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_pv in paralysis auitan,,. Summary: 3.4-Meth_[cnedioxymcthamphetaminc IMDMA), a[',o knox_n as
..... ccstas,, "" is a popuhn recreational drug ,._,ith potential for abuse. Ahhough its

i m normal pcr',ons and ncurotoxic effects have bccn established in al/ill_al ,,tudics. the acute and long-
term elfrets of this serotoncrgic agent in humans arc still unknown. We dc-

rkinsoni,,m..4r(h .k'curol scribe a 19-}car-old _oman ,,kith overlapping symptoms of ncurolcptic malig-

nant s}ndromc and scrotonin syndrome after a single exposure to MDMA. We

u-ed at the elbow in man: also review ] "_other cases reported in the literature to dra_ attention to lh¢

1986;49:1177-81. serious ncurotoxicit,,, including fatal outcomes, caused b}, the use of this in-
p,cle rigidity, stretch and

creasing[_ popu[ar, illicit drug. Key Words: 3,4-Mcthy{cnediox}mcthamphct-

aminc--Ecsta%--Scrotonin--Ncuro[eptic maligmmt syndromc--Scrotonin_uppl I ):299-307. |
Sic for clinical use. Eh,(- 1". svndromc.

in Parkinson's disease. _'

I(.I. _/ini(al and rclatud "{:

frmal and diseased joints.
• Ecstasy is the name commonly used for 3.4-methylenedioxymethamphetamine

le tone in the hand. Clin ! (MDMA). a ring-substituted amphetamine derivative. Although patented in 1914
as an appetite supressant, the drug did not become popular until the 1970s. w'hen

the use of torque motor:

353:265-85. , it was marketed as an adjunct to psychotherapy because of its effects in lowering
>in Parkinsons disease.

t the defensiveness of the patient, thus breaking the barriers between the patient
t and the therapist (1). Because of concerns for its abuse potential and reports of

nsonian rigidity using in- ]
;: 1-12. neurotoxicity in animal studies, it was declared illegal inthe mid-1980s. Despite its
. 31o_Di_ord1994;9:57- : u,ell-established neurotoxicity in animals (2,3), the acute or chronic effects of this)

of idiopathic Parkinson's drug have not been well studied in humans. Its recreational use, especially on
college campuses, and reports of cases associated with severe toxicity and death

,\'em'olo_y 1967:17:427- i have increased awareness about the drug (4). We report here a patient with severe

KK. McKhannGM. Me- [ MDMA toxicity and revie,s other cases described in the literature. The purpose of
WB Saunders. 1992:311- , this report is to draw attention to the abuse potential and serious toxicity of thisi

increasingly popular. illicit drug.
:n neurologists in training

t
ment in Parkinson's dis-
'_ychiatrv 1991:54:18-24. Address correspondence and reprint requests to Dr. J..lankovic at Department of Neurology.

Baylor College of Medicine, 6550 Fannin. Suite 1801, Houston, TX 77030. U.S.A.
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CASE REPORT tremors in her han
times associated w

A 19-year-old female college student was seen with an acute confusional state. Clinic 10 days afte_

After a day' of skiing, she had taken one tablet of Ecstasy. Within 15rain of taking tremor with a frequ
the drug, she became nauseated and vomited. She was disoriented and somnolent blood chemistry, in
and had a bout of diarrhea on the way: to the hospital. In the local emergency phatase (ALP) wer

room, she was found to be tachycardic, drowsy, but responsive to pain, and her sional prominent sl
pupils were dilated, Urine toxicity screen was positive only for amphetamine, She panied by a sharp
had low sodium (120 mEq/L) and phosphorus 12.0 mg, dl): and lactate dehydro- Her medical histt
genase (LD) was elevated to 1.060 IU/L, and creatinine phosphokinase (CK) to a suicide attempt a
3,960 U/L. drug abuse except '

While being transferred to St. Mary's Hospital, Grand Junction, Colorado, she
had a generalized seizure. On admission, she was found to have a blood pressure
of 123/72 mm Hg. pulse 100-120/min, and respiration 20-24/min. Her temperature
was 37,1°C initially, and then it increased to 38.5°C. She was somnolent and

disoriented, and her dilated pupils reacted sluggishly to light. Her skin showed The clinical effe_

piloerection. Deep tendon reflexes were hyperactive in all extremities. No prom- frequency, during t

inent rigidity was observed during the initial examination, similar 1oour parle
The white count was I3,I00, hematocrit 34.9¢2. and blood chemistry showed a perthermia, hypo-

sodium of 124 mEq/L, aspartatc aminolransferase lAST) 136 UZL (normal. 5-30), thy, and rhabdomy<
lactate dehydrogenase (LD) 1,273 1U/L (normal. 287-580_, creatine kinase (CK) (ARF: I0.11). and;

6,357 U"L (normal. 35-230). phosphorus 1.6 mg'dL Inormal, 2,7-4.7), and calcium syndrome tSIADH
7.7 mg/dl {normal. 8.4-10.7). Ccrebrospinal fluid ICSF) analysis and computed ported in the litcra

tomographx ICTI scan v, crc normal. Electroencephalogram (EEGI showed grade ( herel with abnorm_,111, diffuse, dysrhvthmia and very severe deha grade I slowing and disorganiza- were found dead (5

lion of the background activity, suggesting severe and diffuse cortical dysfunc- f A characteristic
lion. The blood and urine screen was negative for all drugs cxccpt for MDMA. the rapid onset of s
Urinalysis was positive for amphetamine and N-meth.xlmethvlcnc dioxyamphel- ingestion of the dr_
amine (MDAI. a metabolile of MDMA. Subsequent analysis of a sample of the seemto corlela.tc

substance she took confirmed that it contained MDMA. mild toxicity or ca,

The patient was diagnosed with possible neuroleptic malignant syndrome and overdose with 47 I
rhabdomyolvsis. She received gastric lavage ,aith charcoal and sorbitol and was tachycardia were ol
treated w'ith intravenous (i.v.) fluids, bromocriptine (_30 mg/day), and i,v. dan- a plasma MDMA
trolcne sodium 1900 rag/day in three divided doses), contrast, several ol

The neurologic condition improved gradualI._, and shc bccame oriented 4 days 1.26 mg/k. died 15.
after the admission. She complained of diplopia, generalized weakness, and pain- ua]. possibl} genet
ful stiffness of her limbs, l)uring the hospital course, which lasted II days, thc some "'slow metab

liver and muscle enzymes remained elevated. The most remarkable increase \vas toxicily'.
in CK, _hich increased to 71,760 U/1,: alaninc aminotransfcrasc (AI,T)increased Animal studies h

to 413 IUL. aspartaic aminotransferasc (AS'F)to 819 UI_, and "y-glutamyl trans- tryplaminc (5-HT)

fcrasc (G(;T) to 86 IU'L. Although CK, AST, and l,I) gradually decreased, they after drug injection
\_cre still abnorn_ally high at discharge. Sodium normalized within a 'a'cek, and the result in marked ch

El",(} also impro\ed, l)anlrolene and bromocriptinc ,aerc gradually dcgreascd and 14) categorized the
discontinued. She rcccived physical therap)and had complete range of motion The short-term cfl
when discharged, associated with a

After discharge, she had rcsidual blurring of vision, positional vertigo, postt|ral decrease in tryptan



E('5IAS Y INTOX/CA TION 159tremors in her hands, and constant, intermittently throbbing headaches some-

a times associated x_ith nausea. She was ewduated at our Movement Disorders

jsional state. Clinic 10 days after the discharge and was noted to have bilateral mild postural
15rain of taking tremor with a frequency of 8-9 Hz alld a slight kinctic component. Her CBC and

rand somnolent ( blood chemistry, inchiding electrolytes, At:F, AST, CK. LD, and alkaline phos-c rgency phatasc (AtoP) v, cre normal. EEG was within normal variation except for occa-
ilto pain, and her ( sional pt+ominent slow activity in the occipital regions bilaterally, rarely accom-

ietamine. She I panicd bv a sharp wave discharge.
lactate dehydro- _ Her medical history was significant only for a reactive depression that involved

nase (CK) to [ a suicide attempt a year ago and was treated by counseling. She denied any other
P drug abuse except for occasional marijuana.

Colorado, she }blood pressure
terr _ct'at ut-e /' DISCUSSION

somm _t and I

skin showed _ The clinical effects of MDMA toxicity have been described with increasing
No prom- ( fiequency during the past decade [Table I: 5-17). Previously reported case_,

similar to our patient, have shown alterations in mental status, convulsions, h)-

showed a perthermia, hypo- or hypertension, tachycardia, mydriasis, rigidity, coagulapa-
5-30), thy, and rhabdomyolysis. A few patients also displayed signs of acute renal failure

kinase tCK) (ARF: 10,l 1), and at least one had inappropriate ant)diuretic hormone secretion
and calcium syndrome tSIADHt (15t. Besides seven cases with hepatotoxicity already re-

and c, ":puled ported in the literature (11), five additional cases (including the case described
sho_,__ grade here) with abnormal liver function tests were described (6, 10,111, Some patients

aniza- t were I\mnd dead (5), and therefore, their clinical presentation was unknown.

dysfunc- ( A characteristic feature of the syndrome associated with MDMA exposure is
for MDMA. the rapid onset of symptoms with a latency ranging between 15 rain and 6 h alter

ingestion of the drug. The severity of symptoms and potential outcome do not
sample of the seem to correlate with overdose: an ingestion of only few tablets resulted in either

mild toxicity or caused severe symptoms and death. In one case of an MDMA
;yndrome and overdose with 47 pills and plasma level of 7.72 mg/L, only,' hypertension and

I was tachycardia were observed (11). Another patient who has taken 18 tablets and had

and _... dan- a plasma MDMA level of 4.05 mg/L survived without complications (17). In
contrast, several others ,,ith relatively low MDMA levels, ranging from 0.05 to

4 days 1.26 mg/L, died (5,8.9,11). This marked variability in response suggests individ-
and pain- ual, possibly genetically determined, patterns of metabolism. It is possible that

I1 days, the , some "'slow metabolizers'" are genetically predisposed to more serious MDMA
increasewas toxicity.

increased Animal studies have shown that MDMA causes an acute release of 5-hydroxy-
trans- j tryptamine 15-HT) from central serotoninergic nerve terminals within minutes

they ] after drug injection and is maximal in 1 to 3 h (18-20). Even a single dose can
iWeek, ,nd the . result in marked change in brain serotonin levels (20-22). McKenna and Peroutka

and _ _4) categorized the effects of MDMA as short term {< 24 h) and long term t>36 h).
of motion l The short-term effects are presumably due to acute release of 5-HT and are

associated with a decrease in 5-HT and 5-hydroxyindoleacetic acid tS-HIAA),
postural decrease in tryptamine hydroxylase (TPH) activity, and recovery of 5-HIA.A lev-

('lin. Neurophar.ItltM., V,d. I% ,\',_ 2 /996
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els in 24 h. The long-term effects are manifested by persistent slow decrease in 7, Suarez RV. Rem_
5-HT and 5-HIAA after initial recovery, persistently depressed TPH activity, and f 1988:9:339--41.

decrease in 5-HT terminal density. The biochemical changes appear to be species I+ 8. Chadwick IS. Lin

(MDMAL a fatalit
specific: primates are affected more severely and permanently than are rats or 9. Campkin NTA, D
mice (23,24), and the long-term effects are dose dependent (18.25,26). m, Fahal IH, Sallomi

The histopathologic studies show that the neurotoxicity of MDMA is restricted li. Henry JA. Jeffrey
amine C'ecstasy"

to 5-HT nerve terminals arising from the dorsal raphe nucleus (27,28). The effects 12. Screaton GR. Sin,
of MDMA on dopamine (DA) have been variable and are probably indirectly stasy++)abuse [Le
related to serotonin release (19.20.22,29,30) No long-term deficits in DA or its 33. Hughes JC. McC_

' stasy.'" Arch Em_

metabolites after MDMA administration have been reported so far. 14, Logon ASC. Stric
The syndrome caused by MDMA produces clinical features that overlap be- peak temperature

tween neuroleptic malignant syndrome (NMS) and serotonin syndrome (SS) (31). 15. Satchell SC, Corn
serum creatinine I

NMS results from exposure to neuroleptic drugs that block dopamine receptors or 16. WalshT. Carmich
deplete dopamine. Some studies also suggest thai the serotonin system is affected BrJ Hosp Med 1'
in NMS. as evidenced by a decrease in CSF 5-HIAA levels in patients with NMS 17. Roberts L. Wrigt

Emery., Med 1994:
132-34). SS can occur after the use of serotomimetic agents alone or in combina- 18. Battaglia G, Zack
tion with monoamine inhibitors (MAO-1). The increased bioavailability of 5-HT denceof neurotox
can inhibit dopaminergic neurons. The clinical characteristics of our case and sJ. ed. Ecstasy a
some of the other cases resemble both NMS (mental status changes, hyperther- 19. Schmidt CJ. Wu

amphetamine ana
mia, rigidity, elevated CK, and autonomic dysfunctions: 35,36) and SS (mental 20. Stone DM, Stahl I
status changes, restlessness, hyperthermia, diaphoresis, hyperreflexia, diarrhea, IMDMA) and 3._
myoclonus: 37,38). Because there is a considerable overlap between these two brain, k,urJ Phw

21. Battaglia G, Ye
syndromes, the patients are sometimes first diagnosed with NMS and later con- methylenedioxya_
sidered to have SS or vice versa (38--40). and NMS has been reported occasionally generationbx m_
with serotomimetic drugs (41,42). One of the main differences between the two 7he, 1987:242:91

22. Commins DL. V_

syndromes seems to be the onset of symptoms after the drug administration, enedioxymetham
which is within hours in SS and in 3-9 days in NMS (38,43). Other features 338-45.

favoring SS are mild extrapyramidal symptoms (38,39), hyperreflexia, and myo- 23. Steele TD, Mc(
stasy"j: pharma_

clonic movements (39). Because MDMA seems to have a more pronounced effect 24. RicaurteGA. Mc
on the serotoninergic than on the dopaminergic system, the syndrome related to fionsfor human.
the use of MDMA is more likely SS than NMS, The clinical manifestations Irapid 25, Bmtaglia G. Yeh

and recovery of i

onset of symptoms, hyperreflexia, diarrhea, and mild rigidity despite a high CK 26, All SF, Newpt
level) support this conclusion, methamphetamin

Neurotoxi('o[ Tel

27. O'Hearn. Battagl
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