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Objectives
At the completion of the course, the reader should be
able to:

1. Describe the environment, activities, and drug
use associated with “raves.”

2. Identify the major physiologic effects of rave
drugs (3,4-methylenedioxymethamphetamine
[MDMA], Rohypnol, g-hydroxybutyric acid
(GHB), ketamine, and methamphetamine).

3. Describe the physiological and anesthetic impli-
cations of acute water intoxication from MDMA
consumption.

4. Identify the neurophysiological effects of GHB
and lysergic acid diethylamide (LSD) in the cen-
tral nervous system.

5. Discuss the pharmacological effects of rave drugs
that may have an impact on anesthetic manage-
ment.

Introduction
Drugs such as Ecstasy, Rohypnol, g-hydroxybutyric
acid (GHB), ketamine, Fry, lysergic acid diethylamide
(LSD), and methamphetamine are popular at all-night
dance or “techno” parties called raves. Their preva-
lence in this trendy environment has earned them the
name club drugs or rave drugs. Raves attract adoles-
cents and young adults to large and often remote set-
tings, such as barns, open fields or warehouses, where
supervision is absent or minimal. Ethnographic data

An increasingly prevalent component of today’s adolescent and
young adult culture are the rave or club drugs, such as Ecstasy,
Rohypnol, g-hydroxybutyric acid, ketamine, Fry, lysergic acid
diethylamide (LSD), and methamphetamine. Considering the
incidence of accidental injury in this age group, young patients
admitted to the operating room in emergency situations may
be under the influence of one of these drugs. Each of these

illicit drugs has distinct adverse physiological effects that may
be compounded by the administration of anesthetic agents.
Thus, it is important for the anesthetist to be cognizant of these
drugs, their effects, and the potential risk factors they pose.

Key words: Anesthesia interactions, club drugs, illicit drugs,
rave drugs.

from the Texas Commission on Alcohol and Drug
Abuse1 indicate that individuals attending raves range
in age from 13 through 40 years. Alcohol consump-
tion is not popular at raves, although it usually is
available, and consumption ranges from minimal to
heavy; however, club drugs are popular at raves and
are readily available. Drug use ranges from none or
experimental to heavy.

Given the age of this population, the isolated loca-
tions of raves, and their activities, it is likely that a
person from this group will be admitted to the operat-
ing room in an emergency situation. Motor vehicle
crashes are the leading cause of morbidity and mor-
tality in the 15- to 24-year-old age group.2 Approxi-
mately 38% of all traffic fatalities in 1999 involved a
substance-impaired driver or nonmotorist.3 These
facts call attention to the need for anesthetists to be
cognizant of club drugs, their effects, and their poten-
tial interactions with anesthetic drugs. This article is
an extensive literature review of common club drugs,
physiological actions, and when data were available,
anesthetic considerations.

Review of drugs
Ecstasy
Ecstasy is a street term for drugs that are similar in
structure to 3,4-methylenedioxymethamphetamine
(MDMA). MDMA is a semisynthetic hallucinogenic
amphetamine that is structurally similar to endoge-
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nous catecholamines4 and chemically related to
mescaline and amphetamine.5 This psychoactive sub-
stance, with stimulant and hallucinogenic properties,
also is known on the street as E, XTC, eccy, the Love-
Drug, X, Clarity, and Adam.

Merck Pharmaceutical Company (Wilmington, Del)
manufactured MDMA in 1914 and marketed it as an
appetite suppressant, but it was not used commonly
until the 1970s as an adjunct for psychotherapy.6

Ecstasy is swallowed or inserted rectally (referred to as
shafting or shelving), and it is absorbed readily from
the gastrointestinal tract and reaches peak plasma con-
centration in 2 hours.7 The illicit manufacturing of this
drug results in true doses that may range from almost
0 to 100 mg.8 Metabolism occurs mainly by the liver
enzyme CYP2D6, and its half-life is around 8 hours.9

Currently, MDMA is a Schedule I drug under the Con-
trolled Substances Act.10

• Neurological effects. Some of the immediate effects
of MDMA ingestion include increased body tempera-
ture, increased neuromuscular activity, and profound
sweating. Subarachnoid hemorrhage, cerebral infarc-
tion, and seizure activity have been documented after
MDMA ingestion.4,11-14 Several case reports have
attributed seizures to severe hyponatremia resulting
from the profound sweating coupled with incredibly
large amounts of water consumption (water intoxica-
tion).15-18 In many cases, cerebral edema resulted from
the large amounts of water ingested by the patients.19

Pathology reports of persons suffering a rapid MDMA-
related death describe disseminated intravascular
coagulation, neuronal degeneration, and cerebral
edema as specific causes.8 Prolonged MDMA use has
been associated with globus pallidus necrosis due to
serotonin receptor stimulation and vasospasm.20

The increased neuromuscular activity associated with
MDMA ingestion includes jaw clenching, teeth grind-
ing, and vigorous dancing. People who have ingested
MDMA often suck on pacifiers to minimize teeth grind-
ing. The vigorous dancing also contributes negatively to
hyperthermia and causes muscle degradation.

• Cardiovascular effects. MDMA causes sympath-
omimetic stimulation, leading to increased norepi-
nephrine and dopamine release, heart rate, blood
pressure, systemic vascular resistance, and myocardial
oxygen consumption.21,22 Additional MDMA-related
cardiovascular effects are arrhythmias and severe
hypotension, which may be due to catecholamine
depletion21 or MDMA-induced autonomic dysregula-
tion.23 Several case reports have documented initial
tachycardia and hypertension on admission to the
emergency department, followed by hypotension and
low cardiac output.13,24

There also have been reports of arterial vasospasm
leading to nonhemorrhagic cerebral vascular acci-

dents,20 myocardial ischemia, and myocardial infarc-
tion.21 Changes in coagulation due to alterations in the
endothelial lining of the coronary arteries and the rel-
atively rapid development of atherosclerosis related to
MDMA use also may lead to myocardial ischemia and
infarction.21 Long-term MDMA use may lead to the
development of irreversible cardiomyopathy resulting
from repeated and prolonged exposure to high levels of
catecholamines and myocyte necrosis.8,21

• Respiratory effects. Patients who have ingested
MDMA have a tendency to dance extremely vigor-
ously for long periods and consume large amounts of
water. This overzealous consumption of water may
result in the potentially fatal effects of water intoxica-
tion and pulmonary edema.18,25

• Hyperthermia. Profound hyperthermia is one of
the most common severe toxic effects of MDMA
use.8,11-13,22,24,25 Temperatures have been reported as
high as 42°C (107.5°F; axillary).24 MDMA acts on the
serotoninergic pathway that affects thermoregulation.8

Patients who are predisposed to the development of
malignant hyperthermia after receiving succinyl-
choline or volatile anesthetic agents may have a simi-
lar predisposition when they have ingested MDMA.25

This theory is supported by a study that assessed in
vitro muscle contracture and malignant hyperthermia
and found that MDMA elevated the myoplasmic cal-
cium concentration and potentiated halothane- and
caffeine-induced skeletal muscle contractures, which
are the same mechanisms that induce malignant
hyperthermia.26

• Hepatic effects. The abuse of MDMA has led to hep-
atitis, accelerated hepatic fibrosis, and possible fulmi-
nant liver failure.27,28 Hepatonecrosis may be severe
enough to cause an almost total loss of hepatocytes,28

and several deaths associated with fulminant liver fail-
ure after MDMA consumption have been documented.8

• Renal effects. MDMA-related acute renal failure
has been documented due to rhabdomyolosis and dis-
seminated intravascular coagulation.8,13,29 In patients
using MDMA, serum creatinine kinase levels have
been documented to rise sharply for up to 4 days after
admission to the hospital.30

Because of the substantial physiological effects of
MDMA, anesthetic considerations are important for
patients with a history of or currently using MDMA.
Fluid and electrolyte levels must be evaluated care-
fully, and any acute hyponatremia or water intoxica-
tion should be treated. Providers should anticipate
autonomic dysregulation in patients acutely intoxi-
cated with MDMA. Wide swings in blood pressure
and tachycardia should be avoided because of early
coronary atherosclerotic disease, increased coronary
and cerebral arterial vasospasm, and cardiomyopathy
in long-term MDMA users. Volatile agents and suc-
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cinylcholine should be avoided in patients with a his-
tory of MDMA-related hyperthermia. Anesthetic
drugs metabolized through the liver and eliminated
though the kidney may have prolonged effects due to
hepatitis and acute renal failure in MDMA users.

Rohypnol
Rohypnol, the brand name for flunitrazepam, is clas-
sified as a benzodiazepine. Hoffmann-LaRoche,
located in Nutley, NJ, manufactures Rohypnol in 1-
and 2-mg tablets, primarily in Europe and Latin
America, and it is the No. 1 sleep aid in the world.
Rohypnol is not manufactured or approved for med-
ical use in the United States and is a Schedule IV drug
under the Controlled Substance Act with Schedule I
penalties for illegal possession, importation, or distri-
bution in the United States. It is smuggled into the
United States from Mexico. To combat its illicit use as
another date-rape drug, Hoffmann-LaRoche reformu-
lated the drug so that it releases blue dye when added
to liquid. Street names for Rohypnol include Circles,
Mexican Valium, Rib, Roach 2, Roofies, Roopies, Rope,
Roaches, and Ruffies.31

The effects of Rohypnol, while similar to those of
diazepam, are approximately 7 to 10 times greater.32

Rohypnol is ingested orally, and effects are observed
within 30 minutes, peak within 1 to 2 hours, and con-
tinue for an average of 8 to 10 hours. At higher doses
and when combined with other drugs, the effects may
persist for 24 hours. The drug has a half-life of 19 to
23 hours.

• Neurological effects. Neurological effects of Rohyp-
nol include sedation, dizziness, memory impairment,
decreased coordination, muscle relaxation, decreased
blood pressure, slurred speech, impaired judgment,
amnesia, loss of inhibitions, loss of consciousness,
visual disturbances, and nausea. Some people may
experience paradoxical effects, such as excitability,
aggressive behavior, or both.

gg-hydroxybutyric acid
The drug GHB is a naturally occurring short-chain
fatty acid metabolite of g-aminobutyric acid (GABA).
GHB is a central nervous system depressant that pro-
duces rapid eye movement (REM) sleep within 15
minutes and was used as an anesthetic during the
1950s. Its usefulness as an anesthetic diminished due
to the severe nausea, vomiting, and seizures; lack of
analgesic properties; and the development of new
anesthetic agents. GHB still is used as an adjunct to
anesthesia in Europe; however, due to its highly
addictive characteristics and increased use for crimi-
nal activity, it is currently classified as a Schedule I
drug in the United States.33

GHB is found commonly at nightclubs and under-
ground rave parties, and it is used by body builders for

its purported anabolic effects. GHB is easily and clan-
destinely manufactured in the United States. At least
125 Web sites offer recipes for GHB using everyday
house cleaning products, such as floor stripper and
baking soda. These ingredients are stirred and may be
heated. It can be produced as a clear, colorless, odor-
less liquid that is slightly thicker than water. It also
can come as a white powder, tablet, or capsule. The
liquid form commonly is placed in fruity drinks or
soda to mask the slightly salty taste. GHB commonly
is dispensed in eye drop, breath mint, food coloring,
and purse-sized hairspray containers. Other contain-
ers include hollowed out lip balm tubes, ice cube
trays, and tampons. A pop bottle capful is sold for $10
to $20. Common street names are G (most common),
Gamma-OH, Liquid E, Fantasy, Georgia Home Boy,
Grievous Bodily Harm, Liquid X, and Liquid Ecstasy
(note that GHB is not ecstasy). Additional street
names include Scoop, Water, Everclear, Great Hormones
at Bedtime, GBH, Soap, Easy Lay, Salty Water, G-Riffick,
Cherry Meth, and Organic Quaalude.34

The effects of GHB occur in 10 to 30 minutes of
ingestion and last 3 to 6 hours, depending on the
dose. GHB exhibits nonlinear elimination kinetics,
meaning that its half-life increases with the dose. High
doses result in a much higher plasma level than would
be predicted from the plasma levels resulting from
lower doses.10 The volume of distribution of GHB is
small, and it is rapidly absorbed from oral, intra-
venous, and intraperitoneal routes.35 GHB is metabo-
lized completely into carbon dioxide and water, with
no residue of toxic metabolites,36 making detection
difficult. There is no available blood toxicology
screen. Most GHB is excreted during the first hours
after ingestion.37 Urinalysis must be done within 12
hours of ingestion and usually requires a reference
testing laboratory.

The toxic effects of GHB are potentiated by alcohol,
opiates, barbiturates, and benzodiazepines. GHB
alone, and in combination with other substances, has
caused deaths.10 In 2000, the US Drug Enforcement
Agency reported 71 deaths and 7,200 overdoses
related to GHB.31

• Neurological effects. GHB was isolated during
research on GABA and is found in all body tissues,
with the highest concentration in the brain.22

Research indicates that GHB produces deep, reversible
depression of cerebral metabolism and induces
hypothermia through decreases in metabolic heat pro-
duction and increases peripheral heat loss through the
skin. GHB increases dopamine, serotonin, and acetyl-
choline levels in the brain; exerts an effect on the opi-
oid system; and easily crosses the blood-brain barrier.
It is involved in the regulation of GABA, dopamine,
serotonin, and acetylcholine. It has been theorized



that GHB mimics the effects of GABA, binding to spe-
cific GHB receptor sites and behaving as a neurotrans-
mitter,38-40 but the precise functions are complex and
not yet fully understood.

The desired effect of GHB is euphoria, producing a
trancelike state and mimicking physiologic sleep.
There is a lack of inhibition and sexual arousal, and
the person appears extremely intoxicated. It also may
protect the central nervous system from injury during
hypoxic episodes, hibernation states, and/or states of
increased metabolic demands.41

Other documented effects of GHB include amnesia
and hypotonia at doses of 10 mg/kg of body weight, a
normal sequence of REM and non-REM sleep at doses
of 20 to 30 mg/kg of body weight, and anesthesia at
doses of approximately 50 mg/kg of body weight. At
toxic levels, loss of consciousness, memory impair-
ment, confusion, loss of inhibition, seizures, dizzi-
ness, extreme drowsiness, stupor, coma, agitation,
nausea, and visual disturbances can occur.42 A telltale
sign of toxic effects is body jerking with “head snap.”
Moreover, with its potency as a central nervous sys-
tem depressant, GHB is especially dangerous when
used in combination with alcohol.

• Respiratory and cardiovascular effects. There
seems to be a fine line between the dose of GHB
needed to achieve the desired effect and the amount
that leads to coma. GHB causes severe respiratory
depression and acidosis at levels greater than 50
mg/kg of body weight. At these doses, GHB also can
decrease cardiac output due to slight decreases in
stroke volume and heart rate. Physostigmine has been
suggested as a therapeutic option to treat GHB toxic-
ity. However, there is no antidote for GHB overdose,
and treatment is restricted to nonspecific supportive
care: airway maintenance with intubation and ventila-
tion.40 Providers must observe for signs and symp-
toms of severe, life-threatening withdrawal, which
include hypertension, tachycardia, and seizures.

Failure to seek medical help has led to GHB-related
deaths. Morbidity and mortality is increased when GHB
is combined with alcohol.40 There is most likely an
underestimate of GHB-related deaths, since GHB has a
short half-life and usually is not looked for as a cause of
death. Some GHB homicides have occurred. In a survey
of emergency department patients who had used GHB,
47% had taken GHB (or a precursor) to get high, 9%
were dependent on GHB, 36% took it for other psycho-
logical effects, and 8% used GHB in a suicide attempt.
Of these emergency department patients, 93% were
white, and two thirds were younger than 25 years.10

Ingestion of the final product also has caused
esophageal injury when the caustic soda was not neu-
tralized.43 There is no direct evidence of adverse
effects on the hepatic or renal systems.

Ketamine
In 1962, the University of Michigan developed a safe,
new anesthetic induction agent, ketamine. It currently
is marketed by Parke-Davis as Ketalar and is a Sched-
ule III drug. It is a phencyclidine (PCP) derivative
combining sedative, anesthetic, amnesic, and anal-
gesic properties, but with one tenth the potency. It is
used for medicinal and veterinary purposes when cen-
tral nervous system dissociation is desired. When
used as directed, ketamine can be given intramuscu-
larly, intravenously, or orally. When used illicitly, its
common form is a white powder, similar in appear-
ance to cocaine, that can be snorted; however, it also
can be taken orally, intravenously, intramuscularly, or
smoked.44 Street names for ketamine are Ket, K, Spe-
cial K, Green, 1980 Acid, Super C, Vitamin K, Super
Acid, Special LA Coke, Baby Food, God, Jet, Honey Oil,
Blast, and Gas.33

The attraction to its users is the hallucinogenic
effects described as an “out of body experience” simi-
lar to that produced by LSD and PCP. Some common
effects of ktamine are delirium, amnesia, depression,
and long-term memory and cognitive difficulties. Due
to its dissociative effect, it is being used increasingly
as a date-rape drug.32

• Respiratory and cardiovascular effects. In a normo-
capnic patient, ketamine will increase cerebral blood
flow and intracranial pressure. It can slightly enhance
laryngeal reflexes, increase salivary and tracheo-
bronchial secretions, increase muscle tone, cause
bronchodilation, and increase or decrease respira-
tions. At high doses, respiratory arrest can occur. The
sympathetic system is up-regulated and produces
increased systemic and pulmonary artery pressure,
cardiac output, and heart rate.45

Fry
The first reported use of Fry, an altered form of mari-
juana, occurred in the 1970s in New Jersey. These PCP-
laced, formaldehyde-soaked marijuana cigarettes are
known as Wack or Illy in Connecticut, Hydro in New
York, Wet in Philadelphia, and Fry in Texas. They are
also known as Fry Sticks, Amp, Water-water, Formalde-
hyde, Wet-wet, Wetdaddy, Drank, and Fry-sweets.46

Formaldehyde embalming fluid is easily accessible
through retail sale. It also can be obtained from the
staff of morgues, hospitals, and funeral homes.
Embalming fluid consists of formaldehyde, methanol,
and ethanol. Formaldehyde is a relatively stable
organic gas at standard room temperature.47 However,
at temperatures greater than 300°C (571.6°F), it breaks
down to carbon monoxide and water. Methanol is a
main component of disinfectants, epoxy, synthetic
fibers, and antifreeze.

The primary side effect of smoking these PCP-
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laced, formaldehyde-soaked marijuana or tobacco cig-
arettes is toxic psychosis. Other effects include hallu-
cinations, delusions, panic, paranoia, increased sexual
arousal, and loss of consciousness. Side effects associ-
ated with inhalation of embalming fluid are disorgan-
ized thoughts, decreased attention span, psychomotor
agitation, and up-regulation of the sympathetic nerv-
ous system. When admitted to an emergency depart-
ment, patients who have smoked this drug exhibit
severe dysphoric effects. Although postulated as an
interaction between tetrahydrocannabinal and
formaldehyde, these adverse reactions are very similar
to PCP reactions.48 Exposure to embalming fluid can
cause bronchitis, body tissue destruction, impaired
coordination, inflammation, brain and lung damage,
and sores in the throat, nose, and esophagus.49

Lysergic acid diethylamide
LSD is a hallucinogenic drug that was discovered in
1938 and is made from the D-lysergic acid diethy-
lamide found in ergot, a fungus that grows on rye and
other grains. It was popular during the 1960s and is
regaining popularity. LSD also is known as Acid, Pig,
Orange Budda, Jetsons, Pink Turbos, Microdots, Purple
Haze, Trip, and Yellow Baby Domes. Today’s LSD is
more powerful and may cause seizure activity for more
than 60 days after ingestion.

LSD is clear, odorless, and tasteless. A single dose,
or hit, usually is taken orally in the form of pills, blot-
ter paper, or liquid. It also can be administered
intranasally, intravenously, by inhalation, and via the
conjunctiva. According to US Drug Enforcement
Agency reports, the usual dose for 1 hit ranges from 20
to 80 µg.10 Hallucinogenic effects start about 30 min-
utes to 1 hour after consumption, peak within 3 to 5
hours, and may last up to 12 hours. Some neurological
complications include acute psychotic reactions, cere-
bral vasospasm, flashbacks, panic attacks, tremors, and
seizures.49 Studies have shown that these complica-
tions are due to the effect of LSD on the serotoninergic
and dopaminergic systems.50 It is chemically similar to
serotonin, causing serotonin release and radical
changes to mentation by its affects on the brainstem.
LSD also activates the sympathetic nervous system,
causing dilated pupils; elevated heart rate, blood pres-
sure, and core body temperature; and sweating.

Methamphetamine
Methamphetamine is a synthetic, noncatacholamine
derivative of amphetamine that exerts stimulatory
effects on the central nervous and cardiovascular sys-
tems. Also known as Speed, Meth, Chalk, Ice, Crystal,
Crank, Fire, and Glass, methamphetamine can be
smoked, sniffed, swallowed, or taken intravenously.
Effects and time of onset vary depending on the route.
Methamphetamine is a Schedule I drug and has a high

incidence of tolerance. This characteristic helps
explain its high addiction rate, similar to the effects of
cocaine. Its half-life is generally 12 hours. “Ice,” the
smokable form, is of high purity and can exert effects
for 12 hours or more.

• Neurological effects. In the central nervous system,
methamphetamine up-regulates the sympathetic nerv-
ous system, stimulating the release and minimizing the
reuptake of endogenous catacholamines.51 Heart rate
and blood pressure are increased, mood and libido are
elevated, while appetite and fatigue are decreased.52

Methamphetamine is thought to cause a surge of
dopamine release immediately following a single dose,
damaging the dopaminergic nerve terminals in the
brain. It also has been found to damage serotonin-
releasing neurons, possibly to a greater extent than the
dopaminergic neurons.53 In addition, methampheta-
mine may damage the smaller cerebral arteries.

• Cardiovascular effects. Long-term methampheta-
mine use seriously affects cardiac tissue. Increased
interstitial fibrosis of the left ventricle may occur from
long-term exposure to catacholamines and the result-
ant enhanced collagen release.51 Cardiac myocyte
hypertrophy may occur, leading to left ventricular
hypertrophy, decreased cardiac wall compliance, and
decreased end-diastolic volume.54

• Other effects. Hyperthermia is also associated with
methamphetamine overdose.53 Other effects include
uncontrolled movements, acne, and dry, itchy skin.

Anesthetic considerations include heart rate and
blood pressure stability especially in chronic metham-
phetamine users because of cerebral vascular damage,
left ventricular hypertrophy, cardiac fibrosis, and
decreased cardiac compliance.

Conclusions
Seven drugs commonly used in the rave culture have
been reviewed. The clinically significant physiologic
effects on the neurological, cardiovascular, hepatic,
renal, and respiratory systems of these illicit drugs are
summarized in the Table. Anesthesia providers must
be aware of the population at risk for abusing the
drugs, the common drugs of abuse, and the possible
effects of these drugs on the effects of commonly
administered anesthetic agents.
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