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Reports of Adverse Events Associated with Use of Novel
Psychoactive Substances, 2017–2020: A Review
Amanda L.A. Mohr1, Barry K. Logan1,2,*, Melissa F. Fogarty1, Alex J. Krotulski1,
Donna M. Papsun2, Sherri L. Kacinko2, Marilyn A. Huestis1,3 and Jeri D. Ropero-Miller4
1Center for Forensic Science Research and Education at the Fredric Rieders Family Foundation, 2300 Stratford Ave, Willow Grove, PA 19090,
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3Institute of Emerging Health Professions, Thomas Jefferson University, Philadelphia, PA 19107, USA
4RTI International, Center for Forensic Sciences, 3040 East Cornwallis Rd, Research Triangle Park, NC 27709, USA
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Abstract
An important role ofmodern forensic and clinical toxicologists is tomonitor the adverse events of novel psychoactive substances (NPS). Following
a prior review from 2013 to 2016, this critical literature review analyzes and evaluates published case reports for NPS from January 2017 through
December 2020. The primary objective of this study is to assist in the assessment and interpretation of these cases as well as provide references
for confirmation methods. Chemistry, pharmacology, adverse events and user profiles (e.g., polypharmacy) for NPS are provided including
case history, clinical symptoms, autopsy findings and analytical results. Literature reviews were performed in PubMed and Google Scholar
for publications using search terms such as NPS specific names, general terms (e.g., ‘designer drugs’ and ‘novel psychoactive substances’),
drug classes (e.g., ‘designer stimulants’) and outcome-based terms (e.g., ‘overdose’ and ‘death’). Government and website drug surveillance
databases and abstracts published by professional forensic science organizations were also searched. Toxicological data and detailed case
information were extracted, tabulated, analyzed and organized by drug category. Case reports included overdose fatalities (378 cases), clinical
treatment and hospitalization (771 cases) and driving under the influence of drugs (170 cases) for a total of 1,319 cases providing details of
adverse events associated with NPS. Confirmed adverse events with associated toxidromes of more than 60 NPS were reported including
synthetic cannabinoid, NPS stimulant, NPS hallucinogen, NPS benzodiazepine and NPS opioid cases. Fifty of these NPS were reported for the
first time in January 2017 through December 2020 as compared to the previous 4 years surveyed. This study provides insight and context of
case findings described in the literature and in digital government surveillance databases and websites during a recent 4-year period. This review
will increase the awareness of adverse events associated with NPS use to better characterize international emerging drug threats.

Introduction
More than a decade after novel psychoactive substances
(NPS) first appeared on the illicit drug market, the appeal
of these drugs persists, requiring forensic investigations and
constant efforts by crime laboratories, public health officials
and law enforcement to stay current with rapidly chang-
ing trends. NPS—commonly described as novel, designer or
synthetic drugs—are a global phenomenon. Efforts by man-
ufacturers and distributors to circumvent scheduling laws
and produce drugs with a possibly ambiguous legal sta-
tus are driving the phenomenon. An additional demand is
fueled by people who use drugs for a novel drug experi-
ence or nuanced drug high, with the added benefit of these
drugs remaining undetectable in routine drug testing pan-
els. In the 1980s, the term ‘designer drug’, coined by Gary
Henderson, originally characterized heroin-like derivatives—
such as the fentanyl analogs—but expanded with increasing
3,4-methylenedioxymethamphetamine (MDMA) popularity
to encompass stimulants and hallucinogens, including many

of the drugs described in Alexander Shulgin’s books ‘PiHKAL’
and ‘TiHKAL’ (1–3). Since the early 1980s, hundreds of NPS
have been synthesized and introduced to the national and
international drug markets. By 2005, the European Commu-
nity adopted the term ‘new psychoactive substances’, defined
as unscheduled ‘narcotic or psychotropic drugs…which may
pose a threat to public health comparable to scheduled sub-
stances’ (4). The market continued to proliferate, with NPS
emerging in almost every drug class for which there is a
traditional therapeutic or illicit substance.

Herein, we have further refined the European Commu-
nity definition of NPS as natural, synthetic or semisynthetic
substances in pure form, mixture or preparation that can be
categorized using at least one of the following criteria:

(i) A substance that has been discovered or synthesized for
the first time since the mid-2000s and is being ingested,
regardless of degree of psychoactive effect (e.g., MDMB-
4en-PINACA and N-pyrrolidino etonitazene);

© The Author(s) 2022. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License
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(ii) A substance that was previously discovered, synthesized
or reported (e.g., patents, literature and publications) but
has been observed in the current illicit drug supply or iden-
tified in toxicological samples for the first time in more
than 10 years (e.g., 2-methyl AP-237 and isotonitazene);

(iii) A substance that since the mid-2000s has been used in a
novel way or differing manner from its originally intended
use (i.e., different dosage form or amount to produce
effects and different preparation) (e.g., loperamide and
xylazine);

(iv) A substance that previously was not well described or
studied but now presents significant challenges or threats
due to an altered toxicological effect profile as a result of
increased use or popularity (e.g., mitragynine) and/or

(v) A substance that is not controlled by the United Nations
drug conventions (1961 Single Convention on Narcotic
Drugs or the 1971 Convention on Psychotropic Sub-
stances) but that may pose a public health threat compara-
ble to that posed by substances listed in these conventions
(e.g., quetiapine and O-desmethyl tramadol).

According to the United Nations Office on Drugs and
Crime (UNODC) Early Warning Advisory (EWA) on NPS,
542 total NPS were reported in 2019 compared to 131 total
NPS a decade earlier in 2009. However, trends related to
new substances appearing over the last 5 years showed some
stabilization (5). In the USA, the Drug Enforcement Adminis-
tration’s (DEA’s) 2019 Annual Emerging Threat Report iden-
tified NPS in approximately 2% of the exhibits analyzed by
DEA laboratories, and 17 new substances were first reported
in 2019—or approximately one every 3 weeks (6). More
rapid and comprehensive data from the Center for Forensic
Science Research and Education’s (CFSRE’s) NPS Discovery
show 24 new substances identified for the first time in the USA
in 2020, with the majority being novel opioids, followed by
new synthetic cannabinoids (SC) (7). Consistent with trends
found in Europe, new identifications in the USA decreased in
2020 compared to previous years, which may be attributed
to the COVID-19 pandemic and disruption in distribution
(Figure 1).

This large number of new synthetic substances encom-
passes diverse chemical groups, many of which were pirated
frommedical journals, scientific literature or patent filings and
clandestinely manufactured for illicit use (8). International
and national scheduling actions proved effective in reducing
the supply of NPS that has already emerged; however, new

Figure 1. NPS reported per year by class in the U.S. (*data through
November 2021 available from NPS Discovery).

substances are still quickly introduced to the market as suc-
cessors to newly scheduled drugs or classes (9, 10). Additional
scheduling efforts have focused on precursor materials used
in the synthesis of NPS, but this has not deterred overall pro-
duction of new substances. Clandestine chemists have quickly
moved to noncontrolled precursors and/or altered synthesis
routes in response to controls on traditional precursors (5).
The NPS supply chain involves an intricate web of research
chemists, underground laboratories, large-scale manufactur-
ers and global distribution networks. There appears to be
relatively little NPS production in the USA with distribution
focused on final processing, dilution/cutting and packaging of
substances imported from China or other Asian or European
countries (11). The globalization of the NPS problem, includ-
ing sophisticated and highly networked transnational criminal
organizations, is greatly facilitated by the ease of access via the
web, where illicit substances can be anonymously purchased
online with cryptocurrency and delivered to any destination
in the world (12, 13). People who use drugs post on drug
user forums and social media groups to discuss and debate
the effects and merits of the latest NPS entering the market
and drive demand. These digital forums also provide infor-
mation related to effects, dosing recommendations, suggested
routes of administration and other user-reported experiences.

The fast-paced NPSmarket requires clinicians, epidemiolo-
gists, drug treatment services, harm-reduction organizations,
government regulators, prosecutors, law enforcement, ana-
lytical laboratories, researchers and other stakeholder groups
to constantly monitor numerous data streams to stay abreast
of emerging NPS, their proliferation, decline, health impacts
and the analytical challenges that they pose. We previously
published a comprehensive review of fatalities and adverse
events linked to then-current NPS (from 2013 through 2016)
associated with confirmed NPS ingestions, specifically involv-
ing NPS cannabinoids, stimulants, hallucinogens, benzodi-
azepines and opioids (14). These data were reported from
emergency departments (EDs), medicolegal death investiga-
tions, impaired driving and other forensic casework. The
goals of this review are to provide current data (i) for the most
recent emerging drugs in this classification to assist foren-
sic and clinical toxicologists and other previously mentioned
stakeholders in their assessment and response and (ii) for ana-
lytical methods that can confirm the presence of NPS. The
initial report is updated and focuses on NPS data reported
during 2017 through 2020.

Methods
Literature reviews were performed in PubMed (National Cen-
ter for Biotechnology Information, U.S. National Library of
Medicine, Bethesda, MD) and Google Scholar (Google, Inc.,
Mountain View, CA) for publications dated from January
2017 through December 2020. Search terms included spe-
cific names of NPS identified in laboratory casework and
published literature, as well as general terms (e.g., ‘designer
drugs’, and ‘novel psychoactive substances’) and drug classes
(e.g., ‘designer benzodiazepines’, ‘novel hallucinogens’ and
‘synthetic cannabinoids’), which were cross-referenced with
outcome-based terms (e.g., ‘overdose’, ‘intoxication’, ‘death’
and ‘hospitalization’). In addition, government reports on
websites discussing data for the years 2017 through 2020
were reviewed, including the National Forensic Laboratory
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Information System (NFLIS) (15), the European Monitoring
Centre from Drugs and Drug Addiction (EMCDDA) (16) and
NPS Discovery (17). Abstracts published by the Society of
Forensic Toxicologists (18) and the American Academy of
Forensic Sciences (19) from 2017 through 2020 were also
investigated.

Only cases that include qualitative or quantitative toxico-
logical confirmation of the NPS in an individual’s body fluids
or tissues or the drug materials at the scene are included in the
review. Drug identification could be in any biological matrix
(e.g., blood, serum/plasma, urine, tissue and oral fluid). Tox-
icological data and detailed case information were extracted,
tabulated and organized by drug category.

Tables were constructed for synthetic cannabinoid (SC),
NPS stimulant, NPS hallucinogen, NPS benzodiazepine and
NPS opioid cases. Data include case histories, clinical signs
and symptoms, autopsy findings, NPS analytical results and
qualitative and quantitative data for all identified drugs. Cita-
tions are included for all published case reports. Structures
were obtained from various in-print and online resources,
including standard reference material manufacturer websites,
ScientificWorking Group for the Analysis of Seized Drugs and
ChemSpider (20, 21). All structures were verified by more
than one source.

Synthetic Cannabinoids
Introduction
Approximately 280 new SC have entered the worldwide illicit
drug market from January 2009 through January 2020 (22).
Although many of these drugs persist at very low frequencies
for years beyond their initial appearance, there is a consis-
tent pattern of the drugs having a life cycle of 9–18months.
Once a new SC is identified and its prevalence increases, the
DEA schedules the drug and a new SC typically already in
the markets increases in prevalence to take its place. Only a
few new SC have been introduced each year since 2017. The
following sections provide a brief overview of SC chemistry,
pharmacology, adverse effects and case reports published
since 2017.

An ongoing challenge with SC is the inconsistency in
naming conventions. SC are classified based on their struc-
tural attributes (i.e., head, core, tailing and linker); early
examples include naphthoylindoles (JWH-018; Figure 2),
phenylacetylindoles (JWH-250), tetramethylcyclopropylin-
doles (XLR-11; Figure 2) and indolecarboxylates (5 F-PB-22).
Recently, indazole- and indole-carboxamides (e.g., AB-FUBI
NACA and MDMB-4en-PINACA) and gamma-carbolines
(e.g., Cumyl-CH-MEGACLONE and Cumyl-PEGACLONE)
have increased in popularity. Although structure-based terms
are the norm, new drugs may be titled based on their struc-
tural similarity to older drugs that may have been named
inconsistently or according to older naming conventions. The
most commonly used and preferred naming convention for
SC has been coined the modified Uchiyama system (23, 24).
Today, most scientists working in this arena have defaulted
to the naming that principal vendors of analytical standard
reference materials have assigned; these vendors also use the
modified Uchiyama system.

Pharmacology
Minor SC structural modifications do not generally produce
major pharmacological changes. SC are sometimes regarded

as ‘legal’ alternatives to ∆9-tetrahydrocannabinol (THC), the
major psychoactive drug in Cannabis sativa, an agonist at
the CB1 and CB2 cannabinoid receptors. CB1 agonists gener-
ally produce the sought-after euphoria and relaxation effects
of cannabis, while CB2 agonists act on the immune system
and offer novel mechanisms of action for potential phar-
macotherapies. Receptor binding studies, functional assays
and in vivo studies such as the mouse tetrad used to char-
acterize SC pharmacology have been described in detail in
previous publications (14, 25–28). SC were usually not stud-
ied in vivowhen humans began recreational use; toxicologists
and pharmacologists must rely on available in vitro or preclin-
ical studies to suggest if new SC have pharmacological effects
similar to THC. Comparing the binding affinity and activity
of different SC is difficult because studies employ different
evaluation methods (29). Generally, the newer indole- and
indazole-carboxamides such as 5F-MDMB-PICA have been
shown to be more potent than the original drugs such as
JWH-018 and XLR-11. Furthermore, the pharmacokinetics
and pharmacodynamics of SC vary compared to THC and
each other. The paucity of animal and human studies leads
to difficulty with interpreting toxicology results with respect
to when an individual may have ingested an SC or predicting
what specific effects an analyte may have, and toxicologists
must rely on case studies as very few SC clinical studies are
available. Nonetheless, new drugs have appeared each year
during the period of study and evolved within broad general
SC drug subclasses, such as those previously mentioned.

Table I (30–57) summarizes multiple reports describing SC
adverse effects. Publications which included summaries of
large numbers of cases or detailed tables of individual cases
are not included in the table but rather summarized in the text
below (58–62). Further, two recently published exhaustive
review papers on SC include comprehensive case information
not included here (63, 64).

In general, individuals presented to the ED following use
of or exposure to an herbal incense product that resulted in
physiological or psychological distress. Commonly reported
symptoms included agitation, tachycardia, lethargy, loss of
consciousness and psychomotor impairment. Kleis et al. (60)
published a 5F-MDMB-PICA (Figure 1) case series including
five clinical cases, three fatalities and four driving under the
influence of drugs (DUID) cases. 5F-MDMB-PICA serum con-
centrations in the clinical cases were <0.1–2.5 ng/mL. Three
patients were aggressive, anxious or agitated, and one had a
‘subdued mood’; no mental/behavioral effects were reported
in the fifth case. The four drivers had serum 5F-MDMB-
PICA concentrations of 0.54–16 ng/mL. Another individual
described as ‘aggressive’ also had a 1.6 ng/mL 4F-MDMB-
BINACA serum concentration. All patients tested positive for
other drugs including cannabinoids (N=5), ethanol (N=4),
amphetamines (N=2), benzodiazepines (N=1), methadone
(N=1), doxylamine (N=1) and cetirizine (N=1).

While most clinical cases involved intentional product use,
three unintentional exposure cases were reported. In one case,
two patients reported to the ED approximately 1.5–2 h after
drinking what they believed was winter melon tea (31). One
patient experienced a seizure, was drowsy and was tachy-
cardic at the time of presentation, and the other was uncon-
scious with a low heart rate (67 beats per minute [bpm])
within the normal range. Both patients’ urine specimens were
positive for 5F-MDMB-PICA 3,3-dimethylbutanoic acid, and
the liquid they consumed tested positive for 5F-MDMB-PICA
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Figure 2. Structures of select NPS.

and 5Cl-ADAMANTYL-PINACA. An 8-year-old (y/o) male
receiving zonisamide for seizures was given a commercially
available cannabidiol (CBD) oil product by his parents despite
not being diagnosed for Dravet or Lennox–Gastaut syndrome
(40). The child’s neurologist approved treatment with this
product that is not regulated or approved by the Food and
Drug Administration. The first 9 days of CBD treatment were
uneventful; however, later the boy experienced more than
14 tonic-clonic episodes in 24 h. CBD use was discontinued,
and the patient was discharged after 2 days. Analysis of the
CBD product indicated it contained both CBD and the inda-
zole carboxamide SC AB-FUBINACA. Finally, Dobaja et al.
(48) reported three customs inspectors who were occupation-
ally exposed to the gamma-carboline SC Cumyl-PINACA.
They were not wearing gloves and came in contact with a
sticky substance during package examination. They imme-
diately washed their hands but showed signs of an intoxi-
cant exposure approximately 30min after the exposure. They
arrived at the ED 6h later confused, lethargic, tachycardic

and weak/numb. All symptoms resolved in 2 days, although
the patients reported some lingering amnesia and slowed
perception of time. Patient blood samples as well as the
liquid the patients came in contact with were positive for
Cumyl-PINACA.

The potentially devastating psychiatric effects of SC were
highlighted by a 2017 report of an individual who stabbed
multiple people, killing one, after using AM-2201 (44). The
accused could not provide any explanation for his actions,
indicating that he did not know why he attacked the individ-
ual who later succumbed to her injuries and that he injured the
other two only because he was scared and trying to get away.
No biological testing was performed, but the product tested
positive for AM-2201. A psychiatric evaluation after the event
determined that ‘while performing the acts as charged, the
man was, due to mental defect, totally or partially unable
to appreciate the nature and quality of his acts and be in
control of his conduct’. The accused did not have any his-
tory of psychiatric disorders, and the authors opined that the
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psychotropic effects of AM-2201, in combination with the
active component of cannabis, may have played a role in his
actions.

Common signs and symptoms of SC use in drivers include
driving erratically, failing to stay within the lane, crossing into
oncoming traffic and being found asleep behind the wheel.
In addition to the impaired driving cases that Table I sum-
marizes, Kaneko et al. (58) reported on 96 DUID cases that
occurred in 2012–2014, of which 93 involved SC. The 96 inci-
dents were categorized as fatalities (N=4), injuries (N=51)
or property damage (N=41). Immediately following the
collisions, drivers were described as having impaired con-
sciousness (N=73) and/or being excited/confused (N=16).
Seventy-three cases included at least one SC, and 20 involved
an SC and a cathinone or the dissociative anesthetic dipheni-
dine. SC identified in blood samples were AM-2232, 5F-PB-
22, FUB-PB-22, NM-2201, AB-PINACA, NNE-1, 5F-AB-
PINACA, AB-FUBINACA, 5F-MMB-PINACA (5F-AMB) and
AB-CHMINACA. Kleis et al. reported four drivers in their
case series on 5F-MDMB-PICA (60). Plant cannabinoids and
alcohol were reported in one case in which the driver was
involved in a hit-and-run crash, followed by a car chase. The
driver was unable to stand upright, had slurred speech and
exhibited erratic and confused behavior. The second driver
was stopped after being observed leaving his lane, driving on
the wrong side of the road and braking inappropriately. He
was described as exuberantly happy upon a negative breath
alcohol test but quickly became aggressive. The third driver
was found sleeping in his stopped car (with the engine off)
in the middle of an intersection. After being aroused, he was
disoriented with a subdued mood. No driving behavior was
reported on the final driver, and he was simply described as
having fluttering eyelids and a tremor.

In addition to the nine deceased individuals summarized
in Table I, there are three publications reporting deaths
associated with SC use. In FL, the deaths of 54 prison-
ers involved a variety of SC, 37 cases had no other drug
classes detected following a comprehensive drug screen. In
cases in which other drugs were detected, only five con-
tained drugs with significant abuse potential (59). Although
blood and urine were initially tested in these early cases, no
drugs were detected in blood leading to analysis of urine
for SC metabolites in the later cases. 5F-MDMB-PINACA
(5F-ADB; Figure 2), MMB-FUBINACA (FUB-AMB), 5F-
MMB-PINACA (5F-AMB), MDMB-FUBINACA and/or AB-
CHMINACAwere detected in the samples. Morrow et al. (61)
investigated the role of MMB-FUBINACA in nontraumatic
deaths in Auckland, NZ. Following a review of all records
in which ‘AMB-FUBINACA’ (synonyms MMB-FUBINACA
and FUB-AMB) was referenced, 58 cases were identified
that did not have trauma as the cause of death (COD).
MMB-FUBINACA 3-methylbutanoic acid was identified in
all 58 cases, with a mean blood concentration of 229 ng/mL
(median=140ng/mL) in 41 cases where it was quantified.
Only 15 cases had positive blood MMB-FUBINACA. MMB-
FUBINACA toxicity was the primary COD in 42 cases, with
20 involving no other drugs or alcohol. Cumyl-PEGACLONE
was reported in five of 472 deaths over an 18-month period
in Australia’s Northern Territory (62). Postmortem blood
concentrations of 0.73–3.0 ng/mL were reported. Authors
employed the Toxicological Significance Score (TSS) sys-
tem developed by Elliot et al. to categorize the role of

Cumyl-PEGACLONE. This system evaluates the presence and
concentration of an NPS along with other toxicological and
pathological findings in a case and assigns the NPS a signif-
icance value from 1 (low) through 3 (high) (65). In 4 of 5
deaths, the TSS was determined to be ‘high’ (TSS=3). In
one case, the COD was determined to be acute drug toxicity
(alcohol and Cumyl-PEGACLONE); three cases involved car-
diac/coronary disease in the context of Cumyl-PEGACLONE
(two with alcohol) use, and the final death involved positional
asphyxia with Cumyl-PEGACLONE use and obesity. Coro-
nary/cardiac disease, blood stasis, organ edema, hypoxia and
the presence of other drugs are common in postmortem cases.

In general, the toxidrome associated with SC use is nonspe-
cific and inconsistent. In addition, individual cases may have
unusual and inexplicable findings due to concomitant drug
use. This is illustrated by the mass casualty incident reported
by Ershad et al. (Table I) (33). Six heroin users had effects not
typically associated with opioid use, including agitation and
tonic-clonic seizures. The heroin also contained fentanyl and
5F-MDMB-PINACA. In another case, the Centers for Disease
Control and Prevention (CDC) became aware of SC users in
Illinois showing signs and symptoms of anticoagulant expo-
sure. During March–May 2018, 202 cases of suspected SC
used with anticoagulant exposure were identified across nine
states (66). Therefore, relying on investigative clues such as
drug use history, examination of drug paraphernalia or prod-
ucts found with the patient and witness accounts is essential
to determining if the case could involve SC. It is also impor-
tant to remember that the content of herbal incense products,
pills and potions purchased on the internet change rapidly,
requiring laboratories to ensure assays are testing for the most
current drugs.

Discussion
SC have significant physiological and neurological effects,
with the potential for negative sequelae including death. How-
ever, the wide range of reported effects, comorbidities and
co-ingested drugs complicates interpretation of the role that
SC has in clinical, DUID and postmortem casework. Case
reports involving the same drug may mention seemingly con-
tradictory effects. For example, some patients exposed to
ADB-FUBINACA presented with tachycardia and others with
bradycardia. Some patients became agitated/anxious, and
others were somnolent. Based on the cases reviewed, patients
who are transported to the hospital for medical care typically
recover without long-term negative effects. Most postmortem
cases involve individuals who were discovered hours after the
drug exposure, and autopsy findings are often similar to what
is seen in central nervous system (CNS) depressant deaths,
such as pulmonary edema. Table II provides a cumulative
summary of SC’s effects on various anatomical systems based
on the table included in Logan et al. (14).

NPS Stimulants
Introduction
Currently, the most prevalent NPS category is novel stim-
ulants worldwide (67). Many are derived from cathi-
none, a monoamine alkaloid present in the plant Catha
edulis (Khat) (Figure 2). The methylated analogue of
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Table II. Summary of SC Receptor Agonists’ Toxicity Profiles

Organ system Symptoms and signs

CNS Agitation, psychosis, irritability,
seizures, sedation, coma, delirium,
hallucinations, paranoia, anxiety,
hypo/hyperreflexia and psychomotor
impairment

Cardiovascular Tachycardia, hypertension, acute coro-
nary syndrome, arrhythmia, chest pain
and myocardial infarction

Pulmonary Respiratory depression and hypopnea
Other Nausea, vomiting, fevers, mydriasis,

blurred vision and acute kidney injury
Postmortem findings Organ edema and congestion

cathinone, methcathinone, was first synthesized in 1929
with reports of abuse as early as the 1990s (68). Since
the early 2000s when 4-methylmethcathinone (mephedrone)
and beta-keto amphetamines (methylenedioxypyrovalerone
[MDPV]) emerged in the UK and Europe, novel stimulants
proliferated and dominated the NPS market (68). By the
late 2000s, novel drugs including methylone and alpha-
pyrrolidinopentiophenone (α-PVP) had also increased in
prevalence. By 2015, substituted methylenedioxyphenethyl-
amines (e.g., ethylone and butylone) had increased in fre-
quency in the USA and Europe. The availability of synthetic
stimulants persists despite scheduling actions internationally
and nationally.

The 2020 European Drug Report on Trends and Devel-
opments showed that cathinones accounted for about 36%
of drug seizures, while another 3% of drug seizures were
composed of phenethylamines in 2018 (67). In Europe,
the number of synthetic cathinones identified in powders
has significantly decreased in recent years (67). Following
the appearance of methylone, structurally related analogues
have appeared with varying degrees of popularity with
recent substances including dibutylone, eutylone, pentylone,
N-ethylpentylone (NEP) and N-ethylhexedrone. In the USA,
the DEA’s emerging threat report for the third quarter of
2020 and the CFSRE’s fourth quarter 2020 trend report
showed eutylone as the most frequently encountered cathi-
none in the USA (69, 70). Similarly, drugs structurally
related to α-PVP, such as alpha-pyrrolidinoheptiophenone
(PV8), alpha-pyrrolidinohexiophenone (α-PHP) and alpha-
pyrrolidinoisohexanophenone (α-PiHP) have proliferated.
Eutylone and NEP accounted for the highest percentages of
reports for NPS in the phenethylamine category at 1.3%
and 0.4%, respectively, as shown in the 2019 NFLIS annual
report (71).

Methylphenidate (MPH) is widely prescribed for attention
deficit hyperactivity disorder but also frequently misused for
cognitive enhancement to improve memory and concentra-
tion, control anxiety and stimulate motivation and creativity.
MPH requires a prescription; thus, illegal analogues emerged
on the internet and darknet as cognitive enhancers for their
nootropic and stimulant effects, and this resulted in deaths
in some cases (72–75). Although few analytical methods for
MPH analogs are available and many laboratories do not test
for them, adverse effects were reported for structural deriva-
tives, ethylphenidate (EPH) and 4-fluoromethylphenidate
(4F-MPH).

Table III. NPS Stimulant Toxicity Profile

Organ system Symptoms and signs

CNS Agitation, psychosis, delusions, aggres-
sion, irritability, paranoia, delirium,
hallucinations, sedation, coma, abnor-
mal behavior and altered fluctuating
consciousness

Cardiovascular Tachycardia, hypertension and
palpitations

Pulmonary Increased respiration rate
Other Hypothermia, mydriasis, rhabdomy-

olysis, compartment syndrome and
sweating

Postmortem findings Organ edema and congestion

Pharmacology
Synthetic cathinones’ interactions with dopamine transporters
(DATs), serotonin transporters (SERTs) and norepinephrine
transporters (NETs) were documented in in vitro (human cell
lines) and preclinical models (76–80). Ring-substituted cathi-
nones (such as methylone) act as DAT, SERT and NET sub-
strates increasing dopamine, serotonin and norepinephrine
release. The presence of a pyrrolidine ring, as in α-PVP, acts
as a transport blocker (reuptake inhibitor) at DAT (77–80)
increasing affinity and potency with increasing length of the
α-carbon chain (79). Drugs with a higher DAT potency,
including α-pyrrolidinophenones and 4-fluoroamphetamine
(4-FA), exhibit stimulant properties similar to metham-
phetamine (79); cathinones with similar DAT and SERT
potencies or a higher SERT potency have more empathogenic
activity (e.g., ethylone) (80).

The onset of synthetic cathinone effects occurs within
30–45min of administration, with desired effects lasting
1–3 h; undesirable effects can last for several days (81).
Reported synthetic cathinone effects include increased energy,
alertness, concentration and euphoria; effects are similar to
those of amphetamine and cocaine (68, 76, 82, 83). Adverse
physiological effects include cerebral edema, diaphoresis,
hyperflexia, hypertension, hyperthermia, dilated pupils,
tachycardia, myocardial infarction, seizures, bruxism, nau-
sea and vomiting. Prominent adverse neuropsychiatric effects
include agitation, aggression, hallucinations, paranoia, psy-
chosis and serotonin syndrome. Hyperthermia, diaphoresis,
tachycardia, agitation and hypertension are indicators of
toxicity and overdose (82). Psychosis may be pronounced,
with patients experiencing paranoia, hallucinations (primar-
ily visual) and delusions. Toxic sequelae can include liver and
kidney failure, rhabdomyolysis and development of increased
pressure in a muscle compartment that can lead to muscle and
nerve damage, blood flow abnormalities and ultimately death
(‘compartment syndrome’) (68, 82). Table III provides a sum-
mary of the toxicity profiles related to synthetic stimulants.
Additional information related to adverse effects associated
with NPS stimulant use can be found in Table IV (84–94).

MPH works similarly to amphetamine in competing with
catecholamines in the CNS to block DAT and NET and
elevate synaptic monoamine concentrations (72, 73, 95).
In vitro pharmacology documented more potent DAT than
SERT inhibition by MPH analogues, suggesting predom-
inately stimulant effects with high abuse liability, similar
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to amphetamine (73). 3,4-Dichloromethylphenidate inhib-
ited NET 10-fold and DAT 2-fold more potently than MPH.
NET (0.04–0.42µM) and DAT (0.08–0.34µM) inhibition
potencies for 3,4-dichloroethylphenidate, ethylnaphthidate,
4F-MPH and 4-methylmethylphenidate were similar to those
of MPH (73). Several MPH analogues inhibit NET at sub-
micromolar concentrations, suggesting cardio- and psycho-
stimulant properties.

MPH is almost completely absorbed when ingested orally,
with peak plasma concentrations occurring 1–3 h after a stan-
dard oral dose that has a plasma half-life of 1.5–2.5 h (95).
Adverse effects of MPH include pupil dilation, hair loss,
depression, anorexia, headaches, decreases in libido, insom-
nia, restlessness, anxiety and hypersensitivity; anorexia and
tachyarrhythmia are the most prevalent effects at high con-
centrations in blood (72). Abuse also produces paranoia,
hallucinations, delusional disorder and euphoria. EPH is com-
monly insufflated, with an onset of action of 0–5min and a
duration of effects lasting 15–300min (72). Adverse effects of
EPH include tachycardia, hypertension, palpitations, endo-
carditis, fever, mydriasis, insomnia, irritability, paranoia,
anxiety and delusional thoughts.

A comprehensive review during 2017–2020 was recently
published, identifying 31 different synthetic cathinones in
75 reported fatal intoxications (96). NEP was found in 23
fatalities, with blood concentrations of 18.4–50,000 ng/mL
and most commonly coadministered with other cathinones
dibutylone, pentylone or butylone. In NEP-only cases,
concentrations were 150–600 ng/mL. Case reports detailed
aggression, confusion and cardiac arrest in several cases.
4-Chloromethcathinone (4-CMC) was the next most fre-
quently reported cathinone analog associated with nine fatal-
ities. 4-CMC blood concentrations were 0.9–1,870 ng/mL,
but most cases included other drugs, frequently THC.
N-Ethylhexylone (NEH) was confirmed in six fatalities (blood
concentrations 7.2–285 ng/mL), always combined with other
drugs. NEH has a short duration of effects, resulting
in binge dosing. 3-Methylmethcathinone (3-MMC) was
reported in five fatalities, with peripheral blood concentra-
tions of 249–800 ng/mL. In these synthetic cathinone cases,
polydrug consumption frequently included other synthetic
cathinones, synthetic opioids (e.g., U-47700) or other stim-
ulants (e.g., MDMA).

Ethylphenidate
EPH first gained attention in 2011 as a legal ethyl acetate
MPH analogue; MPH is Schedule II in the USA (97). EPH
can be formed by transesterification following MPH and
ethanol coingestion, with a significant correlation between the
area under the concentration versus time curve of MPH to
EPH (98). EPH is a potent stimulant with high abuse poten-
tial including pleasurable stimulation, euphoria, cognitive
enhancement, indecisiveness and anxiety (99). Physiological
effects of elevated body temperature, increased heart rate and
blood pressure, profuse sweating and muscle tension also
were reported. Other drugs of abuse were frequently found in
EPH fatalities (72) (Table IV). In these fatalities, EPH femoral
blood concentrations were 8–2,180 ng/mL. In two cases, ante-
mortem blood was collect with EPH concentrations of 30 and
460ng/mL.

Dibutylone
Dibutylone is a substituted beta-keto-methylenedioxyamp
hetamine and one of the analogues in the popular series that
includes methylone, ethylone and butylone. In the previously
published review by Maida et al., dibutylone was a common
finding in cases also positive for NEP, identified in 5 of 12
cases (96). Krotulski et al. reported 15 dibutylone cases, 9
postmortem with blood concentrations of 10–1,400 ng/mL
and 3 recreational use with oral fluid concentrations of 123–
1,926 ng/mL (87). In every dibutylone case, butylone was
also found in blood from <10–600ng/mL (Table IV). In vitro
metabolism studies identified butylone as an N-demethylated
dibutylone metabolite. Effects related to dibutylone ingestion
were not reported in the case series; however, previous buty-
lone reports included tachycardia, hypertension, rigid muscle
tone, hypersalivation, mydriasis, hyperthermia, arrhythmias
and altered behavior (100, 101). Dibutylone is expected to
produce similar effects based on its structural similarity.

N-Ethylpentylone
NEP, first reported in 2014, became a frequently encountered
NPS cathinone in the USA in 2016 (102). In an NEP case
series of 31 reports by Krotulski et al., 26 were death investi-
gations with blood NEP concentrations of 12–50,000 ng/mL
(103). The other five intoxications involved hospitalizations
with coingestion of other cathinones and severe psychiatric
effects with delusion, auditory hallucinations, paranoia and
dissociation persisting in some cases for days (93). Similarly,
NEP was confirmed in subjects’ blood, serum and/or urine in
a series of acute drug intoxications in Brazil—noting palpi-
tations; tachycardia; agitation; aggression; coma and in one
case, death—with blood concentrations of 7–170 ng/mL (94).

N-Ethylhexylone
NEH was the most frequently seized cathinone in 2017 and
among the top three in 2018, according to the 2019 European
Drug Markets Report (104). NEH is sold via the internet and
reportedly has the strongest effects when snorted, although
it is also administered by rectal, intravenous (IV), oral or
smoked (i.e., e-cigarette) routes (89). Desired effects typically
occur following 10–250mg doses with an onset of effects for
2–25min, but effects depend on the route of administration
and drug tolerance. In an NEH fatality, the subject presented
with hyperthermia, dilated pupils, tachycardia and elevated
blood pressure (89). During the autopsy, congestion in the
lungs and swelling and congestion in the brain were noted at a
femoral blood concentration of 145 ng/mL. In three impaired
driving cases, NEH concentrations were 8–34 ng/mL (90).

Other NPS stimulants
Other synthetic stimulants were identified less frequently,
with three case reports from theα-pyrrolidinophenone deriva-
tive class. One involved α-PHP in a living individual who
was acting irrationally and presenting with hallucinations,
delusion, fear, anxiety and restlessness. At the ED, the
patient’s GlasgowComa Score (GCS) was 14, with serum con-
centrations of 175 ng/mL on admission to 1.8 ng/mL 216h
later (86). A second case involved an unconscious male
found at home who was previously admitted to the ED
2months prior because of loss of consciousness and aspira-
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tion pneumonia (85). At the first admission, his GCS was 4
with an elevated heart rate; alpha-ethylaminopentiophenone
(α-EAP) and 4-fluoro-alpha-pyrrolidinovalerophenone were
identified as the causative agents. In a third case, a
male with a history of drug addiction had autopsy find-
ings of pulmonary edema and multivisceral congestion
(88). His femoral blood contained 47 ng/mL of 4-methyl-
α-pyrrolidinohexiophenone (MPHP) and 1.6 ng/mL of 4-
methyl-α-ethylaminopentiophenone (4-MEAP). In a nonfatal
4F-MPH case, a disoriented and confused individual with
severe psychomotor agitation was admitted to the ED and had
mild tachycardia lasting 2 days (84). 4F-MPH blood and urine
concentrations were 32 and 827ng/mL, respectively.

Discussion
NPS stimulants are among the most sought-after NPS classes
due to the euphoria and altered metal state produced and
the low perception of likelihood of adverse effects. Typi-
cal symptoms associated with synthetic stimulant use include
elevated heart rate, increased blood pressure and dilated
pupils (Table III). Individuals under the influence of these
substances often experience hallucinations, paranoia, anxi-
ety and/or aggression with the risk of excited delirium and
life-threatening cardiovascular effects. In these cases, some
effects such as asthenia, paranoia and hallucinations can per-
sist for days after the initial onset of symptoms. Individuals
with cardiac compromise are especially susceptible to toxicity
and death.

Common autopsy findings in synthetic stimulant deaths
included pulmonary edema and in some cases brain conges-
tion (Table III). Scene investigation, paraphernalia recovery
and/or subject self-report of ingested substances provided key
data in these antemortem and postmortem cases that led to
identifying the responsible NPS. Finding additional NPS stim-
ulants along with other therapeutic and illicit substances was
not uncommon in these cases.

Synthetic stimulant users often do not know what they are
ingesting because these substances are often sold as ecstasy
(i.e., MDMA). In one study comparing self-reporting drug
ingestion to toxicological findings, 29.6% of users who
believed they had ingested MDMA had consumed a novel
stimulant (105). Given the persistence and prevalence of
synthetic stimulants, laboratories should remain vigilant in
monitoring these substances and pursue additional analyti-
cal testing in suspected cases of stimulant overdoses when
traditional toxicology methods have negative findings. The
continued emergence of novel synthetic stimulant drugs is
expected given the historical popularity of these substances.
Canceling electronic music events and closing dance clubs
during the coronavirus disease 2019 pandemic in 2020 may
have temporarily reduced the availability and popularity of
the synthetic stimulant drug class.

NPS Hallucinogens
Introduction
Hallucinogens are naturally occurring or synthetic drugs that
produce hallucinations, dissociation and out-of-body expe-
riences. Novel hallucinogens are characterized as chemical
derivatives and analogues of classical hallucinogens, such
as the psychedelic lysergic acid diethylamide (LSD) or the
dissociative drugs ketamine and phencyclidine (PCP). Novel

hallucinogens are divided into six subcategories: PCP-like
analogues, ketamine-like analogues, phenethylamine ana-
logues, LSD-like analogues, tryptamine-like analogues and
diarylethylamine analogues. Some novel synthetic drug classes
were derived from legitimate pharmaceutical research, but
others are experiments by illicit drug manufacturers or users
seeking new or different experiences. Novel hallucinogen
preparations include powders, pills, tablets, liquids and blot-
ters (106). PCP-, ketamine- and LSD-like analogues are com-
monly ingested with the first two generally sold as solid
materials and the last generally as a liquid or on blotters.
Descriptions of these substances’ structures, syntheses and
effects are frequently found in online forums and relevant
popular publications, such as ‘PiHKAL’ (2) and ‘TiHKAL’
(3). The peer-reviewed literature and case reports of intoxica-
tions involving novel hallucinogens continue to grow. Table V
(107–146) highlights adverse effects including hospitalization,
death investigation and impaired driving cases—paired with
toxicological findings and/or chemical confirmation from
recent publications.

During 2016–2018, ‘NBOMe’ drugs were the most com-
monly encountered novel hallucinogens (14); more recently
(2017–2020), PCP- and ketamine-like analogues, including
3-methoxy-PCP (3-MeO-PCP), 2-fluorodeschloroketamine
(2-FDCK) and N-ethyldeschloroketamine (2-Oxo-PCE, eticy-
clidone) are, in that order, the leading novel hallucinogens
worldwide. Novel hallucinogen prevalence data are lack-
ing for the USA; however, NPS Discovery toxicology test-
ing of samples from across the country identified the most
prevalent novel hallucinogen in 2018 as MeO-PCP and in
2020 as 2-FDCK (70). Among the United States Schedule I
NBOMe(s), there were few 25B-NBOMe and 25C-NBOMe
reports with the market shifting to 25I-NBOMe (147).
Less frequently encountered novel hallucinogens included
phenethylamine analogs 2C-E, Bromo-DragonFLY
and DOC (2,5-dimethoxy-4-chloroamphetamine); the LSD-
like analogue AL-LAD (6-allyl-6-nor-LSD); tryptamine-like
analogues 5-MeO-MiPT and 5-methoxy-N,N,-diisopro
pyltrptamine (5-MeO-DiPT); diarylethylamine analogues
diphenidine and methoxphenidine (MXP) and the ketamine-
like analog methoxpropamine (MXPr).

Pharmacology
MeO-PCP, 2-FDCK and MXP bind to the glutamate N-
methyl-D-aspartate receptor (NMDAR) (148–150). 3-MeO-
PCP has the highest binding affinity compared to its
2- and 4-MeO-PCP isomers, with similar potency to PCP
at the NMDAR (150). 3-MeO-PCP is metabolized via O-
demethylation to 3-hydroxy-PCP (3-HO-PCP), which also is
an emerging novel hallucinogen with even higher NMDAR
affinity (120, 151). The concentration of 3-HO-PCP is thus an
important aspect to consider when interpreting toxicological
data from 3-MeO-PCP and 3-HO-PCP cases (152). 2-MXP,
3-MXP and 4-MXP are relatively selective NMDAR antag-
onists with IC50 of 56.5±5.8, 30.3±2.6 and 723.8±69.9,
respectively. These NMDAR antagonists exhibit a relatively
similar potency order to MeO-PCP analogues (149). Dipheni-
dine exhibited greater potency than 2-MXP and is thus less
potent than PCP and ketamine (149). Anecdotal reports
claim that 2-FDCK is more potent than ketamine; however,
analytical data are not available.
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NBOMe(s), like the classical hallucinogen LSD, are ago-
nists of the serotonergic system (153–155). 25I-NBOMe
is a potent full 5-HT2A receptor agonist, with a Ki of
0.044±0.006 nM and an EC50 of 0.44±0.07 nM (153);
25B-NBOMe and 25C-NBOMe are partial agonists, with Ki

of 0.19±0.01 nM (154) and 0.9 nM (155), respectively. The
onset of effects of oral 25I-NBOMe in humans is 15–120min,
with a duration of action of 6–10 h (similar duration for 25B-
and 25C-NBOMe).

Tryptamine-like analogues are also agonists at the SERT
5-HT2A receptors; however, these hallucinogens have lower
binding affinity compared to LSD (156). 5-MeO-MiPT
has moderate 5-HT2A receptor activity with a Ki of
0.163±0.03 nM (156); 5-MeO-DiPT has a Ki of 0.560 nM
and induced hallucinogenic effects in rodents (157, 158).

PCP-like analogs
3-MeO-PCP and 3-HO-PCP are methoxy- and hydroxy-
substituted chemical derivatives of the traditional hallucino-
gen PCP, respectively, which can exist as positional isomers
(e.g., 4-MeO-PCP and 4-HO-PCP). MeO-PCP derivatives
were first synthesized in the 1960s and 1970s (159), but
the first fatalities were reported in 2014 from Sweden (160).
3-MeO-PCP and 4-MeO-PCP are not explicitly controlled in
the USA (147) but could be considered PCP analogs, federally
controlled under Schedule II by the DEA.

During 2017–2020, nonfatal and fatal 3-MeO-PCP cases
reported hospitalized individuals as delirious, confused and
aggressive. Clinical signs and symptoms included hyperten-
sion, tachycardia, hypothermia, tachypnea, mydriasis and
excessive sweating, with most individuals recovering from
their overdose. Decedents were commonly found unrespon-
sive with edema and lung, brain and heart congestion at
autopsy. There was no distinction between quantitative toxi-
cology concentrations for antemortem and postmortem cases.
A nonfatal intoxication following 3-HO-PCP and NEH inges-
tion led to reduced consciousness, hyperthermia and tachycar-
dia; a patient whowas eventually discharged from the hospital
also had rhabdomyolysis (113).

Ketamine-like analogues
Modified or substituted chemical derivatives of the traditional
hallucinogen ketamine include 2-FDCK, which replaces the
chlorine atom with fluorine, and 2-Oxo-PCE, which removes
the chlorine atom and elongates the methyl chain to an ethyl
chain on the secondary amine. 2-FDCK was first synthe-
sized in 2009, but both ketamine-like analogues emerged
on the world recreational drug market in 2016 (161), with
2-FDCK first identified in the USA in 2018 (162). In that
same year, a cluster of 2-Oxo-PCE poisonings were reported
(112). 2-FDCK and 2-Oxo-PCE are not explicitly controlled
in the USA (147), although both were implicated in fatal
and/or nonfatal overdoses. Individuals hospitalized following
2-FDCK intake experienced impaired consciousness, agita-
tion, abnormal behavior, hallucinations and/or delusions,
loss of consciousness, dizziness, convulsion, nausea and/or
vomiting (109). Clinical signs and symptoms included hyper-
tension, tachycardia, hyperthermia and dyspnea with indi-
viduals recovering and released from the hospital. 2-FDCK
also was involved in six DUID investigations; however, lim-

ited information was available (110). No fatal cases involving
2-FDCK were reported.

Individuals hospitalized following 2-Oxo-PCE ingestion
experienced impaired consciousness, confusion, abnormal
behavior, agitation, aggressive behavior, loss of conscious-
ness, convulsions, drowsiness, unstable emotion, psychotic
symptoms, dizziness, nystagmus and unsteady gait (112).
Clinical signs and symptoms included hypertension, tachycar-
dia, hyperthermia and rhabdomyolysis, with a single reported
fatal outcome (111). The decedent was found in his bed-
room with his head hanging over a bucket. At autopsy, brain
swelling and lung hyperhydration were noted, and tablets
were found in the stomach and small bowel.

MXPr is a ketamine-like analogue with structural similar-
ity to 2-Oxo-PCE but is structurally dissimilar fromMXP and
diphenidine. MXPr contains a 3-methoxymoiety and a propyl
group on the amine. MXPr was reported in one nonfatal case
in which the individual was reported to be asymptomatic after
presentation to the hospital (146). Toxicology testing and
chemical analysis confirmed MXPr ingestion.

Phenethylamine analogues
25I-NBOMe was the most commonly encountered
phenethylamine-like novel hallucinogen during the period
of review, with observed behaviors including agitation,
aggression, seizures, euphoria, hallucinations and sweating
(14). Hospital personnel reported tachycardia, hypertension,
hyperthermia and mydriasis in patients. Similar case scenar-
ios and clinical findings were reported for 25B-NBOMe and
25C-NBOMe.

A mass poisoning occurred when multiple individuals at
a seminar ingested the same drug product containing 2C-E
and Bromo-DragonFLY, yet there was considerable variability
in the outcomes (107). Some individuals were found uncon-
scious and unresponsive, with clinical signs and symptoms of
tachycardia and respiratory distress. Some required sedation
with benzodiazepines, but all recovered within days without
any fatalities.

DOC intoxications and adverse effects were well charac-
terized in ‘PiHKAL’ in 1991 (2, 14). Since 2017, five nonfatal
and two fatal DOC intoxications were confirmed following
ingestion of what was thought to be LSD (142). Also, DOC
ingestion was confirmed in two exhumed bodies after their
unexplained deaths followed insufflation of an ‘LSD’ powder
(132).

LSD-like analogues
AL-LAD first emerged in Europe in 2015, and only one
nonfatal LSD-like analogue intoxication was reported dur-
ing 2017–2020 (138); however, comprehensive international
data for this drug are not available (163). The individual
acted erratically, shooting two teenagers and setting fire to
a building. Police responded and apprehended the individual,
who became unresponsive while in the patrol car and later
had a cardiac arrest. Clinical signs and symptoms included
tachycardia, hypotension, hypothermia and mydriasis.

Tryptamine-like analogs
5-MeO-MiPT and 5-MeO-DiPT share structural similarity
with tryptamine but with the addition of a methoxy group
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Table VI. Summary of Toxicity Profile of NPS Hallucinogen Drug Subclasses

Organ system PCP-like analogues Ketamine analogues Phenethylamine analogues

CNS Delusions, confusion, aggression,
psychomotor agitation, altered or
fluctuating consciousness

Agitation, aggression, abnormal behav-
ior, hallucination, delusions, impaired
consciousness, loss of conscious-
ness, unstable emotions, psychotic
symptoms and unsteady gait

Agitation, aggression, seizures,
euphoria, hallucinations and loss
of consciousness

Cardiovascular Tachycardia and hypertension Tachycardia, hypertension and
palpitations

Tachycardia, hypertension and
cardiac arrest

Pulmonary Tachypnea, respiratory acidosis Dyspnea Respiratory distress, heavy breathing
and apnea

Other Hypothermia, mydriasis, excessive
sweating and vertical nystagmus

Hyperthermia, rhabdomyolysis,
nystagmus, drowsiness, dizziness,
convulsion, nausea, vomiting and
self-harm

Hyperthermia, mydriasis, rhabdomy-
olysis, sweating, salivation, tremors
and serotonin syndrome

Postmortem findings Edema and congestion of lungs,
brain and heart

Brain swelling and lung hyperhydration Edema and congestion of lungs and
brain

on the indole and alkyl groups on the amine. 5-MeO-DiPT
is a Schedule I substance in the USA, while 5-MeO-MiPT
is not explicitly scheduled (147, 164). 5-MeO-DiPT intox-
ications are described in the literature, but details on case
scenarios and clinical findings are lacking. In one case, no
abnormal clinical signs or symptoms were reported (126).
A naked individual was disoriented, agitated and aggressive
with several abrasions after ingesting an LSD-like substance
in another nonfatal intoxication (127). The biological sam-
ples and recovered drug material confirmed the presence
of 5-MeO-MiPT intoxication. Positional isomers of these
tryptamine-like analogues are also available; 4-MeO-MiPT
was first documented in Europe in 2019 (16).

Diarylethylamine analogues
MXP is structurally related to diphenidine. Two nonfatal
MXP cases since 2017 documented agitation, aggressiveness,
dissociative effects and sedation in the patients (14). Clin-
ical signs and symptoms for both included hyperthermia,
tachycardia and mydriasis. In one case, serotonin syndrome
was suspected, similar to findings that involved other novel
hallucinogens and novel stimulants. Tachycardia, tachypnea
and miosis were observed in two nonfatal and one fatal
diphenidine intoxications; one individual experienced agita-
tion, disorientation, altered consciousness and an inability to
communicate (139). In the fatal case, abrasions were noted at
autopsy, along with pulmonary and brain edema and organ
congestion (140).

Discussion
Recently reported novel hallucinogens, documented adverse
effects and toxicological confirmation of the responsible
drug include PCP-like analogues (e.g., 3-MeO-PCP and
3-HO-PCP), ketamine-like analogues (e.g., 2-FDCK, 2-Oxo-
PCE and MXPr), phenethylamine analogues (e.g., 25I-
NBOMe, 25B-NBOMe, 25C-NBOMe, DOC, 2C-E and
Bromo-DragonFLY), LSD-like analogues (e.g., AL-LAD),
tryptamine-like analogues (e.g., 5-MeO-DiPT and 5-MeO-
MiPT) and diarylethylamine analogs (e.g., MXP and dipheni-
dine). Although these drugs are classified under one NPS
class, adverse effects may be similar or can differ based
on the specific novel hallucinogen ingested (Table VI). For

example, intoxication with most substances resulted in agi-
tation, aggressive behavior and/or delusions. 3-MeO-PCP
was more commonly associated with hypothermia, whereas
other novel hallucinogens produced hyperthermia. The most
common physiological effect reported during hospitalization
was tachycardia, a finding noted for all novel hallucinogens.
Cases of excited delirium and serotonin syndrome were also
reported.

There are no standard laboratory analytical procedures
for the class of novel hallucinogens, and routine testing is
generally lacking in the USA and internationally. This most
likely results in underreporting of the prevalence for this NPS
class. In a 2020 survey of laboratories performing DUID
testing (n=65), 83% test for PCP in blood (the same per-
centage as the 2016 survey); however, only 54% test for PCP
in urine (down from 78%) (165, 166). Additionally, 69%
(up from 50%) of laboratories routinely test for ketamine in
blood, but only 40% tested for other ‘hallucinogens’. When
asked what additional drugs should be added to the recom-
mended scope for DUID testing, no laboratory suggested any
novel hallucinogen drugs or subclasses. This could be because
PCP was only the 20th most commonly encountered drug in
DUID casework of survey respondents in 2020 (when ranking
cumulative responses of the top 15 drugs from each respon-
dent); the laboratories did not list any other hallucinogens,
including ketamine, LSD or novel analogues. Survey results of
the scope of analytical confirmation during death and DUID
investigations are not currently available; however, PCP and
ketamine are included in draft standards documents produced
by the Academy Standards Board: ‘Standard for the Analyt-
ical Scope and Sensitivity of Forensic Toxicological Testing
of Blood in Medicolegal Death Investigations’ and ‘Standard
for the Analytical Scope and Sensitivity of Forensic Toxico-
logical Testing of Blood in Impaired Driving Investigations’.
As expected, no novel hallucinogens are included (167, 168).
Although hallucinogens are not among the top drugs detected
in DUID investigations, the above draft standards strongly
suggest the need to test for novel hallucinogens in nonfa-
tal intoxications, fatalities and DUID investigations based on
case circumstances and investigative information.

With the current state of novel drug markets, laboratory
personnel need to consider the challenges and limitations of
testing for novel hallucinogens. Some immunoassay screen-
ing assays for traditional hallucinogens do cross-react with
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novel hallucinogens (e.g., specifically MeO-PCP derivatives
with PCP kits) (169, 170). However, data for other subclasses
regarding cross-reactivity are lacking, and laboratories should
be aware that immunoassay screening will not detect most
novel hallucinogens. Comprehensive toxicological screening
by high-resolution mass spectrometry (HRMS) is a far supe-
rior approach for identifying novel hallucinogens when testing
is requested. Novel hallucinogens and their metabolites iden-
tified in this review should be incorporated into screening
applications, especially 3-MeO-PCP and 2-FDCK. Laborato-
ries should also consider adding novel hallucinogens as they
emerge. It is important for toxicologists to understand evolv-
ing NPS drug markets and to remain current with literature
on novel hallucinogen intoxications and fatalities.

NPS Benzodiazepines
Introduction
The NPS market grew rapidly during 2008–2018, but new
analogues in some subclasses such as SC slowed, while
novel benzodiazepine analogues increased. Currently, the
EMCDDA monitors 30 novel benzodiazepines, with 21
detected in 2015 or later (67, 171). In 2020, the EMCDDA
reported 1.4million tablets, 1.3 L of liquid and about 8 kg
of powder of new benzodiazepine seizures. Novel benzodi-
azepines are typically distributed by pressing into tablet molds
that appear similar to pharmaceutical alprazolam (Xanax®)
or diazepam (Valium®) (172–176). This poses an additional
health concern as individuals believe they are taking tradi-
tional benzodiazepines of known potency, dose and qual-
ity. Novel benzodiazepines are readily available online and
marketed as ‘legal’ versions of authorized medications (67).

Pharmacology
As previously reported (14), the pharmacology of designer
benzodiazepines is similar to that of traditional benzodi-
azepines. Benzodiazepines bind to gamma-aminobutyric acid
A (GABAA) receptors that are ligand-gated chloride-selective
ion channels activated by the inhibitory GABA neurotransmit-
ter (177). Traditional benzodiazepines are classified as short-
(1–12 h), intermediate- (12–40 h) or long (40–250 h)-acting
drugs based on their half-lives (178). They are prescribed
as anxiolytics, sedatives or anticonvulsants. Common side
effects include drowsiness, lethargy, fatigue, dizziness, vertigo
and loss of motor control. Long-term use of benzodiazepines
can lead to tolerance, dependence and withdrawal (178).
Novel benzodiazepines also are agonists at GABAA recep-
tors, producing adverse effects such as amnesia, drowsiness
and incoordination. Table VII provides a summary of the
toxicological profile of novel benzodiazepines.

Table VII. Summary of Toxicity Profile of NPS Benzodiazepines

Organ system Symptoms and signs

CNS Amnesia, sedation, drowsiness, lethargy,
slurred speech, incoordination, delayed
comprehension and reaction time,
dizziness, vertigo and coma

Cardiovascular Bradycardia and hypotension
Pulmonary Mild respiratory depression
Other Bloodshot eyes

Table VIII (179–187) provides, when available, detailed
case histories, clinical symptoms, toxic effects, field sobri-
ety testing, autopsy findings and biological data for cases
involving NPS benzodiazepines.

Flualprazolam
Flualprazolam (Figure 2) is a triazolo-benzodiazepine
patented in 1976 by Upjohn (188). Flualprazolam is a fluo-
rinated analogue of alprazolam, but there is little information
in the literature regarding its specific pharmacological effects
because it was never legitimately marketed. Based on its struc-
tural similarity to traditional benzodiazepines, alprazolam
and triazolam, and user reports, flualprazolam most likely
has similar CNS depressant effects (189, 190). Flualprazo-
lam was reported to be in circulation by the EMCDDA and
DEA in 2018; as of the third quarter in 2020, flualprazolam
was the most reported novel benzodiazepine in the USA. The
first cases were identified in March 2018 by retrospective data
mining of two biological specimens collected in Pennsylvania
and Indiana (191). The rapid increase in positive cases world-
wide led the World Health Organization (WHO), DEA and
NPS Discovery to release reports and drug information sheets
to inform clinicians and first responders about this new drug
(183, 192–194).

In June 2019, six adolescents (five males and one female;
14–16 years old) in Oregon were admitted to the ED after
ingesting what they believed were Xanax or alprazolam
tablets (179). All displayed lethargy and slurred speech on
admission. One developed mild respiratory depression, with
a respiratory rate of 10 breaths per minute. All recovered
within 6 h of displaying symptoms andwere discharged. Urine
samples from three adolescents contained 3–72.1 ng/mL flu-
alprazolam, and one blood sample from another adolescent
contained 14.6 ng/mL flualprazolam. A piece of a counter-
feit tablet was also analyzed and contained about 2.75–3mg
flualprazolam but no alprazolam or other substances.

A collaborative effort reported flualprazolam concentra-
tions in 23 postmortem cases from Sweden and 10 from Fin-
land (180). The deaths (27males and 6 females; 16–70 years
old) occurred during February 2018–January 2019 in Sweden
and June 2018–July 2019 in Finland. The median concentra-
tion and range were 18.0 ng/g and 3.0–68 ng/g, respectively,
with no significant differences between countries of origin. In
two cases, fatal poisoning from flualprazolam was listed as
the COD and the only substance detected in femoral blood at
19 ng/g and 21 ng/g. In the other 20 cases, the most com-
mon additional substances detected were opioids, alcohol,
pregabalin and antidepressants.

A 2020 study compiled quantitative flualprazolam con-
centrations for 197 cases (171 medicolegal death investiga-
tions, 22 DUID cases and 4 unclassified cases) submitted
to NMS Labs (Willow Grove, PA) during August 2019–
February 2020 (181). Demographic data were provided for
151 (113 males and 38 females) postmortem cases with a
mean± standard deviation of 35±12, median of 34 and
age range of 18–69 years. The cases occurred in 28 states
in the USA and a single Canadian province. The most
common other drug coadministrations were opioids includ-
ing methadone, buprenorphine, oxycodone/oxymorphone,
heroin (6-acetylmorphine [6-AM] and morphine), fentanyl
(n=106), carfentanil, tianeptine, mitragynine and isotoni-
tazene. In addition to flualprazolam, etizolam was detected in
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12 cases. There were 22 (20 males and 2 females) DUID cases
submitted from Pennsylvania, Texas, Oregon, andMississippi
with a mean age of 27 years (17–51 years old) (181). Only
flualprazolam at 13 ng/mL was identified in the blood of a 24-
year-old male involved in a motor vehicle crash with a bus. He
was uncoordinated, showed delayed comprehension and reac-
tion times and demonstrated lethargic behavior during field
sobriety testing. The most common substance found in addi-
tion to the flualprazolam in DUID cases was THC (n=8),
followed by ethanol (n=4).

Flualprazolam was detected in 124 cases in Sacramento
County, CA, during May 2018–August 2019, more than the
traditional benzodiazepine alprazolam (183). Almost all flu-
alprazolam cases were DUID investigations (n=123). The
flualprazolam concentrations ranged from 5 to 154 ng/mL,
with a mean and median concentration of 18 ng/mL and
25ng/mL, respectively.

Flualprazolam was reported at a low prevalence rate of
only nine positive cases of 2,911 reported in the UK dur-
ing April–December 2019 (182). The range of flualprazolam
concentrations in the postmortem cases (n=8) was 2.8–
35.1 ng/mL in femoral blood. One of the previously men-
tioned positive cases had an antemortem serum concentration
of 4.9 ng/mL and an antemortem citrate preserved blood
concentration of 8.5 ng/mL. Flualprazolam concentrations in
preserved and unpreserved blood were compared in four cases
with all but one case having comparable concentrations.

Multiple Designer Benzodiazepines—clonazolam,
diclazepam, etizolam, flualprazolam, flubromazepam,
flubromazolam and phenazepam
In 2020, 33,700 cases that occurred in Norway during June
2016–September 2019 were evaluated for the presence of
seven designer benzodiazepines: clonazolam, diclazepam, eti-
zolam, flualprazolam (added to scope in December 2018),
flubromazepam, flubromazolam and phenazepam (184). A
novel benzodiazepine was identified in 575 cases or 1.7%; in
554 of these cases, subjects were living and were apprehended
drivers or those arrested for other drug offenses. The most
common age group was 30–34 years old, with 87% males.
In 25 living subjects, the only impairing substance identi-
fied was one of the seven designer benzodiazepines, enabling
comparison of biological sample benzodiazepine drug con-
centration to clinical tests of impairment (CTI) performed
by physicians around the time of the incident. In 19 of the
25 single-drug cases, the CTI results showed mild, moder-
ate or considerable impairment; no impairment was identified
in the other six cases. Amphetamine, THC, clonazepam and
methamphetamine were the most frequently detected drugs in
conjunction with these novel benzodiazepines.

Diclazepam and flubromazepam
In January 2016, a 28 y/o male from Australia with a history
of illicit drug use was found deceased at home after indicat-
ing to a friend that he was taking a ‘benzo’ he believed to be
etizolam (185). Initial drug screening revealed only metham-
phetamine, amphetamine and trace levels of lorazepam. After
an update to the library of the screening platform and a
retrospective analysis of the data file months later, it was
revealed that the sample also contained U-47700, diclazepam,
flubromazepam and DOC.

There were also nine flubromazolam postmortem cases
from the UK during April–December 2019 (182). All cases
had additional toxicological findings including pregabalin,
heroin, etizolam and SC (4F MDMB-BINACA and MDMB-
4en-PINACA).

Etizolam
The concomitant intake of etizolam and an opioid in 10
decedents (9 males and 1 female; 27–61 years old) during
2017–2019 was investigated (187). Etizolam was quantified,
where available, in peripheral and central blood, urine, vit-
reous humor and gastric fluid. The mean and median ages
were 35.6 and 30 years, respectively. In general, the COD in
these cases was listed as drug toxicity, but etizolam was never
explicitly mentioned; in fact, only one case even referenced
benzodiazepines being a contributing factor to death.

A 49 y/o German male was found dead with two plas-
tic bags filled with a large number of white tablets stamped
with XANAX (174). These tablets were identified as etizolam,
which was also identified in the decedent’s stomach contents.

Etizolam and flubromazolam
In Wichita, KS, 12 DUID cases involved use of a designer
benzodiazepine etizolam in three cases and flubromazolam in
nine (186). Apart from one case, etizolam and/or flubromazo-
lam were the only benzodiazepines, routine or novel, detected
in blood samples. The most prevalent additional toxicology
finding was THC. In all cases, arresting officers’ observations
mentioned slurred speech, loss of balance and slow response
to questions.

Clonazolam, delorazepam, diclazepam, flualprazolam and
flubromazolam
In 2019, 33 NY samples collected during 2016–2018 were
reanalyzed for the presence of the following novel benzo-
diazepines: 3-hydroxyphenazepam, clobazam, clonazolam,
delorazepam, deschloroetizolam, diclazepam, flualprazolam,
flubromazepam, flubromazolam, meclonazepam, nifoxipam
and pyrazolam (195). It should be noted that there is a
metabolic relation between diclazepam, lorazepam and delo-
razepam; however, it is not always possible to determine the
parent drugs. Five of the aforementioned cases were posi-
tive for an additional novel benzodiazepine. The biological
specimen for Case 1 was heart blood and Cases 2–5 were
femoral blood. Case 1 was originally positive for lorazepam
and etizolam, and the subsequent analysis also identified
delorazepam (68 ng/mL), diclazepam (<1 ng/mL) and flubro-
mazolam (40 ng/mL). Case 2 was positive for etizolam, and
reanalysis identified delorazepam at 1.1 ng/mL. Case 3 ini-
tially tested positive for diazepam, nordiazepam, etizolam,
lorazepam, oxazepam and temazepam, with delorazepam
later identified at 68 ng/mL. Case 4 was positive for 7-
aminoclonazepam and etizolam, with 1.1 ng/mL clonazepam
later added. The initial analysis of Case 5 showed alprazo-
lam, alpha-hydroxyalprazolam and lorazepam, but expanded
testing identified 5.3 ng/mL delorazepam and 1.9 ng/mL flual-
prazolam.

Discussion
Novel benzodiazepines are a growing class of NPS that
requires monitoring in forensic casework, especially DUID
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cases. Due to the mechanism of action of benzodiazepines,
CNS depressant effects can be severe even when ingested
alone, but coma and death occur rarely. Of all flualprazo-
lam cases, only two listed toxicity associated with the drug
with the manners of death being ‘unclear’ and accident (180).
The greatest concern is when individuals co-ingest these drugs
with other CNS depressants, causing synergistic effects that
lead to unconsciousness, coma or death. In many of the cases
discussed, a novel benzodiazepine was not the only impairing
substance detected; individuals may have taken novel benzo-
diazepines to combat the effects of opioid withdrawal or the
after effects of stimulant use or to increase the effects of other
illicit substances (178, 196). Prescription and novel benzodi-
azepines do not generally result in death when taken alone and
may not be emergency scheduled, but WHO recommended
in December 2019 that flualprazolam and etizolam be classi-
fied as Schedule IV (197). The NPS market may be slowing,
but the diversity of novel benzodiazepines in recent years is
increasing, and novel benzodiazepines should be monitored
in forensic toxicology analyses.

NPS Opioids
Introduction
Novel synthetic opioids (NSO) are agonists at opioid recep-
tors and produce analgesia, euphoria, sedation and respira-
tory depression. In recent years, NSO have dominated the
NPSmarket in the USA, leading to numerous hospitalizations,
human performance cases and deaths (198–201). The rise and
proliferation of NSO are an extension of the opioid epidemic,
largely fueled in the USA by the increased use of illicit opi-
oids (e.g., heroin and fentanyl) in response to pharmaceutical
opioids (e.g., oxycodone) prescription (202–204).

The current wave of the US opioid epidemic began around
2013, with illicit fentanyl followed by the appearance of many
fentanyl analogs (e.g., acetylfentanyl, butyrylfentanyl and
2-furanylfentanyl) and other novel opioids (e.g., AH-7921,
MT-45 and U-47700) (205, 206). However, in response
to core-structure scheduling actions enacted in 2018 by the
US DEA to curb the spread of fentanyl analogues, there
has been a shift toward novel and varied chemical sub-
classes of drugs with opioid activity. At present, NSO are
commonly represented in six primary categories: fentanyl
analogues, cyclohexylbenzamides, 2-benzylbenzimidazoles,
benzimidazolones, cinnamylpiperazines and atypical opioid
agonists (e.g., tianeptine); however, other NSO have emerged
with varying degrees of prevalence including piperidylthi-
ambutene, 2F-viminol and diphenpipenol (207–209). NSO
have dominated the NPS market since the mid- to late-
2010s, so there are multiple recent scientific reviews
(64, 210–221). Hence, this review includes toxicologically
confirmed case reports and/or those with chemical confirma-
tions paired with reported adverse effects not described in
other reviews (Table IX [222–246]).

NSO can be sold on the internet or the recreational drug
market as powders, tablets or nasal sprays. These dosage
formulations frequently contain multiple drugs (opioids and
other drug classes), including new substances that can appear
and disappear over a few months. NSO are also frequently
found in preparations of other major drug classes, appearing
in counterfeit pharmaceuticals, heroin and fentanyl pack-
aged for street sale (215, 247–252). Further complicating

the illicit opioid market is the presence of residual unreacted
NSO precursor materials from illicit fentanyl manufacturing
(205, 253, 254). Many recreational opioid users are unknow-
ingly exposed to NSO, leading to an increased risk of adverse
events including overdoses and deaths contributing to the
public health crisis (255–258).

Pharmacology
Biomedical literature and pharmaceutical patents that result
from research and transform into potential therapeutic anal-
gesics have proven to be a source for pirating and repurposing
research chemicals, especially opioids. The NSO subclass
includes fentanyl analogs and chemically distinct nonfentanyl
drugs, based on diverse drug scaffolds. These drugs may
often retain µ-opioid receptor (MOR) agonism, conferring
similar opioid effects. MOR activation results in a typical
constellation of effects including sedation, analgesia, miosis,
cough suppression, altered mental status, euphoria, decreased
gastrointestinal motility and respiratory depression; the lat-
ter is the most significant concern for lethality in overdoses
(259). Naloxone, a competitive MOR antagonist, success-
fully reverses overdose-related respiratory depressant effects
for many NSO, but this has not been studied universally
or systematically (260). Enhanced potency and/or prolonged
duration of action may require multiple and/or higher nalox-
one doses and respiratory support over a sustained period to
effect opioid symptom reversal (261).

Pharmacological studies can assist in determining anNSO’s
potency, the potential public health threat it presents and the
need for control and/or scheduling. In vitro studies can quan-
tify the potency and efficacy of NSO in cells expressing opioid
receptors, but in vivo studies are needed to investigate the
analgesic and reinforcing effects of NSO in animal models
(262). Potency and efficacy in animal models however do not
necessarily reflect true potency or toxicity in humans. Cau-
tion must be used in estimating abuse potential or lethality in
humans based on experimental values alone. More accurate
estimates may be obtained by examining NSO concentra-
tions in drug fatalities, especially when NSO are the only
drugs present. However, practitioners should exercise cau-
tion when interpreting drug concentrations alone due to the
unknowns surrounding tolerance. NSO analgesic potencies
compared to fentanyl and heroin can vary widely, but in vitro
binding affinity does not necessarily predict in vivo potency
(259). Two of the most potent and dangerous fentanyl ana-
logues, carfentanil and cis-3-methylfentanyl, have estimated
relative analgesic potencies 10,000 and 6,000 times higher
than morphine, respectively (31, 64). However, this does not
mean that these two analogues are toxic by the same factors.
For prior NSO, 2-furanylfentanyl has a higher affinity than
fentanyl at the MOR, and acrylfentanyl, isobutyrylfentanyl
and cyclopropylfentanyl have similar affinities (79). Struc-
tural similarity to a known opioid does not necessarily mean
the NSO has sufficient pharmacological activity. For exam-
ple, two supposed NSO, W-18 and benzylfentanyl, reached
the illicit market in 2018, but they lacked significant phar-
macological activity and did not gain any traction in the USA
(263, 264).

Identifying the expanding number of NSO is challeng-
ing for many reasons including variability in location, dates
of appearance, national and international proliferation and
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longevity among recreational markets. Some NSO, such as 2-
furanylfentanyl, carfentanil and U-47700, are widely reported
in a number of US states and other countries, but NSO
are concentrated in one geographical area; for example, 3-
methylfentanyl was popular only in PA and surrounding states
(223, 265, 266). The popularity and life cycle of a drug on
the recreational market are generally influenced by a num-
ber of factors; these factors include availability, distribution,
potency, toxicity and information including anecdotal reports
about adverse effects, shared among users by word of mouth
or on internet forums and social media (267). Scheduling
actions at the state or federal level also influence changes
in supply, accompanied by a rapid market shift, which is
demonstrated by the replacement of 2-furanylfentanyl with
cyclopropylfentanyl and methoxyacetylfentanyl (268).

Fentanyl analogues
A variety of sites on the fentanyl core-structure backbone
can be substituted to create numerous new fentanyl ana-
logues. Common structural modifications include substitu-
tion to or on the phenethyl group, the piperidine ring, the
aniline ring and/or the N-propionyl group. This can also
result in drugmanufacturers creating closely related structural
isomers with similar chemical behaviors (e.g., butyrylfen-
tanyl/isobutyrylfentanyl, cis-/trans-3-methylfentanyl and
cyclopropylfentanyl/crotonylfentanyl), which then requires
development of specialized analytical methods to separate and
distinguish these isomers (223, 268–278).

Of the fentanyl analogues, acetylfentanyl was first to
emerge on the recreational market in 2014. This ana-
logue is less potent than fentanyl and did not last long
in US markets on its own (279). Although acetylfen-
tanyl is a known impurity in the pharmaceutical man-
ufacturing of fentanyl (222), its continued presence at
low levels in death cases is almost certainly an indica-
tion of fentanyl synthesis through the Janssen method or
a similar process (280–282). Following the initial appear-
ance of acetylfentanyl in 2014, additional analogues were
encountered over the next 5 years including butyrylfentanyl;
beta-hydroxythiofentanyl; 2-furanylfentanyl; carfentanil;
ocfentanil; para-fluorobutyrylfentanyl; para-fluoroisobuty
rylfentanyl; 4-methoxybutyrylfentanyl; 3-methylfentanyl;
para-fluorofentanyl; ortho-fluorofentanyl; acrylfentanyl;
tetrahydrofuranylfentanyl; cyclopropylfentanyl; methoxy
acetylfentanyl; valerylfentanyl; 2,2-difluorofentanyl; 4-chloro
isobutyrylfentanyl; para-hydroxy-butyrylfentanyl; benzoyl
fentanyl; 4-fluorofuranylfentanyl; cyclopentanoylfentanyl;
beta-hydroxyfentanyl; chlorofentanyl and bromofentanyl
(199, 235, 236, 253, 272, 283–306). Fentanyl analogues
have been associated with adverse events in the USA and other
countries (222, 232–234, 307–329).

The widespread availability of illicitly manufactured fen-
tanyl and the spread of fentanyl analogs are responsible for the
majority of opioid-related deaths through 2020 (330, 331).
In particular, major spikes in mortality were attributed to
the introduction of carfentanil into the illicit drug supply in
Wayne County, MI, and Summit County, OH, during 2016–
2017 (318, 328), as well as smaller outbreaks in other states
including FL, PA and KY (326). The subsequent decline in
US deaths in 2018 was postulated to carfentanil’s decreased
availability, although the DEA’s core-structure scheduling

ban of fentanyl analogues was most likely also a significant
contributing factor for the overall decline in fentanyl analogue
deaths after April 2018 (332, 333).

During 2015–2020, laboratories gradually developed and
implemented new analytical methods to detect fentanyl ana-
logues in toxicological casework, resulting in increased
identification and reporting in peer-reviewed case reports,
case series and epidemiological studies. During October
2016–April 2017, 2-furanylfentanyl (n=1,228), carfen-
tanil (n=697), para-fluoroisobutyrylfentanyl/para-fluorobut
yrylfentanyl (n=563), U-47700 (n=543) and acrylfentanyl
(n=266) were the most frequently reported NSO; aver-
age concentrations for 2-furanylfeantanyl, carfentanil and
acrylfentanyl were less than 8 ng/mL, but concentrations
ranged up to 760 ng/mL (272). Blood carfentanil concen-
trations were 0.2–9.3 ng/mL in nine postmortem cases from
Lithuania (329). In 17 postmortem investigations from
Michigan, the average blood carfentanil concentration was
<1.2 ng/mL, but additional substances were detected in all
cases (323). Postmortem femoral blood carfentanil concen-
trations were 0.01–0.54 ng/mL in 10 OH cases (222). During
October 2016–April 2017, carfentanil concentrations were
0.10–14 ng/mL in 355 cases, with a mean of 0.57 ng/mL
(334). In 29 postmortem femoral blood samples with only car-
fentanil detected, concentrations were 0.02–1.3 ng/mL; car-
fentanil concentrations in paired vitreous fluid samples were
typically lower (335). Chesser et al. noted that NSO were
more detectable in the brain than blood and the vitreous
humor (336). Cyclopropylfentanyl femoral blood concentra-
tions in four overdose deaths were 16.6–28.9 ng/mL, with
a median of 23.7 ng/mL (271). Busardò et al. reported the
average postmortem NSO blood concentrations for cyclo-
propylfentanyl (n=8) at 7.8±7.2 ng/mL, methoxyacetylfen-
tanyl (n=4) at 4.1±2.3 ng/mL and furanylfentanyl (n=1) at
3.6 ng/mL (269). Identifying multiple NSO in a single case is
not uncommon; in fact, one case report mentioned that 17
different NSO had been detected (237). Findings in overdose
cases related to fentanyl analogues include miosis, respira-
tory depression and coma, which is a common occurrence.
At autopsy, common findings include pulmonary edema and
congestion, cerebral edema and frothy fluid in the larynx and
respiratory tract.

Cyclohexylbenzamides
U-47700 (trans-3,4-dichloro-N-[2-(dimethylamino)cyclo
hexyl]-N-methylbenzamide), emerged in 2015–2016 as the
first and most popular substance in the ‘U series’ and was
placed under international control in 2017 (337). U-47700
is one of the first nonfentanyl NSO and was associated with
numerous intoxications and fatalities. U-47700 is an N-
substituted cyclohexylbenzamide investigated by Upjohn in
the 1970s and 1980s as a potential therapeutic agent, but
this NSO never advanced to human clinical trials (338, 339).
Baumann et al. evaluated the medicinal chemistry, preclinical
pharmacology, clandestine availability, methods for detection
and forensic toxicology pharmacology of U-47700 and its
analogs and postulated that the reason U-47700 was the only
drug to gain traction in US illicit markets was because of its
higher potency compared to other drugs in the series (340).
A subsequent case series involving U-48800 was published
(239).
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2-Benzyl benzimidazole ‘Nitazenes’
Isotonitazene is structurally related to etonitazene, an opioid
investigated for its analgesic properties but ultimately inter-
nationally controlled because of health threats (341, 342).
Isotonitazene was first developed in 1957 and later emerged
on the illicit opioid market in 2019, likely in response to
fentanyl analogue core-structure scheduling (343). Isotoni-
tazene’s potency and efficacy are comparable to fentanyl
(344). Isotonitazene was first reported in Europe, Canada
and the USA in 2019, followed by proliferation into 2020
(9, 240, 344–346). In the USA, the majority of cases cen-
tered around Midwestern states—including Illinois, Indi-
ana, Michigan, Minnesota and Wisconsin (347). In June
2020, the DEA announced temporary scheduling of isotoni-
tazene in Schedule 1 of the Controlled Substances Act (348).
Reported postmortem blood concentrations of isotonitazene
(0.4–9.5 ng/mL) are comparable to the potent fentanyl ana-
logues carfentanil and 3-methylfentanyl. Pulmonary and cere-
bral edemas along with blood organ congestion were reported
in autopsied cases.

Additional 2-benzyl benzimidazole opioid agonists include
etonitazene, metonitazene, protonitazene, butonitazene,
etodesnitazene and clonitazene (349–352). Lutz published a
review of benzimidazole opioid agonists in 2012 and sug-
gested that the abuse liability of etonitazene made it likely
for other members of this class also to be used recreationally
(353).

Benzimidazolones
Brorphine is a piperidine benzimidazolone, with slight struc-
tural similarities to fentanyl but outside the scope of fentanyl
core-structure scheduling. Janssen Pharmaceuticals first devel-
oped this synthetic opioid subclass as a CNS depressant with
morphine-like analgesic activity, but this is another example
of a failed pharmaceutical candidate repurposed for recre-
ational use (354). Brorphine was reported in Europe in early
2020 and emerged in the USA in June 2020 after the DEA
enacted temporary scheduling of isotonitazene (241, 355).
In vitro studies determined brorphine is a full MOR agonist
with a higher potency than morphine (241, 356). Brorphine
was confirmed in several deaths at concentrations <5 ng/mL
in postmortem blood (10, 242) and was ultimately listed for
temporary scheduling in the USA in December 2020 (357). In
one case that did not result in death, the subject presented
with a normal blood pressure but was tachycardic; obser-
vations indicated that the individual was also clammy and
sweaty (241).

Cinnamylpiperazines
AP-237, 2-methyl-AP-237, AP-238 and para-methyl-AP-237
are cinnamylpiperazines that are structurally distinct from
other synthetic opioid subclasses. AP-237 (bucinnazine) was
developed in the 1960s for pain management among Chi-
nese cancer patients, and 2-methyl-AP-237 was patented in
the 1980s (202, 358–360). 2-Methyl-AP-237 has 68–156
times lower potency than fentanyl, which may account for the
lack of popularity on the drug market (361). AP-237 is esti-
mated to be 3.5–13 times less potent than 2-methyl-AP-237
(361, 362). para-Methyl-AP-237 was recently reported in the
USA (363), but the low potencies of the cinnamylpiperazines
may indicate a lack of interest within the NSO community.

Table X. Summary of Toxicity Profile of NPS Opioids

Organ system Symptoms and signs

CNS Analgesia, somnolence and sedation
Cardiovascular Hypercarbia, acidosis and hypoxemia
Pulmonary Hypoventilation that can progress to

respiratory arrest
Other Miosis; constipation; rapid onset of rigid-

ity of muscles in the jaw, neck, chest wall
and abdomen

Postmortem
findings

Organ edema and congestion; urine
retention; frothy watery fluid in airways

Atypical opioid agonists
Substances that typically combine opioid and nonopioid
mechanisms are considered atypical opioid agonists. Mitrag-
ynine was addressed in our previous NPS review and is
still detected in toxicological casework; however, its role in
adverse events continues to be debated. Tianeptine is another
atypical opioid agonist with increasing popularity in the USA.

Tianeptine is legally prescribed in Europe, Asia and Latin
America, but not in the USA. Tianeptine is pharmacologically
classified as a modified tricyclic antidepressant and anxiolytic,
but it is also a full agonist at MOR and the δ opioid receptor
(364, 365). Therapeutic doses of tianeptine were investigated
for major depression, depressed bipolar disorder, dysthymia
and adjustment disorder (366). In the USA, tianeptine is
sold online as a nootropic or cognitive enhancer. At high
doses, tianeptine can produce euphoria. Other adverse effects
include dependence, withdrawal and psychosis (367–370).
Over the past 10–20 years, the CDC has reported an increase
in National Poison Data System calls related to tianeptine
because individuals have been self-administering it with little
to no medical guidance and are unaware of the drug’s health
risks (371–373).

Discussion
The infiltration of NSO into the drug market has exacerbated
the ongoing opioid epidemic, posing significant risks to public
health and safety. Individuals may be unintentionally exposed
to NSO, which, depending on the drug, may have significantly
higher potency compared to routinely encountered opioids.
NSO are predominantly encountered with fentanyl and/or
heroin, either in the drug material or in toxicology samples.
This results in at least additive effects of CNS depression but
complicates correlation and interpretation of drug use with
those effects. Table X presents a summary of adverse effects
by organ system.

Laboratories lack standardization for toxicological test-
ing, and some laboratories may struggle to keep pace with
the rapid emergence and changes related to NPS. Addition-
ally, due to the potency of some NSO they may be detected
in sub-nanogram concentrations and require higher analyti-
cal sensitivity. NSO pose a significant challenge due to their
prevalence and propensity for adverse effects, including over-
dose and death caused by prolonged respiratory depression.
NSO are commonly encountered with other traditional opi-
oids; therefore, reporting of the commonly known drug (e.g.,
fentanyl) might be sufficient. Unless a toxicology labora-
tory maintains current testing methods and libraries, NSO
are likely to be missed; these new drugs are typically tested
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for only when routine toxicology reporting is insufficient to
explain scene/autopsy findings. Ultimately, the prevalence of
NSO is certainly underestimated.

There have been successful efforts to stem the flow of NSO.
For example, fentanyl core-structure scheduling reduced
the spread of fentanyl analogues and overall cases involv-
ing fentanyl-related NSO. However, this also resulted in
a shift toward more varied subclasses, further straining
laboratories’ efforts and resources. Experience with NSO
and NPS shows that an overall reduction in the emergence
and use of these drugs is unlikely as long as there is user
demand and a market or manner by which the drugs can be
sold.

Limitations and Summary
This updated review reflects the fact that NPS markets have
continued to evolve rapidly in the past 4 years since our ini-
tial 4-year review that ended in 2016. Data presented in this
review consolidates reports of adverse events associated with
the most prevalent NPS categories published between Jan-
uary 2017 and December 2020 and contained case-specific
syndromic information, along with qualitative or quantita-
tive toxicological confirmation. This information can assist
forensic and clinical toxicologists in their assessment and
interpretation of future cases involving these substances, as
well as provide references to literature that may include ana-
lytical methods used for confirmation and typical concentra-
tions of the drugs encountered in these cases. Reviews of
the chemistry, pharmacology, selected adverse events and
recommendations for testing for novel SC, stimulants, hal-
lucinogens, benzodiazepines and opioids are provided. This
includes case history, clinical symptoms and autopsy findings,
where available. Each topic heading also includes the citation
to the published case report.

Limitations of this approach in terms of assessing true
prevalence or prevalence trends of NPS involvement in toxic
emergencies resulting in death or hospitalization are sever-
alfold. These include the testing capabilities of hospital and
medical examiner/coroner toxicology laboratories perform-
ing the testing, since laboratory scopes will frequently lag
behind the dates of emergence of the latest drugs. Intoxica-
tions from some NPS categories, notably the SC, are likely
underdiagnosed and reported due to the low concentrations
of the drugs, the fact that they are not detected in typical rou-
tine drug tests, lack of available immunoassay screening tests
and lack of available standard reference materials (SRMs)
for confirmatory analysis of the drugs and their metabolites.
In addition, many hospitalized patients in toxic emergencies
are treated symptomatically and released without even basic
testing and with little follow-up as to the causative agent.
This is particularly true for opioids, which represent the class
of drugs responsible for the largest number of emergency
room admissions. In these cases, after the subject has been
treated with naloxone, responds and is released, there is no
further toxicological investigation of the specific substances
ingested. This is true also for benzodiazepines and other
depressants where the subject is typically allowed to sleep
off the effects of the drug. In addition, NPS benzodiazepines
have highly variable cross-reactivity in immunoassays typi-
cally used in hospital emergency room (ER) toxicology panels

and many likely go undetected (374, 375). In the stimulant
category, many cathinone or phenethylamine NPS stimulants
also do not cross-react on amphetamine or methamphetamine
immunoassays. Furthermore, there can be additional factors,
including available research funding for testing, geographic
differences in drug trends, cases in teaching hospitals ver-
sus EDs and availability of medical toxicology consultants,
among other reasons, that will influence whether cases are
written up and submitted for publication. Many cases of
intoxication were excluded from our review because of lack
of appropriate toxicological confirmation or lack of case his-
tories or were previously included in other review articles. In
addition, not all case reports are indexed with search terms
that would come up in our search, including spellings of
chemical names, mentions of the drug class or category of
NPS.

In short, the frequency of reports of intoxications indicted
in our review should be used cautiously with a respect to esti-
mation of comparative prevalence or public health impact of
the various drug classes involved. In every case, these reports
should be considered the tip of the iceberg in terms of the
actual number of intoxications. The rates of identification of
new substances, however, are important, and in aggregate,
a good indicator of changes in drug markets over the review
period. There is also some utility in evaluating the frequency
of published reports between this period (2017–2020) and the
previous reporting period covering 2013–2016. The greatest
contribution of this survey of literature is in its spotlighting of
symptomology, drug concentrations and diversity of members
within specific drug classes.

Considering this review covering the period 2017–2020,
together with our prior review covering 2013–2016, this work
represents a collection of 8 years of published reports cov-
ering 600 citations cataloging adverse toxicological details
for over 80 individual substances. In the present review,
there were over 60 substances in the most prevalent classes
including NPS benzodiazepines, SC, opioids, hallucino-
gens and stimulants. Again, the relevant prevalence of
reporting may not reflect the prevalence of use and will
be influenced by the testing capabilities of laboratories
reporting.

Between 2017 and 2020, 63 substances were mentioned
in qualifying reports. The types of case reports included
overdose fatalities (378 cases), clinical treatment and hospi-
talization (771 cases) and DUID (170 cases). Figure 3 shows
the overall number of cases by NPS class during these two
4-year periods and combined over the entire 8-year period
covered by the two review cycles. Note that the NPS benzo-
diazepine category, which has the largest number of cases,
is influenced by a few reviews with very large numbers of
cases. Figure 4 depicts the overall frequency of NPS sub-
stances by drug class, reflecting the larger number of SC
drugs, followed by hallucinogens, opioids, benzodiazepines
and stimulants. This trend also reflects the general experience
in terms of activity within drug classes in Europe reported by
the EMCDDA. Generally, the most current 4-year period saw
a 70% increase in new NPS over the prior 4-year period of
2013–2016. During 2017–2020, 50 new NPS not reported in
the previous review article were identified in this assessment
of the literature, representing cannabinoids (n = 19), hal-
lucinogens (n=11), stimulants (n=10), opioids (n=9) and
benzodiazepines (n=1).
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Figure 3. Total cases reported in the literature by NPS class.

Figure 4. Overall frequency of NPS substances by drug class.

Synthetic cannabinoids
The introduction of new SC to illicit markets continues and
while this NPS class has demonstrated far fewer unique sub-
stances compared to a decade ago, more new substances
appeared in adverse event reports in 2017–2020 (n = 22) ver-
sus the period 2013–2016 (n=11). SC are generally named
using chemical structure conventions, such as the modified
Uchiyama system, and are often based on names adopted by
the vendors of analytical SRMs (23, 24). The pharmacoki-
netics and pharmacodynamics of SC vary compared to THC
and each other and can yield contradictory effects (i.e., tachy-
cardia versus bradycardia and agitation versus somnolence).
Toxidromes and clinical effects of SC can be nonspecific
and inconsistent; however, with unique sequelae, such as
tonic-clonic seizures, respiratory depression and heightened

agitation or sedation not resolved with naloxone observed in
the context of drug use history, SC should be considered when
opioid testing for legacy and NPS opioids is negative. SC are
not routinely tested for and require special methods to detect
them in biological samples. Testing of drug paraphernalia
or drug products found with the patient can assist toxicol-
ogists in performing the appropriate toxicological testing to
properly identify SC that may be involved.

Generally, the newer indole- and indazole-carboxamides
(e.g., 5F-MDMB-PICA) are more potent than older SC, such
as JWH-018 and XLR-11. During 2017–2020, the adverse
events of 22 unique SC were reported in 60 cases: 43 clin-
ical, 15 postmortem and 2 DUID. There were 19 instances
of an additional SC confirmed (31.7%) with the reported SC,
and another 19 instances of another drug identified (31.7%).
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Evidence of polydrug use in SC was substantially higher than
in our previous review (2013–2016: 2 cases and 2017–2020:
44 cases). During 2013–2016 and 2017–2019, five SC were
identified—AB-CHMINACA, AMB-FUBINACA (FUB-AMB)
AB-PINACA,MDMB-CHMICA andUR-144 in both reviews.

NPS stimulants
The toxic profile of NPS stimulants includes CNS effects
such as agitation, psychosis, delusions, aggression, irritability,
paranoia, delirium, hallucinations, sedation, coma, abnormal
behavior and altered fluctuating consciousness; cardiorespi-
ratory effects such as tachycardia, hypertension, palpitations
and increased respiration rate; and other symptomology such
as hypothermia, mydriasis, rhabdomyolysis, compartment
syndrome and sweating (most of these physiological findings
are similar to traditional stimulants). Organ edema and con-
gestion are often present in autopsy findings, as they are with
traditional stimulants. During 2017–2020, a total of 10 NPS
stimulants were reported; in DUID, clinical and fatal cases,
this was an increase of six from only four new substances
during the previous 4-year period. All 10 synthetic stimulants
in the literature we reviewed were newly identified: 4-MEAP,
4F-MPH, α-EAP, 4F-αPVP, α-PHP, dibutylone, EPH, MPHP,
NEH and NEP. Polydrug use for synthetic stimulants rep-
resenting instances of subjects co-ingesting more than one
synthetic stimulant appeared higher in recent reports than in
the prior review (24 cases reported compared to 1). An even
greater increase in the number of reported cases of synthetic
stimulants combined with other drugs were reported during
this same time. Opioid use with synthetic stimulants has also
increased.

NPS hallucinogens
In this literature review, NPS hallucinogens represented the
second largest number of novel substances in a class, after
SC. It is likely, however, that due to limited testing for these
diverse drug types, these reports may mask or underrepresent
their true prevalence while their potential for severe psychi-
atric side effects may increase the likelihood of the cases
being published. In addition, in many cases, these individuals
were using multiple novel substances at the same time. NPS
hallucinogens are largely analogues of traditional hallucino-
gens: PCP-like (e.g., 3-MeO-PCP and 3-HO-PCP); ketamine-
like (e.g., 2-FDCK, 2-Oxo-PCE and MXPr); LSD-like (e.g.,
AL-LAD); tryptamine-like (e.g., 5-MeO-DiPT and 5-MeO-
MiPT) and diarylethylamine-like (e.g., MXP and dipheni-
dine). Although these drugs are analogues of traditional hal-
lucinogens, immunoassay screening tests may not cross-react
and confirmation tests must have the drugs indicated for
proper identification. Common signs and symptoms of NPS
hallucinogenic intoxication included agitation, aggressive
behavior, delusions and tachycardia. Hypo- or hyperthermia,
excited delirium, and serotonin syndrome were less frequently
reported. In total, 14 NPS hallucinogens were reported in
151 cases during 2017–2020. In our prior review, three
substances—25B-NBOMe, 25C-NBOMe and 25I-NBOMe—
were previously mentioned and 11 novel hallucinogens were
newly identified: 2-FDCK, 2-Oxo-PCE, 2C-E, 3-HO-PCP, 5-
MeO-DiPT, AL-LAD, Bromo-DragonFLY, diphenidine, DOC,
MXP and MXPr. Adverse events for NPS hallucinogens

were detailed in 6 DUID, 123 clinical and 22 fatal cases.
Moreover, novel multidrug use in individuals who use NPS
hallucinogens was high and represented a diverse use profile—
as noted in the top three drug classes (in order of highest
concomitant use): other hallucinogens (64 cases showing at
least 14 substances) were greater than stimulants (48 cases
showing at least 12 substances), followed by cannabinoids
(eight cases showing at least four substances). NPS hallu-
cinogens were also confirmed in the presence of opioids,
benzodiazepines, chlorpheniramine, antidepressants and
ethanol.

NPS opioids
Opioid misuse in the USA reached epidemic proportions and
continued to rise over three distinct phases beginning with
pharmaceutical opioids (e.g., oxycodone and methadone)
prescription in the early 1990s, followed by an increased
use of illicit opioids (e.g., heroin and fentanyl) in the early
2010s and most recently the current phase of NSO, begin-
ning in 2013 with the introduction of illicitly manufactured
fentanyl (376). Illicit fentanyl is the major contributor to
opioid death in the USA today. In response to the 2018 core-
structure scheduling actions to address the proliferation of
fentanyl analogues, divergent chemical subclasses of NSO
have begun to emerge. During 2017–2020, there were 93
published case reports identified in our literature search of
NSO: 9 clinical, 82 postmortem and 2 DUID. The num-
ber of NSO fatalities involving polydrug use also increased.
Ninety percentage of the published cases (n=84) had another
drug confirmed in addition to the reported NSO. Nine new
NSO were reported during 2017–2020 that had not been
reported in our previous review—3-methylfentanyl, beta-
hydroxyfentanyl, brorphine, carfentanil, cyclopropylfen-
tanyl, isotonitazene, para-fluoroisobutyrylfentanyl (p-FIBF),
tianeptine and U-48800.

NPS benzodiazepines
While NPS benzodiazepines have far fewer and less severe
adverse effects than other NPS when ingested alone, coinges-
tion with other CNS depressants or opioids results in synergis-
tic effects that may lead to unconsciousness, coma or death.
Toxidromes of NPS benzodiazepines are mostly CNS depres-
sants in nature and indistinct from intoxication with med-
ically prescribed benzodiazepines. The toxidrome includes
amnesia, drowsiness, lethargy, slurred speech, incoordina-
tion, delayed comprehension and reaction time, dizziness,
vertigo, sedation and coma. NPS benzodiazepines were the
most frequently reported NPS class during 2013–2016 and
2017–2020, largely due to case series with large numbers of
cases included from DUID or clinical populations. Often, the
literature does not indicate if other drugs were identified as
most of the cases were clinical, and comprehensive testing
is generally not performed in a hospital setting. Flualpra-
zolam was the only newly reported NPS benzodiazepine in
published case reports during 2017 through 2020. Six NPS
benzodiazepines that were reported during 2013–2016 and
continued to be reported during 2017–2020 included clonazo-
lam, diclazepam, etizolam, flubromazepam, flubromazolam
and phenazepam.

D
ow

nloaded from
 https://academ

ic.oup.com
/jat/article/46/6/e116/6571677 by Thom

as Jefferson U
niversity user on 08 August 2022



NPS Adverse Effects e173

Conclusions
The impact of emergent NPS continues to be a significant
international public health threat, especially with respect to
overdose fatalities. Opioid deaths continue to be the most
impactful in relation to adverse events with 90% of the pub-
lished case reports involving opioids resulting in fatalities,
as opposed to clinical intoxications or DUID. Surveillance
systems, such as NPS Discovery and NFLIS, indicate NPS
classes for seized drugs are highest for stimulants, opioids and
cannabinoids. Widespread awareness of a new substance in
NPS markets typically happens after a mass poisoning or a
series of deaths in a specific location. Lower frequency occur-
rences or events with less serious health outcomes are more
likely to be overlooked. Routine approaches to analytical tox-
icology based on a tiered approach of immunoassay, coupled
with targeted gas or liquid chromatography mass spectrome-
try screening are now more likely to fail to find the causative
agent because the defined scope often does not include the
most recently emerged NPS. With some drug classes, such as
the typically neutral SC, widely used routine basic extraction
chemistries are not capable of detecting these drugs.

For all these reasons, identifying the chemical cause of toxic
incidents or deaths via traditional analytical approaches tar-
geting common therapeutic or abused agents is not adequate
for comprehensive detection in NPS markets. This realization
is driving laboratories towardHRMS techniques such as time-
of-flight mass spectrometry and more nontargeted analytical
approaches, which while effective, add cost and complexity
to analyses for detecting high-risk, low-frequency intoxication
events. While this technology is increasingly available to some
forensic toxicology laboratories, it creates an additional bur-
den in terms of research and development, method validation
and additional confirmations. It is less common for compre-
hensive testing to be performed to identify the causative agent
in clinical intoxications because treatment is generally sup-
portive and based on symptomology. In addition, drug testing
results for nontraditional drugs (i.e., beyond traditional opi-
ates, cocaine, amphetamines and benzodiazepines) are not
directly used in patient care, so insurance companies typically
will not reimburse for the cost of testing. Delays in identifying
the presence of these NPS and making stakeholder commu-
nities in clinical medicine, medicolegal death investigation,
harm reduction, rehabilitation and safety-sensitive drug test-
ing programs aware of their presence have significant negative
consequences for public health and public safety.

Challenges arise for forensic toxicologists in interpreting
NPS results in general and even more so when multiple NPS
and therapeutic or legacy drugs of abuse are present. Coinges-
tion of NPS with other NPS or common drugs of abuse is
common, but the interaction of the drugs is largely unstud-
ied, leading to difficulties in formulating opinions based on
polydrug toxicity and effects. Conclusions should generally
be based on basic knowledge of general pharmacological
effect, scene and circumstances, observation, autopsy find-
ings or clinical assessments, field sobriety tests and other tools.
Animal-based dose/response studies (EC50) or in vitro recep-
tor efficacy or binding affinity profiles which are often lacking
for NPS should be extrapolated with caution to humans. Poly-
drug combinations involving benzodiazepines and opioids are
commonly encountered in forensic toxicology and are under-
stood to be at least additive in nature. NPS or novel versions
of these drugs are likely to cause increased toxicity when they

are ingested in combination. NSO are often found along with
fentanyl and/or each other, which will lead to a greater risk
of overdose and death.

Recommendations
To better understand the public health and public safety
threats from NPS, the USA needs to continue to support and
expand ongoing efforts to develop a national rapid surveil-
lance monitoring program that will provide real-time clinical
and forensic toxicology data about emerging drugs and their
known toxidromes and side effect profiles. Medical, foren-
sic and treatment communities, policy makers, regulators
and other stakeholders would benefit from more rapid access
to this information. Today, new tools such as the CFSRE’s
NPS Discovery program, the DEA’s Emerging Threat Reports,
NFLIS and the UNODC EWA on NPS including the EWA
Tox-Portal (377) are innovative approaches for collecting,
analyzing and sharing data and real-time insights on toxi-
cology and harm related to the use of NPS in the USA and
worldwide. Such systems need to be monitored, managed and
curated to ensure that the data are evidence-based, compre-
hensive and reported consistently, that the substances have
been confirmed analytically and that there is a focus on rapid
targeted dissemination of information to stakeholders within
a timeframe that makes the information actionable in terms
of epidemiological surveillance,

As noted in our prior review, toxicological testing of sam-
ples from individuals reporting to EDs and hospitals following
NPS adverse events and ingestion would add greatly to our
knowledge about the progression of toxicity in individuals
harmed by these substances and the efficacy of treatments or
countermeasures. The American College of Medical Toxicol-
ogy has for a number of years run a program called the Toxic
Investigators Consortium is now adding toxicological testing
data to some of the cases where syndromic data are also col-
lected, which will provide a great insight into the nuances
and toxic profile of NPS (378). Similarly, as evidenced by the
increased reporting during this review period of toxic effects,
increased rates of testing by clinical and forensic laborato-
ries are leading to more reports of adverse effects for more
substances, improving our insight into this problem area.

The use of multiple substances by people who use drugs
continues to rise. Polydrug-related deaths and case reports
are increasing, and increased combined use of NPS opioids
and NPS benzodiazepines as well as NPS stimulants and opi-
oids is also evident from the reports reviewed herein. The
more widespread use of a drug use evaluation system such as
the TSS developed by Elliot et al. can further assist decision-
makers in the inclusion of drug findings into death certifi-
cate data, making it easier to aggregate in national death
statistics (65).

Finally, although toxicology laboratories have made signif-
icant progress with the increased availability of nontargeted
HRMS screening, this approach needs to be applied more
comprehensively to improve the detectability of NPS in clin-
ical and forensic toxicology, a research need identified by
the Organization of Scientific Area Committees for Foren-
sic Science (379). Best practices for maintaining awareness of
new and emerging substances and adding them to the scope
of testing include maintaining a dialog with local/regional
forensic chemistry laboratories to improve awareness about
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substances that are being seized and detected in the street drug
supply; monitoring drug trends from domestic and interna-
tional organizations and governments; reviewing data from
poison centers and clinical populations; reviewing additions
to state and federal drug schedules; and reviewing and acquir-
ing SRM offered by SRM vendors to expand libraries and
databases.

No single review of an area as diverse as the current NPS
landscape can be comprehensive. As a bellwether of today’s
patterns and preference of novel drug use, this review is lim-
ited by factors such as the search terms we used in our survey,
the factors that drive academic publication of adverse drug
effects and the testing abilities of laboratories that support
both research and practice in clinical and forensic medicine.
Collectively over this and our prior review of NPS adverse
events between 2013 and 2016, greater than 1,700 published
clinical and forensic cases are reported and provide some
insight into the most prominent drugs and their documented
harms.
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Hoener, M.C., Liechti, M.E. (2018) Pharmacological profile
of methylphenidate-based designer drugs. Neuropharmacology,
134, 133–140.

74. Frati, P., Kyriakou, C., Del Rio, A., Marinelli, E., Vergallo, G.M.,
Zaami, S., et al. (2015) Smart drugs and synthetic androgens for
cognitive and physical enhancement: revolving doors of cosmetic
neurology. Current Neuropharmacology, 13, 5–11.

75. Zaami, S., Tagliabracci, A., Berretta, P., Busardò, F.P.,
Marinelli, E. (2020) Use of methylphenidate analogues as cogni-
tive enhancers: the prelude to cosmetic neurology and an ethical
issue. Frontiers in Psychiatry, 10, 1006.

76. Marusich, J.A., Antonazzo, K.R., Wiley, J.L., Blough, B.E.,
Partilla, J.S., Baumann, M.H. (2014) Pharmacology of novel
synthetic stimulants structurally related to the ‘bath salts’ con-
stituent 3,4-methylenedioxypyrovalerone (MDPV). Neurophar-
macology, 87, 206–213.

77. Baumann, M.H., Solis, E., Watterson, L.R., Marusich, J.A.,
Fantegrossi, W.E., Wiley, J.L. (2014) Baths salts, spice, and
related designer drugs: the science behind the headlines. Journal
of Neuroscience, 34, 15150–15158.

78. Simmler, L., Buser, T., Donzelli, M., Schramm, Y., Dieu, L.-H.,
Huwyler, J., et al. (2013) Pharmacological characterization of
designer cathinones in vitro. British Journal of Pharmacology,
168, 458–470.

79. Eshleman, A.J., Wolfrum, K.M., Reed, J.F., Kim, S.O.,
Swanson, T., Johnson, R.A., et al. (2017) Structure-activity rela-
tionships of substituted cathinones, with transporter binding,
uptake and release. Journal of Pharmacology and Experimental
Therapeutics, 360, 33–47.

80. Weaver, M.F., Hopper, J.A., Gunderson, E.W. (2015) Designer
drugs 2015: assessment and management. Addiction Science &
Clinical Practice, 10, 8.

81. Marinetti, L.J., Antonides, H.M. (2013) Analysis of synthetic
cathinones commonly found in bath salts in human perfor-
mance and postmortem toxicology: method development, drug
distribution and interpretation of results. Journal of Analytical
Toxicology, 37, 135–146.

82. Miotto, K., Striebel, J., Cho, A.K., Wang, C. (2013) Clinical
and pharmacological aspects of bath salt use: a review of the lit-
erature and case reports. Drug and Alcohol Dependence, 132,
1–12.

83. Mas-Morey, P., Visser, M.H.M., Winkelmolen, L., Touw, D.J.
(2013) Clinical toxicology andmanagement of intoxications with
synthetic cathinones (‘bath salts’). Journal of Pharmacy Practice,
26, 353–357.

84. Papa, P., Valli, A., Di Tuccio, M., Frison, G., Zancanaro, F.,
Buscaglia, E., et al. (2019) Analytically confirmed intoxication by
4-fluoromethylphenidate, an analog of methylphenidate. Journal
of Analytical Toxicology, 43, e1–e7.

85. Nitta, M., Tamakawa, T., Kamimura, N., Honda, T., Endoh, H.
(2020) A case of diffuse alveolar hemorrhage following synthetic
cathinone inhalation. World Journal of Emergency Medicine, 11,
182–184.

86. Fujita, Y., Mita, T., Usui, K., Kamijo, Y., Kikuchi, S., Onodera,
M., et al. (2018) Toxicokinetics of the synthetic cathinone α-
pyrrolidinohexanophenone. Journal of Analytical Toxicology,
42, e1–e5.

87. Krotulski, A.J., Mohr, A.L.A., Papsun, D.M., Logan, B.K. (2018)
Dibutylone (bk-DMBDB): intoxications, quantitative confirma-
tions and metabolism in authentic biological specimens. Journal
of Analytical Toxicology, 42, 437–445.

88. Lelievre, B., Richeval, C., Coulon, A., Iwanikow, D.,
Brofferio, M., Deguigne, M., et al. (2019) Case report of
a drug-related death following the use of cathinone deriva-
tives (MPHP and 4-MEAP). Toxicologie Analytique et Clinique,
31, S43.

89. Domagalska, E., Banaszkiewicz, L., Woźniak, M.K., Kata, M.,
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