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A B S T R A C T

Introduction: There is a lack of information on illicitly manufactured fentanyl and fentanyl analogue-related
(IMF) unintentional overdose death trends over time. The study analyzes IMF-related unintentional overdose
fatalities that occurred between July 2015 and June 2017 in Montgomery County, Ohio, an area with the highest
rates of unintentional overdose mortality in Ohio.
Methods: LC–MS/MS-based method was used to identify fentanyl analogs and metabolites in 724 unintentional
overdose death cases. The Chi-square statistic was used to assess differences over time in demographic and drug-
related characteristics.
Results: The number of unintentional overdose death cases testing positive for IMFs increased by 377% between
second half of 2015 and first half of 2017. The majority of decedents were white (82.5%) and male (67.8%). The
proportion of fentanyl-only (no other analogs) cases declined from 89.2%–24.6% (p < 0.001), while proportion
of fentanyl analogue-containing cases increased from 9.8%–70.3% (p < 0.001) between the second half of 2015
and first half of 2017. The most commonly identified fentanyl analogs were carfentanil (29.7%), furanyl fentanyl
(14.1%) and acryl fentanyl (10.2%). Proportion of IMF cases also testing positive for heroin declined from 21.6%
to 5.4% (p < 0.001), while methamphetamine positive cases increased from 1.4%–17.8% (p < 0.001) over the
same time period.
Discussion: Emergence of fentanyl analogs contributed to substantial increases in unintentional overdose deaths.
The data indicate a growing overlap between the IMF and methamphetamine outbreaks. Continuous monitoring
of local IMF trends and rapid information dissemination to active users are needed to reduce the risks associated
with IMF use.

1. Introduction

Since 2013–2014, illicitly manufactured fentanyl (IMF) has
emerged as a significant threat to public health, contributing to notable
increases in unintentional overdose deaths in the U.S. (Ciccarone, 2017;
Jones et al., 2018; National Drug Early Warning System, (NDEWS,
2015; Peterson et al., 2016; Rudd et al., 2016). Ohio has been identified
as one of the high burden states in terms IMF-related overdose mortality
(Gladden et al., 2016; Rudd et al., 2016). Unintentional overdose

deaths in Ohio increased from 2110 in 2013 to 4050 in 2016 (Ohio
Department of Health, 2017a). Montgomery County (City of Dayton) is
an urban county located in southwest Ohio, with a population of over
530,000 persons. Over the past several years, it has become an epi-
center of the heroin and IMF epidemic (Ohio Department of Health,
2017a). According to 2011–2016 data, it had average age adjusted
death rate of 42.5 per 100,000 population, the highest in Ohio, and
several times greater than the national average (Ohio Department of
Health, 2017a).
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IMF is produced in clandestine laboratories and includes fentanyl
analogs that display wide variability in potency. Although there is a
lack of reliable data about the precise potency ratios of different types
of IMFs, fentanyl is estimated to be between 30–50 times more potent
than morphine (Ciccarone et al., 2017) (up to 100 according to other
estimates (Suzuki and El-Haddad, 2017)). In contrast, acetyl fentanyl
has lower potency, while some reports suggest that carfentanil has
about 100 times greater potency compared to fentanyl (Suzuki and El-
Haddad, 2017). Such notable variations in potency of IMF products
make them even more dangerous and unpredictable in terms of over-
dose risks. Variations in chemical composition of fentanyl analogs make
detection more difficult. Since fentanyl analogs have not been a part of
routine toxicology testing at coroner’s offices across the country, there
is a lack of consistent data to assess involvement of different IMF-type
drugs in unintentional overdose deaths over time (Cicero et al., 2017;
Slavova et al., 2017). To address this gap, Wright State University and
the Montgomery County Coroner’s Office (MCCO) in Dayton, Ohio
collaborated on a study on identification of fentanyl and its analogs/
metabolites (IMFs) in unintentional overdose fatalities that occurred in

Montgomery County over a 2 year period, between July 2015 and June
2017.

2. Methods

This study analyzes data obtained from the MCCO Toxicology la-
boratory on all unintentional overdose deaths that tested positive for
IMFs and occurred in Montgomery County between July 1, 2015 -June
30, 2017. First, the study developed and validated a liquid-chromato-
graphy-tandem mass spectrometry (LC–MS/MS)-based method (Strayer
et al., 2018) to identify 26 fentanyl analogs, metabolites, and other
synthetic opioids in biological matrices at sub ng mL−1 concentrations:
1) 3-Methylfentanyl; 2) 4-ANNP (Despropionyl fentanyl); 3) Acetyl
fentanyl; 4) Acetyl fentanyl 4-methylphenethyl; 5) Acryl fentanyl; 6)
Alfentanil; 7, 8) Butyryl fentanyl/isobutyryl fentanyl; 9) Butyryl nor-
fentanyl; 10) Carfentanil; 11) Despropionyl para-fluorofentanyl; 12)
Fentanyl; 13) Furanyl fentanyl; 14) Furanyl norfentanyl; 15) Norfen-
tanyl; 16, 17) para-Fluorobutyryl/fluoroisobutyryl fentanyl; 18) para-
Methoxyfentanyl; 19) Remifentanil; 20) Remifentanil metabolite; 21)

Table 1
Characteristics of unintentional IMF-related overdose fatalities analyzed at the Montgomery County Coroner’s Office (Dayton, Ohio), July 2015–June 2017
(N=724).

Characteristics ALL CASES
n (100%)

2015
July–Dec
n (11.1%)

2016
Jan. –June
n (16.0%)

2016
July–Dec
n (25.6%)

2017
Jan.–June
n (47.3%)

P value*

ALL IMF-positive cases N=724 N=74 N=125 N=172 N=353

Sex
Male 491 (67.8) 53 (71.6) 90 (72.0) 110 (66.0) 238 (67.4) 0.441
Female 233 (32.2) 21 (28.4) 35 (28.0) 62 (36.0) 115 (32.6)

Age (years)
< 25 48 (6.6) 8 (10.8) 9 (7.2) 10 (5.8) 21 (5.9) 0.275
25–34 215 (29.7) 16 (21.6) 48 (38.4) 51 (29.7) 100 (28.3)
35–44 207 (28.6) 25 (33.8) 38 (30.4) 47 (27.3) 97 (27.5)
45–54 140 (19.3) 14 (18.9) 16 (12.8) 34 (19.8) 76 (21.5)
≥55 114 (15.7) 11 (14.9) 14 (11.2) 30 (17.4) 59 (16.7)

Race
White, non-Hispanic 597 (82.5) 60 (81.1) 101 (80.8) 141 (82.0) 295 (83.6) 0.882
African American or Other 127 (17.5) 14 (18.9) 24 (19.2) 31 (18.0) 58 (16.4)

Illicit Fentanyl/Analogues (some cases tested positive for more than one IMF)
Fentanyl 636 (87.8) 73 (98.6) 125 (100) 155 (90.1) 283 (80.2) <0.001
Acetyl fentanyl 28 (3.9) 8 (10.8) 3 (2.4) 8 (4.7) 9 (2.5) –
Acryl fentanyl 74 (10.2) 0 0 2 (1.2) 72 (20.4) –
Carfentanil 215 (29.7) 0 0 43 (25.0) 172 (48.7) –
Furanyl fentanyl 102 (14.1) 0 1 (0.8) 39 (22.7) 62 (17.6) –
Butyryl/isobutyryl fentanyl 4 (0.6) 0 0 1 (0.6) 3 (0.8) –
Fluoro(iso)butyryl fentanyl 1 (0.1) 0 0 1 (0.6) 0 –
para-Fluorofentanyl 2 (0.1) 0 0 2 (0.5) 0 –
Cyclopropyl fentanyl (Crotonyl? 1 (0.1) 0 0 0 1 (0.3) –
U-47700§§ 10 (1.4) 0 0 4 (2.9) 5 (1.4) –

Fentanyl /Analogue Metabolites
Norfentanyl 470 (64.9) 66 (89.2) 108 (86.4) 135 (78.5) 161 (45.6) <0.001
Despropionylfentanyl (4-ANPP)¶¶ 144 (19.9) 7 (9.5) 10 (8.0) 45 (26.2) 82 (23.2) <0.001
Despropionyl para-Fluorofentanyl 1 (0.1) 0 0 1 (0.6) 0 –
Furanyl Norfentanyl 5 (0.7) 0 0 3 (1.7) 2 (0.6) –
Butyryl Norfentanyl 1 (0.1) 0 0 1 (0.6) 0 –
IMF combinations***

Fentanyl/Norfentanyl Only (no Analogues) 361 (49.9) 66 (89.2) 121 (96.8) 87 (50.6) 87 (24.6) <0.001
Any Analogue and/or Analogue Combinations 362 (50.0) 8 (10.8) 4 (3.2) 84 (48.8) 266 (75.4) <0.001
Other Drugs
Heroin††† 79 (10.9) 16 (21.6) 18 (14.4) 26 (15.1) 19 (5.4) <0.001
Any Pharmaceutical Opioid 128 (17.7) 17 (23.0) 13 (10.4) 10 (11.6) 78 (22.1) 0.002
Any Benzodiazepine 214 (29.6) 30 (40.5) 37 (29.6) 51 (29.7) 96 (27.2) 0.155
Cocaine 313 (43.2) 27 (36.5) 54 (43.2) 77 (44.8) 155 (43.9) 0.659
Methamphetamine 88 (12.2) 1 (1.4) 11 (8.8) 13 (7.6) 63 (17.8) <0.001

* Chi-square test was used to assess differences across 4 time periods. Bold p-value indicates statistical significance at the 0.05 familywise level of significance
(adjusting over the 13 tests using the Hommel method). Synthetic opioids not observed at all time periods were not tested.

§§ Synthetic opioid not structurally related to fentanyl. U-47700 is approximately 7.5 times the strength of morphine.
¶¶ 4-ANPP is used as a precursor for the manufacture of fentanyl-type drugs; it is also an impurity found in fentanyl preparations and is a metabolite of fentanyl and

furanyl fentanyl.
*** One case tested positive only for 4-ANPP and thus was not included in any of the 2 categories.
††† Cases that tested positive for 6-MAM and/or were identified by the coroner as heroin-related.
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Sufentanil; 22) Valeryl fentanyl; 23) AH-7921; 24) U-47700 (detection
methods for 24 analogs/metabolites is described in (Strayer et al.,
2018)); 25) beta-Hydroxythiofentanyl; 26) para-Fluorofentanyl. (25
and 26 were developed at the MCCO Toxicology laboratory, but not
described in (Strayer et al., 2018)). The isomeric forms butyryl fen-
tanyl/isobutyryl fentanyl and para-fluorobutyryl/fluoroisobutyryl fen-
tanyl could not be differentiated. AH-7921 and U-47700 are synthetic
opioids not structurally related to fentanyl.

All cases included in this report tested positive for one or a com-
bination of IMFs identified using newly developed LC–MS/MS-based
method. Cases from 2015 and first half of 2016 (that were processed by
the Coroner before LC–MS/MS became available) were stored if they
screened positive for fentanyl and re-tested using the newly developed
method. All subsequent accidental overdose cases were routinely tested
using LC–MS/MS method. Data on toxicological testing for heroin,
pharmaceutical opioids, benzodiazepines, cocaine, and methampheta-
mine were also obtained. Information on demographic characteristics
including age, sex and race was collected for each decedent.

The Chi-square statistic was used to assess differences over time in
demographic and drug-related characteristics of IMF-related uninten-
tional overdose cases (for characteristics observed at every time
period). The Hommel (Hommel, 1988) method was used to adjust for
multiple testing over the 12 characteristics tested to preserve a 0.05
familywise Type I error rate.

3. Results

The dataset included a total of 724 IMF-related unintentional
overdose cases that occurred in Montgomery County between July
2015 and June 2017. The number of unintentional overdose death cases
testing positive for IMFs increased by 377% from 74 cases in the second
half of 2015 to 353 cases in the first half of 2017. Among all 724 cases,
67.8% were males, 82.5% were non-Hispanic White, and 58.3% were
between the ages of 25 and 44 years. There were no statistically sig-
nificant changes in demographic characteristics over time (Table 1).

Among all IMF-related unintentional overdose death cases, 87.8%
tested positive for fentanyl and 64.9% were positive for norfentanyl, a
metabolite of fentanyl. The proportion of fentanyl-positive cases de-
clined over time (p < 0.001), as did the proportion positive for nor-
fentanyl (p < 0.001) (Table 1). The number of cases testing positive
for fentanyl analogs, primarily carfentanil, furanyl fentanyl, and acryl
fentanyl increased over time. Carfentanil was identified in 215 (29.7%)
of all IMF positive unintentional overdoses. Carfentanil-positive cases
first appeared in the summer of 2016, and the numbers increased from
43 (25%) cases in the second half of 2016 to 172 (48.7%) in the first
half of 2017 (Table 1). Similarly, acryl fentanyl increased from 1 (1.2%)
case in the second half of 2016 to 72 (20.4%) cases in the first half of
2017. Furanyl fentanyl first appeared in the first half of 2016 (1, 0.8%),
increasing to 39 cases (22.7%) in the second half of 2016, and 62 cases
(17.6%) in the first half of 2017 (Table 1). In contrast, acetyl fentanyl
appeared earlier than most other analogs. In the second half of 2015,
there were 8 acetyl fentanyl positive cases. Over a 2 year period, 28
cases tested positive for acetyl fentanyl. There were 10 cases positive
for U-47700 over two year time period. (Table 1). Overall, while the
proportion of fentanyl-only positive cases declined over time from
89.2% in the second half of 2015 to 24.6% in the first half of 2017
(p < 0.001), cases testing positive for any fentanyl analogue (or ana-
logue combinations) increased substantially from 10.8%–75.4% over
the same time period (p < 0.001) (Table 1, Fig. 1).

Many IMF-positive unintentional overdose cases also tested positive
for a number of other drugs. The proportion of heroin-positive cases
declined from 21.6% in the second half of 2015 to 5.4% in the first half
of 2017 (p < 0.001). The proportion of pharmaceutical opioid-positive
cases differed over time (p < 0.001), declining in the first half of 2016
but then increasing in the first half of 2017. Out of all 724 IMF-positive
cases, more than 43% tested positive for cocaine. There were no

statistically significant changes in the proportion of cocaine-positive
cases over time. In contrast, methamphetamine positive cases increased
from 1.4%–17.8% over the same time period (p < 0.001) (Table 1).

4. Discussion

Our data suggest that between the second half of 2015 and first half
of 2017, there was an almost 4-fold increase in unintentional overdose
death cases testing positive for IMFs in Montgomery County, Ohio.
Similarly, analysis of unintentional overdose mortality trends at the
national level shows notable increases in 2016 and 2017, compared to
prior years (Hedegaard et al., 2018). The demographic characteristics
of IMF-related unintentional overdose fatalities in our sample are
consistent with prior studies showing that IMF users are more likely to
be white and male (Carroll et al., 2017; National Drug Early Warning
System, (NDEWS, 2017; Somerville et al., 2017). While prior studies
focused on synthetic opioids in general (Jones et al., 2018), our results
provide information on the heterogeneity of the IMF products detected
in unintentional overdose cases.

The results indicate notable declines in overdose cases that tested
positive for fentanyl only and surge in cases testing positive for analogs.
Up until mid 2016, fentanyl analogs and their combinations were re-
latively rare among unintentional overdose cased in Montgomery
County, while in the first half of 2017, fentanyl analogs accounted for
over 75% of all IMF positive cases. Despite increased prevention and
intervention efforts in the Montgomery County (Ohio Department of
Health, 2017b), emergence of fentanyl analogs contributed to sub-
stantial further increases in unintentional overdose death cases related
to IMFs.

Our data show a decline in the percentage of IMF-positive overdose
cases that also tested positive for heroin. Declining presence of heroin
positive cases among unintentional overdose fatalities has been noted
in prior reports (Daniulaityte et al., 2017a; Rudd et al., 2016). Our data
are consistent with findings from some prior studies suggesting shifts
from heroin being contaminated with IMFs (Ciccarone et al., 2017;
National Drug Early Warning System, (NDEWS, 2017) to IMF mixtures
that do not contain heroin (National Drug Early Warning System,
(NDEWS, 2017).

More than 40% of unintentional overdose deaths that tested positive
for IMFs also tested positive for cocaine, and this proportion was rela-
tively constant over time. In contrast, a study on IMF outbreak in New
Hampshire reported cocaine prevalence among unintentional overdose
fatalities at 30% (National Drug Early Warning System, (NDEWS,
2017), while national data showed about 22% prevalence of cocaine
positives among synthetic opioid-related overdoses in 2016 (Jones
et al., 2018). These differences might be partially related to regional
variations in patterns of use. Our prior research found greater pre-
valence of cocaine positive cases among unintentional overdose fatal-
ities in urban and suburban counties compared to rural counties in Ohio
(Daniulaityte et al., 2017a). Use of cocaine is a common practice among
illicit opioid users (Kuramoto et al., 2011). However, it is not known if
these data indicate a pattern of intended polydrug use or if cocaine and
IMF mixtures were sold to unsuspecting illicit opioid and/or cocaine
users (Klar et al., 2016; Tomassoni et al., 2017).

Our data show a notable increase in methamphetamine-positive
cases over time. Law enforcement reports also indicate an un-
precedented surge in availability of high purity methamphetamine in
many parts of the country (Drug Enforcement Administration, (DEA,
2018a,b). Emerging research suggests growing popularity of metham-
phetamine use among opioid users to “balance out” the effects of
opioids and/or help reduce opioid use (Ellis et al., 2018). There is also a
growing concern about increased cases of methamphetamine being
contaminated with IMFs (Drug Enforcement Administration, (DEA,
2018b). Our results indicate a growing overlap between IMF and me-
thamphetamine epidemics. More research with active drug users is
needed to understand attitudinal and behavioral dimensions of the
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growing methamphetamine problem in the areas ravaged by IMF and
other opioid use epidemics.

The findings in this report are subject to several limitations. First,
toxicology data on decedents testing positive for multiple drugs cannot
determine whether the decedent knowingly or unknowingly ingested
combinations of different drugs. Second, because the study re-tested
fentanyl ELISA positive cases from second half of 2015 and first half of
2016, some fentanyl analogue-positive cases from that time period
might have been missed if they lacked cross-reactivity with the ELISA
assay or were at low concentrations. However, available data suggest
that notable amount of other fentanyl analogs emerged in the US drug
supply in the second half of 2016 (O’Donnell et al., 2017).

These findings highlight the urgent need to continuously update
toxicology tests to be able to identify new and emerging fentanyl ana-
logs and other synthetic opioids. Epidemiological surveillance and
public health intervention systems need tools for rapid assessment and
dissemination of information on emerging substances, not just to the
broader public health and scientific communities, but also to active
illicit opioid and other drug users in affected communities. Currently,
knowledge of IMFs and other synthetic opioids in the community is
limited to forensic testing and drug overdose death data in places where
adequate testing is available. Active epidemiologic monitoring of IMFs
and other drugs from biologic samples of active users could be used to
provide rapid assessment tools to inform users about what drugs they
were using. There is increased interest in rapid testing technologies for
such harm reduction approaches (Harper et al., 2017; Peiper et al.,
2019), but additional research is needed to assess their capacity to
identify different types of fentanyl analogs and other novel synthetic
opioids. More research is needed to better understand the supply-side
economics, distribution and marketing strategies associated with in-
creased diversity of fentanyl analogue products. The growing role of
dark web-based marketing and distribution of IMFs needs to be better
researched and understood (Lokala et al., 2018).

Although preliminary qualitative data suggest that heroin users may
express some confidence in their ability to identify fentanyl (Ciccarone
et al., 2017; Mars et al., 2018; National Drug Early Warning System,
(NDEWS, 2017), they generally lack knowledge about the existence of
different types of fentanyl analogs and synthetic opioids (Daniulaityte,
under review; Daniulaityte et al., 2017b). Expanded harm reduction
initiatives are needed to educate active drug users about different types
of fentanyl analogs, their unique toxicological features, and potential
hazardous effects to help reduce the adverse consequences of IMF use.
Expansion of access to evidence-based treatment and naloxone provi-
sion to those at risk of overdose remains an important strategy for

preventing fentanyl-related overdoses.
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