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Designer Drugs: Focus on 
Cathinones (Bath Salts) and 

Synthetic Cannabinoids  
(K2 or Spice)

Emergency physicians need to be able to treat a variety of clinical syndromes 
that occur in the setting of drug abuse. Over the past few years, synthetic 
designer drugs have become much more prevalent, with the number of new 
substances available to users increasing at a dizzying pace. Concomitant with 
increases in their availability have been dramatic increases in emergency depart-
ment (ED) visits and hospitalizations from these substances.1,2 One of the more 
common ways of distributing these types of drugs has been as intentionally 
misrepresented products such as incense or bath salts.3 Despite warnings on 
the product labels that the items are “not for human consumption,” users have 
perceived them as potentially safer drugs than their illicit counterparts. There is 
also an incredible amount of misinformation propagated about designer drugs. 
In the past few years, there have been media stories of people committing 
bizarre and violent acts while under the influence of designer drug products 
such as bath salts, and many sensational cases have initially been misattributed 
to designer drug intoxication.4,5 Emergency physicians need to be aware of 
the types of designer drugs available, how they work, as well as the potential 
toxicity they can cause in order to prevent life-threatening complications or 
even death in patients who present to the ED with intoxication due to these 
substances. This article will review the clinical presentation and management 
for several different designer drug classes, focusing primarily on the cathinones, 
which have been sold as psychoactive bath salts, and the synthetic cannabinoids, 
which were misrepresented as incense or “potpourri.”

Introduction
Many designer drugs are analogues or derivatives of existing illicit drugs 

and are developed through subtle modifications of their chemical structure. 
Sometimes designer drugs are entirely different chemicals, albeit they produce 
similar effects to illegal drugs.6,7 The practice of misrepresenting designer drugs 
became increasingly prevalent in the United States starting in 2010, as bath 
salts, glass cleaner, incense, and potpourri products containing synthetic cathi-
nones and synthetic cannabinoids were marketed out of smoke shops and gas 
stations. These items have included an increasingly broad array of chemicals and 
have been labeled in this way only to circumvent provisions of the Controlled 
Substances Act, which would have rendered the chemicals illegal had they been 
sold specifically for human consumption.8 Some of these same chemicals were 
sold as “legal highs” or “research chemicals” through the Internet and in coun-
tries such as the United Kingdom or other European Union states. 

The most common designer drugs identified in the past few years have 
been the synthetic cannabinoids, which were first identified in an herbal mari-
juana replacement called Spice, and the designer stimulants, which have been 
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primarily cathinones or beta-keto-
amphetamines found in the bath 
salt products. Other designer drugs, 
including analogues of ketamine, 
PCP, and benzodiazepines, have 
also become more prevalent on the 
designer drug market.3,9 While the 
development of designer drugs may 
reflect ingenuity and adaptation to 
legislation, the deceptive marketing 
and distribution as innocuous prod-
ucts has been extremely dangerous 
and caused significant morbidity and 
mortality.8,10,11 There are no stan-
dards or quality controls for prod-
uct development. Safety data and 
information about specific product 
toxicity are often non-existent. Many 
products containing designer drugs 
do not contain the same chemicals 
as indicated by their labels, contain 
more than one class of designer drug 
or multiple chemicals from the same 
class, or have widely varying doses 
and concentrations, sometimes with 
completely different chemicals within 
the same package.12-15 Dangerous 
doses of caffeine have been identified 
in some products.16,17  

Background
The term “designer drugs” was 

first used in the 1980s as fentanyl 
analogues began appearing on the 
black market sold as “china white” 
or simply substituted as heroin.18,19 
The practice of creating analogues of 
illicit substances in response to their 
restriction, however, dates back to 
the early 20th century when, during 
Prohibition, various ether products 

(i.e., diethyl ether) were sold as a 
replacement for ethanol.20 Another 
early example was the development 
of various esters of morphine (i.e., 
dibenzoylmorphine) in response to 
restrictions of heroin (diacetylmor-
phine) in the 1920s.21 

In the 1960s and 1970s, designer 
amphetamines surfaced in parts of 
the United States.22 In the 1980s, 
fentanyl analogues were identified 
in heroin seizures.18 The 1990s saw 
the first cathinone, methcathinone, 
become available in the United 
States,23 and in the early 2000s, 
tryptamines, chemicals similar to 
psilocin and psilocybin, the active 
constituents in “magic mushrooms,” 
were readily available through the 
Internet.24 In each of the last five 
decades, different designer drugs 
have been available, many limited 
to specific geographical or social 
niches, and usually a single drug or 
drug class was popular. Recent years, 
though, have seen a veritable explo-
sion of many different designer drugs 
and drug classes widely available 
to the public across the globe. The 
2010 European Monitoring Center 
for Drugs and Drug Addiction 
(EMCDDA) annual report identified 
41 new chemicals that were classi-
fied as novel substances of abuse, 
the majority of which were synthetic 
designer drugs.3 In 2011, there was 
a similar number identified, with 42 
additional new drugs confirmed.8,25,26 
Several factors are responsible for the 
proliferation and interest in designer 
drugs. The Internet has become a 

prominent venue not only for the 
marketing and sale of designer drugs, 
but it has facilitated rapid dissemina-
tion of information about these sub-
stances. The practice of intentionally 
mislabeling designer drugs and mar-
keting them directly to the public 
through places such as smoke shops, 
gas stations, and even convenience 
stores gives them a high degree of 
visibility and makes them increasingly 
available to a wide audience. The 
speed at which the designer drug 
market reacts to any perturbation 
is remarkable and unprecedented, 
as novel compounds appear quickly 
in response to restriction of specific 
chemicals.8,26 

Availability  
and Regulation

The availability of designer drugs 
varies from country to country 
and even from state-to state in the 
United States, although through-
out the world the Internet is an 
increasingly common source. While 
availability is influenced by the 
laws and regulations regarding spe-
cific substances and drug classes, 
the overall regulation of designer 
drugs has been difficult. The prac-
tice of regulating (scheduling) 
specific chemicals as they appear is 
time-consuming and currently not 
very effective.27 Scheduling entire 
classes of compounds can limit the 
legitimate use of specific drugs in 
research or as potential therapeutics. 
In fact, many of the designer drugs 
were first developed and studied to 

 z Many of the designer drugs have similar mechanisms 
and will cause similar intoxication to their illicit counter-
parts. Treatment of designer drug intoxication is based 
upon the presenting signs and symptoms and not on 
specific drug identification. 

 z Benzodiazepines should be used to treat agitation 
and other “excitatory” signs and symptoms, as many 
patients with cathinone or bath salt product intoxica-
tion will present with sympathomimetic or serotonergic 
(“serotonin syndrome”) features. Aggressive cooling 
and hydration are also required for these patients. 

 z Standard urine drugs of abuse screens do not detect 
most designer drugs. Outside laboratory tests are avail-
able for some of these compounds; however, results are 
not available in clinically useful time frame.  

 z Patients with persistent psychosis will require assessment 
by psychiatry. Poison Control Centers and medical toxi-
cologists are available to assist with the assessment and 
management of patients with designer drug intoxica-
tion.

Executive Summary
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some extent (at least in vitro or in 
animal models) by medicinal chem-
ists or others in drug development.7 
This was particularly true for the 
synthetic cannabinoids and many 
of the designer stimulants. Despite 
this, human safety and toxicity data 
are virtually non-existent.28 There 
is significant difficulty in develop-
ing effective laws and regulations 
addressing synthetic designer drugs, 
and there can be undesirable effects 
of regulation as well.29 When a spe-
cific designer drug is scheduled, a 
broad array of replacements are often 
created, and many of them have 
more toxic effects than the chemi-
cal they replaced. When drugs are 
regulated in the United States and 
the European Union, the chemicals 
remain largely available through 
the Internet and from local drug 
distributors.8,16,27 

Cathinones (a.k.a., 
“Bath Salts”) and Other 
Designer Stimulants 

Basics. Bath salts are not an actual 
drug of abuse, but the term refers 
to one of the more popular types 
of products used to misrepresent 
designer drugs. Other products are 
labeled as glass cleaner, pond cleaner, 
and insect repellant (as well as 
“attractant”). Selling a designer drug 
as a bath salt is not new; MDA and 
methamphetamine have been sold 
in this manner.3,30 Initially sold in 
smoke shops (“head shops”) or over 
the Internet, bath salts typically con-
tain analogues, or “chemical cous-
ins,” of existing drugs of abuse.31 
These drugs are usually a white, 
off-white, or tan powder and sold 
in vials or ampules.31 Some specific 
bath salt products are called: Cloud 
9, Ivory Wave, Vanilla Sky, White 
Rush, Freebase Bath Salt, Hurricane 
Charlie, Scarface, Ocean Snow, and 
“Charlie Sheen” bath salts.3,32,33 The 
designer drugs are sold “not for 
human consumption” in an effort to 
avoid existing legislation regarding 
drugs of abuse. 

Most chemicals sold as bath salts 
are amphetamine analogues, in 
particular beta-ketoamphetamines, 

which are more formally called 
cathinones.3,8,31 The most common 
cathinones in the United States were 
initially mephedrone (4-methyl-
methcathinone) and MDPV (methy-
lenedioxypyrovalerone), although a 
recent report by Prosser and Nelson 
in the Journal of Medical Toxicology 
identified 12 unique cathinones 
in bath salt products.8 Many more 
analogues are possible and are 
increasingly available as “research 
chemicals” over the Internet.8 
In addition to cathinones, bath 
salts and other designer stimulant 
products contain pyrrolidines, ami-
noindanes, piperazines, and many 
other types of chemicals as active 
ingredients. Cathinones remain the 
most commonly identified chemicals, 
however.3,8,31,34

History. The simplest of the 
cathinones is called cathinone ((S)-2-
amino-1-phenyl-1-propanone) and 
exists in nature in the leaves of the 
Khat (Catha edulis) plant.35 Chewing 
Khat leaves causes effects similar to 
amphetamines, including an increase 
in heart rate, blood pressure, and 
dilated pupils, along with alert-
ness and euphoria.8 Khat chewing 
is common in the Middle East in 
Yemen and in east African countries 
such as Somalia. Synthetic versions 
of cathinone appeared early in the 
20th century, with methcathinone 
(beta-keto-methamphetamine) and 
mephedrone (4-methylmethcathi-
none) synthesized in 1928 and 1929, 
respectively.8,35 Like their amphet-
amine cousins, some cathinones were 
useful as legitimate therapeutics. 
There is currently only one cathi-
none medically available. Bupropion 
(para-chloro-N-tert-butyl cathi-
none) is used for smoking cessation 
(Zyban™) as well as for the treat-
ment of depression (Welbutrin™).35 
Most other cathinones were aban-
doned for legitimate medical use 
due to intolerable side effects as 
well as their potential for abuse and 
dependence. Methcathinone was 
abused throughout the former Soviet 
Union and parts of the upper mid-
west United States in the 1980s and 
1990s23,36 before waning in popular-
ity as methamphetamine became 

widely available. Pyrovalerone, 
another type of cathinone that was 
used medicinally for chronic fatigue 
and as an anti-obesity agent, was 
identified as having a high potential 
for abuse, and there are reports of 
it becoming popular with injec-
tion drug users in the 1970s.37 An 
analogue of pyrovalerone, alpha-
pyrovalerone (alpha-PVP), became a 
common “second generation” chem-
ical sold in the bath salt replacements 
such as glass cleaners and other 
products, marketed “not for human 
consumption” after the sale of 
MDPV, mephedrone, and methylone 
was restricted in 2011.38,39 

Prevalence. Data from the 
American Association of Poison 
Control Centers identified bath salt 
abuse in the United States as early 
as 2009; however, very few cases 
were reported. There was a dra-
matic increase in cathinone use as 
Poison Center calls increased from 
303 in 2010 to 6072 in 2011.3,40 
Data from other sources also con-
firmed this increase. The Toxicologic 
Investigators Consortium (ToxIC) 
Case Registry of poisoned patients 
seen by toxicologists in the United 
States also identified increasing hos-
pitalizations related to cathinones 
or bath salt products from 2010 to 
2011.41 Prior to 2009, the United 
Kingdom Poisons Information 
Service had no inquiries related to 
the designer cathinones; however, 
during a single year from 2009-
2010, calls regarding these sub-
stances equaled the total number 
of calls received for both MDMA 
(“Ecstasy”) and cocaine. After 2009 
in the United Kingdom and across 
Europe, there was dramatic and 
rapid increase in availability, use, and 
hospitalization related to use of these 
drugs.42  

Who Is Using These Drugs? 
Cathinone, or “psychoactive bath 
salt,” users are more predominantly 
male, with most publications iden-
tifying males in well more than 50% 
of cases.43 A CDC Morbidity and 
Mortality Weekly Report from March 
2011 described 35 patients ages 
20-55 who presented to emergency 
departments across Michigan after 
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use of products sold as bath salts; 
54% of the subjects were male.44 

Cathinones are often used con-
comitantly with many other intoxi-
cating substances, including alcohol, 
marijuana, and other illegal drugs or 
prescription drugs.45 In an analysis 
of impaired or intoxicated drivers in 
Finland, the cathinone MDPV was 
detected in nearly 6% of cases, and 
benzodiazepines were a common 
co-intoxicant identified in these driv-
ers.46 As with other designer drugs, 
including the synthetic cannabinoids 
(K2, Spice), certain populations, 
such as military personnel and ath-
letes, may abuse these substances in 
particular because they are thought 
to be “legal” alternatives to drugs 
of abuse, or because they don’t give 
a positive result on a standard urine 
drug screen.2,47,48 

Cathinone use may vary by state 
or country as a function of specific 
scheduling laws and by the group 
and demographic surveyed. For 
example, in Europe mephedrone use 
is highest among those who attend 
bars and nightclubs, although use 
among the general population in 
groups such as college students is 
common.48 In one study of college 
students in the United Kingdom, 
previous use of mephedrone was 
identified in just over 20% (with 
daily use in 4.4%) of 1,000 col-
lege students surveyed.49 A 2010 
survey identified 41.3% of over 
2,000 U.K. clubbers (“nightclubs/

raves”) reporting 
mephedrone use 
on at least one 
occasion.48 In other 
countries, MDPV 
is more popular or 
more commonly 
detected during 
forensic analysis or 
in product samples. 
Cathinones, in 
addition to being 
the primary class 
of agents sold as 
bath salts in the 
United States, are 
increasingly identi-
fied as “ecstasy” or 
“Molly” substitutes 

or substituted as other stimulant 
drugs, including methamphetamine 
and cocaine.26,50 Designer drug use, 
in particular cathinones, MDPV, and 
mephedrone, is increasingly found 
in individuals monitored for drug 
use. In one study in Ireland, urine 
samples screened for specific “drugs 
of abuse” in 2010 found 13.9% 
were positive for mephedrone.48 In 
another study, using samples taken 
from patients at a drug treatment 
clinic, the prevalence of mephedrone 
was 37%.48 

Route and Method of Use. 
Cathinones can be used through a 
variety of routes, including orally,51 
insufflation,43 injection,52 or smok-
ing.53 The IV route was the most 
common (63%) route of use in a 
CDC report of bath salt users in 
Michigan.44 Most mephedrone users 
at a rave or dance party using it as 
an “ecstasy” replacement ingested 
it orally (53%) or by insufflation 
(32%).48 Injection of bath salts can 
cause severe infections, and cases of 
necrotizing fasciitis are reported.52 
The demographics and social setting 
of cathinone use influences the route 
of administration. 

Mechanism and Effect. 
Cathinones and designer drugs sold 
as bath salts are stimulant drugs 
that have a mechanism of action 
similar to other common stimu-
lant drugs such as amphetamines 
or cocaine.35,54,55 In-vitro studies as 
well as animal models comparing the 

effects of designer cathinones such 
as methylone and mephedrone to 
their amphetamine (or for MDPV, 
cocaine, or methylphenidate) 
counterparts confirm similarity in 
mechanism and effect.56,57 People 
use bath salts or cathinones for the 
same reason they use the amphet-
amines or cocaine — for alertness, 
euphoria, and increases in energy 
and in libido.8 Cathinones produce 
dose-dependent predictable clinical 
effects, including increased arousal, 
alertness, and attention at low doses, 
and agitation, delirium, hallucina-
tions, seizures, and hyperthermia 
at higher doses.34,35,48 Some cathi-
nones are structurally more similar 
to hallucinogenic amphetamines 
such as mescaline. These cathinones 
may also have more hallucinogenic 
effects, while others such as methy-
lone function more like the empa-
thogenic amphetamine MDMA 
(“ecstasy”).58,59 

MDPV, occasionally referred to as 
“super coke” by media or users, acts 
more like cocaine or methylpheni-
date, blocking reuptake of dopamine 
and norepinephrine. It has purely 
stimulant effects.55 MDPV is actu-
ally a more potent chemical than 
cocaine in terms of action and the 
dose required.55 These properties 
predicted that MDPV would have a 
high potential for abuse and depen-
dence.55 Lower doses (i.e., 5-20 mg) 
of MDPV (as compared to other 
stimulants such as mephedrone) are 
required to obtain an effect. 

Other cathinones such as 
mephedrone or methylone (which is 
beta-ketoMDMA) are more similar 
to MDMA (“ecstasy”) or meth-
amphetamine in their mechanism 
and effect. These have serotonergic 
activity in addition to increasing 
dopamine and norepinephrine levels 
through release of these neurotrans-
mitters, rather than by blocking 
reuptake.57,60 In addition to in-vitro 
data, animal models and reports 
of intoxication confirm cathinone 
and bath salt products are similar to 
other stimulant drugs with regard to 
clinical effect and toxicity. Cathinone 
and “bath salt” user reports through 
Internet drug forums and chat 

Figure 1: Bath Salt Products



www.emreports.com  Emergency Medicine Reports / Volume 33, Number 26 / December 3 , 2012 309

rooms and surveys of drug use con-
firm that these substances are similar 
to other stimulants.61-63 The major-
ity of users of mephedrone describe 
feeling similar to MDMA, although 
others report significant stimulant 
effects in addition to the feelings of 
warmth, openness, and empathy.49,63 
Methylone has been frequently sold 
as MDMA or “Molly,” which is not 
surprising given the similarity in 
structure and in response in animal 
models.

Clinical Presentation, Adverse 
Effects, and Toxicity. As cathi-
nones are structurally similar to their 
amphetamine cousins, cathinone 
or bath salt intoxication produces 
similar clinical effects and toxic-
ity. Sympathomimetic intoxication 
is seen clinically, although some of 
the cathinones are serotonergic and 
may cause serotonin syndrome.8,64-66 
While there are differences in toxicity 
between specific cathinone or bath 
salt products, most of the effects will 
be dose-dependent and related to the 
amount and rapidity of the substance 
ingested as well as to underlying con-
ditions and co-ingested substances. 

Treatment relies on the history 
and physical exam and attention 
to clinical presentation rather than 
upon any laboratory result or report 
of a specific agent that was ingested. 
Regardless of the agent ingested, 
cardiovascular and neurologic symp-
toms predominate in most patients.10 
Hypertension, tachycardia, agitation, 
and delirium, as well as elevations 

in temperature, 
are common with 
large ingestions 
or severe intoxica-
tions.35 The excited 
delirium syndrome 
has been reported 
with cathinone 
intoxication and 
in bath salt-related 
fatalities.34,67-70 
Several different 
specific cathi-
nones have been 
associated with 
fatality; however, 
methylone, MDPV, 
and mephedrone 

are the most common cathinones 
encountered in fatality reports in the 
literature.48,68,71-73 Patients with sig-
nificant toxicity will require manage-
ment for severe agitation, psychotic 
behavior, hallucinations, as well as 
treatment for elevations in heart rate, 
blood pressure, and temperature. 
Rhabdomyolysis, dehydration, and 
acidosis can develop in patients who 
are febrile or in those with excessive 
neuromuscular tone (i.e., rigidity or 
repetitive myoclonus), seizures, or 
who are struggling with restraints 
or fighting with police.45,72,74-76 
Disseminated intravascular coagula-
tion was reported in at least two 
cases that resulted in fatalities from 
bath salts.73 Acute kidney injury 
requiring hemodialysis has been 
reported.70 In the MMWR report 
describing bath salt intoxications in 
Michigan, symptoms included agita-
tion (23 patients [66%]), tachycardia 
(22 [63%]), and delusions or halluci-
nations (14 [40%]).33 

Specific toxicity and the need for 
hospitalization may be influenced by 
route of administration. Injection 
users of cathinones are reported 
to have severe tissue destruction, 
including necrotizing fasciitis and 
other tissue injury.77 Common 
features of cathinone intoxication 
included agitation (24%), tachycardia 
(22%), chest pain (13%), and confu-
sion (14%).42 Depending upon the 
severity of their signs and symptoms, 
patients may require admission to 
the hospital or ICU. In a review 

of poison center calls related to 
bath salt intoxication involving 236 
patients, nearly half were treated 
and released from the emergency 
department, 21% were admitted to 
the ICU, 12% were admitted to psy-
chiatry, and 12% were lost to follow-
up.10 In contrast to the synthetic 
cannabinoid intoxications, many 
patients hospitalized for cathinone 
intoxication have prolonged sympa-
thomimetic symptoms; nearly half 
(45%) have symptoms > 24 hours, 
and nearly a third (30%) have symp-
toms > 48 hours. Care is primarily 
supportive and includes aggressive 
cooling, use of sedatives, and fluids. 
Management of specific toxicity and 
symptoms is discussed further below 
under the section on approach and 
management.  

Synthetic Cannabinoids 
(a.k.a., K2 or Spice)

Background. Synthetic canna-
binoids, often referred to as K2 or 
Spice, are some of the most com-
mon designer drugs seen in the ED. 
Although they represent a number 
of different chemicals from differ-
ent chemical classes, the primary 
reason they are used is for their 
marijuana-like effect.78 They typi-
cally don’t trigger a positive THC 
screen, so individuals can use these 
products to avoid detection.9,79 
Individual synthetic cannabinoids are 
often many times more potent than 
THC, the active constituent of mari-
juana.80 Despite the fact that some 
of the synthetic cannabinoids were 
developed by medicinal chemists, 
there are virtually no human safety 
data available for this class of com-
pounds.80,81 Synthetic cannabinoids 
do not typically identify the chemi-
cals they contain. They are sold as 
herbal marijuana replacements across 
Europe and as incense and pot-
pourri products in the United States, 
typically labeled “not for human 
consumption.”82 A typical product 
contains several different innocu-
ous plants such as bay bean, beach 
bean, blue lotus, dog rose/rosehip, 
lion’s ear/tail, wild dagga, louse-
wort, Indian warrior, dwarf, skullcap, 
blue/sacred lotus, red clover, vanilla, 

Figure 2: Incense Products
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and honey (among additional herbs/
plants), along with a synthetic can-
nabinoid, which was usually simply 
dissolved in a solvent and sprayed 
onto the plant material.3 Many of 
these products contain mixtures of 
synthetic cannabinoids as well with 
varying amounts and concentrations 
of the drugs, even within a single 
packet.12,82,83 

History. Synthetic cannabinoids 
became prominent designer drugs of 
abuse in 2004 when the herbal mari-
juana replacement product Spice was 
first sold in Europe.82 These products 
grew in popularity over the next 
several years, although it wasn’t until 
2008, after intense analysis, that syn-
thetic cannabinoids were identified 
as the source of the “marijuana-like” 
effect.3,84,85 

Synthetic cannabinoids include a 
wide variety of agents from several 
different chemical classes. The first 
synthetic cannabinoid identified was 
JWH 018, synthesized in 1995 for 
the purpose of better understanding 
the human cannabinoid system.86 
This chemical, along with several 
others that have been identified 
in the K2 or Spice products, were 
named after their creator John W. 
Huffman of Clemson University. 
Following JWH 018, a series of 
chemicals were identified, some 
similar to JWH 018 and others from 
completely different classes.84,85,87 By 
2009, several synthetic cannabinoids 
from different chemical classes were 
identified across Europe.88 The prod-
ucts were just starting to be seen in 
the United States in 2009.89 Spice 
products increased in popularity 
in the United States during 2010, 
and the first synthetic cannabinoids, 
consisting of five specific chemicals, 
were banned in 2011.90 Additional 
chemicals as well as other classes of 
synthetic cannabinoids soon replaced 
the “banned chemicals” and the 
incense products remained widely 
available until recently. In July 2012, 
broader federal regulations targeting 
most of the synthetic cannabinoids 
known to date were implemented. 
As with other designer drugs, addi-
tional analogues continue to appear, 
however, along with entirely novel 

substances that, at least initially, 
are not subject to regulation. Most 
recently, chemicals that inhibit 
enzymes responsible for degrading 
endogenous cannabinoids have been 
discovered in Spice products.91

Prevalence and Demographics. 
Synthetic cannabinoids have been 
among the most common designer 
drugs encountered during the past 
several years.3 U.S. Poison Control 
Centers identified the first cases of 
hospitalized patients at the end of 
2010, although the DEA detected 
synthetic cannabinoids in the United 
States in 2009.87,89 By 2011, use 
increased dramatically as media 
attention described the products as 
having marijuana-like effects. They 
were widely available through smoke 
shops, convenience stores, gas sta-
tions, and the Internet.89 In a survey 
of college students, 69 of 862 (8%) 
students had used synthetic can-
nabinoids. Use was more common 
in first- and second-year college 
students than in the third or fourth 
year. Similar to other designer drugs, 
males were more likely to have used 
K2.92 In the United States, a review 
of Poison Center National Poisons 
Data System information identi-
fied 1,898 synthetic cannabinoid 
exposures over a 10-month period 
in 2010. Just over 74% of the single-
agent exposures were in males.93 
Other surveys, focusing on individu-
als with previous use of synthetic 
cannabinoids, identified fairly high 
use with other recreational drugs in 
this population. A U.S. poison center 
review found 40% of synthetic can-
nabinoid users were younger than 19 
years old (compared to more than 
50% marijuana users).78 One study 
involving 29 hospitalized patients 
in Europe identified 25 males and 
4 females ages 14-30 years (median 
19) who were hospitalized related to 
synthetic cannabinoid use.94 Similar 
to other designer drugs, certain 
populations including military,47 
athletes,95,96 and individuals on pro-
bation,97 as well as other individuals 
who are regularly tested for illicit 
drugs, had higher interest in syn-
thetic cannabinoids. In one study 
of nearly 6,000 urine samples from 

athletes, nearly 5% of samples were 
positive for synthetic cannabinoids.95

Route and Method of Use. 
Synthetic cannabinoids are primarily 
smoked as part of a mixture of other 
plants and herbs.79 In one survey of 
college students, 88% had smoked 
these drugs in a “cigarette” and 
26% had used a hookah. In addi-
tion to smoking, some users will 
orally ingest the products.98 The 
specific synthetic cannabinoids are 
also available as powdered chemicals 
in quantities that vary from milli-
grams to kilograms through Internet 
vendors.86 There are reports of 
severe toxicity following ingestion 
of these chemicals, and deaths are 
reported.86,93 

Mechanism and Effect. The syn-
thetic cannabinoids have varying, 
albeit relatively high, potencies at 
the CB1 and CB2 receptors when 
compared to delta-9-THC, the active 
constituent in marijuana.88 The CB1 
receptor is primarily responsible for 
the psychoactive properties of canna-
binoids, including euphoria, whereas 
the CB2 receptor is primarily found 
in the immune system (although it 
plays a minor role in the modula-
tion of pain and mood).89 They also 
exert a full agonist effect compared 
to the partial agonism of marijuana, 
resulting in more intense psychoac-
tive effects. In addition to the CB1 
and CB2 action, some synthetic 
cannabinoids inhibit GABAergic 
transmission,99 enhance serotonergic 
transmission,100 as well as inhibit the 
enzyme monoamine oxidase.89,101 
These effects can result in serotoner-
gic-like effects or a “sympathomi-
metic” type picture with tachycardia, 
hypertension, agitation, and even 
seizures.98 In addition, multiple 
other chemical substances, including 
caffeine, synthetic stimulants such as 
those found in the psychoactive bath 
salts, designer benzodiazepines,15,102 
and even beta-agonists,17 have been 
found as adulterants in K2.  

Clinical Presentation, Adverse 
Effects, and Toxicity. Emergency 
physicians report a wide array of 
clinical signs and symptoms associ-
ated with synthetic cannabinoid 
product use, with the most common 
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symptoms being acute anxiety,103 
tachycardia,93,104 and psychosis.105 An 
early review of adverse effects seen in 
hospitalized patients identified these 
symptoms along with hypertension, 
tachypnea, hallucinations, racing 
thoughts, and seizures.89 Because 
most of the effects are short-lived, 
patients seen in the ED can usually 
be discharged after a period of obser-
vation.104 Some of the effects noted 
in hospitalized patients are similar to 
those seen with users of marijuana 
(i.e., anxiety, tachycardia, paranoia, 
and psychosis), but other effects such 
as seizures are not.94,106,107 In most 
reports, the acute severe effects such 
as seizure were rare, occurring in 
3.8% in one large sample.93 Psychosis 
is also seen in individuals requiring 
hospitalization or psychiatric evalu-
ation after synthetic cannabinoid 
use.105,108 The risk of precipitating 
psychosis with synthetic cannabinoid 
use is higher than for marijuana.108-110 

Cardiac signs and symptoms are 
common during synthetic canna-
binoid intoxication.93 In addition 
to chest pain and tachycardia,93 
myocardial infarction111 and various 
cardiac arrhythmias, including bra-
dycardia and conduction blocks, are 
reported.81 One patient developed 
refractory supraventricular tachy-
cardia and recurrent seizures after 
ingesting a slurry of ethanol contain-
ing a synthetic cannabinoid.86 

Addiction and dependence on 
the synthetic cannabinoids are 
reported,112,113 and a withdrawal syn-
drome is described, which consists 
of craving, sweating, nightmares, an 
increase in blood pressure and heart 
rate that is alleviated with the return 
to synthetic cannabinoid use.113 

Other Designer Drugs
Designer drugs, in general, includ-

ing many of the cathinones and 
other designer amphetamines such 
as MDMA (methylenedioxyamphet-
amine) or “Molly,” remain common 
causes of hospitalization.41,114 Ultra-
potent (400-600 microgram doses) 
hallucinogenic amphetamines such 
as 25i-NBOME, 25c-NBOME, and 
25B-NBOME are now seen on the 
designer drug market. In addition to 

direct cannabinoid receptor agonists, 
chemicals that inhibit endogenous 
cannabinoid breakdown are appear-
ing.91 Methoxetamine, a ketamine 
analogue, is a popular drug of abuse 
and available through a variety of 
venues. Designer benzodiazepines 
such as phenazepam are increasingly 
common.115,116  

Approach to the Patient 
with Designer Drug 
Intoxication

Initial Exam and Laboratory 
Assessment. The management of 
patients presenting to the ED with 
intoxication from designer drugs is 
the same as the approach to other 
intoxicated or poisoned patients. 
Rapid assessment of airway, breath-
ing, and circulatory status is critical. 
History, physical exam, and labora-
tory assessment should be thorough 
and efficient. Most designer drugs, 
including the cathinones and the 
synthetic cannabinoids, will not test 
positive on standard urine drugs of 
abuse screens.9,117,118 There are tests 
available for many of the agents from 
referral laboratories;119,120 however, 
the results will not be available in 
a clinically meaningful time frame. 
Management and treatment strate-
gies need to be based upon the 
clinical presentation and features of 
intoxication rather than on any labo-
ratory confirmation of the specific 
drug. Neurologic and cardiovascular 
systems are the most commonly 
impaired in hospitalized patients.121 
Nausea and vomiting can be dif-
ficult to treat in certain patients. 
They occur in approximately 15% 
of patients.121 The skin should be 
checked for signs of redness and 
stigmata of drug use such as punc-
ture marks or tracks. Intravenous 
use of designer drug products such 
as bath salts is associated with severe 
soft-tissue infection, including cel-
lulitis, abscess, and even necrotizing 
fasciitis.77 Patients who have injected 
the designer drugs, or who have skin 
findings suggestive of infection or 
who remain febrile despite attenua-
tion of agitation and muscle hyper-
activity, should have blood cultures 

and receive empiric treatment with 
antibiotics.

Designer drug intoxication can 
cause derangements in cognition and 
mood ranging from mild anxiety to 
overt agitation and delirium, with 
excitatory or sympathomimetic fea-
tures on physical exam.3,8 An EKG 
should be obtained in all patients 
presenting with designer drug intoxi-
cation. Myocardial infarction has 
been reported after synthetic can-
nabinoid intoxication.116 Multiple 
arrhythmias, including bradycardia 
and tachycardia as well as conduction 
blocks, have been reported with the 
synthetic cannabinoids.81 

Patients with either synthetic can-
nabinoid or cathinone toxicity may 
have hallucinations and neuromuscu-
lar findings similar to other patients 
with serotonin syndrome.65 In these 
cases, intoxication may be similar 
to an overdose of the antidepres-
sant bupropion.35 It is important to 
check a core temperature and assess 
the neuromuscular tone in these 
patients, as fever, rhabdomyolysis, 
and acidosis indicate more severe 
intoxication. The Excited Delirium 
Syndrome (ExDS) has been reported 
as a complication of the cathinone 
agents in particular (as it as for other 
stimulant drugs such as cocaine or 
methamphetamines).68,69,72 

Acute kidney injury can occur due 
to myoglobinuria as a complication 
from rhabdomyolysis or hyper-
thermia, from direct drug-induced 
nephrotoxicity, or from vasospasm 
resulting in hypoperfusion.70 
Intravenous fluids should be admin-
istered and dehydration corrected. If 
there is rhabdomyolysis, correct any 
metabolic abnormalities and hydrate 
to maintain good renal perfusion and 
urine output. The urine output goal 
for patients with rhabdomyolysis 
is 1-2 mL/kg/hour. Occasionally, 
dialysis is necessary for patients with 
severe acidosis or persistent renal 
failure with acidosis and electrolyte 
abnormalities, as in the case of severe 
sympathomimetic intoxication due 
to cathinone or bath salt ingestion.70  

Caffeine is a common adulter-
ant in many products. Ingestion of 
large amounts of caffeine will cause 
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stimulation of beta-1 and beta-2 
receptors and release of catechol-
amines. Signs and symptoms of 
toxicity include tachycardia, nausea, 
vomiting, anxiety, diaphoresis, chest 
pain, hypokalemia, and tremor. More 
severe intoxication due to caffeine 
can result in hypotension and even 
seizures.122 

While most of the psychoactive 
bath salts and Spice product intoxica-
tions result in excitatory features on 
exam, other designer drugs can cause 
sedation. Coma can be a result from 
end-organ effects, including neuro-
logic toxicity. 

Deaths have been reported from 
cathinone intoxication, in particu-
lar, and aggressive supportive care 
in patients with severe agitation and 
sympathomimetic or serotonergic 
toxicity (serotonin syndrome) is criti-
cal.34,68,71 Benzodiazepines (or other 
GABAergic agents such as phenobar-
bital or propofol) are the mainstay of 
supportive care.67 Benzodiazepines 
are also used as the primary treatment 
for agitation, psychosis, or seizure 
during acute synthetic cannabinoid 
or Spice product intoxication. Doses 
of sedatives during treatment of 
designer drug intoxications are not 
based upon any specific total amount; 
the endpoint for dosing should be 
improved agitation and neuromus-
cular tone, and patients without stiff-
ness, “twitching,” or myoclonus or 
muscle spasm, and whose temperature 
has normalized. In some patients, 
more aggressive cooling measures 
such as intubation and paralysis in 
addition to the sedation, active cool-
ing, and hydration will be required. 
Clonidine or dexmedetomidine may 
be used adjunctively to benzodiaz-
epines, phenobarbital, or propofol. 
These drugs are used for agitated 
delirium, including severe alcohol 
withdrawal, bupropion overdose, or 
cocaine intoxication.123,124 Both of 
these agents act as sympatholytics 
and are used in both acute intoxica-
tion and withdrawal syndromes that 
result in excited delirium. In patients 
with persistent psychosis or hallucina-
tions, consider low doses of potent 
antipsychotics such as risperidone or 
olanzapine. 

Most patients with synthetic can-
nabinoid intoxication can be treated 
and discharged from the ED within 
several hours.93 Individuals with 
designer stimulant intoxication, such 
as from the bath salt products or 
cathinones, may require more inten-
sive treatment and the intoxication 
lasts much longer. In both cases, 
psychosis can persist beyond the 
acute intoxication. In these patients, 
admission and assessment by a psy-
chiatrist is crucial. 

Summary
Designer drugs remain a common 

cause of hospitalization. There are 
a variety of products available that 
contain various types of designer 
drugs; however, the most common 
are designer stimulants such as the 
cathinones (misrepresented as bath 
salts and glass cleaners) and the syn-
thetic cannabinoids or K2 and Spice 
products (which act similar to, albeit 
more intense than, marijuana). The 
ED physician must treat the clini-
cal signs and symptoms the patient 
is exhibiting. Aggressive supportive 
care, including cooling, hydration, 
and judicious use of sedatives such 
as benzodiazepines, is important in 
preventing life-threatening toxicity 
or death. In addition to the acute 
toxicity, both the cathinones and the 
synthetic cannabinoids have been 
associated with addiction, depen-
dence, and prolonged neuropsy-
chiatric effects including psychosis. 
Regional Poison Control Centers and 
medical toxicologists are available and 
can be invaluable resources in helping 
with the management of patients with 
designer drug intoxication. 
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Physician CME Questions

1. Synthetic cannabinoids are potent can-
nabinoid receptor agonists. In addition, 
what other effects are seen?
A. sympathomimetic effects
B. opioid agonists 
C. no additional effects outside CB1 or 

CB2 receptor agonism
D. benzodiazepine-like effects at the 

GABA receptors

2. Which of the following is true about the 
designer drug products such as K2, Spice, 
or bath salts?
A. Products are manufactured to assure 

purity and consistency.
B. Incense products always contain syn-

thetic cannabinoids.
C. Varying concentrations of drug, dif-

ferent types of chemicals, or more 
than one active chemical may be in 
any given packet.  

D. The packet’s label identifies the spe-
cific ingredients.

3. Which of the following are thought to be 
responsible for the increasing availability 
and popularity of designer drugs?
A. They are easily manufactured at 

home.
B. Most are simply prescription drugs 

diverted for illicit purposes. 
C. There is aggressive marketing, the 

purposeful misrepresentation of the 
drugs as innocuous substances, and 
the use of the Internet for marketing 
and distribution.

D. Most have low potential for toxicity. 

4. A 27-year-old male is brought to the 
ED after using “bath salts.” He is agi-
tated, struggling against restraints, and 
mumbling incoherently. HR is 142 beats-
minute and blood pressure is 190/110 
mmHg. His pupils are widely dilated 
and he is flushed and diaphoretic. He 
has intermittent myoclonic jerks and sus-
tained clonus at the ankles. In addition to 
hydration, which of the following treat-
ments are critical?
A. sedatives such as benzodiazepines or 

other GABAergic agents until there is 

improvement in agitation, neuromus-
cular tone, and hemodynamics

B. neuroleptics such as haloperidol as 
first-line treatments

C. a urine screen to identify the drug 
taken

D. lorazepam or diazepam in low doses 
to avoid over-sedation

5. Which findings below are consistent with 
caffeine toxicity?
A. hyperkalemia, acidosis, and hyperten-

sion
B. nausea and vomiting, lethargy, and 

bradycardia
C. diaphoresis, hypokalemia, nausea and 

vomiting, and dehydration
D. tachycardia, hyperkalemia, and dehy-

dration

6. How are drug users unintentionally 
exposed to these substances?
A. Designer stimulants often masquerade 

as “ecstasy” or Molly.  
B. Cathinones and other designer drugs 

are typically only sold as research 
chemicals or bath salts. They are not 
typically available otherwise. 

C. Legitimate bath salts, glass cleaners, 
and other products also contain these 
substances.

D. They are frequently used as a heroin 
adulterant.

7. Why are toxicologic screens in patients 
presenting with designer drug intoxica-
tion limited?
A. Most synthetic cannabinoids will trig-

ger a positive THC screen, making 
it difficult to determine whether the 
patient used marijuana or a synthetic 
cannabinoid.

B. Most amphetamine or methamphet-
amine screens will cross-react with 
cathinones, indicating a “positive” on 
the drug screen.

C. Screens available for many designer 
drugs are typically only available as 
send-out tests. 

D. Urine drugs of abuse screens are 
expensive and require patient consent. 

8. Which of the following is the most com-
monly seen after synthetic cannabinoid 
use? 

A. anxiety and tachycardia
B. seizures
C. myocardial infarction
D. Excited Delirium Syndrome

9. A 19-year-old male presents to the ED 
after having a “seizure” while smoking 
marijuana mixed with a K2 product called 
“Funky Monkey.” He is initially tachy-
cardic, hypertensive, and tremulous; how-
ever, he improves rapidly over the initial 2 
hours in the ED. Which of the following 
regarding his care is true?
A. He should be discharged on phe-

nytoin for prevention of seizures.
B. Benzodiazepines will help with initial 

agitation. 
C. This patient should receive a full 

work-up for new-onset seizures and 
be admitted to the hospital.

D. This patient will require admission to 
the hospital to monitor for delayed 
toxicity.  

10. A 17-year-old male is sent to the ED 
after being seen by his school nurse. He 
had been wandering the halls of his high 
school making inappropriate comments 
and acting bizarre. He recently has used 
synthetic cannabinoid products, including 
“Spice Gold,” and his use has escalated 
over the past week. Which of the follow-
ing is indicated in this patient?
A. Assuming this patient is not agitated 

and that his vital signs and laboratory 
results are normal, he can be dis-
charged with follow-up with his PCP. 

B. He should receive high doses of ben-
zodiazepines and other sedatives.

C. He will require admission to a medi-
cal unit for cardiac monitoring and 
seizure precautions. 

D. He may have developed psychosis, 
seen with the use of these drugs, and 
psychiatric evaluation should be con-
sidered. 
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