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Novel Psychoactive Substances
and Trends of Abuse

Jessica V. Rivera, PharmD, BCPS;
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The purpose of this paper is to review the most common and quickest growing classes of novel, or
new, psychoactive substances. Abuse of novel psychoactive substances continues to increase, re-
sulting in subsequent increases in hospitalizations. Furthermore, the chemical structures are ever-
changing and substances are increasing in potency. Reviewing the chemistry behind these agents
will facilitate a better understanding of the toxicity associated with them and allow for successful
identification of and management in the critical care unit. Being familiar with the most common
psychoactive substances and trends of abuse, as well as the challenges health care providers face
when managing intoxication, is essential to the overall understanding and care of these critically ill
patients. Key words: novel psychoactive substances, synthetic cannabinoid receptor agonists,
synthetic cathinones, synthetic opioid

N OVEL PSYCHOACTIVE SUBSTANCES
(NPS) have taken the globe by storm.

Worldwide, more than 500 NPS have been
identified and their emergence has been
reported in almost 100 countries.1 Sev-
eral studies illustrate use and abuse among
varied populations: adolescents and young
adults, partygoers, military personnel, pris-
oners, and more. They are readily sought
out as “legal highs,” given the limited de-
tection techniques, as well as their easy ac-
cessibility via the Internet, in smoke/head
shops, and on the black market. These agents
can be divided up by their chemical struc-
ture and classified by their overall phar-
macologic activity: phenethylamines, piper-
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azines, tryptamines, synthetic cannabinoids,
synthetic cathinones, novel synthetic opi-
oids; stimulants, enactogens, hallucinogens,
cannabis-like compounds, etc (Table 1).1,2

Toxicity associated with these agents, as well
as the complications that may arise from
their use, significantly challenges health care
providers. Thus, information regarding illicit
substances, particularly synthetic psychoac-
tive substances, is valuable to the critical care
nurse, especially given the unprecedented
growth we are facing with this abuse trend.
The purpose of this article is to provide an
in-depth review of the more common NPS
classes that may be encountered in a critical
care setting. Areas of emphasis include his-
torical perspectives, chemistry, symptoms of
toxicity, potential complications of toxicity,
and treatment modalities.

SYNTHETIC CANNABINOIDS

While synthetic cannabinoids have gained
sufficient media attention in recent years,
they are not truly “novel” agents. Syn-
thetic cannabinoids first appeared in the
1960s but were initially developed for re-
search purposes. Their creation coincided
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Table 1. Novel Psychoactive Substance Classificationa

Chemical Class Pharmacological Effects

Phenethylamines Serotonergic receptor agonism and inhibition of monoamine reuptake
Effects: vomiting, hypertension, hyperthermia, dissociation,

hallucinations, convulsions, liver and kidney failure

Piperazines Stimulants that promote the release of dopamine and noradrenaline and
inhibit monoamine reuptake

Effects: hyperthermia, convulsions, hallucinations, kidney failure

Tryptamines Serotonin 2A receptor agonism and serotonin reuptake inhibition
Effects: serotonergic excess, which may lead to serotonin syndrome,

visual hallucinations, alterations in sensory perception,
depersonalization

Arylcyclohexylamine Dissociative anesthetics that act as serotonin 2A receptor agonists and
NMDA receptor antagonists and show high affinity for opioid
receptors

Effects: distorted perceptions of sight and sound, dissociation from the
environment, hallucinations

Synthetic cannabinoids CB-1 and CB-2 receptor agonism displaying higher affinity, efficacy, and
potency than �9-tetrahydrocannabinol

Effects: euphoria, paranoia, tachycardia, panic, convulsions, psychosis,
visual/auditory hallucinations, vomiting

Synthetic cathinones Sympathomimetic drugs that act on serotonin, dopamine, and
noradrenaline pathways

Effects: agitation, restlessness, paranoia, rhabdomyolysis, convulsions,
death

Abbreviations: CB-1, cannabinoid type-1; CB-2, cannabinoid type-2; NMDA, N-methyl-D-aspartate.
aFrom Miliano et al.1 Reproduced with permission.

with the identification of the structure of
�9-tetrahydrocannabinol (THC), the primary
psychoactive component of marijuana, and
many of these agents were utilized to test
cannabinoid receptor pharmacology.3 Begin-
ning in Europe in 2004, and the United
States in 2008, however, recreational use
and widespread abuse became a problem.
More than 130 different synthetic cannabi-
noids have been detected in recent years,
with most substances originating in China.4

Once shipped, the powder form of these
substances not only is dissolved in a solvent
such as acetone or ethanol but could also
theoretically be combined with any chemi-
cals including something as dangerous as em-
balming fluid.5,6 Assorted dehydrated plant
material is then saturated and left to dry,

leaving behind “natural” product that has
been purposefully laced with widely variable
concentrations of synthetic cannabinoids yet
labeled “not for human consumption” to
evade legal ramifications.6 The presence of
herbal substrate gives consumers false im-
pressions of smoking a natural product, and
the catchy product names entice users of all
ages (Table 2).

As such, these agents are frequently re-
ferred to or misidentified as “fake weed”
or “fake marijuana”; however, they should
not be confused with marijuana/cannabis
or the legal pharmaceutical agents that
bind at cannabinoid receptors such as
nabilone or dronabinol.5 Structurally, syn-
thetic cannabinoids are unrelated to THC,
but they stimulate the same receptors.

Copyright © 2017 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



376 CRITICAL CARE NURSING QUARTERLY/OCTOBER–DECEMBER 2017

Table 2. Examples of Common Street Names of Synthetic Cannabinoidsa

Fake weed AK-47 Dr Feel Good Skunk
K2 Bliss Mr Nice Guy Black Mamba
Scooby Snax Yucatan Smoking Santa Killa Gorilla
Spice Ninja Tomcat Moon Rocks
Synthetic cannabis Outer Space Crazy Clown Bhang
Synthetic marijuana Ninja Bombay Blue Angry Birds

aThe constituents and concentrations of synthetic cannabinoids can vary not only among different products but also
within different batches of the same product. Table recreated using information from Mills et al3 and White.7

Unlike THC, which acts as a partial agonist
at the cannabinoid type-1 (CB-1) receptor,
synthetic cannabinoids act as full agonists.3

This provides us with an important dis-
tinction: partial agonists exhibit a plateau
effect when stimulating receptors; thus, the
clinical response is somewhat limited no
matter what dose. However, full agonists
show no ceiling effect on the dose-response
relationship, allowing synthetic agents to
exhibit significantly greater and potentially
detrimental effects.8 The effects we expect
from stimulation of CB-1 receptors in the
brain may include altered consciousness, eu-
phoria, relaxation, perceptual disturbances,
intensified sensory experiences, cognitive
impairment, and increased reaction time.8

The physiologic role of cannabinoid type-2
(CB-2) receptors remains unclear, and the
relationship between CB-1 and CB-2 recep-
tors when simultaneously stimulated is also
unknown at this time.7,8 A systematic review
of animal and human studies taught us of
several pharmacologic effects of synthetic
cannabinoids unrelated to CB-1 or CB-2
receptors, likely adding to their toxicity and
abuse potential.9 These included increasing
GABAA binding densities in hippocampal
regions of adult rats after repeated exposure,
increasing morphine self-administration in
rats, and altering dopamine neuron respon-
sivity in adolescent rats, all suggesting a great
risk of addiction.9 Synthetic cannabinoids
also appeared to induce anxiety in both
animal and human studies.9 Unfortunately,
as “street chemists” continue to synthesize
more and more of these synthetic cannabi-

noid compounds, further insights into the
biochemical properties of these drugs are
hindered. Amidst the unknowns surrounding
this heterogeneous group, however, one
thing is clear: these emerging drugs of abuse
are quickly evolving, highly dangerous, and
pose significant threats to public health. A
recent publication describing a “zombie out-
break” in New York highlights the continued
evolution and increased potency of these
chemical structures.10 The offending agent,
AMB-FUBINACA, is a member of the newest
generation of synthetic cannabinoids and was
involved in intoxication of 33 persons in the
New York metro.10 This “ultrapotent” agent
is 85 times as potent as �9-THC and 50 times
as potent as JWH-18 (one of the original
synthetic cannabinoid compounds created
and studied).10 Compared with marijuana,
these synthetic agents result in higher rates
of severe adverse effects including hyperten-
sion, tachycardia, hallucinations, agitation,
seizures, and panic attacks.11 Unlike routine
marijuana use, abuse of these agents and
subsequent effects often require immediate
medical attention and are associated with
higher rates of hospital presentation.11 Also,
unlike routine marijuana use, detection of
these agents by routine urine drug screens is
not readily available.7 While gas chromatog-
raphy/mass spectrometry can detect specific
agents, most cannot be detected because of
a lack of pure reference samples. Also, these
more advanced detection methods are often
performed only in specialized laboratories,
which limit the turnaround time and thus
would not assist with initial diagnostic and
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management strategies. In light of these lim-
itations, a diagnosis would require a high
level of suspicion or history to suggest abuse,
as well as the presence of possible symp-
toms. A systematic review of case reports
and case series provides us with adverse
events commonly encountered with syn-
thetic cannabinoids.12 The prototypical pre-
sentation includes tachycardia, agitation, and
nausea.7,12 Other major adverse effects along
with common treatments applied are listed in
Table 3.

Deaths have occurred as a result of acute
intoxication secondary to self-injury and sui-
cide, seizures, liver and kidney failure, sudden
cardiac collapse, or unconsciousness leading
to hypothermic environmental injury.12 Eval-
uation of the patient should include a thor-
ough medical history, physical examination,
frequent documentation of vital signs, includ-
ing core temperature, frequent assessment
of neurologic function, and laboratory stud-
ies to evaluate electrolytes, kidney function,
hepatic function, and muscle activity. An elec-
trocardiogram (ECG) is recommended along
with other cardiac tests, such as serial cardiac
enzymes, if indicated. Symptoms of synthetic
cannabinoid intoxication may be self-
limited or resolve spontaneously within 4 to
14 hours4; however, complications from
intoxication may persist, including organ
dysfunction and/or rhabdomyolysis. Fur-
thermore, long-term effects of synthetic
cannabinoid use and abuse remain to be

elucidated. Long-term users may be sus-
ceptible to cognitive deficits or continued
psychosis. The potential for withdrawal
syndromes also exists and may be unpre-
dictable. Overall management should center
on addressing life-threatening issues first
(airway, breathing, circulation), followed by
aggressive supportive care. It is important
to remember that intoxication presentations
can be varied; thus, individualized treatment
decisions should be made on a case-by-case
basis. Always consult a toxicologist and
contact Poison Control (1-800-222-1222)
when assistance is necessary and to provide
valuable epidemiologic surveillance.

SYNTHETIC CATHINONES

Synthetic cathinones, commonly known as
“bath salts,” are synthetic stimulants and en-
compass a variety of structural compounds.14

Cathinone is a β -ketone amphetamine
analogue, which is found in the leaves of
the khat plant (Catha edulis), a shrub or
small tree indigenous to East Africa and the
Arabian Peninsula.15,16 Cathinone acts as
a mild stimulant by inhibiting monoamine
transporters for dopamine, serotonin, and
norepinephrine within the central nervous
system, and habitual khat chewing reportedly
results in mild psychological dependence
and mild withdrawal symptoms.15,16 In
contrast, many synthetic cathinone products
contain stimulant compounds that combine

Table 3. Major Adverse Effects of Synthetic Cannabinoids With Treatmentsa

Adverse Events Treatments

Hyperemesis Antiemetics, intravenous fluids, electrolyte replacement,
hot showers

Tachycardia Benzodiazepines, negative chronotropic agents
Neurologic effects (anxiety, agitation,

paranoia, psychosis)
Benzodiazepines, antipsychotics

Acute kidney injury Intravenous fluids, hemodialysis
Seizures Benzodiazepines, antiepileptics
Myocardial infarction Benzodiazepines, standard therapy for acute myocardial

infarction

aNot all patients will present with all adverse events. Table recreated using information from White,7 Tait et al,12 and
Van Amsterdam et al.13
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the amphetamine and cathinone classes
such as 3,4-methylenedioxypyrovalerone
(MDPV), 4-methylmethcathinone (4-MMC
or mephedrone), or 4-methylephedrone
(methylone).14 Synthetic cathinones are
labeled with many brand names and are
known by several slang terms.

The primary active synthetic cathinone in-
gredient in the United States is MDPV, which
was first synthesized in Britain in 1969 by
Boehringer Ingelheim and found to be about
2 times as potent a stimulant as racemic am-
phetamine. It was trialed for use as treat-
ment of chronic fatigue, but adverse effects
halted further research. Mephedrone is the
primary ingredient commonly found in bath
salts in the European Union.15 Similar sym-
pathomimetic effects of mephedrone and
MDPV are described including agitation, hy-
pertension, hyperthermia, palpitations, hallu-
cinations, and violent behavior (Table 4). Re-
ports from the United States have differed
by the increased prevalence of cases involv-
ing rhabdomyolysis.17 Comorbid psychiatric
illnesses and coingestion of other substances
may compound the behavioral changes noted
on presentation.14

As public scrutiny of bath salts has in-
creased, synthetic cathinones have further
been labeled to be used as plant fertilizer
and pond water cleaner and for several other
creative purposes. They continue to be sold

in a variety of retail stores such as “head
shops,” gas stations, convenience stores, and
on the Internet. Synthetic cathinones are usu-
ally sold as white, tan, gray, yellow, or brown
odorless powders that may be ingested, insuf-
flated, smoked, injected, or inserted or placed
for absorption via a mucous membrane (via
the rectum or gingiva, or in the eye [also
known as “eyeballing”]).17,18 Less commonly,
synthetic cathinones are sold as tablets or
capsules.18

Users report the high or effects they experi-
ence are similar to that of methamphetamine,
cocaine, and methylenedioxymetham-
phetamine (MDMA, ecstasy).14,18 The
duration of psychological effects is ap-
proximately 3 to 4 hours, with physiologic
effects such as tachycardia, hypertension,
and mild stimulation persisting for 6 to 8
hours.14 The exact mechanism of action of
synthetic cathinones remains to be eluci-
dated. Chemical similarities to amphetamines
and the behavioral effects that mimic those
of amphetamines have led to a hypothesis
involving a dopaminergic pathway.17 Also
supporting this hypothesis are animal models
that showed repeated mephedrone injec-
tions, similar to methamphetamine, caused
dopamine release. This finding further high-
lights mephedrone’s unique pharmacologic
profile and abuse potential. As with opi-
oids, repeated use leads to tolerance and

Table 4. Cardiovascular, Behavioral/Psychiatric, and Other Effects of Synthetic Cathinonesa

Cardiovascular Effects Behavioral/Psychiatric Effects Other Effects

Tachycardia Aggressive/violent behavior Hyperthermia
Hypertension Agitation Sweating
Vasoconstriction Anorexia Mydriasis
Arrhythmias Anxiety Muscle tremor and spasm
Cardiovascular collapse Depression Seizures
Myocardial infarction Hallucinations Stroke

Insomnia Cerebral edema
Paranoia Respiratory distress
Psychosis Death
Self-injury
Suicidal ideation

aTable recreated using information from Imam et al.14
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abstinence can result in intense cravings and
withdrawal.14

Several case reports and case series exist in
the scientific literature that report signs of ex-
treme sympathetic stimulation, agitation, vio-
lent, and self-injurious behavior and excited
delirium syndrome in patients who have used
synthetic cathinones.14,15,17,18 Deaths have
been attributed to cardiac arrest where syn-
thetic cathinone toxicity is determined to be
the primary contributing factor. Patients have
also died from trauma (motor vehicle acci-
dents, suicides by gunshot wound, cutting
wounds, and hanging) while under the influ-
ence of synthetic cathinones.15

Treatment of exposure to synthetic cathi-
nones is supportive, with limited informa-
tion available as guidance. As with other pa-
tients showing signs of a sympathomimetic
toxidrome, very large doses of benzodi-
azepines should be used to counteract ex-
cessive epinephrine and norepinephrine re-
lease and reuptake inhibition. Aggressive
cooling should be employed as treatment of
hyperthermia.19 Acute renal failure and rhab-
domyolysis may respond to aggressive intra-
venous fluid hydration.14

The long-term effects of repeated bath salts
intoxication are still under investigation but
may include renal failure, hepatic failure, and
cerebral dysfunction.

The health care team should consider
use of synthetic cathinones in the dif-
ferential diagnosis of a patient present-
ing with encephalopathy, agitation, vio-
lent behavior, and a history of substance
abuse.14

SYNTHETIC OPIOIDS/FENTANYL
DERIVATIVES

Drug overdose deaths involving opioid
agents continue, unfortunately, to be ubiqui-
tous throughout the nation and the world.
The epidemic and subsequent deaths in the
United States have continued to rise, with
recent data showing more than 6 of 10
overdose deaths involve an opioid.20 Similar
to other trends of abuse already discussed,

surges in synthetic and illicitly manufactured
analogues continue.

Fentanyl is a synthetic opioid pain reliever
with agonist activity at the μ-receptor. It is
50 to 100 times more potent than morphine,
thus is typically reserved for treating severe
or more advanced pain in non–opioid-naive
patients.21 Historically in the United States,
drug diversion and abuse patterns were
linked to pharmaceutical formulations such
as fentanyl patches. Most recent cases of
harm, overdose, and deaths related to fen-
tanyl, however, have been linked to illegally
synthesized analogues being combined with
or sold as heroin and counterfeit prescrip-
tion pills without users’ knowledge.22 Recent
identification of acetylfentanyl, butyrfentanyl,
4-fluorobutyrfentanyl, and carfentanil high-
lights the continuation of this “designer drug”
trend.23 Furthermore, novel synthetic opi-
oids with even more distinct chemical struc-
tures unlike any that have been described,
for either therapeutic or recreational use, are
emerging (AH-7291, MT-45, and U-47700).23

While signs and symptoms of fentanyl and
fentanyl analogue intoxication are similar to
that of other opioids and thus easy to iden-
tify, the lack of a morphine derivative metabo-
lite and even higher potency than standard
pharmaceutical fentanyl preparations makes
detection and management quite challenging.
Given this high potency, rapid onset of ac-
tion, and synthetic structure of these agents,
clinical deterioration including loss of airway
reflexes can occur rapidly and may require
much larger doses of naloxone for reversal.24

A retrospective review describing opioid-
related overdoses seen in a Chicago emer-
gency department during a suspected fen-
tanyl outbreak reported total naloxone doses
ranging from 0.4 to 12 mg.25 To further com-
plicate things, the effects of respiratory de-
pression may persist and recur, given nalox-
one’s short half-life.26 Thus, unlike overdoses
involving pure heroin products, patients may
require endotracheal intubation and mechan-
ical ventilation despite naloxone administra-
tion or may need to be maintained on a nalox-
one infusion.
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LOPERAMIDE

Another emerging trend of abuse stemming
from opioids involves intentional overuse of
the antidiarrheal agent, loperamide. Interest-
ingly, and somewhat ironic, is that fact the
loperamide was originally placed in schedule
V of the US Controlled Substances Act when
first introduced in 1977.27 Despite its known
effects at opioid μ-receptors, volunteer
studies demonstrated a low risk of physical
dependence or abuse supporting its availabil-
ity without a prescription from 1982 onward.
Modern-day abuse involves exceptionally
high-dose loperamide (70 to several hundred
mg per day vs the maximum approved dose
of 16 mg per day) in an attempt to overcome
its normally low bioavailability due to poor
absorption and reach euphoric effects and/or
ameliorate opioid withdrawal symptoms.28

Some users report concomitant use of agents
known to interact with loperamide in an
attempt to enhance systemic absorption and
central nervous system penetration; exam-
ples include taking cimetidine or quinidine to
purposefully inhibit loperamide metabolism
through CYP3A4 and efflux through
p-glycoprotein, respectively.29 The prob-
lem with exposure to these extremely high
loperamide concentrations extends beyond
opioid effects, however. Recently, cardiotox-
icity has been documented and reported
cases are increasing. These reports typically
describe young patients chronically ingesting
doses in the range of 100 to 800 mg per
day who present with decreased level of
consciousness or syncope and markedly
abnormal ECG findings. There are several
cases of patients found dead who later ex-
hibited elevated loperamide concentrations
during postmortem evaluation. Characteris-
tic ECG findings have included a widened
QRS complex (up to 200 milliseconds)30

and QT interval prolongation (up to 704
milliseconds),31 likely related to myocardial
sodium and potassium channel blockade,
respectively, with deterioration to monomor-
phic or polymorphic ventricular tachycardia.
The management of loperamide toxicity,

like previous concepts discussed, largely sur-
rounds supportive care. Activated charcoal
may be considered in acute ingestions, as
it will adsorb loperamide; however, circum-
stances should be appropriate to allow for
judicious administration, that is, patient does
not pose an aspiration risk. An extended
administration window of 2 to 4 hours has
been suggested to be justified, given the
effects loperamide has on reducing gut
motility.27 Naloxone should be administered
with any degree of respiratory depression,
and repetitive doses should be anticipated,
given loperamide’s slow elimination and
prolonged half-life with high doses.27 For
patients exhibiting signs of cardiotoxicity,
standard advanced cardiac life support
algorithms should be followed. There are,
however, additional treatment options that
may be considered. Primarily, electrolyte
abnormalities, namely, hypokalemia and
hypomagnesemia, should be corrected to
prevent further risk for ventricular dysrhyth-
mias. Sodium bicarbonate at doses of 1 to
2 mEq/kg may be a reasonable option in an
attempt to improve conduction disturbances,
albeit minimal ECG improvement has been
reported in the literature.27 Finally, given
loperamide’s high lipophilicity, intravenous
lipid emulsion therapy could be considered
and justified should severe cardiotoxicity
or cardiac arrest occur27; this consideration
would certainly warrant consultation with
Poison Control and a regional toxicologist
to discuss dosing schematics and to tailor
therapy on a case-by-case basis.

As with other trends of abuse previously
mentioned, loperamide misuse and abuse are
rapidly increasing and require prompt recog-
nition. Loperamide toxicity should be taken
into consideration in patients with an under-
lying opioid use disorder who present with
unexplained syncope or ventricular conduc-
tion disturbances.

CONCLUSION

The NPS phenomenon, whereby structural
variants of recreational drugs of different
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chemical classes are being continuously intro-
duced to the public, represents a significant
public health concern and challenge to the
emergency medicine and critical care teams.
Even more challenging is our limited phar-
macologic information and detection tech-
niques. Continued education of providers is
imperative so that synthetic drug abuse re-
mains high on one’s differential diagnoses and

aggressive supportive care is promptly insti-
tuted. Once initial stabilization has occurred,
prevention and treatment of complications
such as rhabdomyolysis, hyperthermia, aci-
dosis, and multiorgan dysfunction should re-
main the mainstay of management strategies.
Aggressive chemical sedation and protection
of airway, when necessary, should facilitate
medical workup.
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