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Ivalu- CASE psychologists as a facilitating agent for psychotherapy. It quickly
·,dside became a recreational drug. In 1985, to combat Ecstasy's growing
le pe- A 21-year-old male was brought to the emergency department illicit use, the Drug Enforcement Administration placed it on the
diag- (ED) after taking 30 "hits" of Ecstasy. Witnesses reported he had a Schedule I list of controlled substances, making its possession ille-
ology seizure at home before the arrival of paramedics. In the ED, he was
lt. agitated with pulse 130 and blood pressure 150/98. Diazepam (5 mg gal (2-5). Despite this proscription there has been an explosion in
le US IV) was given for agitation with poor results. He developed a tern- the use of Ecstasy over the last decade. Currently, it is a favorite

"club drug" in both Europe and the United States. Rates of lifetime
:ested perature of 105°; his initial serum creatine phosphokinase (CK) was
blunt 1350 IU/L. The patient was endotracheally intubated; he was given use among college students range from 2 to 39% (6, 7). The in-

crease in MDMA's popularity is also reflected in the number ofre-
1',the activated charcoal via nasogastric tube and transferred to the intensive
:AST care unit. In the intensive care unit he developed disseminated in- cent drug seizures by government agencies; the Drug Enforcement

)rop- travascular coagulation (DIC) with an initial INR of 4.2. CK rose to Administration confiscated approximately 216,000 MDMA tabletsin the United States in the first 5 months of 1999, while the U.S.
with- 17,000 IU/L. Liver enzymes became abnormal with an aspartate Customs Service seized 3,000,000 MDMA tablets over the same
_. aminotransferase (AST) of 286 IU/L and an alanine aminotransferase
I. We (ALT) of 149 1U/L. CK rose to 27,000 IU/L while INR rose to 6.5. year (8). Production of MDMA tablets is centered in Europe, par-

te pe- Serum creatinine increased to 1.6 then 4.6 mg/dL; oliguria developed, ticularly Belgium and the Netherlands (8). Trafficking of MDMA
_sthe Alkaline diuresis was initiated through the addition of sodium bicar- is stimulated by an enormous profit margin - tablets that cost 2 to

25 cents to make are sold for as much as $40.
first bonate to his intravenous fluids. AST rose to 2000 IU/L and ALT to

5004 IUFL.Serum creatinine rose to as high as 9.1 mg/dL with BUN
54 mg/dL. Hemodialysis was initiated. At 25 days post-ingestion, he
was extubated. However, he continued to require daily hemodialysis CHEMISTRY, STRUCTURAL RELATIONSHIPS

and demonstrated evidence of permanent neurologic sequelae. Ecstasy was one of the first so-called "designer drugs," modi-
ratine fledfromanillegaldrug(methamphetamine)asameansofavoid-
eval- INTRODUCTION ing the legal prosecution resulting from possession of the banned

1997; Ecstasy is the name given to 3,4-methylenedioxymethampheta- agent (4, 9-13). Designer drugs did not become illegal until pas-
mine (MDMA), an increasingly popular substance of abuse. Other sage of the Controlled Substances Analogue Enforcement Act in.s and

s and common names for the drug are Adam, XTC, and "the love drug." 1986 (4, 10).
ment. Ecstasy is also related to the drug of abuse methylenedioxymetham- Like amphetamine, methamphetamine, catecholamines, and other

phetamine (MDEA, "Eve") (1). Although structurally related to the stimulants, Ecstasy has the basic phenylethylamine structure that

Doc- stimulant methamphetamine (Fig. 1), MDMA possesses unique characterizes most sympathomimetic agents (Fig. 1) (10). The phe-
-166. properties that are described as a combination of anxiolytic, stimu- nylethylamines possess a broad range of central nervous system
ultra- lant, and hallucinogenic. The toxicity of MDMA is substantial, with (CNS) actions. For example, mescaline (3,4,5-trimethoxyphenylethy-
ldren a wide range of toxic manifestations appearing, even after a single lamine), derived from the psilocybin mushroom, is a phenylethy-

"hit." Because of Ecstasy's growing use among adolescents and lamine with primarily hallucinogenic activity; in contrast, ampheta-
,y for young adults, there is a need for pediatric emergency physicians to mine has only mild CNS stimulant actions (13). The wide spectrum
dren. have a complete understanding of this drug, its profile of toxicity, and of CNS effects produced by the phenylethylamines, as a result of min-

general principles of management, imal changes in their structure, is unlike that of any other class of
riage drugs(13,14).Ofequalimportance,themethylgroupthatisaddedto

[See EPIDEMIOLOGY amphetamine to produce methamphetamine enhances the drug's
lipophilicity, facilitating its entry into the brain and producing more

blunt MDMA was first synthesized in 1914; however, clinical use did rapid, potent, and long-acting effects (12 15). Being a methampheta-
itI. J not begin until 1972. Initially, the drug was used therapeutically by mine derivative, Ecstasy similarly has a rapid-onset, potent action.

When MDMA was first used, it was noted to have an unusual

c pa- From The Division of Emergency Medicine and the Program in Medical property; it produced a feeling of calm coupled with an ease of[

Quiz _i Toxicology, Children's Hospital, Harvard Medical School, and the Massa- communication (16). Therefore, it was thought to be a powerful
· · chusetts/Rhode Island Poison Control Center, Boston, Massachusetts. tool in psychotherapy because it could facilitate conversation with-

tccu- . Address for reprints: M. Shannon, MD, MPH, Division of Emergency
mrna Medicine, Children's Hospital, 300 Longwood Avenue,Boston, MA02115. out producing psychosis, agitation, or visual disturbances (13,

Key Words: Toxicology reviews, Ecstasy, methylenedioxymetham- 16-18). The term "entactogen" was coined to describe this novel
phetamine effect(4,9, 14).
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NH 2 producing effects on the cardiovascular system, smooth muscles, c

(_ andthecentralnervoussystem. Cardiovasculareffectsinclude}

tachycardia and modestly elevated blood pressure. In the central 1
nervous system chief effects are mood elevation, loss of fatigue, d

anorexia, and increasedability to concentrate(15). (
F

CH 3 CLINICAL EFFECTS, TOXICITY h
r

A typical dose or "hit" of Ecstasy is 100 mg but ranges from 50 r,

AMPHETAMINE to 250 mg (1-4 mg/kg) (20, 21). The street price for Ecstasy is ap- r,
proximately $40 for a 100-mg dose (5). Unlike methamphetamine,
which is typically synthesized in clandestine laboratories (18), t(
MDMA is usually available as pharmaceutical-grade tablets that b
have been smuggled into the United States. When "basement- INHCH 3

made"Ecstasyhasbeenconfiscated,ithasbeenfoundtocontaina t_

range of other substances (22). o
Ingestion of as little as 50 mg of Ecstasy produces the desired cf- s.

fect; users describe seemingly contradictory actions of CNS stimu- c
lation and talkativeness, simultaneously with a feeling of relaxation, ti
Others describe the drug's ability to produce a lucid, peaceful, and a
uninhibited state, a feeling that "all is right in the world" (16). This c

sensation has given MDMA the nickname "the hug drug" [Boston

METHAMPHETAMINE Globe; March 18,2000]. At low doses, users do not experiencehal- a
lucinations, although they may appreciate alterations in color per- s

ception and texture, or magnification of "fantasy states"; these dis-
tinguish Ecstasy from classic hallucinogens such as lysergic acid c
diethylamide (LSD) (13, 14, 16). True hallucinations do not occur r
unless larger doses are ingested, at which point visual perceptions e

NHCH 3 can become markedly distorted. A typical "high" lasts 3 to 5 hours v

/0 _ (I0, i9). s

Even at low doses, Ecstasy can produce undesired effects (23). ti

H 2C Common side effects include nausea, diaphoresis, anorexia, tremor,

N myoclonus,tics,paresthesias,nystagmus,hyperrefiexia,hyperten- vsion, urinary retention, and ataxia (4, 14, 16, 21, 24). Bruxism (jaw 2
O CH 3 clenching)isalmostuniversal;itis notuncommonforEcstasyusers ta

to suck pacifiers or lollipops to ameliorate this effect. Despite its
FIG 1. Methylenedioxymethamphetamine (MDMA, "Ecstasy").

reputation for heightening sexual stimulation, Ecstasy typically re- It
duces libido and can produce sexual dysfunction (25). In one sur- v

PHARMACOLOGY vey, difficulty achieving orgasm while under the influence of c
MDMA was reported by 70% of males and 35% of females (25). 1:

MDMA is well absorbed after ingestion with peak plasma concen- The stimulant effects of the drug may produce rapid heart rate or
trations occurring 2 to 3 hours after ingestion (9). Its volume of dis- palpitations. Occasionally, marked hallucinations occur, resulting in
tribution is not firmly established but is thought be large (>5L/kg). severe agitation or traumatic injury (from reckless behavior or a mo-
An oral dose of 1.5 mg/kg produces a plasma concentration of ap- tor vehicle crash) (20, 26). There is a dose-response relationship for -(
proximately 300 ixg/L (19). At steady state, spinal fluid concentra- these effects; they are uncommon after a 50-mg hit but relatively
tions are 80% that of plasma (12). As much as 75% of a dose of Ec- common after 150 mg is ingested (22).
stasy is eliminated via urinary excretion of unchanged drug. Because Part of the acute toxicity of Ecstasy stems from its pattern of use.
all amphetamines are weak bases with pKa values of 8.0 to 10.5, re- In the current drug scene, users take the drug before entering a
nal elimination is increased in an acid urine and markedly decreased "rave" or some other type of dance club (9, 23). While high rates of F
with urinary alkalinization. Serum half-lives generally range from 7 concomitant ethanol use have been reported (18), users, who may
tol0 hours in acid urine to 16 to 31 hours in alkaline urine, be below the drinking age, typically drink water or a "brain tonic"

As an indirect sympathomimetic, MDMA has clinical effects re- containing amino acids such as tryptophan. Repeated dosing of Ec- ix
sulting primarily from an ability to stimulate the release of endoge- stasy may occur during a rave; subjects have reported taking 6 to 8
nous catecholamines and decrease their reuptake into presynaptic doses over a 12- to 14-hour period (6, 9). In these often poorly ven-
vesicles. The release ofbothcentralandperipheralcatecholamines, tilated areas, high ambient temperatures coupled with incessant
particularly epinephrine, norepinephrine, and dopamine is stimu- dancing can produce dehydration, hyperthermia, or frank heat (
lated by MDMA. While amphetamines generally have little, if any, stroke (9, 23).

ability to directly stimulate adrenergic receptors (12), MDMA ap- An acut6 single ingestion of greater than 200 mg can be consid-
pears to act at adrenergic, serotonergic, and dopaminergic receptors ered an overdose. After Ecstasy overdose, the clinical pictm:e resem-
(10, 13). The drug also stimulates and inhibits the reuptake of sero- bles that of acute methamphetamine intoxication with the apppear- i
tonin, which partially explains its mood-elevating effects, ance Of agitation, delirium, paranoia, tachycardia, hypertension,

MDMA shares the pharmacologic properties of other stimulants, hyperthermia, marked diaphoresis, vomiting, diarrhea, abdominal

L
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muscles, ! cramps, seizures, hypoglycemia, cerebral hemorrhage, rhabdomyol- Other neuropsychiatric complications have been reported follow-
include ysis, myoglobinuric renal failure, or DIC (9, 13, 23, 26-28). In a pub- ing chronic Ecstasy abuse. These include panic disorder, aggres-

_'central lished pediatric case, MDMA overdose in a 13-month-old boy pro- sion, flashbacks, and major depression (23). Non-neurologic se-

fatigue, duced seizures, tachyarrhythmias, hypertension, and hyperpyrexia quelae of chronic Ecstasy abuse consist of vasculitis, pulmonary
(29). The psychosis of acute MDMA intoxication is a classic toxic hypertension, and ischemic colitis (23).
psychosis, associated with paranoia as well as auditory and visual MDMA has been found in several animal models to be a potent
hallucinations. Major toxicities of MDMA in overdose are summa- neurotoxin, with seemingly lethal effects on CNS serotonergic neu-
rized in Table 1. Death after as few as two hits of MDMA has been rons (6, 32, 33). A marked decrease in CNS serotonin activity sc-

from 50 reported (1, 19,20, 26). In rapidly fatal cases, plasma MDMA levels curs as soon as 1week after repeated exposure to MDMA (33, 34).
.sy is ap- ranged from 360 to 1260 txg/L (20, 26). The neuropathologic lesion has been referred to as a "distal axo-
etamine, Ecstasy overdose can have two unusual complications, hepato- tomy" (6, 35). When as little as 2.5 mg/kg twice daily is given for
les (18), toxicity and hyponatremia. Hepatotoxicity has been described after 4 days, there is a 44% depletion of serotonin (32); doses of 5 mg/kg
_lets that both acute single overdose and chronic use. Its etiology is unclear, produce 83 to 95% reductions in serotonergic density within the
isement- In severe cases fulminant hepatic failure, requiting liver transplan- cerebral cortex (6). While subsequent sprouting of serotonergic
zontain a tation, can occur (12, 26). Hyponatremia only occurs after acute neurons, resulting in neuronal recovery, has been reported, rein-

overdose. Like hepatotoxicity, its etiology is uncertain. The ob- nervation patterns remain abnormal for as long as 7 years after
,'sired ef- served falls in serum sodium probably have multiple etiologies in- MDMA use is terminated.

S stimu- cluding water intoxication secondary to excess free water inges- While an MDMA abstinence syndrome (withdrawal) has not
laxation, tion, severe dehydration and/or the syndrome of inappropriate been clearly described, like other amphetamines, the drug has the
eful, and antidiuretic hormone secretion (SIADH) (30). Serum sodium con- potential to produce malaise, fatigue, depression, insomnia, and
16). This centrations as low as 115 mEq/L have been reported, suicidal ideation in the hours to days after use is terminated (23).
[Boston The serotonin syndrome, consisting of temperature instability,

encehal- autonomic disorders, and muscular hypertonicity has been de- DIAGNOSIS
slot per- scribed after Ecstasy use (19).

hese dis- Drug interactions exist between MDMA and other drugs. Best Because Ecstasy is an amphetamine derivative, it can be identified
rgic acid characterized among these is the interaction between MDMA and by many commercial tests for drugs of abuse through the presence of
lot occur monoamine oxidase inhibitor antidepressants (MAOI). Smilkstein a positive amphetamine screen (9, 30). However, false-negative
rceptions et al. described a patient who was chronically taking an MAOI, screens may also occur, depending on the specific test and method.
) 5 hours who developed severe hypertension, diaphoresis, altered mental The diagnosis of Ecstasy ingestion is otherwise made on clinical

status and hypertonicity after ingesting MDMA. The clinical pic- grounds with particular attention to the syndrome of stimulant use,
:cts (23). ture resembled a tyramine reaction (31 ). ie, tachycardia, agitation, tremor, mydriasis,and diaphoresis. Ecstasy
x,tremor, The manifestations of MDMA overdose are typically short lived, ingestion can simulate LSD ingestion. Ingestion of an anticholiner-
_yperten- with most victims having marked improvement within the first 6 to gic agent can also produce a similar picture, with the notable excep-
:ism (jaw 24 hours of treatment. However, some sequelae, including sleep dis- tion of hot, dry skin with anticholinergics versus diaphoresis after
asy users turbances, tremor, and tachycardia may persist for several days (13.) Ecstasy (although in Ecstasy-induced heat stroke sweating may be
espite its Tolerance to amphetamines builds rapidly after chronic use, absent). Because other street drugs are referred to as Ecstasy, includ-

ically re- leading to escalating patterns of abuse (12). This may also occur ing ephedrine, Ma-Huang (herbal ecstasy), caffeine, and gammahy-
one sur- with regular use of Ecstasy. As with amphetamines, long-term use droxybutyrate (GHB), clinical and laboratory assessment should be

uence of of Ecstasy has been associated with the appearance of a delusional thorough to correctly diagnose MDMA ingestion.
ales (25). psychosis that may persist long after the cessation of use (13, 23).

a't rate or MANAGEMENT
sultingin TABLE1
r or a mo- MajortoxicityassociatedwithacuteMDMAoverdose Basic measures, including measurement of all vital signs should
reshipfor be initiated.In patientswithsignificantMDMAintoxication,vas-
relatively Cardiac PsychiatricVentricularectopy Paranoia cular access should be established to provide hydration and in an-

Tachyarrhythmias Delirium/Hallucinations ticipation of more serious effects. Cardiac arrhythmias can be
·rn of use. Myocardial ischemia/infarction Psychosis treated according to current protocols; underlying etiologies eg,
:ntering a Irritability/Anxiety metabolic acidosis, should be corrected. Hyperthermia should be
,h rates of Respiratory Aggression treated aggressively; if it does not respond to cooling blankets, ac-
' Pulmonaryhypertension
who may Noncardiogenicpulmonaryedema etaminophen, and benzodiazepines, the patient should be paralyzed
fin tonic" Neuromuscular andintubatedto reducemuscularthermogenesis(9 36 4). Physical
tngof Ec- _ Neurologic Hypertonicity restraint may be necessaryfor agitated patients although it should
ing6 to 8 _ Seizures Rhabdomyolysis be replacedby chemicalrestraint as quickly as possible. Agitation

Cerebralhemorrhage Myoclonus should be initially treated by administration of a benzodiazepine al-_orlyyen- Urinary retention
incessant Metabolic thoughwithsevereagitationor frankpsychosis,majortranquiliz-
rank heat Other Metabolicacidosis ers, eg,haloperidolmaybe necessary.Hypertensionoftenresponds

Serotoninsyndrome Hyponatremia to sedating agents alone. However, if hypertension persists after
_econsid- Hyperpyrexia Hypoglycemia victims are calmed, blood pressure should be controlled with theDisseminated intravascular
meresem- Coagulation(DIC) use of nitroprussideor a calciumchannelblocker.Useof fl-block-
: apppear- Myoglobinuria ing agentsis relativelycontraindicatedsincetheblockadeof fl-but
ertension, Renal failure not a_receptors can worsen vasospasm, exacerbating hypertension
tbdominal Hepatitis (12). Gastrointestinaldecontaminationis rarelyneeded sincepa-
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tients typically present several hours postingestion, at a point when 12. Albertson TE, VanHoozen BE, Allen RP. Amphetamines. In: Haddad

Ecstasy absorption is complete. Activated charcoal should be ad- L, Shannon M, Winchester J, eds: Clinical management of poisoning

ministered if the ingestion is recent or if there is concern about drug and drug overdose. Philadelphia: WB Saunders, 1998;560 568.

coingestants. Laboratory assessment should include measurement 13. Buchanan JF, Brown CR. 'Designer Drugs'--A Problem in Clinical

of serum electrolytes, acid-base status, hepatic and renal function Toxicology. Med Toxicol 1988;3:1-17.

tests, serum CK, a toxic screen, and urinalysis. 14. Nichols DE. Differences between the mechanism of action of MDMA,

Urine acidification was once recommended therapy for am- MBDB, and the Classic hallucinogens, identification of a new thera-

phetamine overdose and does effectively enhance urinary elimi- peutic class: Entactogens. J Psychoactive Drags 1986;18:305-313.
15. Hoffman BB, Lefkowitz RJ. Catecholamines, sympathomimetic drugs,

nation of amphetamine-like drugs. However, this procedure car-

ries the risk of metabolic acidosis and myoglobin precipitation in and adrenergic receptor antagonists. In: Hardman JG, Limbird LE, eds:
Goodman & Gilman's the pharmacological basis of therapeutics. New

the renal tubules; it is therefore contraindicated (31). Urinary al-
York: McGraw-Hill, 1996;199-248.

kalinization, often undertaken to prevent myoglobin precipita- 16. Greer G, Tolbert R. Subjective reports on the effects of MDMA in a
tion, markedly reduces the rate of Ecstasy elimination and can

clinical setting. J Psychoactive Drag 1986; 18:319-327.

prolong the drug's effects. Alkalinization should therefore be per- 17. Callaway E. The biology of human information processing. J Psy-
formed cautiously and only when clearly needed. Given the rela- choactive Drugs 1986;18:315-318.

tive absence of data demonstrating significant benefit from 18. Siegel RK. MDMA--nonmedicaluse and intoxication. J Psychoactive

sodium bicarbonate in the treatment of myoglobinuria, it cannot Drugs 1986;18:349-354.

be strongly recommended. 19. MuellerPD, KoreyWS. Death by"Ecstasy":The serotoninsyndrome?
Ann Emerg Med 1998;32:377-380.

SUMMARY 20. Dowling GP, McDonough ET, Bost RO. 'Eve' and 'Ecstasy'--a report
of five deaths associated with the use of MDEA and MDMA. JAMA

Ecstasy (MDMA) is an amphetamine derivative of growing pop- 1987;257:1615-1617.

ularity. The drug produces a range of toxicities when taken either 21. Downing J. The psychological and physiological effects of MDMA on

in standard doses or overdose. In overdose it has major toxicity, normal volunteers. J Psychoactive Drugs 1986;18:335-340.

producing several different life-threatening manifestations. Hepa- 22. Hayner GN, McKinney H. MDMA--the dark side of ecstasy. J Psy-

totoxicity and hyponatremia are common but poorly understood choactive Drugs 1986;18:341-347.

consequences of MDMA overdose. The drug can produce long- 23. McCann UD, Slate SO, Ricaurte GA. Adverse reactions with 3,4-meth-

term, if not permanent, neurologic sequelae by destruction of sero- ylenedioxymethamphetamine (MDMA: 'Ecstasy'). Drug Saf 1996; 15:

tonergic neurons. Chronic Ecstasy use can result in psychosis, de- 107-115.

pression, and suicidal ideation. In the ED setting, it is essential for 24. Bryden A, Rothwell P, O'Reilly P. Urinary retention with misuse of

physicians to recognize and treat appropriately those who present "Ecstasy". BMJ 1995;310:504.

with intoxication from this drug. 25. Buffum J, Moser C. MDMA and human sexual function. J Psychoac-
tive Drugs 1986;18:355-359.
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