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A B S T R A C T

Synthetic opioids (SO) are a major risk for public health across the world. These drugs can be divided into 2
categories, pharmaceutical and non-pharmaceutical fentanyls. A new generation of SO has emerged on the drug
market since 2010. North America is currently facing an opioid epidemic of morbi-mortality, caused by over-
prescription of opioids, illegally diverted prescribed medicines, the increasing use of heroin and the emergence
of SO. Furthermore, this opioid crisis is also seen in Europe. SO are new psychoactive substances characterized
by different feature such as easy availability on the Internet, low price, purity, legality, and lack of detection in
laboratory tests. They have not been approved or are not recommended for human use. Opioid misuse is as-
sociated with somatic and psychiatric complications. For many substances, limited pharmacological information
is available, increasing the risk of harmful adverse events. Health actors and the general population need to be
clearly informed of the potential risks and consequences of the diffusion and use of SO.

1. Introduction

Synthetic opioids (SO) are a major risk for public health and a real
challenge for drug policies across the world. They can be divided into 2
categories, pharmaceutical fentanyls (such as fentanyl, sufentanyl, re-
mifentanyl, and alfentanyl) and non-pharmaceutical fentanyls (NPF)
which are fentanyl analogues or designer fentanyls (such as ocfentanyl,
butyrfentanyl…). A new generation of SOs, structurally different from
fentanyl, has emerged on the drug market since 2010. Among them are
AH-7921 (benzamide analogue), MT-45 (piperazine analogue), or U-
47,700 (isomer of AH-7921).
North America is currently facing an opioid epidemic of morbi-

mortality. This crisis, caused by over-prescription of opioids, illegally
diverted prescribed medicines and the increasing use of heroin, is also
linked to the emergence of SOs, most of which are derived from fen-
tanyl. In 2015, the US Drug Enforcement Administration (DEA) pub-
lished a nationwide warning about the dangers of fentanyl and fen-
tanyl-related compounds, completed by an official health advisory
document released by the Centers for Disease Control (DEA, 2015)
(NDEWS, 2015). However, this opioid crisis is not an isolated

phenomenon and as a public health problem is becoming increasingly
harmful in Europe (Figs. 1–3).
Fentanyl and SOs are often illegally imported from countries such

as China or Mexico. New SOs were initially developed for therapeutic
purposes, but are now produced in uncontrolled clandestine labora-
tories. From inexpensive and readily available precursors such as 4-
anilino-N-phenethylpiperidine (ANPP) and N-phenethyl-4-piperidone
(NPP), some SOs such as acetylfentanyl, butyrfentanyl and fur-
anylfentanyl can be produced using a fairly simple synthesis method.
In March 2017, ANPP and NPP were scheduled under international
control (UNODC, 2017). Some laboratories have already been dis-
mantled in the USA, Canada, Russia, and Europe (Germany, Slovakia,
Portugal) (UNODC, 2017). Adulterated heroin purchased on the dar-
knet has been found to be in fact ocfentanyl (Quintana et al., 2017).
SOs can be sold on the Clearnet but black markets on the darknet also
exist.
SOs are new psychoactive substances (NPS) with features such as

easy availability on the Internet, low price, purity, legality (for some of
them), or lack of detection in laboratory tests. Between 2009 and 2016,
25 new SOs were detected on the European drug market. These include
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18 fentanyl analogues, eight of which were detected for the first time in
the last year (EMCDDA, 2017a). In 2016, SOs amounted to 4% of NPS
while the proportion was f 2% in 2014.
SOs are found in powder, tablet or liquid forms. As for the ma-

jority of NPS, users can swallow, snort, smoke or inject them. They
can also use blotter papers (NIDA/NIH, 2016). Acetylfentanyl in the
form of a nasal spray and MT-45 powder in herbal smoking mixtures

associating synthetic cannabinoids have already been found
(EMCDDA, 2017a). Rectal or sublingual routes of administration have
also been reported, as for example with AH-7921 (Coppola and
Mondola, 2015). SOs can also be vaped with an electronic cigarette
(Rogers, Rehrer et al. 2016), smoked using burning powder or alu-
minium foil (chasing the dragon), and inhaled using a vaporizer
(Prekupec, Mansky et al. 2017).

Fig. 1. Opioid use situation around the world.
Countries in blue: Main manufacturers.
Countries in red: Opioid crisis.
Countries in yellow: Public health issue.
Not colored: No data available.

Fig. 2. Non-exhaustive Venn Diagram of epidemiological data of synthetic opioids.
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Many of the SOs have not been approved or are not recommended
for human use (Zawilska, 2017). Illicit opioid use is associated with
dangerous somatic and psychiatric complications, either on account of
their actual nature, or because of adjuvants or impurities. The content
of illicit opioids is not always known and many users are not aware of
what products they are using. For many of these substances, there is
limited pharmacological information available, increasing the risk of
harmful adverse events (Madras, 2017).
Health actors and the general population need to be clearly in-

formed of the potential risks and consequences of the diffusion and use
of SOs. In this paper, we set out to review the available data on the use
and effects of SOs in humans in order to highlight their impact on
public health. A literature search was based on PubMed, Google
Scholar, Erowid, government websites, the European Monitoring Center
for Drugs and Drug Addiction (EMCDDA, Lisbon), Early Warning
Reports from European Union (EU-EWS), National Reitox, and the
United Nations Office on Drugs and Crime (UNODC), using the fol-
lowing keywords alone or in combination: “fentanyl”, “synthetic
opioids“, “new psychoactive substances”, “AH-7921″, “MT-45″, “U-
47700″, “adverse effects”, “psychiatric complications”, “somatic com-
plications”, “substance use disorder”, “fatalities”. The literature search
led to the identification of 69 potentially relevant articles. All articles
were screened from their abstracts to determine their relevance in the
framework of the current review.

2. Epidemiological data

SOs are mainly sold as heroin, adulterated heroin or counterfeit
medicines (fake drugs such as oxycodone). They can be used as medi-
cines, counterfeit medicines, traditional illicit drugs or research che-
micals (RC). SOs have also been reported to be sold as substitutes for
heroin in case of shortages, for instance in Bulgaria and Slovakia
(NDEWS, 2015). Counterfeit medicines are not subjected to any phar-
maceutical quality control. One kilogram of new SO enables the pro-
duction of hundreds of thousands of counterfeit tablets. From 2014 to
2015, 7000 pills sold as oxycodone were characterized as fentanyl or a
combination of heroin and fentanyl. In 2016, 6000 other pills were
identified as fentanyl citrate or acetyl fentanyl, and 500 others as U-
47,700 (DEA, 2016). Counterfeit alprazolam pills, containing fentanyl
and in some cases etizolam were also reported and some deaths have
occurred, among which 9 cases in Florida in the first three months of
2016 (Arens et al., 2016). In March and April 2016, tablets sold as
hydrocodone and acetaminophen (Norco) induced 52 non-fatal in-
toxications and 10 deaths reported in the United States. Pills were also
reported to contain fentanyl, ranging from 0.6 to 6.9 mg per pill, while
the lethal dose for a non-opioid user is considered to be 2mg (DEA,
2016) (Sutter et al., 2017).
SOs can also be sold as illicit drugs or RC. Most often, they are sold

mixed with heroin or as heroin. Under the name “china white”, “tango

Fig. 3. Structural differences and potency of parent Fentanyl and some SOs.
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& cash”, “synthetic heroin”, RCs appeared in the 1970 s in North
America (Henderson, 1991). Samples of cocaine and ecstasy have al-
ready been shown to contain fentanyl (Lucyk and Nelson, 2017). In
British Columbia, an epidemic of 43 intoxications from crack/cocaine
adulterated with furanylfentanyl were reported over a 4-day period in
June 2016 (Klar et al., 2016). Regarding RCs, “Synthetic opium” bought
on the Internet revealed the presence of acetylfentanyl (Rogers et al.,
2016).
SOs can also be diverted from pharmaceutical medicines. Fentanyl

is used in human therapy for the management of severe pain and in
anaesthesia. Sufentanyl, remifentanyl, and alfentanyl are also used in
anaesthesia. Carfentanyl, which is at the moment the most powerful
synthetic opioid (10 000 times more potent that fentanyl) is used in
veterinary medicine. Pharmaceutical forms include transdermal patch,
lozenges, sublingual tablets, and solutions for infusion. Fentanyl can be
extracted from patches for injection, ingestion and inhalation
(EMCDDA, 2012).
The first cases of serious abuse of fentanyl were recorded in the

USA, between 1979 and 1988 with the emergence of alpha-methyl-
fentanyl sold on the street drug market as “china white” or “synthetic
heroin” (Zawilska, 2017). The number of exposures reported to the
American Association of Poison Control Centers dramatically increased
from 300 cases in 2010 to more than 1400 in 2014 (Zawilska, 2017).
Since August 2016, carfentanyl alone has caused more than 300 in-
toxications, probably in a context of adulterated heroin powder use. In
Canada, the first alert about the potential harm of fentanyl was issued
in 2013 by the Canadian Centre on Substance Abuse. In 2014, the same
center alerted to the existence of counterfeit tablets of oxycodone
containing fentanyl.
According to a retrospective study of overdose in a Medically

Supervised Injecting Center (MSIC) in Sydney, the number of fentanyl
injections increased by 1000% between 2012 and 2015. Of an average
of 40 opioid overdoses usually reported per month, 7 were caused by
fentanyl from late 2014 (Latimer et al., 2016).
In Europe, Estonia has seen a large epidemic since the 2000 s. It is

almost the only European country that has epidemiological data on
fentanyl use. In 2008, according to a national survey, the prevalence of
fentanyl use in the general population (18–64 years old) was 0.1%. This
proportion reached 1.1% among males aged 15 to 24. In 2011, the
Estonian drug treatment database recorded 407 primary fentanyl/
3methylfentanyl users among their 532 registered patients (EMCDDA,
2012). Users are predominantly injectors with a profile of social pre-
cariousness and from the Russian-speaking minority (EMCDDA, 2012).
The particularity of Estonia is that fentanyls are mainly produced
clandestinely inside the country.
In France, the latest report published by the French Monitoring

Centre for Drugs and Drug Addiction stated that, between 2000 and
2017, 10 SOs were identified on the French territory: AH-7921 (notified
in 2013), acetylfentanyl, despropiopyl-o-fluoro-fentanyl (reported in
2014), ocfentanyl, methylfentanyl, U-47,700, valerylfentanyl (reported
in 2015), and W-15, metafluorofentanyl, furanylfentanyl (reported in
2016) (OFDT, 2017). In October 2015, the Regional Health Agency of
Ile de France and the Paris Addictovigilance Center released an in-
formation note concerning an adulterated heroin product sold on the
deep web. The analyses of 2 samples highlighted the presence of her-
oine (3% and 16%), acetaminophen (29% and 33%), caffeine (26% and
27%) and ocfentanyl (no information available concerning its purity)
(ARS, 2015). In 2017, the French Agency for the Safety of Health
Products initiated a survey to assess fentanyl use. The results have not
yet been published. However, 16 intoxications with fentanyl analogues
were reported to the French Addictovigilance Network between Jan-
uary 2012 and May 2017.
In Sweden, the use of fentanyl varies with the locality. Finland

shares with its neighbor specific localizations of fentanyl use. While
fentanyl analogues are not popular and little abused in the capital,
other localities such as Turku are much more concerned. Indeed,

according to a study on 200 drug users in Helsinki, only 2 people in
precarious social situation reported using fentanyl. In another study
based on the needle exchange program in Turku, 35% of the injectors
admitted the use of fentanyl in the previous year. A survey on an
opioid-substituted population in Turku reported that 30% reported
fentanyl use in the previous year (EMCDDA, 2012). According to a
study in 3 low-threshold services in Munich, 50% of respondents re-
ported fentanyl use, mainly by intravenous route and mostly diverted
from pharmaceutical patches (EMCDDA, 2012). Except for Germany
and Estonia, diverted fentanyl is rare in the most of EU. Although
precursors were seized in 1995, fentanyls are currently mainly diverted
from pharmaceutical medicines.
National fentanyl seizures in the US increased by almost 400% from

2013 to 2014 and by almost 1400% from 2013 to 2015 (NFLIS, 2017).
Between 2013 and 2015, the US law enforcement agency seized 239 kg
of illicitly-produced fentanyls (DEA, 2016). In Europe, 60% of the 600
seizures of synthetic opioids in 2015 were fentanyls, accounting for
0.75% of all NPS seized and 0.04% of all quantities seized (EMCDDA,
2017b). The total quantity seized is small, but only a few micrograms
are required to be active.

3. Clinical pharmacology

The effects of opioids derive directly from their pharmacological
composition. Opioids bind to opioid receptors that are mainly present
in the central and peripheral nervous system (Ghelardini et al., 2015).
Up to seventeen opioid receptors have been reported, but three classes
are the most important in humans: mu, kappa, and delta (Waldhoer
et al., 2004). The mu-receptor class groups three subtypes: mu-1, mu-2,
and mu-3. The effect of opioids depends on their affinity towards these
different receptors, as well as on their pharmacodynamic properties and
the localization of the receptors. In medical practice, opioids are pre-
scribed for analgesia, and side-effects are well-known (Michna et al.,
2014): tremor, paresthesia, dizziness, palpitations, heart rate and ar-
terial pressure disorders, dyspnea, constipation, abdominal pain,
nausea and vomiting, headache, allergic reactions, muscular contrac-
tions, and urinary retention. More rarely, convulsions and visual blur
can occur. Psychiatric effects have been described, including agitation,
dysphoria, hallucinations, disorientation, and confusion. The most
dangerous side effect is respiratory depression (overdose).
The pharmacology of fentanyl and other prescribed medicines is

well known (Janssen, 1982). Fentanyl, developed in 1959 by Jansen, is
a complete mu receptor agonist 50–100 times more potent than mor-
phine in animal studies. The onset of action and peak plasma con-
centration depend on the route of administration and the dose. The
duration of action is about 2–4 hours after intravenous (IV) or trans-
mucosal administration. Metabolization, mediated by the CYP450 iso-
enzyme system, produces inactive norfentanyl (Stanley, 2014). Ex-
tremely potent, only a small dose of fentanyl can induce intoxications
and fatalities, the lethal dose being considered to be 2mg for a non-
opioid user (DEA, 2016). An Australian study in a Medically Supervised
Injecting Center in Sydney showed that 4% of fentanyl injections were
followed by overdose. They also estimated that fentanyl injections en-
tailed approximately twice the risk of overdose compared to heroin
injections and 8 times the risk of overdose compared to other pre-
scription opioids such as oxycodone and morphine (Latimer et al.,
2016).
Little is known about the pharmacological composition of other SOs.

Many were synthesized in the 1970 s for medical purposes. A lot were
never pursued as prescription medicines, among other things because of
their addictive potency. It can be noted that no studies have evaluated
their pharmacological and toxicological properties in humans (Lucyk
and Nelson, 2017). Animal studies have indicated that most of them act
on the mu opioid receptor. They can also act on the delta or kappa
opioid receptors (Prekupec et al., 2017). Consequently, synthetic
opioids generate similar effects to those that are sought with natural
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opioids, such as drowsiness and short-term feelings of euphoria. Ac-
cording to experimental studies and user “trip” reports in forums, these
effects are much more potent. Ocfentanyl is 100 times more potent than
morphine in most animal models. Acetylfentanyl seems to be 15 times
more potent (Rogers et al., 2016) and butyrylfentanyl 7 times more
potent than morphine (Stanley, 2014) (Cole et al., 2015). Carfentanyl is
currently the most powerful synthetic opioid : 10 000 times more po-
tent than morphine with a much higher affinity for the mu receptor
than for delta and kappa receptors (Zawilska, 2017). Regarding the
“new generation” of SOs, no study assessing their pharmacological
characteristics in humans is available. U-47,700 is a selective mu opioid
agonist estimated to be 7–8 times more potent than morphine according
to animal models (Mohr et al., 2016). AH-7921, detected in 2012 on the
European drug market under the name of Doxylam, is a potent re-
spiratory depressant acting as an agonist towards the mu opioid re-
ceptor and kappa opioid receptors at high doses. Its potency is similar to
morphine. No studies are available in humans but users report a
“narrow therapeutic window” between desired effects and intoxication
symptoms (Zawilska, 2017) (Wohlfarth et al., 2016). MT-45 differs in
that it acts on opioid (delta and kappa) and non-opioid receptors. The
mechanism is still not well understood, but it could be responsible for
the special effects reported, such as ototoxicity and profound loss of
consciousness. Its potency is similar to that of morphine (Prekupec
et al., 2017).
Little data on the pharmacokinetics of SOs are available. They have

high lipophilicity so they quickly cross the blood-brain barrier and they
have a large volume of distribution. The onset of action is fast (a few
minutes), the duration of action is short (a few hours) and after-effects
can last a few hours. The typical dose varies, depending on the sub-
stance, the route of administration and consumer habits (from 12.5 to
25 μg for insufflated acroylfentanyl to 45–60mg for ingested MT-45)
(Zawilska, 2017).
SOs are a challenge for clinicians but they are also a challenge for

analysts. Products are highly concentrated in psychoactive substances
and only small quantities are necessary to generate effects.
Although they share pharmacological properties with natural

opioids, synthetic opioids are structurally different. As a result, routine
urine drug tests cannot detect them yet. They are extremely potent, and
only small quantities are necessary to obtain a result. Consequently, the
detection of these substances and their metabolites can be difficult. In
addition, the non-availability of analytical standards and cost are fur-
ther limitations for the laboratories (CCENDU, 2015).

4. Complications of SO use

Acute and delayed toxic effects of these opioids have been reported,
depending on the particular nature of the product.

4.1. Somatic complications

The fentanyl analogs have strong opioid receptor agonism. Fentanyl
quickly crosses the blood–brain barrier as a result of its high lipid so-
lubility, and has a rapid onset of action (approximately 2–5min)
(Helander et al., 2017a, b). Thus, the risk of overdose is very great
because of both the rapid effect of the drug and the narrow therapeutic
index (Zawilska, 2017). This index is narrower in patients with a long
history of opioid use and a high tolerance level (Boyer, 2012).
SO intoxication is typically diagnosed on the basis of the patient's

history, clinical presentation, or third party report. Providers and
emergency physicians should keep in mind that common clinical signs
include respiratory depression, cyanosis, myosis, central nervous
system depression (drowsiness, coma and diminished consciousness),
bradycardia, nausea, anxiety, and abdominal pain. However, as many
symptoms are not specific, it may be difficult to differentiate these
symptoms from poisoning from other sedative-hypnotic intoxications,
particularly if several drugs have been co-ingested. Numerous specific

clinical signs have been observed, varying with the opioid used.
Fentanyl can cause chest wall rigidity and apnea, particularly following
rapid intravenous administration (Suzuki and El-Haddad, 2017). Ta-
chycardia has been observed with acetylfentanyl and 4-methox-
ybutyrfentanyl (4-MeO-butyrfentanyl) (Helander et al., 2016). Atypical
characteristics during suspected fentanyl overdose included immediate
blue discoloration of the lips, gurgling sounds with breathing, stiffening
of the body or seizure-like activity, and foaming at the mouth, have
been reported by third party observers (Somerville, 2017). Sedation and
coma are known to be dose-related and depend on the route of ad-
ministration.
Whereas the fentanyl analogs present the greatest risk for overdose,

desomorphine intoxication is also devastating and entails serious
complications for users (Florez et al., 2017). This drug has been po-
pularized under the name of “Krokodil”. The first addiction effects
usually appear 5–10 days after intravenous or intramuscular injection
and death comes at most after 2–3 years. It can cause allergic reactions,
seizures, and respiratory depression leading to death (Florez et al.,
2017). The specific effect of desomorphine is the inhibition of choli-
nesterase, which can result in a cholinergic syndrome including con-
fusion and decreased consciousness, weakness, salivation, urinary and
fecal incontinence, vomiting, sweating, muscle fasciculation, pul-
monary edema, and seizures (Wright and Sabine, 1943)
Tramadol is an opioid-like analgesic that can be misused.

Independently from the dose, it can cause seizures. A systematic
screening of tramadol users or abusers admitted to hospital evaluated
the frequency of seizures at 46% of cases (Talaie et al., 2009), ranging
from abnormal signs on electroencephalography to generalized tonic-
clonic seizures.
Adjuvants can also have their own specific effects and it can be very

difficult to disentangle their effects from those of the drug, since the
nature of the preparation is unknown. Some very damaging effects have
been described for certain toxic or corrosive by-products and residuals
of the manufacturing process of desomorphine as a result of inadequate
purification (Grund et al., 2013). These symptoms involve discoloration
and desquamation of the skin around the injection site, resembling the
crocodile skin that has given its name to the product. This drug appears
to be marketed only in Eastern Europe (Mullins and Schwarz, 2014).
With continued use, gangrene and limb amputations can occur. The
mixture can also cause venous damage, including ulcers and phlebitis
around the injection sites (Lee and Ladizinski, 2014). But the damage is
not limited to the injection sites, and distant organ damage has been
reported, such as neurological, thyroid, hematological, liver and kidney
lesions (Grund et al., 2013). Phosphorus adjuvants have been associated
with osteonecrosis of the jaw (Poghosyan et al., 2014).
Loss and depigmentation of hair, discoloration of the nails, ex-

tensive folliculitis and dermatitis, elevated liver enzymes, bilateral
hearing loss, eye irritation followed by severe bilateral secondary cat-
aracts requiring surgery were all observed in a small sample of men
after administration of MT-45 (Helander et al., 2017a,b). These symp-
toms were attributed to the presence of nitrogen mustards, reagents
used in the synthesis of this product.

4.2. Psychiatric complications

The psychiatric effects of opioids depend on the localization of the
receptors in the central nervous system (Ventura et al., 2018). Found in
the spinal cord, the brainstem, and in the limbic and other diencephalic
areas, the κ-receptors contribute to dysphoria. Euphoria seems to be
related to the μ-opioid agonist effect in the brainstem and medial tha-
lamus. The duration is variable and depends on the half-life of the drug
(from 1 to 8 h). The psychiatric effects expected from opioid abuse are
similar to those experienced with heroin: relaxation, a sense of well-
being, and euphoria, often followed by a peaceful, dream-like state.
Unwanted psychiatric effects include restlessness and anxiety, agita-
tion, often occurring during withdrawal.
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A typology of overdose, based on semi-structured interviews un-
dertaken with opiate users who had experienced a non-fatal overdose,
has recently been proposed (Neale et al., 2017). Four types of overdose
onset are distinguished: amnesic (no memory, rapid loss of conscious-
ness and no description of the experience), conscious (some memory,
sustained consciousness, feeling unwell with unpleasant symptoms),
instant (some memory but rapid loss of consciousness) and enjoyable
(some memory, pleasant or positive experience, rapid loss of con-
sciousness) (Table 1).
Hallucinations and dissociations seem rare but have been reported.

For example, hallucinations were reported with a homemade heroin
substitute (Lemon, 2013). Other neuropsychiatric alterations have been
reported consisting in motor, speech or memory impairments, and
personality changes (Grund et al., 2013). MT-45 can generate dis-
sociative-like symptoms (Helander et al., 2017a,b). A natural opioid,
known as "magic mint", extracted from the plant Salvia divinorum
(Lamiaceae), is a visual and auditory hallucinogenic psychoactive herb
and has recently been used as a recreational drug (Sheffler and Roth,
2003). Its psychedelic effect is attributed to its kappa-opioid receptors
antagonism.
Effect could also be related to individual factors, a phenomenon

called idiosyncrasy (Uetrecht, 2007). Depending on their genetic
background, their comorbidities or their previous exposure to drugs,
users could have different individual reactions.

5. Fatalities

As early as 1991, Henderson reported 112 deaths related to fen-
tantyl and analogues. For SOs other than methadone, overdose deaths
increased by 265% between 2012 and 2015 and fatalities increased by
72% just between the years 2014 and 2015 (UNODC, 2017). In all,
more than 5000 deaths caused by fentanyl and its analogues, have been
recorded since 2013 (Green and Gilbert, 2016). In Canada, between
2009 and 2014, there were more than 655 fentanyl-implicated deaths
and at least 1000 deaths where fentanyl was detected. More than half of
them occurred in a mere 2-year period (2013–2014) These deaths were
mainly localized in British Columbia, Alberta, Ontario and Quebec
(CCENDU, 2015). In Australia, approximately 144 deaths related to
fentanyl misuse were recorded between 2000 and 2012, mainly among
young men (30–39 years old). Among them, 75% were unintentional.
They were mainly caused by the injection of diverted pharmaceuticals
(in particular after extraction from transdermal fentanyl patches)
(NCIS, 2013) (Roxburgh et al., 2013).
In Estonia, Fentanyl and 3-methylfentanyl are the synthetic opioids

the most commonly involved in deaths (UNODC, 2017) (Uuskula et al.,
2015). About 1100 deaths were reported between 2005 and 2013,
among which one hundred in recent years. In 2012, overdose mortality
was around 11 times higher than the European average (Mounteney
et al., 2015a,b). In France, 2 deaths were caused by ocfentanyl (ANSM,
2017). The first case is related to an injection of supposed heroine.
Ocfentanil was titrated in the blood (3.7 ng/mL), in addition to ethanol,

caffeine and acetaminophen. The second case showed a blood con-
centration of ocfentanyl at 11.6 ng/mL, in combination with 6-MAM
and morphine (SFTA, 2017). In May 2017, the National Forensic In-
stitute reported another case of fatality involving ocfentanyl (blood
concentration 5.3 μg/L) in association with cannabis, cocaine, and
MDMA, and a case series of 3 intoxications caused by nasal insufflation
of capsules bought on the Darknet (blood concentrations varied from
13.9 to 35.2 μg/L, the capsules contained 17% of ocfentanyl) (INPS,
2017). In July 2017, the SFTA published guidelines for the conduct of
toxicological analyses for deaths involving NPS. Among them, the basic
list of synthetic opioids to look for is ocfentanil, carfentanil, fur-
anylfentanyl, metafluorofentanyl, U-47,700, acryloylfentanyl, and
desomorphine (SFTA, 2017). In Sweden, the first fentanyl-related
deaths were recorded in 1994 (Kronstrand et al., 1997). Between 2006
and 2013, 180 fentanyl-related deaths were recorded (Mounteney et al.,
2015a,b). Between 2015 and 2016, 7 fatalities related to fur-
anylfentanyl (alone or in combination with other drugs) were added
(Guerrieri et al., 2017). In 2016, 39 fatal intoxications (among which 21
between March and August) related to acryloylfentanyl were reported
to the EMCDDA (EMCDDA, 2017a). Concerning the new synthetic
opioids, which are not related to the fentanyl structure, intoxications
and deaths have also been reported, including AH7921 and MT-45
(Zawilska and Andrzejczak, 2015; EMCDDA, 2017a). Deaths were also
reported in Finland with 40 cases related to fentanyl between 2008 and
2010 and 4 other cases related to U-47,700 in 2016 (EMCDDA, 2017a)
(Mounteney et al., 2015a,b). Germany particularly has seen increasing
fatalities among injectors since 2007. In all, 160 fatal cases were re-
ported between 2007 and 2011, particularly in Bavaria (EMCDDA,
2012).
The first European fentanyl death caused by adulterated cocaine

was reported in Italy in 1992 (Ferrara et al., 1994). Between 2007 and
2012, 70 deaths related to fentanyl were reported in the UK, and 5
deaths in Greece during the period 2005–2011 (Mounteney et al.,
2015a, b). In Belgium, a case of fatal intoxication with snorted ocfen-
tanyl was published in 2016 (Coopman et al., 2016). 4-fluorobutyr-
ylfentanyl was analytically confirmed to be the cause of 2 deaths in
Poland (Rojkiewicz et al., 2017). In Russia, at least 12 deaths involving
acetylfentanyl have been recorded since 2012 (Zawilska and
Andrzejczak, 2015) but the well known 172 fentanyl-related deaths
could have resulted from the military use of gas/aerosols of supposed
fentanyl derivatives remifentanyl and carfentanyl to incapacitate ter-
rorists in a Moscow theater in 2002 (Riches et al., 2012).

6. Therapeutic approach

6.1. Management of SO intoxication

Different clinical profiles are observed in SO overdose with respect
to pharmacokinetics and potency compared to morphine.
Emergency physicians are on the front line to deal with opioid

overdose. Emergency management is indicated as soon as possible,
given the high potency of SOs, the rapid onset of effects and the short
duration of action (Vuckovic et al., 2009). As previously seen, SO in-
toxication has common clinical signs and unspecific symptoms.
The management of SO intoxication includes airway support and

administration of opioid antagonists to reverse respiratory depression.
Intoxications of this sort can be potentially life-threatening unless
treated early with the mu-receptor antagonist naloxone. Naloxone
should be administered as soon as possible to reverse the typical opioid
symptoms, for its ability to rapidly reverse the clinical signs of opioid
overdose, and life-threatening respiratory depression (Zawilska, 2017).
Naloxone is a short-acting semisynthetic competitive opioid receptor
antagonist with the highest affinity for the mu receptor. The drug can
be administered by intravenous, intramuscular, subcutaneous, and in-
tranasal routes. Whatever the suspected route of ingestion of the
opioids, the effective dose of naloxone that should be administered is

Table 1
classical and associated signs of opioid overdose.

Signs of opioid overdose

Classical signs (“triad”)

• Respiratory depression• Central nervous system depression (drowsiness, coma, confusion or low
consciousness),

• Myosis
Associated signs (can be missing)

• Bradycardia• Abdominal pain• Nausea• Hypothermia• Cyanosis
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not known. Titration is the rule to avoid precipitating opioid with-
drawal symptoms. The dose given depends on the patient’s weight, the
supposed ingested dose of NPS and the relative binding affinities to the
mu-receptor. An initial dose of 0.4 mg is given intravenously and
multiple doses of naloxone may be needed when seeking to reverse drug
overdoses due to long-standing opioid use. If the intravenous route is
not possible, intramuscular or subcutaneous administration should be
considered. Intranasal delivery may require a higher dose of 4mg. After
administration of naloxone, response can be seen within two minutes if
administered intravenously, and typically within 10min if administered
intranasally or intramuscularly. The dose can be repeated at 2–3-min
intervals until the patient is breathing at a rate greater than 10 breaths/
minute. A number of articles suggest that intranasal naloxone has a
strong evidence base as a first-line therapy for people with suspected
opioid overdose in the prehospital setting. Although the time required
to reverse opioid overdose is longer compared to intravenous admin-
istration, the overall time between the arrival of rescue and clinical
response seems similar between intranasal and intravenous routes
taking account of the time required to insert an intravenous line (Merlin
et al., 2010).

6.2. How long should the patient be observed in the emergency department?

This question is still debated. In case of repeat administration of
naloxone, some authors assert that the patient should be observed for at
least 2 h after reversal of respiratory depression.
Given that the duration of action of naloxone is only 30–120min-

utes, repeat dosing may be required, especially in large opioid over-
doses. Depending on the drug taken, larger doses (up to 10mg) of na-
loxone can be required. Patients who require multiple naloxone doses
should be considered for admission to Emergency department. An
opioid overdose patient should be monitored for at least 2 h after re-
versal of respiratory depression. In addition, patients with substance
abuse disorders can have the benefit of screening and counseling while
under observation for detoxification in ED, which is particularly im-
portant if they are not in contact with primary care. One difficulty that
can arise during the period of observation is that these patients fre-
quently desire to leave the Emergency Department shortly or im-
mediately after reversal under naloxone.

6.3. Prevention

Emergency physicians and the public should be aware of the rapidly
increasing incidence and severity of toxicity from illicit opioids. The
time of observation in the emergency department can often reveal the
past history of the patient, the type of drug taken and create a contact
with primary care. A brief face-to-face intervention is easy to perform in
the emergency department while patients are waiting for the results of
their extensive investigations in order to plan a follow-up after the
patient is discharged.
Measures to control many of these substances should continue, de-

spite the fact that they are continuously modified to avoid existing laws.
An efficient approach entails a focus on the patient, and harm re-

duction programs that provide prescription naloxone coupled with
education and training enabling intravenous drug users to reverse ac-
cidental overdoses. Currently, there is a need to increase the availability
of naloxone for opioid users. Several countries have implemented
programs. For example, in some jurisdictions, police officers and
emergency services can administer naloxone if other medical personnel
are not on-scene (Willman et al., 2017). In the context of the increased
potency of synthetic opioids, it is essential to make it easier to admin-
ister intranasal naloxone through a drug/device combination product
that is easy to use and effective, and to ensure that the route of ad-
ministration is safe.
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