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phenomena that could occur in a mixture and shield the presence of less abundant species, irradiated
solutions were also analyzed by HPLC-HRMS. The ratios of peak areas observed for samples upon
irradiation vs those analogous samples kept in the dark were calculated as “percent degradation”.
In Figure 4, the yields of photodegradation obtained for all the analytes after 1 h, 2 h, and 3 h of
irradiation are reported.

Figure 3. Proposed structures of norketamine (NKET) photoproducts formed in a methanol solution
upon irradiation for 3 h.

As may be observed, AMF and MA in water show the highest photostability: the
photodegradation was 1% and 4%, respectively, while in methanol it increased up to 15%. In addition,
MDMA and MDA in methanol and water both presented similar photodegradation with a linear
relationship with irradiation time: MDMA from 23% to 42% and MDA from 13% to 36%. For KET and
NKET, the photodegradation yield was significantly higher in methanol (KET 61%; NKET 36%) than
in water (KET 16%; NKET 13%) after 3 h.

Figure 4. Relative degradation of target drugs in methanol and water solutions with increasing time of
irradiation in the solar simulator (% photodegradation calculated using the peak area of protonated
molecules in solutions kept in the dark as controls for 0% degradation).
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3.3. Photodegradation in Hair Exposed to Solar Box

The main goal of the study was to observe the photo-induced degradation of drugs in hair.
In Figure 5, the concentrations of each drug for all seventeen hair samples irradiated in the solar
simulator or kept in the dark (control) are presented.

Figure 5. Drug concentrations in hair samples with their physical characteristics calculated by
high-performance liquid chromatography high-resolution mass spectrometry (HPLC-HRMS) in both
aliquots kept in the dark or irradiated in the solar simulator. -: absent at limit of detection (LOD,
0.005 ng/mg); (−) observed % increase.

In Figure 6, the percentages of photodegradation are reported. Calculations were made using the
concentrations of samples kept in the dark as control:

% photodegradation = (drug conc.dark − drug conc.irradiatied)/drug conc.dark × 100.

Figure 6. Percentage of photodegradation, average, standard deviation, and range of drugs in hair
samples irradiated at 765 W/m2 in the solar simulator.
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When comparing results from three poly-drug abusers, photodegradation of all the analytes was
generally obtained, with the highest comparable photodegradation yields observed in sample Brown 3
(see Figure 7).

Figure 7. Percentage of photodegradation of amphetamine (AMF), KET, and NKET in three different
hair samples. In these three samples, photodegradation seems to depend on the hair owner.

4. Discussion

From our results, a clearly different behavior of KET and NKET was evidenced when compared
to all the other drugs and metabolites under study. Indeed, these drugs seem photo-unstable,
both in solution and in hair matrix. In particular, for the experiments in solution, KET and NKET
photo-induced products were identified; in hair samples their degradation was higher (average 42%
and 29%) than all the other compounds (average 8–30%).

No color effect seems to be present, although no fair hair samples were present in this study,
and the number of samples was limited. It is well known that the color of hair depends on the
relative amount of pheomelanin (red) and eumelanin (black), the first defense against UV in human
hair and skin [23–26]. Generally, a part of the light is absorbed by the hair matrix itself without any
photochemical effect. In dark hair, the eumelanin can protect the drugs/metabolites with a higher
degree than in fair hair. However, melanin may also react with oxygen under irradiation, producing
reactive species, such as superoxide anion, that can induce photolysis of melanin itself [27], thus
weakening the photoprotective effect of the pigment. In this context, no clear-cut interpretation of the
role of hair color can be made.

Regarding MA and AMF, on the basis of the in vitro experiments, they were expected to
photodegrade less readily than KET and NKET. Unexpectedly, the experiments in hair revealed
an average degradation of 30% and 31% for MA and AMF, respectively, with a range of 13–47% and
25–35%.

The presence of photoproducts was also investigated in irradiated hair samples. In one sample,
the species at 220.08750 m/z, corresponding to the photoproduct of KET shown in Figure 1, could be
identified by LC-HRMS as evidenced in Figure 8.

The importance of this finding must be highlighted, since no previous study has identified stable
photoproducts in hair for KET, nor for any other substance previously investigated (i.e., cannabinoids,
cocaine, opiates, methadone [9,10,20,21]).

The “apparent production” of NKET upon irradiation of sample Brown 11 was at first sight
surprising, but could be reasonably related to the physical decomposition of the matrix, leaving KET
more labile during the irradiation experiment and favoring its transformation to the metabolite.
Furthermore, the increase of MDMA in sample Black 1 and Brown 7 upon irradiation can be
rationalized (as already demonstrated in previous studies) by a greater lability of the keratin matrix
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with consequent greater yield during the extraction of the analytes in the liquid acid phase with access
to deeper layers of the hair structure.

Figure 8. LC-HRMS analysis of hair sample Black 1 taken in the dark and after irradiation in the solar
simulator. In the irradiated sample, the presence of a KET photoproduct with 220.08750 m/z is evident.

5. Conclusions

Amphetamine, MA MDA, MDMA, KET, and NKET incorporated in hair undergo degradation
when irradiated by artificial sunlight, suggesting that they can suffer photodegradation under natural
sunlight. With this work, for the first time, the presence of a photoproduct of KET was evidenced in
one true positive sample.

Since the detection of drugs in hair is often used as evidence of illegal acts with consequences on
the freedom of persons, the UV-Vis effects on the integrity of the drugs and their metabolites should be
considered when single administration needs to be evidenced. When decisional cut-offs are applied
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to hair analysis (e.g., for granting a driving license, a job, or a child custody), it must be taken into
account that hair exposed to sunlight may produce false negative results and lead to misjudgment.
When possible, the detection of photoproducts of a drug under investigation can be a key factor in a
case management.

Supplementary Materials: The following are available online at http://www.mdpi.com/2076-3425/8/6/96/s1,
Fig S1A1/A2. UV spectrum of AMF (10-4 M) in methanol/water, by increasing exposure time in solar simulator;
Fig S1B1/B2. UV spectrum of MA (10-4 M) in methanol/water, by increasing exposure time in solar simulator;
Fig S1C1/C2. UV spectrum of MDA (10-4 M) in methanol/water, by increasing exposure time in solar simulator;
Fig S1D1/D2. UV spectrum of MDMA (10-4 M) in methanol/water, by increasing exposure time in solar simulator;
Fig S1E1/E2. UV spectrum of KET (10-4 M) in methanol/water by increasing exposure time in solar simulator;
Fig S1F1/F2. UV spectrum of NKET (10-4 M) in methanol/water, by increasing exposure time in solar simulator.
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Abstract: In the last decade, the trend of drug consumption has completely changed, and several new
psychoactive substances (NPS) have appeared on the drug market as legal alternatives to common
drugs of abuse. Designed to reproduce the effects of illegal substances like cannabis, ecstasy, cocaine,
or ketamine, NPS are only in part controlled by UN conventions and represent an emerging threat
to global public health. The effects of NPS greatly differ from drug to drug and relatively scarce
information is available at present about their pharmacology and potential toxic effects. Yet, compared
to more traditional drugs, more dangerous short- and long-term effects have been associated with
their use, and hospitalizations and fatal intoxications have also been reported after NPS use. In the
era of cyberculture, the Internet acts as an ideal platform to promote and market these compounds,
leading to a global phenomenon. Hidden by several aliases, these substances are sold across the web,
and information about consumption is shared by online communities through drug fora, YouTube
channels, social networks, and smartphone applications (apps). This review intends to provide an
overview and analysis of social media that contribute to the popularity of NPS especially among
young people. The possibility of using the same channels responsible for their growing diffusion to
make users aware of the risks associated with NPS use is proposed.

Keywords: psychoactive drug marketing; sales channels; Internet; social networks; YouTube;
Facebook; Twitter; Instagram

1. Introduction

In the last 10 years, an increasing number of new psychoactive substances (NPS) has flooded the
drug market. NPS are drugs of misuse not included in the International United Nations Conventions,
which can easily bypass the supply reduction strategies of law enforcement agencies and sanctions
related to the use and sale of illicit substances. The advent of NPS has contributed to the appearance
and growth of a new “drug scenario” characterized by an increased number of drug users among
young people and the consumption of drugs with unknown effects or safety profiles. At the initial
stage of the phenomenon, NPS are typically used by a small group of people. After the use of these
substances becomes well-known, their widespread marketing through media and Internet sales begins.
This sequence of events causes the beginning of an epidemic diffusion that is eventually prevented by
law enforcement agencies that perform important actions and fight against the trafficking and sale of
NPS. Unfortunately, the subsequent legal control of these substances only initiates the reformulation
of NPS, which induces a typical loop that is highly dangerous to public health. In order to understand
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the full spectrum of the complex issue of NPS, we provide here an updated overview of the specific
field of sales and advertising channels of NPS that represent an important ring in this chain of events.

2. The Complex Issue of the New Psychoactive Substances (NPS)

NPS are synthetic compounds that are very popular worldwide, as shown by the alarming number
of NPS (779) reported between 2008 and 2017 by 111 countries and territories [1–4]. Designed in order
to substitute classical drugs of abuse with legal surrogates, their expansion leads to an endless effort
made by governments and law enforcement agencies to try to contain this phenomenon. A mix of
features makes them very attractive, including the difficulty to detect them in human fluid samples by
standard drug screening test, their ambiguous legal status, and, as in the case of synthetic cannabinoids,
the perceived low risk despite their toxic effects and abuse liability [5,6]. Noteworthy, the exponential
increase in the market size of these compounds has been facilitated by the World Wide Web (WWW),
where information about their purchase and use are shared, advertised, and spread to everyone.
In light of the changing scenario for drug marketing and advertising, the aim of this review is to
analyze the role of the web in this emerging trend, focusing on social networks and smartphone
applications (apps).

In the current world where communication is based on the Internet and social networks,
online sites operate on both the surface and deep web [7–10] to supply NPS labeled as “not for
human consumption” and sold as plant fertilizers, incense, bath salts, or with other aliases in
order to avoid legislative controls [11]. The dark net plays a key role in this “super safe drug
dealing”, which buyers and sellers can access anonymously to provide drugs and pay for them
with a virtual wallet [2]. Essentially, a few clicks are enough to supply highly psychoactive substances,
cheaply and in a low-risk way [12,13], even through smartphone apps [14,15]. Therefore, NPS can
be sold to everyone, including very young people, in complete anonymity and easily avoiding
law enforcement [10,16,17]. Along with the emergence of new psychoactive drugs in the world
drug market, new concepts are emerging to better describe this new, global phenomenon and its
associated health consequences. That is, the term “spiceophrenia” has been proposed by Papanti and
collaborators [18] to describe the psychotic symptoms (e.g., hallucinations, delusions) that likely occur
in chronic users of synthetic cannabinoids. It has been reported that the use of Spice/K2 drugs may
exacerbate psychotic symptoms in vulnerable individuals or trigger psychosis in individuals with
no previous history of psychosis [19]. The synthetic cannabinoids present in these products may
also induce important adverse neuropsychiatric consequences, including acute and lasting psychosis,
since their pro-psychotic effects are likely related to the activity of the CB1-receptor on dopaminergic,
serotoninergic, and glutamatergic pathways [20].

Similarly, within the e-health context, the term “e-addictology” has been recently used to indicate
new technologies for assessing pathological dependencies and intervening on addictive behaviors,
including computerized adaptive testing, e-health programs, web-based interventions, and digital
phenotyping [21]. Importantly, new technologies can profoundly change not only the way illegal
drugs are supplied, but they can also improve our understanding of drug addiction and favor the
development of new interventions for addictive disorders [21].

Because not everyone has the finances or the technical skills to create or manage an Internet
site, Facebook is often used as an alternative channel for sales and for advertising the use of these
kinds of products [8]. On several drug fora, such as www.drugs-forum.com or www.erowid.org, these
compounds are promoted and their subjective effects are discussed [9], but drug-related contents also
exist on virtually all social networking sites, picture- and video-sharing services, and drug-dedicated
apps. Drug selling through social media has also been reported, often using drug slang and jargon [22].
The changing policy on marijuana use in some states in North America, i.e., legalization of medical
cannabis, led to an increased rate of cannabis use both in young people and adults [23,24] even though
the causal effect of legalization has not been firmly assessed [25]. On the other hand, for young people,
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is it difficult to recognize the risk of marijuana consumption if the law allows its use for medical
purposes, and this might represents a “gateway of curiosity” [26].

3. The Deep Web and the Surface Web: Market Resilience

By typing a keyword in a search engine query such as Google, Bing, Yahoo, or others, web surfers
can obtain a list of results belonging to the “surface web”, while other, nonsearchable contents are
referred to as the “deep web” or “invisible web” (see Figure 1). The deep web is often confused with
the “dark net”, but the two terms are not synonymous and overlap only partially. Basically, the deep
web contains all the information stored online which is not indexed by search engines, with most
information hidden simply because it is irrelevant for most users. Access to the deep web does not
require special tools and a visitor can use specialized search engines or directories to locate the data for
which he or she is looking. The dark web, instead, represents a small part of the deep web containing
information hidden on purpose, and it typically requires special tools to enter. Like the surface web,
the dark web is scattered among servers around the world and represents the portion of the Internet
most frequently known for illicit activities. The most common way to access it is through The Onion
Router (TOR) and the Invisible Internet Project (I2P).

Figure 1. NPS marketing, advertising, and communication network.

Developed in 2010 by the U.S. Army, the TOR browser is able to encrypt a user’s IP address [27],
thus making all the operations untraceable. In this way, the anonymous identities of administrators,
sellers, and customers are protected [28–31] and the safe payment of any illicit good is guaranteed
by of the use of cryptocurrencies, mainly bitcoins and litecoins, i.e., virtual money not controlled by
government [32]. The peer-to-peer software I2P, instead, was created in 2003 purposely for illegal
activities [31] in order to provide anonymous access and to bypass police and law enforcement
surveillance. I2P uses a “.i2p” domain, different from TOR’s classic Internet domain (WWW), to allow
users to host services by I2P’s homepage. The anonymous status in the web is also maintained by
encryption of e-mails, files, and messages using different cryptosystems such as Pretty Good Privacy
(PGP), the Amnesiac Incognito Live System, and the Tails [33].

Recently, online drug dealing has started replacing the old way of supplying drugs of abuse.
Surfing in both the surface and deep web, it is possible to buy traditional illicit drugs but also
temporarily legal NPS [1].
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In this hidden world, the most famous platform is the Silk Road hub. Born but shutdown by
the Federal Bureau of Investigation (FBI) in October 2013, it impressively reappeared after a month
under the name Silk Road 2.0 in order to supply to demanding customers [34]. Although Silk Road
2.0 was closed in November 2014, it got back on track in May 2016 and is now available as Silk Road
3.0. Moreover, in recent years, many cryptomarkets became available for buying and selling NPS,
including Dream Market [33] and others such as Alphabay, Nucleus, and Valhalla, which were shut
down in 2016 and 2017, respectively. In addition, a collection of data from drug fora and blogs on
the surface web shows that people who possess the knowledge for using the deep web are also able
to access drug marketplaces and buy drugs, including NPS [31]. Since the late 2000s, a number of
studies have investigated the online supply of NPS through online shops, among which was the
two-year, European Commission-funded “Psychonaut 2002 project”, coordinated by Fabrizio Schifano,
that provided a quantitative and qualitative assessment of the online supply of NPS in a time-specific
context, i.e.,“snapshot” [35]. More recently, another European project, the I-TREND (Internet Tools
for Research in Europe on New Drugs) project, cofinanced by the Drug Prevention and Information
Programme of the European Union, monitored the evolution of online shops and online user fora,
conducted an online survey focused on NPS users, and, based on the analysis of samples and the
exchange of reference standards among laboratories, ultimately produced a “top list” of NPS at the
national level [22].

However, since the deep web remains inaccessible to everyone, research of NPS occurs also on
the surface web, where several websites are currently selling them, advertising the products as incense,
bath salts, fresheners, plant fertilizers, etc. Notably, when inserting into classical searching engines,
such as Google, keywords like “legal highs” or “herbal highs”, many websites are listed that offer
drugs which are still legal thanks to the time that typically elapses from the appearance of a new
substance into the market and its introduction in the list of regulated substances [13]. Few of these
websites explicitly sold NPS; gaudy pictures, reduced price for first purchase, proposals for use of new
equipment (e.g., vaporizers or smoking pipes), gift ideas, and holidays sales are only some examples
of the tricks they use to capture the attention of young consumers. Everyone who is looking for a new
sensorial experience and willing to try a psychoactive substance is encouraged to make the purchase
with guaranteed secure payment and fast shipment.

4. Sharing Information: Drug Fora and YouTube

A large proportion of the world’s population uses social networking websites, especially young
adults. Therefore, it is not unexpected that conversations about drug use have transferred onto Internet
drug fora and message boards [36]. The nature of conversations on drug fora (e.g., www.drugs-
forum.com, www.erowid.org) varies significantly. Indeed, drug fora are used for many purposes,
including sharing methods of using drugs and learning about new drugs but also for harm reduction
purposes [37]. Notably, many users declare to access drug fora primarily to learn how to handle drugs
more safely. As a matter of fact, some users claim to be experts and provide detailed guidelines on
doses and routes of administration for each drugs class, advising against dangerous drugs interactions
as well [38]. The types of visitors and/or participants to drug fora are diverse, but many of them
can be considered recreational users who do not consider themselves drug addicts, do not look for
treatment, and are not planning to discontinue drug use [39,40].

Drug fora are also very popular among NPS consumers. They are used to report their
experiences of the positive and negative effects of substances and to provide advice on doses, routes of
administration, and on how to obtain them easily [39], frequently sharing their favorite substances
using pharmacological language.

The impact of conversations on drug fora on drug-use behaviors is not known, but it is reasonable
to argue that monitoring such discussions could help policy and law enforcement agencies to identify
emerging trends in drug use and markets [41]. In addition to drug fora, it is very common to find
trip reports on YouTube, the most popular video-sharing site used by teenagers (among other users),
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and also on the picture-sharing sites Flickr and Instagram. Previously used to report marijuana-,
tobacco-, and alcohol-related experiences [42,43], a number of videos of various NPS are now available
on YouTube, in which consumers describe in first person all proven effects including negative aspects
of their experiences. Sometimes live streams after ingestion of the drug are posted. Many videos
can be classified as “cautionary videos” (better known as vernacular prevention videos), others as
“hedonistic/celebratory videos” (but not for crystal meth or heroin), and some are “do-it-yourself”
(DIY) videos where, for example, detailed instructions on how to grow your own cannabis are
provided [44]. Considering the novelty-seeking propensity of young people, this easily available
online information might promote the use of these substances. Concern has been expressed for the
potential negative impact of social media content depicting drug use and related behaviors [45].

5. Social Networks and Smartphone Apps

In these times, the way to surf the Internet has radically changed and social networks are the new
leaders of this trend, with a large percentage of use by teenagers [17]. According to a recent survey
from a leading global information and measurement company [46], Internet users engage longer in
social media sites and apps than in activity on any other type of website. The same survey estimated
that the social networking giant Facebook has currently more than 1.6 billion registered users, that the
video-sharing site YouTube has more than 1 billion active users, while the social streaming site Twitter
has more than 500 million registered users worldwide. Given these numbers, all these platforms have
inevitably attracted the interest of drug suppliers, which strictly follow their evolution and diffusion
among young people over time. In the last few years, several social networks have acquired important
roles in market places for both NPS and illicit drugs [33] (see Figure 2). Simply looking on Facebook,
it is now possible to find information and direct links to proceed with the purchase of several NPS
or to simply share your experiences in groups created for drug-users only. Even the picture- and
video-sharing service Instagram, despite its different use compared to the more famous Facebook,
is used to look for new possible customers [47]. Several ambiguous profiles are used to post pictures
of their products with hashtags such as #cannabiseeds, #headshop, #herbalicense, and #over18sonly.
In 2014, drugabuse.com, for example, published on Instagram an infographic documenting drug-dealer
activity [48].

Figure 2. Keywords and hashtags in social networks with explicit content on NPS.

On Twitter, by simply typing #legalhighs, it is possible to buy “the blue stuff”, otherwise known
as methamphetamine, of the famous Breaking Bad television series as well as other #ResearchChemicals,
with free shipping offers and credit/debit card payments accepted. All the users, indeed, can be
part of a #highsociety, allowing them to share their #proudstoners daily states of mind. Very
recently, epidemiologists and linguistic scientists used Twitter to test the feasibility of producing
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a fully-automated “drug term discovery” system capable of tracking emerging NPS terms in real
time [49], which confirms that data collected on Twitter may be used to explore trends in NPS
selling and use [50]. Along with other cyber drug communities (e.g., blogs, drug fora, Facebook),
Twitter allowed the identification and characterization of a new generation of NPS users, the so-called
“e-psychonauts”, that considered themselves as psychedelic researchers, mind navigators, or chemicals
experimenters [51].

In a technological world where about 2.4 billion people use a smartphone and an increasing
number of people use apps, drug dealers adapt their activity accordingly and create simple apps that
make buying any kind of psychoactive substance easier, including NPS. Although some apps are
designed to prevent drug use, such as “Your Face on Meth” (where you can upload your picture and
see its physical degradation over time potentially resulting from using methamphetamine), many apps
are created specifically to promote drug use [52].

In North America, the number of cannabis-related smartphone apps is very impressive. In 2014,
the number of apps returned from searches using terms like “cannabis” and “marijuana” were 124
and 218, respectively, in Apple’s Store, and 250 for both on Google Play [14]. These apps have several
content codes, contain information on different cannabis strains and synthetic cannabinoids mixture
(e.g., K2, Spice), advice for growing cannabis, and recipes for cooking “special meals”. Several apps
create a connection with medical marijuana doctors to obtain a prescription, while other apps, such as
Eaze, Nugg, Meadow, and Weed Maps, offer to trace medical dispensaries of marijuana, indicating
to users the closest spot based on their location in addition to finding the closest doctor that will
recommend medical marijuana [14,15]. Additionally, using the app High There, for instance, it is
possible to match people to smoke together, while other apps, similar to Instagram and used mostly in
Europe and the United States, are utilized for posting photos, videos, or texts related to marijuana or
psychoactive substances. Noteworthy, apps useful for making untraceable calls to drug dealers are
becoming very popular.

6. Conclusions

New psychoactive substances are very popular among young people and online communities,
but very little information about toxicological and side effects are available on the Internet.
The web-based open sale of unregulated NPS has shown a steady increase in recent years; the easy
availability of NPS and the fluctuating dynamics of this new drug market represent a public health
concern and an intricate regulatory issue. Research in the field is increasing, and several groups of
clinical and preclinical researchers worldwide are investigating the central and peripheral effects
of synthetic cannabinoids and synthetic cathinones [1,53–58], synthetic opioids and ketamine-like
compounds [59,60], and many others [61,62]. Yet, it is fundamental to share scientific evidence on
risks related to the consumption of these compounds using the same channels that promote them.
Analyses of social media may represent a new approach to uncover and track changes in drug terms
and markets in near real time. In conclusion, the NPS phenomenon is intricate and still very difficult
to control. Using the same channels responsible for their growing diffusion to disseminate information
and scientific knowledge about the risks associated with their use could represent a potential new
approach to limit the diffusion of these dangerous substances.
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Abstract: Background: Novel Psychoactive Substances (NPS) are a heterogeneous class of synthetic
molecules including synthetic cannabinoid receptor agonists (SCRAs). Psychosis is associated with
SCRAs use. There is limited knowledge regarding the structured assessment and psychometric
evaluation of clinical presentations, analytical toxicology and clinical management plans of patients
presenting with psychosis and SCRAs misuse. Methods: We gathered information regarding the
clinical presentations, toxicology and care plans of patients with psychosis and SCRAs misuse
admitted to inpatients services. Clinical presentations were assessed using the PANSS scale. Vital
signs data were collected using the National Early Warning Signs tool. Analytic chemistry data were
collected using urine drug screening tests for traditional psychoactive substances and NPS. Results:
We described the clinical presentation and management plan of four patients with psychosis and
misuse of SCRAs. Conclusion: The formulation of an informed clinical management plan requires a
structured assessment, identification of the index NPS, pharmacological interventions, increases in
nursing observations, changes to leave status and monitoring of the vital signs. The objective from
using these interventions is to maintain stable physical health whilst rapidly improving the altered
mental state.

Keywords: synthetic cannabinoids; SCRAs; NPS; novel psychoactive substances; NPS testing;
antipsychotics; mental health; physical health; nursing care; psychosis
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1. Introduction

Recent statistics in England have reported an increased number of hospital admissions with a
primary diagnosis of drug-related mental health/behavioural disorders and poisoning by illicit drugs,
respectively of 12 and 40% compared to statistics released in 2006/07 [1]. Over the last five years deaths
involving Novel Psychoactive Substances (NPS) have sadly increased, with a further 8% increase in
2016 [2]. NPS represent an emerging and concerning global phenomenon [3–5] mainly due to: (1) the
difficulties posed in the clinical management, of both mental and physical health; and (2) the absence
of a clear and formal/structured description of the clinical presentation of patients using NPS, with
obvious repercussions on clinical management.

NPS are a heterogeneous class of typically synthetic molecules including: synthetic cannabinoid
receptor agonists (SCRAs), synthetic cathinones, amphetamine-derivatives, psychedelic phenethylamines,
ketamine derivatives, novel tryptamines, synthetic opioids and sedatives (GABA-A/B agonists) [3,6,7].
Trends in illicit drug use over the last decade clearly show that adolescents and young adults give
preference to NPS instead of traditional psychoactive substances (TPS) (e.g., cannabis, cocaine, heroin,
amphetamines, LSD, ecstasy, ketamine, etc), because NPS are cheap and easily available either on the
street or from websites [6–8]. They are difficult to identify in blood or urine drug screening (UDS) [9].
Lifetime NPS consumption was reported by 8% of young individuals in 2015 [10] up from 5% in 2011 [6].
Young adults (aged 16 to 24) are around twice as likely to have used an NPS in their lifetime compared
to older adults (aged 16 to 59) [11]. It has recently been reported that the three psychiatric diagnoses
most frequently associated with NPS use are bipolar disorder (23.1%), personality disorders (11.8%), and
schizophrenia and related disorders (11.6%) [12].

In comparison to TPS users, poly NPS users are more likely to be young males [11], with daily use
of traditional cannabis, weekly or more use of ecstasy, recent LSD use, higher levels of poly drug use,
and a history of overdose on any drug in the past year [13]. Young adults attending nightlife events
in pubs and discos are also more prone to poly-substance use, mainly combining NPS with alcohol
and cocaine [14]. NPS users also tend to have a forensic history and a history of promiscuous sexual
activity (e.g., chem-sex) [13].

Few studies have attempted to provide a psychopathological description of the clinical
presentation of NPS users in acute settings. For example, in an observational cohort study enrolling
consecutive adult patients presenting to an Emergency Department (ED) in London, the most common
clinical features identified were seizures and agitation [15]. In a recent study looking into the impact
of NPS misuse on admissions to an acute psychiatric facility in London, increased levels of violence
in the group of NPS users were identified ([16]. Data collected in the Accident and Emergency
departments (A&Es) of ten European countries have shown that the association between NPS use and
the occurrence of psychosis varied considerably, depending on the type of drug used [17]. In particular,
psychotic symptoms were noted in 6.3% of a large sample (5529 consecutive cases), with psychosis
being more common amongst NPS users that had used tryptamines, methylenedioxypyrovalerone
(MDPV), methylphenidate, SCRAs and amphetamine-type compounds [17]. A mounting range of
evidence suggests that SCRAs can trigger the onset of acute psychosis in vulnerable individuals and/or
exacerbate psychotic episodes in those patients with a previous psychiatric history. The literature
reports a wide range of psychopathological issues such as paranoid thoughts, increases in aggressive
and combative behavior, together with confusion, agitation and suicidal thoughts [18]. It has
been suggested that SCRAs may have a higher psychosis-inducing potential compared to natural
cannabis [19] because of the lack of cannabidiol—a substance associated with the medicinal effects of
cannabis. For a review on existing studies and models of cannabis induced psychosis see a review
from Murray et al [20].

Professionals usually report feeling less confident about managing NPS compared to TPS users,
specifically because of the lack of clear guidance regarding the clinical management and the increased
risk of toxicity [10–18,21]. For example, with the ingestion of NPS with high serotonergic activity (e.g.:
psychedelic phenethylamines), misusers may present with hyperthermia, seizures, and hyponatraemia.
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Conversely, NPS with high dopaminergic activity (e.g., methylphenidate-like drugs such as some
synthetic cathinones) are highly addictive and associated with prolonged stimulation, insomnia,
agitation, and psychosis [22,23]. Furthermore, most SCRAs are at times associated with medical
emergencies such as hypertension, myocardial infarction, renal failure [24], elevated heart rate,
hyperglycaemia, nausea, vomiting, hypokalaemia, and seizures [18]. Moreover, in view of the increased
use of latest generation of sedatives or ultra-high potency fentanyl derivatives, the assessment of vital
parameters is of paramount importance when NPS users are presenting to an emergency or acute
facility [3–6].

The implementation of an appropriate and safe clinical management plan is commonly based
on patients’ accounts on which kind of NPS have been used. Acute mental health and emergency
services are not routinely equipped with urine drug screening tests (UDS) for NPS in order to identify
and provide an appropriate toxicological confirmation [15]. This causes considerable limitations
when offering a targeted treatment strategy that can address patients’ presentations and potentially
life-threatening intoxications [9,13,25].

At present, there is a dearth of detailed information relating to the clinical presentation of NPS
users in acute mental health settings, especially in terms of: (1) descriptions of behavioural and
psychopathological features using structured assessment and psychometric scales; (2) analytical
toxicology and identification of the index NPS used; and (3) appropriate and evidence-based clinical
management plans. This results in a range of difficulties in formulating targeted/individually tailored
treatment plans.

The aims of this case series are: (1) to offer a standardized description of NPS users’ clinical
presentations to provide clinicians with objective and measurable clinical pictures aimed at shaping
protocols and standard operating procedures when NPS use is suspected and/or detected; (2) to
provide best practice advice in the management of mental state alterations and medical complications,
with the goal of reducing the number of serious adverse outcomes associated with NPS use.

2. Materials and Methods

2.1. Study Design and Recruitment

Data on presentation and clinical management of 4 cases, selected amongst patients consecutively
admitted to two acute psychiatric wards from June 2017 to June 2018 at Highgate Mental Health
Centre—Camden & Islington NHS Foundation Trust—were retrospectively collected using a database.
Patients were aged 18 and 65 years and admitted because of presenting with psychotic illnesses and
with a history of NPS use before or during admission. Data were collected using a standardized
database to capture a range of information at baseline i.e., the time of the admission, and then during
and after NPS intake. The information collected revolved around: (1) the clinical presentation, with a
formal description of the psychotic symptoms; (2) the type of recreational drug(s) used; (3) the physical
health outcomes; (4) the levels of psychiatric inpatient observation and leave status.

The clinical presentation was identified with the help of clinical notes and corroborated by the
retrospective scoring of the Positive and Negative Syndrome Scale (PANSS), a multi-item questionnaire
widely used to quantify disease severity in schizophrenia and psychosis [26]. Monitoring data of
vital signs were collected using the National Early Warning Signs tool (NEWS) [27]. Data on the type
of substance used were collected using routine drug screening tests for traditional psychoactive
substances whilst a more thorough analysis (urine and/or oral fluids tests; Alere Laboratories
technologies) was carried out to identify the index drug(s) used by both NPS and TPS patients.
All subjects identified received medications included in the British National Formulary (BNF), such as
benzodiazepines (BZO) and antipsychotics (first and second generation), with the choice guided by
the clinical presentation and the drug testing results. Levels of nursing care, such as close or general
observations, were also recorded together with the possibility of leave in the hospital grounds , either
accompanied by staff (escorted) or alone (unescorted).
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2.2. Participants

2.2.1. Inclusion Criteria

Cases were selected amongst patients with recent or current histories of NPS use, aged 18–65 years,
presenting to acute services with a psychotic illness classified by the International Classification of
Diseases, Mental and Behavioral Disorders [28] as schizophrenia, schizotypal, delusional, and other
non-mood psychotic disorders (ICD-10 codes: F20-29), mood (affective) disorders (ICD-10 codes:
F30-39), and mental and behavioral disorders due to psychoactive substances (ICD-10 codes: F10-19).

2.2.2. Exclusion Criteria

Patients were excluded from the study if: (1) the psychotic symptoms were precipitated by an
organic cause; (2) they had moderate or severe learning disability; (3) they suffered from a medical or
neurological illness or (4) had an insufficient command of the English language.

2.3. Measures

2.3.1. Psychometric Measures

The Positive and Negative Symptoms Scale (PANSS) is a multi-item questionnaire widely used to
quantify disease severity in schizophrenia and to assess the severity of positive (or productive) and
negative (or deficit) symptoms of psychosis [26]. PANSS is easy to administer and is based on the
clinician’s interview with the patient; data are gathered looking at the patient's mental state over the
previous week, with the patient's family and/or his/her acquaintances being able to provide further
information. PANSS consists of 30 items and takes 45–50 min to be completed by the clinician.

The National Early Warning Score (NEWS; Royal College of Physicians, London, UK) [27] is a
standardized system for the assessment of acute illness in adults. It is based on six vital signs such as
respiratory rate, oxygen saturation, temperature, blood pressure, pulse/heart rate, and alertness. Each
parameter yields a score of between 0 and 3 so that when the scores for all the parameters are summed
a total NEWS score of between 0 and 18 is achieved. A score of 7 or greater indicates that a patient is
likely to be critically medically unwell.

2.3.2. Laboratory Measures

Standard urine drug screening tests were used to detect TPS such as heroin, cocaine, amphetamine,
THC, and methadone. For NPS, the Alere drug screening urine and oral fluids tests were used.
The urine tests provided a rapid screening of 30 synthetic cannabinoids at once whilst the oral
screening test was able to detect mephedrone.

3. Clinical Vignettes

3.1. Case 1—Mr A

28 years old Caucasian male, single and unemployed, living alone, with a positive forensic history
and a diagnosis of Paranoid Schizophrenia. The patient had a 4 years’ history of psychosis with
frequent relapses (5 admissions in 4 years). He was transferred to an acute treatment ward from
a psychiatric intensive care unit (PICU). At the time of the transfer the patient was stable and on
treatment with Risperdal Consta 37.5 mg fortnightly + Olanzapine 10 mg daily + Pregabalin 100 mg
daily. The PANSS score was 73/210 and his psychopathology was mainly characterized by positive
symptoms: delusional mood, persecutory and grandiose delusions and second and third person
auditory hallucinations. The UDS was initially negative but, one week after the transfer, Mr A’s mental
state deteriorated suddenly and he became very agitated and verbally and physically aggressive.
He presented with a bizarre and repetitive behaviour consisting of stopping and remaining immobile
for a few minutes and then running fast along the ward corridor. He also had second and third person
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auditory hallucinations, persecutory delusions and thought disorganization. He started to fear the
hospital ward’s electronic fire alarms. He believed that the fire alarms were cameras that were spying
on him and he was very preoccupied with specific members of the staff whom he believed were there
to kill him. The hallucinations also became very severe and he was responding to internal stimuli
constantly throughout the day. The total PANSS score was 109/210 and the UDS was positive for
SCRAs. We decided to increase Olanzapine to 20 mg, daily and to add Clonazepam 8 mg, daily to
manage the agitated behaviour and the psychotic symptoms. We also increased the level of monitoring
of his vital measures by completing the NEWS scores twice a day. NEWS scored 2 with increased
heart rate and fluctuating blood pressure. We considered a transfer to PICU but since the patient
was starting to respond well to the new treatment plan and the reason for the relapse was evident
(NPS intake), we decided to continue to treat the patient on the acute ward. Mr. A responded well to
the change/increase of medications, his symptoms improved in 24 h and within 7 days from the acute
intoxication the PANSS scores reduced to 74/210.

3.2. Case 2—Ms T

32 years old Caucasian woman, single and unemployed, living alone, with no forensic history
and a diagnosis of Schizoaffective Disorder and poly-substance misuse (mainly crack cocaine and
heroin). Ms T was stabilized on a combination of Aripiprazole 30 mg, daily + Lithium carbonate
800 mg, at night. The PANSS score was 95/210 and the UDS was negative for all illicit substances.
Four weeks later, the patient’s mental state deteriorated suddenly. She became physically and verbally
very aggressive with severe features of sexual disinhibition. The patient presented with delusional
mood and with complex grandiose and persecutory delusions such that she believed she was part
of a secret army and she had powers to kill people with her thoughts. She also believed she was
being chased by the Albanian mafia and had to fight for her life. The patient also became very
aggressive with members of staff and on four occasions it was necessary to call the emergency team to
provide extra sedation. The PANSS score was consistent with the deterioration of her mental state,
scoring 115/210 and the UDS tested positive for both SCRAs and THC. The clinical team felt that
the patient needed a more robust pharmacological treatment plan and therefore Haloperidol 10 mg
daily + Clonazepam 8 mg daily were added. The patient remained acutely unwell for more than
72 h. Ten days after the intoxication Ms T remained still irritable and agitated. The PANSS score was
115/210, 10 points higher than the baseline, and the UDS continued to test positive for SCRAs. NEWS
were increased to twice a day but the score was always within range (0 or 1) with tachycardia being
the only altered parameter. Meanwhile, other patients on the ward tested positive for SCRAs and it
was suspected that Ms T was bringing SCRAs to the ward. At that stage, leave was suspended and a
stricter search policy was enforced on the ward. The patient’s mental state improved further and ten
days later her urine tests were negative for SCRAs.

3.3. Case 3—Mr Y

20 years old Black-Caribbean male, single and unemployed, living with friends and with no
forensic history, was quickly re-admitted to a treatment ward following the sudden onset of bizarre
behaviour after an earlier discharge from another ward. The diagnosis was First Psychotic Episode
in the context of poly-substance misuse. On admission, Mr Y was on Haloperidol Decanoate 50 mg,
monthly + Haloperidol 10 mg, at night (on reducing regime). He appeared severely thought-disordered,
sexually disinhibited and aroused, approaching other patients for sex or suddenly becoming physically
aggressive by spitting on others. The PANSS score was 116/210 with prominent positive symptoms
(positive symptoms subscale 40/49). He presented as being severely disruptive, chaotic, and intrusive
into other patients’ care, attacking staff and other patients, urinating on the floor and spitting at other
people’s faces. Mr Y was therefore treated with Aripiprazole 9.75 mg three times a day + Clonazepam
6 mg daily in divided doses. Observation levels were increased to 2:1 arms’ length to reduce risks of
retaliation from others due to sexually inappropriate and aggressive behaviour. NEWS monitoring
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was increased to hourly to monitor any possible deterioration in physical health. UDS were positive
for benzodiazepines and SCRAs. The patient remained unwell. Observation levels were maintained at
2:1 arms’ length and NEWS monitoring decreased to TDS once physical outcomes remained stable for
12 h. After 72 h the clinical condition improved with a reduction of PANSS score to 98/210. Eventually,
because of the continued high risk of retaliation from others Mr. Y was transferred to a Psychiatric
Intensive Care Unit (PICU).

3.4. Case 4—Mr G

39 year old Asian British man, married and unemployed, living with his family and with a long
forensic history. Mr G had a long-standing history of Bipolar Disorder since the age of 28. He had a
history of numerous admissions, was non-compliant with his medications, and engaged poorly with
his community team. He presented with a long-term history of poly-substance misuse (e.g., alcohol,
cocaine, MDMA, cannabis, “legal highs”). He had previously been treated with a mood stabilizer
(Sodium Valproate); Zuclopenthixol and Risperidone Depot (both stopped due to sexual dysfunction);
Olanzapine and Quetiapine (both stopped due to poor response). At the time of his admission to
Highgate Mental Health Centre, he was administered Abilify Depot 400 mg, monthly with no or
little efficacy. He was transferred from another ward on Section 3 due to a manic relapse, with no
leave and a diagnosis of Bipolar Affective Disorder (BPAD, current episode manic). Mr. G had a
long history of violence towards staff and patients (he broke a nurse's nose and stabbed another
patient with a pen). At the time of the admission, he was very agitated, aggressive and intimidating,
banging his fist on the table and threatening staff with a glass bottle. He also showed bizarre behavior,
e.g., wearing sunglasses whilst indoors, holding pieces of paper with some incomprehensible notes
on Hitler, quantum physics and aliens. He was thought disordered with grandiose delusional beliefs
regarding him being the King of Egypt and able to cause a nuclear war. It proved very difficult to
verbally de-escalate him and he did not agree to change his medication regime as he believed that
he should be treated “only with love”. The PANSS score was 108/210. Abilify was withdrawn and
Zuclopenthixol started whilst he continued the rest of his medications. On admission, UDS was
negative for both NPS and TPS. A week later, UDS was positive for both benzodiazepines and SCRAs,
and NEWS was increased to TDS. Two weeks later, UDS continued to be positive to SCRAs, no changes
to his leave status were made, with garden leave being maintained. Three weeks after admission, UDS
was positive for benzodiazepines and THC and four weeks later the admission UDS was positive
for THC and SCRAs. After admission, his mental state remained unsettled with refractory manic
positive symptoms and a poor response to medication. The PANSS score was 123/210. Hence, his
leave was stopped and, a week later, his UDS became negative for all substances, SCRAs included.
His positive symptoms started to improve with a reduction of PANSS to 66/210. Over the following
four weeks Mr. G appeared well kempt and settled on the ward, with no grandiose delusions and no
further episodes of aggression. He showed a satisfactory response to Zuclopenthixol 300 mg, weekly
+ Sodium Valproate 1200 mg. UDS was negative for all substances and, therefore, Mr. G was safely
discharged to the community team.

4. Discussion

NPS misuse is a recent phenomenon and knowledge of its effects, either in the short or the
long term, on the population is relatively poor [3]. There is an increasing amount of knowledge
regarding the effect that NPS have on individuals with severe mental illness [12]. However, well
documented evidence of the negative impact are limited and most cases have not been corroborated
by analytic chemistry evidence of the NPS used [15]. Furthermore, there is a paucity of data to guide
the monitoring and management of patients with severe mental illness who take NPS, and then suffer
from acute psychopathology and physical ill-health [3].

To the best of our knowledge, our case series is the first and only attempt made at describing, with
the use of a specific psychometric scale (PANSS), the effects of acute intoxication with NPS (mainly
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SCRAs) identified through UDS in an acute hospital setting in patients suffering from severe psychotic
disorders. All four cases show how clinically significant the impact of SCRAs use was on their mental
states. The cases showed marked and sudden clinical deteriorations, with intense exacerbations of
positive symptoms, psychomotor agitation, sexual disinhibition, verbal/physical aggression, and poor
responses to medications. The latter phenomenon makes the clinical and risk management of these
patients more difficult, and it is therefore necessary to develop appropriate management plans to
minimize such risks.

In order to set up an appropriate and safe Informed Clinical Management Plan (ICMP) (Table 1),
the first step advised here is to establish, whenever possible, which NPS is responsible for the
intoxication due to their wide range of effects. We advocate, therefore, the use and further development
of reliable drug tests to identify the specific NPS types associated with particular clinical presentations.
Accurate testing for NPS would assist in establishing clear diagnoses, formulating ICMPs and
identifying the most effective treatments for intoxications with particular NPS.

Table 1. Description of the Camden & Islington—Informed Clinical Management Plan (ICMP).

Camden & Islington—Informed Clinical Management Plan (ICMP)

MENTAL STATE assessment

Using a psychometric scale (PANSS) Monitoring mental state

NPS detection

Using specific analytic toxicology to detect NPS
(UDS and/or oral swabs)

Monitoring access to substances and leaves
(reduced/suspended—escorted/unescorted)

MEDICATION & PHYSICAL HEALTH monitoring

Using benzodiazepines (BDZ) and/or second
generation antipsychotics (SGA) when possible

Monitoring physical health (NEWS)
Levels of nursing observations

The cases described here were all characterized by acute SCRA intoxications. The clinical
presentations were characterized by an acute onset of agitation and aggressive behavior; the symptoms
decreased in intensity and frequency in no less than 72 h. The management of acute intoxications was
by identifying the substances responsible for the sudden deteriorations, and by treating the symptoms
with benzodiazepines and antipsychotic medications. In addition vital parameters were monitored,
nursing observations were increased, and leave statuses were changed. These measures led to rapid
and successful resolutions of symptoms and reduced the need for transfer to more intensive care
settings. Furthermore, they promoted more rapid step-down and recovery in the community.

In general terms, pharmacological treatment remains the mainstay of treatment. However,
the novelty of the use of medications according to our protocol is that pharmacological interventions
are guided by NEWS and toxicology results. For example, haloperidol should be avoided in patients
that have used cathinones for the toxic effect on cardiac rhythm; and benzodiazepines should be
avoided in patient with a NEWS score of 3 because of low oxygen saturations levels.

In terms of pharmacological treatment, the use of BDZ has been recommended with or
without a second-generation antipsychotic (SGA) to reduce the risk of cardiac side effects [22,23].
Benzodiazepines remain the first line treatment, although their use needs to be weighed against the
risk of respiratory depression when given to subjects who have ingested alcohol and/or unknown
substances [6–18]. Amongst the SGAs, whilst aripiprazole is probably the safest antipsychotic to be
used in such scenarios because of its negligible effect on QTc, olanzapine has proven to be effective in
treating psychotic symptoms caused by NPS [29].

5. Limitations

We are aware that four cases are not representative of the multi-faceted spectrum of presentations
with NPS use/intoxication and observation of a wider sample size is necessary. However, we believe
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that this study is important in generating hypotheses that may lead to more comprehensive projects
such as case control studies.

Furthermore, although the four cases presented were objectively described by using the PANSS
to provide an objective measurement of the clinical observation, this was made retrospectively. We are
also aware that the patients described were intoxicated with SCRAs. No other NPS such as cathinones
or mephedrone were detected in our sample population. Therefore, our clinical description-albeit
exhaustive and comprehensive-is limited to a subgroup of NPS users using only SCRAs. Moreover
unfortunately, the UDS screening tests that were available were not able to identify with higher
specificity the type of SCRAs used.

It is worth noting how in terms of diagnostic categories our patients sample was not homogenous
as one of the four patients was presenting with bipolar disorder. This may be an additional confounding
factor; and, in a large enough sample, patients should be divided according to diagnoses.

Finally, a randomized controlled trial (RCT) to establish which ICMP is necessary to establish
which treatment plan is most effective in the management of individuals with a severe mental illness
intoxicated with NPS would be helpful.
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Abstract: Background: New Psychoactive Substances (NPS) constitute a broad range of hundreds of
natural and synthetic drugs, including synthetic opioids, synthetic cannabinoids, synthetic cathinones,
and other NPS classes, which were not controlled from 1961 to 1971 by the United Nations drug
control conventions. Among these, synthetic opioids represent a major threat to public health.
Methods: A literature search was carried out using public databases (such as PubMed, Google
Scholar, and Scopus) to survey fentanyl-, fentanyl analogs-, and other synthetic opioid-related deaths.
Keywords including “fentanyl”, “fentanyl analogs”, “death”, “overdose”, “intoxication”, “synthetic
opioids”, “Novel Psychoactive Substances”, “MT-45”, “AH-7921”, and “U-47700” were used for
the inquiry. Results: From our literature examination, we inferred the frequent implication of
fentanyls and synthetic opioids in side effects, which primarily affected the central nervous system
and the cardiovascular and pulmonary systems. The data showed a great variety of substances and
lethal concentrations. Multidrug-related deaths appeared very common, in most reported cases.
Conclusions: The investigation of the contribution of novel synthetic opioid intoxication to death
should be based on a multidisciplinary approach aimed at framing each case and directing the
investigation towards targeted toxicological analyses.

Keywords: fentanyl; NPS; synthetic opioids; MT-45; AH-7921; U-47700; forensic pathology

1. Introduction

New Psychoactive Substances (NPS) are a heterogeneous class of non-controlled substances
available on the global illicit drug market (e.g., smart shops, internet, “darknet”). The use of NPS, often
consumed along with other drugs of abuse and alcohol, has resulted in a significantly growing number
of emergency admissions due to overdoses and a high number of deaths. By July 2017, 739 different
NPS were reported to United Nations Office on Drugs and Crime (UNODC) [1]. According to the The
European Monitoring Centre for Drugs and Drug Addiction (EMCDDA)report, with an overall total
of 38 substances, synthetic opioids have become the fourth largest group of substances monitored in
2017, after synthetic cannabinoids (179 substances), cathinones (130), and phenethylamines (94) [2].

The class of synthetic opioids include fentanyl, its analogs used in medical therapy (e.g., sufentanil,
alfentanil, and remifentanil) [3], and novel non-pharmaceutical fentanyls not approved for human
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medical use (e.g., acetylfentanyl, acryloylfentanyl, carfentanil, α-methylfentanyl, 3-methylfentanyl,
furanylfentanyl, 4-fluorobutyrylfentanyl, 4-methoxybutyrylfentanyl, 4-chloroisobutyrylfentanyl,
4-fluoroisobutyrylfentanyl, tetrahydrofuranylfentanyl, valerylfentanyl, cyclopentylfentanyl,
and ocfentanil), and compounds with different chemical structures, such as MT-45
(1-cyclohexyl-4-(1,2-diphenylethyl)piperazine), AH-7921 (3,4-dichloro-N-{[1(dimethylamino)
cyclohexyl]methyl} benzamide) and U-47700 (3,4-dichloro- N-[(1R,2R)-2-(dimethylamino)cyclohexyl]-
N-methylbenzamide) [4,5]. They are used on their own or more often in combination with heroin
or other opioids [6,7]. This paper critically examines the literature on deaths related to fentanyls
and synthetic opioid overdose, alone or in combination with other psychoactive drugs (i.e., cocaine,
benzodiazepine, alcohol, and other opioids) and investigates the characteristics and complexity of
such deaths, analyzing all data useful for the forensic pathologist.

2. Materials and Methods

A literature search was carried out using public databases (such as PubMed, Google Scholar, and
Scopus) to revise fentanyl-, fentanyl analogs- and others synthetic opioids-related deaths. Keywords
including “fentanyl”, “fentanyl analogs”, “death”, “overdose”, “intoxication”, “synthetic opioids”,
“Novel Psychoactive Substances”, “MT-45”, “AH-7921”, and “U-47700” were used for the inquiry. The
data were collected from 1990 to June 2018. Only deaths were considered. There were no language
restrictions. All types of papers were included. We also reviewed the reference lists of the identified
publications and PubMed suggestions. The full texts of all the eligible papers were obtained. Finally,
128 articles were included in this review. The examined data included the circumstances of death
(e.g., trauma, external injuries) and drug exposure (pharmaceutical versus illicit drug use). With regard
to the concentrations of the compounds, blood and, when stated, liver, urine, stomach content, kidney,
brain, vitreous humor, and nasal swab concentrations were reported.

3. Results

3.1. Synthetic Opioid Overview

Novel synthetic opioids, similar to the classical opioids morphine and heroin, selectively bind
to the μ-, δ-, and κ-opioid receptors in the peripheral and central nervous system (CNS), thereby
simulating the effects of endogenous opiates. However, they generally show greater selectivity
towards the μ-opioid receptor subtype than morphine [8]. Stimulation of the μ-opioid receptor
promotes the exchange of GTP (Guanosine Triphosphate) for GDP (Guanosine Diphosphate) in
the G-protein complex and subsequently inhibits adenylate cyclase in cells causing a decrease in
intracellular cAMP (Cyclic Adenosine Monophosphate). In addition, the activation of the μ-opioid
receptors inhibits calcium and potassium ion channel conductance [8]. All these molecular events cause
cellular membrane hyperpolarization and inhibit tonic neural activity with a consequent reduction in
the release of several neurotransmitters, such as substance P, GABA, dopamine, acetylcholine, and
noradrenaline [9].

These neurochemical changes are mainly responsible for the pharmaco-toxicological effects
induced by synthetic opioids. Typically, acute intoxication induced by “classical” and novel synthetic
opioids is characterized by miosis (but later the pupils may become dilated), a reduced level of
consciousness (CNS (central nervous system) depression), respiratory depression, hypoxia, acidosis,
hypotension, bradycardia, shock, gastric hypomotility, paralytic ileus, pulmonary edema, lethargy,
coma, and even death.

In the last few years, the novel fentanyls have become a serious concern. These substances
currently dominate the synthetic opioid group, with a total of 28 reports since they first surfaced in 2012.
Fentanyl, which is the prototypical compound of this class, is a synthetic, lipophilic phenylpiperidine
opioid agonist. It was developed in the 1960s by Paul Janssen in Belgium, and it is now available
therapeutically as an intravenous, transbucal, or transdermal preparation, commonly used for surgical
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anesthesia and to treat severe chronic pain [10]. Because of its highly potent opioid euphoric effects,
fentanyl leads addicts to rapidly abuse this drug through a variety of different methods, including the
oral abuse of transdermal fentanyl patches [4]. The clinical effects are dose dependent, ranging from
the induction of analgesia alone by serum concentrations of 0.3–0.7 ng/mL to the loss of protective
airway reflexes and CNS depression by serum concentrations >3 ng/mL [11]. In addition, fentanyl
and its analogs produce drowsiness and euphoria [12]. The most common side effects may include
nausea, dizziness, vomiting, fatigue, headache, and constipation. The repeated use of fentanyls leads
to the development of tolerance and dependence [13]. Typical withdrawal symptoms involve sweating,
anxiety, diarrhea, bone pain, abdominal cramps, and shivers or goose “flesh” [12,14].

From a pharmacological point of view, fentanyl and its analogs are significantly more potent
than morphine, with effects’ magnitudes ranging from 1.5–7 times (butyrylfentanyl) to 10,000 times
(carfentanil) those of morphine [14], and are characterized by high lipid solubility, rapid onset of action,
and short duration of action. Like other types of opioid analgesics, such as morphine, methadone,
and heroin, fentanyls produce their main effects by stimulating at nanomolar affinity the μ-opioid
receptor [15–18]. In particular, they induce acute analgesia, relaxation, euphoria, sedation, bradycardia,
hypothermia, depression of the central nervous system and respiratory function [16,19–21]. The last
of the listed side effects poses the greatest danger to users and it is responsible for fentanyls-related
significant morbidity and mortality [22]. The timely administration of the antidote naloxone [23] can
rapidly reverse the severe respiratory depression caused by fentanyls [24], although multiple naloxone
doses may be required [25]. The rapid administration of naloxone following fentanyl’s overuse is
essential, because of the rapid onset of action of the drug that can cause respiratory depression within
two minutes [26]. The optimal dose range and methods of administration of naloxone are still not
clear. The UK Department of Health recommends the following naloxone dose regimen: an initial
dose of 0.4 mg intravenously, followed by up to two doses of 0.8 mg. If the latter two doses are
ineffective, a further 2 mg dose should be provided [27]. In fact, despite the fact that fentanyl shows
an affinity for μ-opioid receptor (Ki ~ 1.346 nM) similar to that of morphine (Ki ~ 1.168 nM) [28], it
displays a greater potency (EC50 ~ 0.15 nM) than morphine (EC50 ~ 2.4 nM) in functional biological
assays [29]. On this basis, higher naloxone doses may be necessary to reverse the adverse effects of
fentanyls (i.e., lofentanil) with greater μ-opioid receptor affinity (Ki ~ 0.023 nM) [30] and potency
(EC50 ~ 0.03 nM) [29].

Because of the narrow therapeutic index of fentanyl (and, presumably, of its analogs) its
recreational use is highly dangerous, especially in opioid-intolerant users. High doses might
hasten death due to respiratory arrest and pulmonary edema. Fentanyl analogs are clandestinely
developed for recreational use [15,30–34]. These compounds have been synthesized by modification or
replacement of the fentanyl’s propionyl chain or by replacement of its ethylphenyl moiety. The obtained
analogs have been further modified by substitution with fluoro, chloro, or methoxy groups at the
N-phenyl ring. Among fentanyl analogs, carfentanil [methyl 1-(2-phenylethyl)-4-(N-propanoylanilino)
piperidine-4-carboxylate] is considered one of the most lethal opioids, showing an extremely high
clinical potency. It is used in research and, in some countries, as a veterinary medicine to immobilize
large animals. Between November 2016 and April 2017, carfentanil was involved in at least 61 deaths
in eight European countries. The vast majority of those deaths are related to heroin consumption [2].

Fentanyls have been found in a range of physical and dosage forms in Europe. The most common
form is powder, but they have also been detected in liquids and tablets. E-liquids containing fentanyls
that can be vaped using electronic cigarettes have also been reported [2].

These forms are easily absorbed through more convenient administration routes than injection,
yet provide the consumers with psychoactive effects similar to those obtained with injectable forms.
However, their use may pose a high risk of accidental overdose. In fact, nasal sprays and e-liquids
could make fentanyls use more attractive and socially acceptable, promoting their spread and usage.

In addition to fentanyls, other novel synthetic opioids with chemical structures different
from fentanyl, i.e., MT-45, AH-7921, and U-47700, have appeared on the recreational drug
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market and are causing intoxication and potentially fatal outcomes in consumers. MT-45
(1-cyclohexyl-4-(1,2-diphenylethyl) piperazine)), also known as IC-6, CDEP, AC1L8SAC, and NSC
299236, has shown particular effects, such as paresthesia in limbs, hand weakness, balance disturbances,
vision impairments, and hearing impairment or loss [35]. In three cases, unusual side effects have been
reported, such as loss and depigmentation of hair, folliculitis and dermatitis, painful intertriginous
dermatitis, and elevated liver enzymes [36]. MT-45 has been associated with many reports of fatal
intoxications in Europe; in particular, Sweden reported 28 analytically confirmed deaths between
November 2013 and July 2014 [37,38]. In vitro and in vivo metabolism studies have shown that
MT-45 is biotransformed into active hydroxylated compounds [39] that may contribute to the overall
pharmaco-toxicological profile of MT-45 in vivo [40]. AH-7921 (3,4-dichloro-N-[1(dimethylamino)
cyclohexyl] methyl benzamide) belongs to a series of compounds known as cyclohexylamines [41].
The drug exhibited similar potency to morphine in preclinical studies [42]. The compound is taken
orally, nasally, by smoking, and, less commonly, by intravenous injection [43]. The main clinical effects
included hypertension, tachycardia, and seizures. The first death associated with AH-7921 use was
reported by Norway in December 2012 [43]. There has been one confirmed fatality from AH-7921 in
the United States, but a number of deaths have been associated with this drug in Europe [44,45].

U-47700 (3,4-dichloro-N-[(1R,2R)-2-(dimethylamino)yclohexyl]-N-methylbenzamide) is a
structural isomer of AH-7921. It is also known as “fake morphine” or “U4” in the recreational drug
market and it is sometimes also referred to as “pink”, because impurities in its synthesis cause the
drug powder to be slightly pink in color. In preclinical studies, U-47700 is about 1/10 as potent as
fentanyl, but 7.5 times more potent than morphine [46,47]. During 2016, a significant number of
U-47700 acute intoxication cases were reported in the USA. The clinical symptoms are consistent with
those of traditional opioids [5]. U-47700 has caused at least 46 deaths from overdose in the United
States [48–51].

3.2. Circumstantial Data and External Examination

It is very important to sample any potential drug-containing material in the area around a dead
body, taking into account the numerous opioid administration routes (drug paraphernalia, powders,
syringes, vials, pills, patches etc.). It is also important to look for signs of administration on the body,
considering, however, that about 20% [52] of subjects take fentanyl or analogs by inhalation, ingestion,
or, rarely, transdermal route, therefore puncture marks are not always evident.

Even in the absence of external signs specific for opioid intoxication, it is possible to observe
non-specific signs of asphyxia, such as petechiae [53].

3.3. Autopsy-Pathological Findings

The data from the literature review showed that the new synthetic opioids produce similar clinical
effects as the traditional ones [54]; therefore, we sought the typical findings of heroin intoxication
trying to capture the differences and identify additional typical findings of fentanyl- and synthetic
opioid-related deaths. The autopsy findings collected from the case reports treated in the literature
were homogeneous with respect to the detected findings. The routine histological data were not very
specific and did not reveal indicative signs of intoxication [13,55].

3.3.1. Central Nervous System

The major autoptic relief found in the CNS was cerebral oedema. This finding was reported
for several drugs (fentanyl [56,57], acetylfentanyl [58], butyrylfentany [59], furanylfentanyl [60,61],
ocfentanil [62], AH-7921 [63], U-47700 [64], MT-45 [65]). A case of fatal cerebral hemorrhage induced
by acetylfentanyl was reported [66], and another case of a 19-month-old girl poisoned by a transdermal
administration of fentanyl who developed leukoencephalopathy was described [67]; in this case, the
girl survived, however, investigators declared that this is not always the outcome [55].
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3.3.2. Cardiovascular System

A reported uncommon intoxication symptom is chest pain mimicking acute coronary syndrome
with non-specific T-wave changes on the electrocardiogram [68]. It is necessary to distinguish the
alterations induced acutely by the drug from those due to pre-existing pathologies. Most of the
observed cardiovascular pathological findings, such as hypertrophy [69], cardiomegaly [56,70,71],
cardiac fibrosis [72,73], atherosclerosis [69,74], are not attributable to an acute intoxication but, in some
cases, they may be compatible with chronic drug intake. The presence of pericardial petechiae [53] can
be interpreted as a generic sign of asphyxia, due to opioid-related respiratory failure.

3.3.3. Pulmonary

The main effect of fentanyl and its analogues on the respiratory system is respiratory depression.
Furthermore, fentanyl can cause chest wall rigidity and apnea, particularly with rapid intravenous
administration [75], a factor that can contribute to respiratory failure. Rare adverse effects after
fentanyl usage include diffuse alveolar hemorrhage immediately after insufflating fentanyl powder [72].
The major pathological findings are pulmonary congestion [53,54,69,70,73,74,76–82] and pulmonary
oedema, which are common to all the investigated drugs [57,58,70,73,74,78–81,83]. Signs found
occasionally are petechiae on the pleura [57,82] and aspiration of gastric contents inside the trachea
and bronchi [57,76,81].

A few cases of fentanyl patch aspiration have been reported, where the patch was found in the
airways [71,84]. Microscopically, small amounts of foreign material have been reported in the lungs,
consistent with prior intravenous drug abuse [80].

3.3.4. Others

Another common sign is generalized visceral congestion [51,60,65]. Hepatic parenchyma
alterations, such as liver cirrhosis [74], chronic active hepatitis [82], fatty degeneration [62,70,84],
hepatomegaly [62,70], are common but due to pre-existing conditions or chronic abuse of narcotics.

3.4. Sampling

The samples commonly taken for toxicological analysis consisted of peripheral blood [84], central
blood [85], urine, and liver. Less commonly collected samples were vitreous humour [78], brain,
kidney, bile, and gastric content.

Among these, the least susceptible site to post-mortem redistribution is the liver (in relation to
fentanyl) [86]. However, there is currently no consensus on the ideal sampling site [87].

3.5. Lethal Concentrations

The lethal concentrations found in the literature are reported in Table 1. For each drug, the routes of
administration and relative potency compared to morphine are shown, in addition to the dose (and the
corresponding tissue). Table 2 shows the concentration data reported in multidrug-associated deaths.
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4. Discussion

This review deals with human pathological findings that are directly attributable to the known
toxic actions of fentanyls and other synthetic opioids. In the past few years, it has become more
and more evident that fentanyls and other synthetic opioids are potentially extremely harmful.
Fentanyl-related deaths have increased over the years [47,52], so it is necessary to review the data
available on these analog NPS. The results from our literature analysis revealed the lethal potential of
fentanyls and other synthetic opioids; a large number of different routes of substance administration
have also surfaced, through which all of these compounds are potentially lethal.

In addition, a broad range of side effects associated with fentanyls and other synthetic opioids
have emerged, posing serious health issues, which primarily concern the central nervous system,
cardiovascular and pulmonary systems, and liver. Macroscopic examinations, autopsy data, and
histopathological elements were collected from the literature, leaving evidence that mainly refers to
opioid intoxication. The investigation of the cause of death provoked by fentanyl or other synthetic
opioid abuse was based on a multidisciplinary approach aimed at framing each case and directing the
investigations towards targeted toxicological analyses. This approach should be adopted in all cases of
death from uncertain or questionable causes [66,70]. Past medical history and ante-mortem distribution,
crime scene investigation, post-mortem toxicology examination, and toxicology findings should be
carefully analyzed and considered on a case-by-case basis in light of all other data [11,98,105–107].

The examination of the literature showed that a large number of deaths associated with fentanyl
and other synthetic opioids involved the abuse of other psychoactive substances. In a previous
review [22] of various case studies of fentanyl-related deaths, it was speculated that the deaths were
associated with drugs of abuse such other opiates (up to 64%), cocaine (up to 65%), cannabinoids
(up to 50%), amphetamines (up to 40%), but also ethanol (up to 22.9%) and medicines like barbiturates
(up to 27%), benzodiazepines (up to 52.2%), antidepressants (up to 48%). These data can lead to a series
of considerations. The first is inherent in the contribution to the deaths of the substances detected
together with synthetic opioids. Animal studies have shown that some classes of substances, such as
benzodiazepines, have a synergistic effect with opioids.

Although the pharmacokinetic and pharmacodynamic interactions between benzodiazepines
and opioids are not yet fully understood [108], pre-clinical studies suggest a synergistic effect on
opioid-induced respiratory depression (measured as % increase in pCO2) [109]. Forensic data show
the risks of this drug combination: the concomitant use of benzodiazepines and “traditional” opioids
is associated with the occurrence of opioid overdoses [110,111]. This occurrence is very common, and
the co-use of opioid and benzodiazepine could be aimed at amplifying the subjective effects of the
opioid [112,113]. However, the current knowledge does not permit to establish the exact contribution
of benzodiazepines in opioid-related deaths, considering that many opioid addicts are also chronic
benzodiazepine users [114,115].

Regarding the co-administration of ethanol and opioids, it can be dangerous because it enhances
the positive subjective effects that contribute to the abuse and affects physical and cognitive functions.
It is no coincidence that alcohol and opioid abuses often coexist [116]. Fatal intoxications involving
opioids are frequently associated with alcohol use and are likely due to combined CNS- and
respiratory-depressant effects [117,118].

Concerning the co-administration of cocaine and synthetic opioids, animal studies have shown
that combinations of cocaine and remifentanil can lead to a strong additivity [119], maybe for their
synergistic action on the mesolimbic dopaminergic system [120]. Unfortunately, data on humans are
not yet reported in the literature. Recently, there has been an increase in cocaine-related overdoses;
however, a large part of this increase is due to the simultaneous intake of opioids, especially synthetic
ones [121]. Often, the use of a synthetic opioid is accidental, due to an unknown contamination of a
cocaine stock [122,123].

The same assumption can be formulated for the deaths from the co-administration of heroin and
fentanyl. A recent study showed a strong association between the number of tested samples of seized
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drugs where fentanyl was detected and unintentional overdose deaths in which fentanyl was also
identified [124]. This data are consistent with previous studies that have shown that a significant
proportion of drug users unintentionally consume fentanyl, which is present in the substances they
are taking [7,122,125]. However, the real diffusion of illicit fentanyl use in the general population is
difficult to assess, because routine toxicology screens will not detect synthetic opioids that have little
structural homology to morphine and other commonly tested opioids [14].

5. Conclusions

In Conclusion, the confirmation or exclusion of opioid overdoses is one of the major challenges
for forensic pathologists, considering what has been said and that autopsy findings are not specific.
It is therefore necessary that the forensic pathologist have a broader approach and, on the basis of the
data collected, request a chemical-analytical analysis to point out NPS [87].

The role of the forensic pathologist in close collaboration with the forensic toxicologist is very
important: together, they can identify new cases of fentanyl and synthetic opioid intoxication.
The identification of NPS is essential to stop the social problems related to the spread of these new
dangerous and highly addictive substances among our population.
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