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A mother is concerned because her teenage daughter
has had a recent change in behavior. The teenager’s
school performance is worsening; she has begun
staying out late and goes out with fluorescent finger-
nail polish and jewelry. Perhaps more bizarre, al-
though she denies being pregnant, she has a number
of infant pacifiers around the house and on neck-
laces. The mother overheard one of her daughter’s
friends mentioning a “rave.” The mother has seen
news programs about raves, and wonders if her
daughter could be abusing drugs such as “ecstasy.”

‹ What is a rave?

Rave parties are an international phenomenon
typified by continuous, late or all night dancing to
repetitive, hypnotic electronically synthesized music.
These parties carry a mystique among many teenagers
and young adults and are often held in secretive loca-
tions within makeshift dance halls.1 Recently, the rave
scene has started to flourish in commercial venues.
Rave attendees often claim to promote the “PLUR”
ideology of peace, love, unity, and respect.2 (Fur-
ther information regarding the rave culture is
readily available on the internet, at sites such as
www.hyperreal.org [accessed 12/20/01].

Many attend and enjoy raves without abusing
mind-altering drugs. Ethanol intoxication is uncom-
mon at raves,2 but use of various so-called club drugs
is common. Cannabis, ecstasy, gamma-hydroxybu-
tyrate (GHB), ketamine, dextromethorphan, and ly-
sergic acid diethylamide (LSD) are some of the current
popular drugs used at raves within the United States.
Ecstasy may be the quintessential rave drug, because it
is used to provide endurance for marathon dance ses-
sions and to enhance sensory stimuli.

‹ What is ecstasy?

Ecstasy is a lay term most commonly applied to
the drug 3,4-methylenedioxymethamphetamine
(MDMA). Although many drugs of abuse, such as
cocaine, heroin, and marijuana, are plant-derived,
MDMA is a synthetic derivative of methamphetamine
that has sympathomimetic and hallucinogenic prop-
erties. MDMA is a crystalline powder in its native
form, but is typically distributed in the form of pills or
tablets containing 50–250 mg/tablet.3 The United
States government currently lists MDMA as a Sched-
ule I drug, and its possession is illegal. To confuse
matters, the term “liquid ecstasy” has been applied to
another Schedule I drug, GHB, and the term “herbal
ecstasy” has been attributed to currently legal prepa-
rations containing the stimulant ephedrine.

Because MDMA is not a pharmaceutical, quality
control measures do not exist with regards to its man-
ufacturing or distribution. Among ecstasy pill samples
submitted for anonymous testing, 37% contained no
MDMA.4 Other chemicals commonly identified in
pills sold as ecstasy were dextromethorphan (DXM),
caffeine, ephedrine, pseudoephedrine, and salicylates.
In addition, there are several chemically distinct “de-
signer” amphetamines that often are sold as ecstasy.
Clearly ecstasy users play an unfortunate game of
Russian roulette with clandestine drug dealers.

The desired effects of low doses of MDMA include
mood elevation, release of behavioral and emotional
inhibition, sensory enhancement, and increased en-
ergy despite a feeling of relaxation. “Trip reports”
offering detailed, and often glorified, descriptions
of users’ experiences with MDMA are abundant on
the internet (for example, see www.lycaeum.org [ac-
cessed 12/20/01]). Unfortunately, abuse of ecstasy of-
ten has tragic consequences. The dangers of ecstasy
abuse will be discussed below.

‹ Are the teenager’s pacifiers a clue
revealing ecstasy abuse?

Ecstasy use has a culture all its own, and unfamil-
iar observers of the rave scene often are surprised by
the paraphernalia of the dancers. Although clothing is
usually unpretentious, rave attendees often are glow-
ing with fluorescent colors. MDMA has an illusory
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effect on sensory perception, and dancers may carry
luminescent “glow-sticks” or wear luminescent jew-
elry to create psychedelic imagery. Interestingly, many
readers of this column may have noticed displays of
these glow-sticks near the counters of their local hard-
ware and convenience stores. Fluorescent tongue
paints and nail polishes also are popular in some parts
of the country. Jaw clenching is a common side effect
of MDMA use, and, as a result, pacifiers and lollipops
are often used for symptomatic relief. Pacifier neck-
laces, fluorescent fingernail polish, and luminescent
jewelry now have become trendy, and parents should
be reassured that for many teenagers it is a style state-
ment and is not, by itself, indicative of drug use. How-
ever, such rave paraphernalia should be a nidus for
open family discussion.

MDMA often is mixed with other drugs to en-
hance its ability to alter the sensorium. DXM is a
popular coingestant and may be evidenced by unusu-
ally excessive use of over-the-counter cough and cold
medications. “Warming” topicals such as liniments or
menthol inhalants also are frequently combined with
MDMA abuse. Ecstasy often is taken in multiple
doses over many hours at a rave, and users often are
dancing continuously in a climate of high ambient
temperatures. Bottled water is popular in such a set-
ting. In the Philadelphia area, it is not uncommon for
dance clubs to sell bottles of spring water to teenagers
for as much as $6 per bottle on “underage” dance
nights.

‹ How prevalent is ecstasy use among
teenagers?

An epidemiologic review of drug abuse patterns
among high school students from 36 countries, which
did not examine caffeine or tobacco use, found that ec-
stasy was the fourth most commonly used drug trailing
only alcohol, cannabis, and amphetamines.5 According
to a survey from the National Institute on Drug Abuse
(NIDA), 5% of eighth grade students in the United
States and 12% of high school seniors have tried ecstasy;
with 3% of high school seniors reporting regular use
(this information is available at www.nida.nih.gov/
infofax/hsyouthtrends.html [accessed 12/20/01]).

‹ Will a urine drug screen detect ecstasy
use?

Most hospital laboratories test urine for drugs-of-
abuse with commercially produced immunoassays,
but MDMA-specific immunoassays currently are not
widely available. In some tests, MDMA in the urine
may lead to a positive test for amphetamines, but the
sensitivities of various commercial amphetamine im-
munoassays are variable with regard to MDMA.6 In
some circumstances, coingestant or contaminant
drugs may be identified. Gas chromatography cur-

rently is the preferred test for detecting MDMA and is
typically available only from a subset of reference
laboratories.

‹ What are the dangers of ecstasy?

Typical of amphetamines, MDMA has indirect sym-
pathomimetic activity mediated by the release of dopa-
mine and norepinephrine at nerve terminals. However,
much of the effect caused by MDMA on mood and
behavior is thought to be the result of serotonergic re-
ceptor stimulation within the autonomic and central
nervous systems.7 MDMA blocks the transporter pro-
tein responsible for serotonin reuptake.8

Many internet sites promote the concept that
MDMA is safe to the health of recreational users.
Some even have supported the medical use of MDMA
as an “entactogen” to enhance empathy and intimacy
in the setting of psychotherapy.1 The desired effects
that MDMA is thought to cause include increased
wakefulness and sense of energy, euphoria, loss of
social inhibition, and enhanced sensory perception
and illusion. The desire for physical stimuli has led to
the use of another colloquialism for MDMA: “the hug
drug.” Based on the large prevalence of ecstasy abuse
and the relative paucity of ecstasy users seeking emer-
gent medical attention, life-threatening acute toxicity
seems to be an uncommon event. However, a 1997
review1 describing 53 deaths in the United Kingdom
from acute MDMA toxicity suggests that MDMA is
not nearly as safe as advertised. Kalant8 has compiled
an appendix summarizing the published cases of
MDMA-associated fatality.

Common negative side effects of MDMA at low
doses include nausea, anorexia, headache, insomnia,
sweating, tremor, myoclonus, hypertension, and
ataxia. Bruxism and muscle stiffness often occur. Un-
desired acute psychologic effects include panic attacks
and frank psychosis.9 At higher doses, negative side
effects include hallucinations significant enough to
lead to agitation or injury.10 Difficulty concentrating,
depression, and fatigue often occur as a “hangover”
effect when sobering from MDMA use.11

The life-threatening effects of MDMA include hy-
pertension, hyperthermia, hypoglycemia, hypo- or hy-
pernatremia, myoglobinuric renal failure, hepatotox-
icity, seizures, cerebral hemorrhage, and cerebral
edema.12 Several of these toxicities, as well as con-
cerns for chronic behavioral and cognitive injury, will
be specifically addressed below. Anecdotal evidence
also suggests that ingestion of as little as a single
MDMA pill can lead to myocardial infarction in
young individuals without atherosclerotic coronary
disease.13 Indirect morbidity and mortality, such as
unintended pregnancy or traumatic injury, may occur
as a complication of impaired inhibition, judgment, or
motor skills. As addressed above, there also is little
assurance that ecstasy purchased from a dealer is
MDMA and not another toxic drug.
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Hyperpyrexia From MDMA

Hyperthermia is, perhaps, the most common form of
severe toxicity encountered after MDMA abuse. Sero-
tonin and dopamine are important modulators of
brainstem thermoregulation. MDMA-exposed ani-
mals develop significant elevations in body tempera-
ture when exposed to only modest elevations in en-
vironmental temperature.14 This has important
ramifications on rave attendees who often subject
themselves to prolonged exertion in the hot environ-
ment of a rave setting. Complications of hyperpyrexia
include rhabdomyolysis and myoglobinuric renal in-
jury, disseminated intravascular coagulation, and
multiorgan failure.8

Hepatotoxicity From MDMA

Acute hepatitis has been observed in many cases of
MDMA intoxication, and one series of patients ad-
mitted to the hospital found that ecstasy abuse was
the second most common cause of clinically signifi-
cant hepatotoxicity among teenagers and adults
younger than 25 years of age.15 Proposed mechanisms
for such hepatotoxicity have included allergic reac-
tion, toxic contaminants, hyperpyrexia, and MDMA-
induced glutathione depletion.8 Several cases of liver
transplantation and/or death have been reported after
ecstasy-associated fulminant liver failure.16

Hyponatremia From MDMA

Hypernatremia is sometimes seen among patients
with MDMA intoxication and is attributed to dehy-
dration from sympathomimetic metabolic stimulation
combined with intense physical activity. Interestingly,
hyponatremia is a complicating feature of many se-
vere cases of ecstasy toxicity. One proposal for such
hyponatremia has been excessive water drinking in
response to sodium-laden fluid loss from sweating.8

Cases of hyponatremia, in the absence of water intox-
ication, have led to consideration that MDMA might
produce the syndrome of inappropriate antidiuretic
hormone (SIADH).17 Further evidence for the role of
SIADH in ecstasy-associated hyponatremia was pro-
vided by Henry’s observation that a single low dose of
MDMA given to healthy volunteer subjects resulted in
increased serum vasopressin and decreased natremia.18

Cerebral Injury From MDMA

Cerebral edema and cerebral hemorrhage have been
encountered in association with ecstasy toxicity. Ce-
rebral edema is believed to result from a multifactorial
cascade including hyponatremia, hyperthermia, hy-
pertension, and convulsions. Recent arteriographic
studies suggest that cerebral hemorrhage most often
occurs as a response to intracranial hypertension
among users with previously clinically silent vascular
malformations.19

Detrimental Effects of MDMA on
Long-term Mood and Cognition

There is significant concern that MDMA abuse can
lead to long-term deficits in mood and cognition.
These concerns arise from animal models of toxicity
and from human studies. Among animal studies, re-
ductions in serotonin-related neurochemicals have
been demonstrated in many MDMA-exposed animal
species including non-human primates.20 Further-
more, evidence of injury to serotonergic nerve axons
has been noted to persist for at least 7 years in monkey
models.21

Among humans, neurochemical, anatomic, cogni-
tive, and behavioral evidence of injury has been dem-
onstrated. Recent positron emission tomography
studies have documented decreased activity at seroto-
nin receptors among abstinent human ecstasy users.22

In addition, human studies have shown that long-term
MDMA users have abnormally low levels of serotonin
in the cerebrospinal fluid, reduced numbers of seroto-
nin transporter molecules, electroencephalographic
abnormalities similar to those seen in dementia, and
alterations in cerebral glucose metabolism and blood
flow.8 Results from single photon emission computed
tomography evaluation of neuroanatomic changes
and from functional memory tests demonstrate that
MDMA-induced neurotoxicity can be persistent in
human MDMA users who have been abstinent for
more than 1 year.23 Clinically, a comprehensive cog-
nitive test battery has been applied to compare absti-
nent recreational abusers of MDMA and marijuana
with control groups who did or did not use recreational
marijuana. Ecstasy users performed worse in tests of
attention, memory, and learning.24 Finally, chronic use
of MDMA has been associated with a persistent psycho-
sis, panic disorder, and depression.25

Skeptics of the neurotoxicity of MDMA point out
that most animal studies have been performed with
doses higher than typical among recreational users,
and that gliosis as a marker of neuronal injury has not
been seen.3 In addition, many human studies of
MDMA toxicity have used imperfect control groups
and have been subject to considerable selection bias
and confounding. Many human studies rely on self-
reporting of MDMA use and, as discussed above,
most MDMA users are unaware of the dose or drug
that they are actually consuming. In addition, the ma-
jority of MDMA users also abuse other drugs with the
potential for neurologic insult. At this time, cause and
effect between MDMA and neurologic decline have
not been proven conclusively, but an association is
certain to exist.

The following quote from a recent editorial serves
as a fitting summary of the evidence for MDMA neu-
rotoxicity: “although many have vigorously contested
the applicability of [ecstasy studies] to the human con-
dition, a growing body of data is sufficient to raise
legitimate concern that negative consequences of ex-
posure to MDMA . . . might develop into major def-
icits over longer periods of time.”26
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Dr. Osterhoudt welcomes your suggestions of ideas for future “Toxic Topics.” Clinical questions in pediatric toxicology can be
submitted via e-mail to osterhoudtk@email.chop.edu

129Pediatric Case Reviews Volume 2 � Number 2 � April 2002


