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Background:  Buprenorphine  is  an  opioid  agonist  medication  that  is both  safe and  effective  in the  treatment
of  opioid  use  disorders  and  the  prevention  of  opioid  overdoses.  Despite  this,  media  coverage  has  high-
lighted  public  concerns  about  the potential  safety  consequences  of  buprenorphine  misuse  and  diversion.
To  address  the possible  contribution  of buprenorphine  to overdose  mortality,  we systematically  tested
post  mortem  blood  specimens  from  decedents  who  had  died  of  an  unintentional  drug  overdoses  in 2013.
Methods:  We  retrospectively  tested  consecutive  drug  overdose  cases  that  occurred  from  June  through
October  2013.  Cases  with  available  blood  specimens  were  tested  for  buprenorphine  and  norbuprenor-
phine  using  liquid  chromatography-tandem  mass  spectrometry.  Toxicology  results  were  linked  to  death
certificates  and  case  files  from  New  York  City  Vital  Statistics  and  New  York  City  Office  of  the  Chief  Medical
Examiner.
Results:  Of  the  98  unintentional  drug  overdose  fatalities  tested,  only  2 (2.0%)  tested  positive  for  buprenor-

phine  metabolites.  All  98 unintentional  fatalities  involved  multiple  substances.
Conclusions: Buprenorphine  was infrequently  found  in  drug  overdose  deaths  in New  York  City.  Since
the  safety  and  efficacy  of buprenorphine  are  well  documented,  and  overdoses  resulting  from  buprenor-
phine  treatment  or diversion  are  very  rare,  facilitating  access  to buprenorphine  treatment  is  strongly
recommended.

©  2015  Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Opioid agonist therapy (OAT) in combination with counseling or
sychotherapy is the most effective treatment for opioid use disor-
ers (American Society of Addiction Medicine, 2014; World Health
rganization, 2009). Buprenorphine, an opioid agonist medication,

s effective in both treating opioid use disorders and preventing
pioid overdose. The safety and efficacy of buprenorphine have
een well documented (Bell et al., 2009; Ducharme et al., 2012;
iellin et al., 2014; Kakko et al., 2003; Kraus et al., 2011; Ling et al.,
012; O’Connor et al., 1998; Orman and Keating, 2009), but popu-

ar media accounts highlight public concerns about the potential for
nd impact of diversion on health and safety (Cicero et al., 2007;
Please cite this article in press as: Paone, D., et al., Buprenorphine infr
Depend. (2015), http://dx.doi.org/10.1016/j.drugalcdep.2015.08.007

ohnson and Richert, 2014; Yang et al., 2013; Yokell et al., 2011;
ish et al., 2012).

∗ Corresponding author. Tel.: +1 347 396 7015.
E-mail address: dpaone@health.nyc.gov (D. Paone).

ttp://dx.doi.org/10.1016/j.drugalcdep.2015.08.007
376-8716/© 2015 Elsevier Ireland Ltd. All rights reserved.
In 2013, nearly 100,000 buprenorphine prescriptions were
filled by an estimated 14,000 New York City (NYC) residents
(New York State Department of Health Prescription Monitor-
ing Program, unpublished data, February, 2015). Recent studies
have documented buprenorphine misuse (Bazazi et al., 2011;
Genberg et al., 2013) and an increase in buprenorphine-
related emergency department (ED) visits (Substance Abuse and
Mental Health Services Administration (SAMHSA), 2013). However,
buprenorphine-related ED visits represent a small proportion of all
drug-related ED visits (Substance Abuse and Mental Health Services
Administration (SAMHSA, 2013)), and are typically associated with
patients’ self-management of withdrawal symptoms (Bazazi et al.,
2011; Furst, 2013; Gwin Mitchell et al., 2009), attempts to cease
illicit drug use (Schuman-Olivier et al., 2010), or experience of
adverse reactions during buprenorphine initiation (Lofwall and
Havens, 2012).
equently found in fatal overdose in New York City. Drug Alcohol

Previous research has demonstrated that buprenorphine mor-
tality is rare (Auriacombe et al., 2001; Bretteville-Jensen et al.,
2015). In documented cases, buprenorphine-involved mortal-
ity is associated with combined use of central nervous system

dx.doi.org/10.1016/j.drugalcdep.2015.08.007
dx.doi.org/10.1016/j.drugalcdep.2015.08.007
http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:dpaone@health.nyc.gov
dx.doi.org/10.1016/j.drugalcdep.2015.08.007
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Table 1
Post mortem toxicology1 findings in unintentional (accidental) drug overdose
deaths, NYC, June–October 2013.

Cases (%) N = 98

Toxicology by drug type
Norbuprenorphine 2 (2)
Heroin2 57 (58)
Cocaine 41 (42)
Ethanol 38 (39)
Benzodiazepines 29 (30)
Methadone 20 (20)
Opioid analgesics 18 (18)
Sedatives/Hypnotics 13 (13)
Anti-depressants 12 (12)
Anti-psychotics 8 (8)
ARTICLEAD-5705; No. of Pages 4
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epressants (e.g., alcohol, benzodiazepines), rather than attributed
o buprenorphine alone (Häkkinen et al., 2012, 2014; Kintz, 2001;

ikner et al., 2014). In NYC, decedents are not tested systematically
or buprenorphine, so its impact on mortality may  be underesti-

ated, given rising rates of reported diversion. During 2007–2012
n NYC, prior to the study period, seven decedents tested posi-
ive for buprenorphine among 3807 unintentional drug poisoning
overdose) fatalities (New York City Department of Health and

ental Hygiene, unpublished data, November, 2013). All deaths
ere attributed to other substances. During this time, however,

esting for buprenorphine was performed based on clinical suspi-
ion and case history, not systematically performed post-mortem.
o further investigate the possible contribution of buprenorphine
o unintentional drug poisoning (overdose) mortality, the present
tudy examined systematically whether persons who  had died
rom a drug overdose in 2013 had evidence of buprenorphine or
ts metabolite in their blood. Systematic testing of biological spec-
mens can accurately evaluate the impact of buprenorphine on
verdose mortality to provide critical information about the safety
f buprenorphine, whether prescribed or used illicitly.

. Materials and methods

This study was conducted in collaboration with the NYC Office
f the Chief Medical Examiner (OCME), a centralized medical exam-
ner system serving the entirety of NYC—over 8 million people.
he NYC OCME reviews an estimated 12,000 cases annually of the
ore than 50,000 deaths in NYC; OCME performs approximately

500 autopsies. All suspected drug overdoses are referred to the
edical examiner for investigation. Determination of death due to

rug overdose is based on scene investigations, autopsies, decedent
edical histories, and toxicology findings.
In November 2013, we  constructed a retrospective sample of

he 100 consecutive drug overdose deaths available at that time.
ltimately, because of lag time in case finalization, these deaths

epresented 31% of the 331 unintentional drug overdose deaths
ccurring between June 1 and October 31, 2013. Cases with avail-
ble specimens were sent for testing by an outside commercial
aboratory. Testing for buprenorphine metabolites was  funded by
he NYC Department of Health and Mental Hygiene as part of public
ealth overdose surveillance. Samples were tested for buprenor-
hine and its metabolite, norbuprenorphine, with reporting limits
t 1 nanogram/milliliter using liquid chromatography-tandem
ass spectrometry. We  linked toxicology results to death certifi-

ates from NYC Vital Statistics and case files from the NYC Office
f Chief Medical Examiner. Data was analyzed using SAS 9.2 (SAS
nstitute, Cary, NC, USA). This study was considered routine public
ealth overdose surveillance and not subject to institutional board
eview.

. Results

There were 104 drug overdose deaths identified; two did not
ave specimens available, leaving 102 cases tested for buprenor-
hine and norbuprenorphine; four cases were determined as
ndetermined manner of death and excluded from the analysis.
hus, of the 104 samples, 98 (94%) met  the criteria for analysis. All
8 unintentional fatalities involved multiple substances (Table 1).
wo of the 98 cases (2.0%) tested positive for the buprenorphine
etabolite, norbuprenorphine, and additional substances. Both

ecedents also tested positive for the following three metabolites,
Please cite this article in press as: Paone, D., et al., Buprenorphine infr
Depend. (2015), http://dx.doi.org/10.1016/j.drugalcdep.2015.08.007

-monoacetylmorphine, morphine and codeine, the presence of
hich is consistent with heroin-involved overdose. One case also

ested positive for cocaine metabolites, and the other tested posi-
ive for both benzodiazepines and opioid analgesics.
1 Toxicology results are not mutually exclusive thus will not add to 100%.
2 Heroin toxicology as morphine and 6-monoacetylmorphine.

4. Discussion

Our retrospective analysis of a subset of NYC overdose deaths
during a five-month period indicates that buprenorphine is rarely
present in deaths attributed to drug overdose. The two decedents
who tested positive for buprenorphine metabolites also tested pos-
itive for heroin metabolites and other substances. The absence
of buprenorphine and presence of the buprenorphine metabolite,
norbuprenorphine, suggests that the individuals did not recently
ingest buprenorphine (Selden et al., 2012). This finding might
be consistent with an individual who  was receiving maintenance
therapy but who may  have missed doses. We  cannot determine
whether these decedents had been prescribed buprenorphine or
used non-prescribed buprenorphine for self-management of opioid
withdrawal or for other reasons. The finding of concomitant heroin
metabolites could be consistent with relapse, which is common,
despite treatment.

While the results of our study and prior research suggest that
buprenorphine plays a minimal role in overdose mortality, popular
media accounts have highlighted the risk of buprenorphine over-
dose and its association with a burgeoning illicit market (Caniglia,
2013; Genis, 2014; Goodnough and Zezima, 2011; May, 2014;
Sontag, 2013), contradictory to the extant scientific literature.
Although other risks may  be minimally associated with buprenor-
phine diversion, such as pediatric exposure (Hayes et al., 2008), as
the present findings indicate, the risk of buprenorphine overdose
is extremely low; considering this, the attention by popular media
and policy makers to buprenorphine-related overdose may over-
state risk (Clark and Baxter, 2013). In fact, the most common reason
for buprenorphine diversion was for management of withdrawal
symptoms or attempted self-administration of treatment (Bazazi
et al., 2011; Fox et al., 2015; Genberg et al., 2013; Schuman-Olivier
et al., 2010).

Several studies demonstrated that barriers to buprenorphine
treatment can facilitate, rather than mitigate, buprenorphine diver-
sion. For example, nearly two-thirds of syringe exchange program
clients in NYC who  reported illicit buprenorphine use also reported
not knowing where to access buprenorphine treatment (Fox et al.,
2015). Additionally, inability to access buprenorphine treatment
increased risk of buprenorphine diversion among a sample of pre-
scription opioid misusers (Lofwall and Havens, 2012). In fact, use of
diverted buprenorphine dropped by 70% in one study once individ-
uals were able to gain access to treatment (Schuman-Olivier et al.,
2010).

In light of our results, there may  be opportunities for policy
equently found in fatal overdose in New York City. Drug Alcohol

makers and insurance providers to decrease diversion and mis-
use of buprenorphine by implementing policies that support and
improve access to treatment. For example, a recent study found
that more than 40% of United States counties do not have a single

dx.doi.org/10.1016/j.drugalcdep.2015.08.007
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rescriber, and that state policies were associated with prescriber
vailability (Stein et al., 2015). Currently, only physicians can pre-
cribe buprenorphine for the treatment of opioid use disorders,
espite the willingness of nurse practitioners and physician assis-
ants to do so (Roose et al., 2008). In addition, physicians who
btain buprenorphine waivers are able to treat a maximum of 30
atients in their first year of buprenorphine provision and a max-

mum of 100 patients in following years. However, the Recovery
nhancement for Addiction Treatment (TREAT) Act, introduced in
he United States Senate in July, 2014 and currently pending vote,
ould eliminate the patient limit for physicians after the first year

f provision and introduce prescribing rights to qualified nurse
ractitioners and physician assistants, greatly expanding access
ationwide (Recovery Enhancement for Addiction Treatment Act,
014).

Insurance practices may  also limit access to buprenorphine
reatment. Some states and insurances do not cover buprenor-
hine treatment, or impose limits to the length of treatment with
uprenorphine (American Society of Addiction Medicine, 2013).
ven when treatment is available, delays in treatment because of
aiting lists to see prescribers, insurance approvals, and other fac-

ors, may  further worsen treatment outcomes. Increasing timely
ccess to buprenorphine treatment may  not only be a safe and effec-
ive means of treating people with opioid use disorder, but also a

eans of reducing diversion of the medication (Schuman-Olivier
t al., 2010).

This study was limited to overdose deaths in NYC, and may
ot be generalizable to overdose deaths in other locations. Our
tudy analyzed only decedents whose cause of death was deter-
ined an accidental drug overdose. In addition, we  tested a subset

f the 331 unintentional drug overdose deaths that occurred dur-
ng the time period of June 1 to October 31, 2013. Nonetheless,
uprenorphine was rare in the subset of cases. Our study could
ave missed the presence of buprenorphine in other decedents
nd underestimated buprenorphine prevalence among all deaths
n NYC. Additionally, as some detoxification facilities in New York
ity utilize buprenorphine, it is possible that the decedents who
ested positive were exposed to buprenorphine in a detox setting,
lthough we are unable to determine this. Future studies should
rospectively test all overdose decedents for buprenorphine to con-
rm findings.

Our findings show that buprenorphine was rare in overdose
eaths in New York City, suggesting that while rates of diversion
ay  be increasing, there is no evidence that the increase in diver-

ion is leading to significant health consequences such as overdose.
onsidering the significant risk of overdose death from the use of
ther opioids, policy makers who wish to decrease opioid over-
ose deaths should consider increasing, rather than decreasing,
ccess to buprenorphine treatment as a response to buprenorphine
iversion.
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