, 9],
although the incidence of unintentional fentanyl use
has not been studied in cohort studies or at the popula-
tion level. A recent laboratory analysis of stimulants
collected by community-based drug checking services
across the country found that approximately 9% of
samples thought by the donor to be methamphetamine
or cocaine contained fentanyl, an issue that was more
prevalent when powdered drugs were tested [10]. In
San Francisco, drug checking services and urine sur-
veillance in a community-based study suggest that the
presence of fentanyl in substances thought to be stim-
ulants is a rare occurrence [14], although even a rare
occurrence could meaningfully contribute to mortality
among people who use drugs daily. Regarding expo-
sure through cross-contaminated equipment, to our
knowledge no prior work has examined the potential
for overdose from reusing smoking, sniffing, or injec-
tion equipment previously used to consume fentanyl.

Unintentional fentanyl use overdoses were sig-
nificantly more prevalent among Black and Latinx
individuals compared to White individuals, more
prevalent among women compared to men, and more
prevalent among older persons. Observed racial and
ethnic disparities may relate to differences in drug
use patterns, drug selling networks, or the impact of
structural racism on other aspects of the overdose risk
environment [23, 24], but observed disparities could
also be related to underreporting of intentional fenta-
nyl use due to stigma or perceived risk of disclosure
among minoritized individuals. We find it unlikely,
however, that underreporting alone could explain the
magnitude of racial disparities observed. These find-
ings suggest that efforts to prevent overdose from
unintentional fentanyl use among people using stim-
ulants, if directed toward minoritized communities,
may help to lessen some of the profound disparities in
overdose mortality.

Our study has several limitations. First, we
relied upon self-report, which as discussed may
overestimate the rate of unintentional fentanyl use
due to underreporting of intentional use. Reports
of intended use of cannabis may indicate such
underreporting, as cannabis is legal for personal

consumption in California and thus less likely to be
underreported and is unlikely to be mistaken for or
mixed with fentanyl; however, smoking cannabis in
opioid cross-contaminated equipment could theo-
retically be a potential route of unintentional fenta-
nyl exposure. Second, our case definition, adapted
from an established definition for opioid overdose
to accommodate available data, likely has imper-
fect sensitivity and specificity. Cases of suspected
overdose not meeting the case definition either rep-
resented events that were not overdoses or overdose
events with insufficient documentation to be classi-
fied as such. We modified the definition in a sensi-
tivity analysis with no improvement in case capture.
Missing data on intended substance use was com-
mon and likely attributable to altered mental status
after overdose reversal or unwillingness to disclose,
though even if all those missing intended substance
use data represented intentional fentanyl use, our
estimate of unintentional fentanyl use would still
be remarkably high at 28% (78/281). It is possible
that differential missingness of intended substance
use data by race and ethnicity could have induced
the observed association between race and ethnic-
ity and unintentional opioid use. Finally, our results
may not generalize beyond San Francisco due to
the regional nature of street drug markets and use
patterns, though given regional similarities, they
may apply more to western U.S. states than eastern
states.

In conclusion, we find preliminary evidence that
unintentional fentanyl use may contribute substan-
tially to opioid overdose in San Francisco. Attention
to unintentional use, particularly among people who
use stimulants, should be a priority for overdose pre-
vention efforts and efforts to address racial dispari-
ties in overdose mortality. Further research should
consider mixed methods approaches to characterize
reported unintentional use, cohort studies to deter-
mine incidence, and exploration of pharmacotherapy
for opioid blockade. Existing interventions including
naloxone distribution, drug testing services, access to
safer use equipment to reduce cross-contamination,
and overdose prevention sites should be scaled up.
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