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Abstract 
Drug-induced hyperthermia is one condition that anesthesiologists may meet even though 

it is uncommon, it is life threatening. We report 3 cases of patients at Siriraj Hospital, Mahidol Uni­
versity who developed drug-induced hyperthermia and rhabdomyolysis from different mechanisms. 
In two of them, the diagnosis was suspected malignant hyperthermia. Rigidity, hyperthermia and 
tachyarrhythmia developed just after inhalation induction (halothane and sevoflurane) and intubation 
with succinylcholine. The other case was the result of amphetamine abuse. He also had received both 
succinylcholine and inhalation agent (isoflurane) but no obvious signs or symptoms were detected 
during anesthesia. He developed a gradual increase in fever over 13 hours post operation and com­
plained of muscle pain (with leg muscle cramps). All of them showed a marked increase in muscle 
enzymes and had rhabdomyolysis. As a result of early detection and early manangement, these three 
patients survived without any permanent damage to vital organs. We conclude that Thai anesthesio­
logists should be more aware and alert to drug-induced hyperthermia especially as nowadays 
many teenagers abuse stimulant drugs and "triggering" drugs as antidepressant or serotonin reuptake 
inhibitors are prescribed more frequently. Early detection and management will decrease morbidity 
and mortality. 
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Body temperature can be maintained at a 
nearly constant (36-37 .s· C) despite fluctuations in 
the environmental temperature. This is the result of 
the special human ability of thermoregulation0-3) 
that results from afferent thermal sensing, processing 
in the hypothalamus and efferent sympathetic acti­
vity that balances heat gain and loss. But some patho­
physiological changes such as excessive heat pro­
duction, decreased heat dissipation or loss of thermo­
regulation can cause hyperthermia. Severe hyperther­
mia (temperature over 41 ·c(3)) during the periopera­
tive period may be related or unrelated to anesthesia. 
It is important to us because severe hyperthermia will 
injure many organs by both direct and indirect effects 
and will cause serious organ dysfunction such as liver 
and kidney impairment, rhabdomyolysis, DIC and 
fluid and electrolyte abnormalities. Hyponatremia, 
hypokalemia and hypomagnesemia caused by exces­
sive loss from sweating. Hyperkalemia may be seen 
if there is skeletal muscle damage or metabolic acido­
sis. Calcium may be low in the early stages because 
of intracellular shift but becomes higher after that. 
Prevention, early detection and management may save 
the patients' life. We report 3 cases of patients at 
Siriraj Hospital who developed severe perioperative 
hyperthermia and rhabdomyolysis causes by diffe~ 
rent etiologies. Each patient received an inhalation 
agent (the 1st received halothane, the 2nd sevoflurane 
and the 3rd isoflurane) and succinylcholine that are 
potential triggering agents for malignant hyperther­
mia. Two of them were suspected malignant hyper­
thermia and the other was amphetamine abused. All 
of them survived and recovered well without any 
organ damage. 

CASE REPORT 
Case 1 

A 2-year old girl, with a hemangioma of the 
left eye, needed anesthesia for skin graft surgery. 
Induction of anesthesia was performed with N20, 0 2 
and halothane. Because of severe masseter spasm she 
could not be intubated. Successful ventilation and 
intubation were done just after the nondepolarized 
muscle relaxant was given. At that time generalized 
skeletal muscles rigidity were detected. Her blood 
pressure and heart rate went up to 160/90 mmHg and 
190 bpm. Anesthesiologist observed that there were 
peripheral vasodilatation and increased skin tempera­
ture but exact temperature was not measured. Blood 
gas analysis showed a severe metabolic and respira-

tory acidosis, pH= 6.9, PaC02 = 69 mmHg, Pa02 = 
342 mmHg, HC03 = 17 mEq/1. Malignant hyperthermia 
was suspected, so we gave her 100 per cent oxygen, 
gastric lavage with cool saline and vigorous sponging 
and then sent her to ICU. Her temperature when in 
ICU was 38·c (after aggressive cooling). Muscle 
enzyme CPK increased and peaked at 19,990 U/L in 
the 3rd day. There was a rise in SGOT, SGPT levels. 
Supportive treatment only by hydration with alkali­
nized fluid was given. She was extubated on the 2nd 
postoperative day and discharged from ICU on the 
6th day. 

Case 2 
A 17 -month old girl had congenital adrenal 

hyperplasia and hyperplasia of the clitoris. She was 
to have elective clitoroplasty. Induction of anesthesia 
was started with N20, 02 and sevoflurane. Succinyl­
choline was given for intubation but masseter spasm 
was seen. Intubation was performed successfully 
despite difficulties in opening her mouth. She then 
had generalized muscle rigidity, a progressive in­
crease in heart rate to 190 bpm, the ECG showed tall 
peaked T waves which turned into a ventricular tachy­
cardia of 200-220 bpm; her blood pressure was 150/ 
90 mmHg. The nasopharyngeal temperature rose to 
42-45·c. She was given 100 per cent oxygen and 
hyperventilated, blood gas analysis showed pH = 
7.241, PaC02 = 43.5 mmHg, Pa02 = 508.4 mmHg, 
HC03 = 18. 7mEqll. Suspected malignant hyperthermia 
was diagnosed. At the same time she was paralyzed 
with atracurium and cooled by gastric lavage with 
cold saline, external sponging of the axillae and groin. 
She did not respond to 3 doses of lidocaine (total 3 
mglkg). So amiodarone and at the same time because 
of suspected hyperkalemia from the ECG appea­
rance, NaHC03 and glucose together with insulin 
were given and ECG returned to sinus tachycardia. 
She was then sent to ICU and given supportive treat­
ment with hydration and alkalinization of the urine. 
Her renal function was normal, but liver function 
SGOT/PT was highest on the 3rd day (1,053/392). 
Serum CPK was also highest on the 3rd day (33,620 
UIL). She was extubated on the 1st day in ICU, and 
sent to the ward on the 7th day. 

Case 3 
A 23-year old man came to the emergency 

room because of bowel gangrene. He was very exited, 
restless and confused. His mother admitted that he 
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had just inhaled a stimulant drug (amphetamine) and 
had a 10 year history of abuse on a daily basis. Blood 
was later sent for analysis and found to be positive 
for amphetamine. He was markedly dehydrated with 
a mild fever (37fC) and his blood pressure was 
high normal (140/90 mmHg). After resuscitation to 
rehydrate him, he was anesthetized with IV thiopental 
for induction, succinylcholine for intubation, then 
maintained with atracurium, N02, 02, isoflurane, and 
morphine. Hartman procedure, sigmoidectomy and 
colostomy were done. There were no serious con­
cerns over the 2 1t2 operative hours, except he needed 
higher doses of anesthetic drugs than normal. So after 
operation he was sent to a normal postoperative ward. 
A few hour later, he became restless and confused 
again and his temperature gradually increased and 
peaked at about >42"c for 13 hours. The urine flow/ 
hour was scant and dark brown in color and positive 
for myoglobin. Because of tachypnea and hypoxemia, 
he needed tracheal intubation and was admitted to 
ICU. Management in ICU was supportive treatment 
with aggressive cooling. To gain effective heat dis­
sipation, we prevented shivering and reflex vasocon­
striction by a nondepolarizing muscle relaxant (atra­
curium). He had a markedly abnormal CPK = 416,800 
U/L (normal 20-195), SGOT/PT = 5, 718/1,246 U/L 
(normal 0-37/0-40) on the sth postoperative day. We 
prevented renal failure from rhabdomyolysis by alka­
linizing the urine and hydrating aggressively (1/2 NSS 
1000 ml + NaHC03 50 ml according to CVP and 
maintaining urine volume at 150-200 ml/h). Even 
though administration of sodium bicarbonate is con­
troversial in amphetamine induced rhabdomyolysis 
because alkalinized urine might delay amphetamine 
excretion(4), we gave sodium bicarbonate mixed with 
the IV fluid to correct severe metabolic acidosis and 
also prevent renal failure from severe rhabdomyoly­
sis (his blood gas was pH= 7.076, PaC02 = 29.9 mmHg, 
Pa02= 100.7mmHg,HC03= 10.1 mEqiL,BE=2l.5, 
CPK =416,800 UIL). We believed that at the time the 
patient was admitted to rcu it was more than 33 hours 
after taking amphetamine so only a small amount 
of drug would be left in his body but the effect of 
muscle injury and rhabdomyolysis persisted and 
might continue to injure the renal tubular cells. The 
patient began to improve and could be extubated on 
the sth day of ICU admission and sent to ward on the 
9th day. Parameters compared between each patient 
are shown in Table 1. 
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DISCUSSION 
The causes of an increase in body tempera­

ture are many:- A combination of an increase in heat 
production over heat loss, and/or an abnormality of 
the thermoregulating center. These conditions can be 
found during the perioperative period(l) as follows:-

Iatrogenic:- overwarming or too much cover-
in g. 

Secondary to disease:- as in pheochromo­
cytoma, thyroid storm, familial dysautonomia/Riley­
Day syndrome, osteogenesis imperfecta, CNS dys­
function (seizure, autonomic imbalance, abnormal 
posture), and muscular dystrophies. 

Drugs induced hyperthermia:- as in malig­
nant hyperthermia, neuroleptic malignant syndrome, 
central anticholinergic syndrome, serotonin syndrome, 
or others. 

Injury to the thermoregulating center:- at 
the brain stem/hypothalamic level or because of exces­
sive heat production after seizures. 

Infection 
Transfusion reaction 
Drug induced hyperthermia is an important 

cause that is found with increasing frequency in Thai­
land. Stimulant drugs are used by teenagers and anti­
depressants, serotonin reuptake inhibitors and dys­
autonomia drugs in the elderly. These drugs can inter­
fere with the body's catecholamine reserve so we 
have to deal with patients with cardiovascular instabi­
lity and an abnormal response to vasoactive drugs. 
Another major problem is metabolic effect. Mecha­
nisms of drug-induced hyperthermia are the effects 
of hypermetabolism, impairment of heat loss and/or 
thermoregulating center(5). The beta stimulation with 

increasing metabolism causes an increase heat pro­
duction. The alpha adrenergic vasoconstriction and 
anticholinergic drugs cause an impairment of heat 
loss and sweating. Some drugs affect hypothalamic 
thermoregulating center by imbalance of dopamine 
and serotonin (decreased activity of dopamine and/or 
increased serotonin). In the normal process of anes­
thesia and surgery these patients will have nothing 
by mouth for a period of time and also a high risk 
of drug, interactions such as with droperidol, and 
narcotic e.g., pethidine. Effect of hyperthermia and 
hypermetabolism may involve many organs. The 
patient can develop seizures, myocardial failure, 
arrhythmia, acute respiratory distress syndrome, DIC, 
rhabdomyolysis, and kidney and/or liver failure. The 
exact mechanism of hyperthermia-induced cell injury 
is still unclear but may cause denaturation of enzymes, 
liquefaction of membrane lipids, damage mitochon­
dria and affect phospholipids and the stability of 
lipoproteins(6). Prevention, early detection and early 
management can attenuate the severity of the insult. 

Malignant hyperthermia is a condition that 
may result from a genetic mutation with autosomal 
dominant inheritence(6). 50 per cent of the patients 
(3,7,8) show an abnormality at RYRigene on chro­
mosome 19. With triggering agents (Table 2), there is 
an abnormal release of calcium ions from the sarco­
plasmic reticulum in skeletal muscle(3) and this causes 
skeletal muscle spasm and rigidity. These actions are 
prolong because of a decrease in reuptake calcium 
ions back to sarcoplasmic reticulum that allow pro­
longed and tensed interaction between the contractile 
proteins, actin and myosin. The clinical picture is 
most often seen after administration of succinylcho-

Table 2. Anesthetic drugs and MH(7,13,19). 

Contraindication 

Halothane 
Enflurane 
Isoflurane 
Desflurane 
Sevoflurane 
Succinylcholine 
Combination of calcium 

antagonist and dantrolene* 

Safe 

Nitrous oxide 
Barbiturates 
Propofol 
Etomidate 
Ketamine 
Opiates 
Amide/ester local anesthetics 
Noradrenaline 
Adrenaline 
Dopamine 
Dobutamine 

Controversy 

Anticholine esterase 
Ketamine 
Digoxin 
Potassium 
Calcium 
Theophylline 
Atropine 
Glycopyrrolate 

* combination of calcium antagonists and dantrolene are dangerous because they promote hyperkalemia 
and calcium should be use with cautiusly. 
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line and inhalation agents. This abnormal muscle con­
traction also increase in a breakdown of glucose and 
glycogen as well as generate heat(1,3). So signs of 
MH include an increased metabolism (C02 reten­
tion, increased 02 consumption, metabolic acidosis), 
skeletal muscle spasm and rigidity, increased sympa­
thetic tone, and hyperthermia. An increased tempera­
ture is caused by an increase in metabolism. Imbalance 
of oxygen between supply and demand will induce 
metabolic acidosis and muscle cell damage. Cells 
injury can be detected when moderate to severe hyper­
thermia (body temperature >40 • C(9)). If there is severe 
damage of skeletal muscle cells, risk of acute renal 
failure will increase (from rhabdomyolysis induces 
myoglobinurea). Six clinical criteriaOO) of suspicious 
MH are 1) Family history, 2) Generalized masseter 
rigidity (spasm, stiff jaw in about 50% of cases01) but 
50% of masseter spasm is a normal response to succi­
nylcholine02)), 3) Muscle break down as evidenced 
by an increase in creatine phosphokinase (CPK) from 
sustained muscle contraction and sustained muscle 
glycolytic metabolic anerobic metabolism resulting 
in rhabdomyolysis (skeletal muscle breakdown), 4) 
Respiratory acidosis and hypercapnea as a result of 
increased production by metabolism and an increase 
in oxygen consumption, 5) Increased temperature, 
6) Cardiac involvement. Others abnormality include 
metabolic acidosis (pH<7.25), hyperkalemia and rapid 
depletion of energy stores02). Another suggestive 
sign is rapid reversal of these signs by dantrolene(8), 
a hydantoin derivative which is directly inhibited 
releasing of calcium ions from sarcoplasmic reti­
culum. The two most significant signs after induction 
of anesthesia that should alert the anesthesiologist 
are an unexplained increase in end-tidal C02 plus 
a tachycardia02,13). These signs occur before the 
temperature rises. In most cases, the onset of MH is 
from a few minutes to a few hours after an exposure 
to a triggering agent, mostly seen in operating room, 
rare cases occur later04). Hyperthermia in MH is 
caused by increased sympathetic tone and by muscle 
hyperactivity but in some cases it may absent(?, 15). 
The onset and clinical outcome of MH depend on 
how fast, how much and how effective particular 
drugs accumulate in muscles and stimulate a rise in 
the intracellular ionized calcium concentration02) 
and also by any physiological variables that help or 
maintain the rise in the intracellular ionized calcium 
concentration. In case 1 and 2 abnormal muscle spasm, 
tachycardia and increased metabolism occurred just 
after administration of succinylcholine but in case 3 

the fever increased gradually and the insults took too 
long to be caused by MH (nearly 13 hours). So it was 
less likely to be caused by MH. Anyhow in MH, the 
symptoms and signs in the patient varies with diffe­
rent triggerring drugs which have a different potency 
at different doses and different species responsive­
ness. Signs of MH in the patient who received sevo­
flurane may showed later that is shortly after reversed 
using a nondepolarized muscle relaxant(6). The Ca2+ 
induced ca2+ release mechanism stimulates genera­
lized severe skeletal muscle contraction and rigidity. 
Sarcolemma integrity is broken down so potassium 
and CPK leak from CPK containing cells (skeletal 
muscle) and myoglobinuria is detectable06). These 
also cause an increase in oxygen consumption and 
excess carbon dioxide production. Tachycardia, car­
bon dioxide retention (may be the earliest sign(1)) 
and fever are not specific just to MH. An increase in 
CK may be caused by many factors such as trauma, 
ischemia, inflammation, drugs, and genetic disorders. 

There is a score for grading the severity 
of malignant hyperthermia that uses the severity of 
generalized rigidity or just masseter spasm, muscle 
break down, respiratory acidosis, fever, cardiac arrhy­
thmia, family history and other signs related to MH 
to rank the likelihood of the diagnosis of MH. Our 
first 2 cases had score of 53 or MH rank of 5 that 
means the diagnosis is very likely. The 3rd case had 
a score of 28 that means it is only a little bit likely to 
be MH. Muscle biopsy and the halothane, caffeine, 
ryanodine, 4-chloro-m-cresol contracture tests< 17) 
are widely accepted as helping to make the diagno­
sis of MH. There are many new tests for diagnosis 
of MH such as molecular genetic tests, nuclear 
magnetic resonance spectroscopy, lymphocyte tests 
and muscle cell culture. Anyhow, we have no facilities 
to perform these tests in Thailand. 

There are two groups of susceptible patients 
with overt or without myopathy, and Den borough 
suggest that the myopathies that associated with MH 
susceptibility are Evans myopathy, King-Denborough 
and central core disease(18). 

Dantrolene, a hydantoin derivative that is a 
direct skeletal muscle relaxant which acts by block­
ing calcium release from the sarcoplasmic reticulum 
and is the drug of choice in the treatment of MH(13). 
The recommended dose is 2 mglkg IV which should 
be repeated as necessary every 5-10 minutes and 
continued at a dose 1-2 mglkg every 4-8 hour for 24-
48 hourO) not exceeding 10 mglkg. A MH prophy­
laxis with dantrolene in the patients who have only 
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history of MH is no longer recommended. Only pro­
phylactic use of dantrolene is recommended to patient 
who has experienced of life-threatening episode of 
MHO) with a dose of 2-2.5 mglkg IV before surgery. 
Bromocriptine, amantadine, levodopa and carbidopa 
can be used to manipulate the thermoregulating 
center. 

Amphetamine, a racemic beta phenyliso­
propylamine (Fig. 1) is a CNS stimulant with peri­
pheral alpha and beta adrenergic actions(20-22). Its 
effect is also indirect sympathomimetic action(2l). 
This will result in acute releasing and chronic depletion 
of norepinephrine, dopamine and serotonin<23,24). 
Mechanism of action of an acute or chronic use is 
different. It depends on catecholamines in the storage 
sites at a nerve terminal. It has many effects that 
cause an addictive euphoria, decreased need to sleep, 
mental alertness, decreased appetite and increased 
sexual pleasure. The addition of a methyl group to 
amphetamine will enhance lipophilicity which in­
creases absorption by the brain and a more potent, 
rapid onset and longer duration of action(20). Because 
all amphetamines are weak bases pK = 8.0-10.5, so 
renal elimination is increased with acidic urine(24) 
but decreased with a prolonged effect in alkalinized 
urine(20,21). This may enhance renal damage by 
myoglobinurea(22). Other amphetamine analogs are 
synthesized by attaching substituents (methoxy, halo­
gen, sulfur) to different positions on the phenyl ring 
of amphetamine or methamphetamine (ice, crystal, 
tweak, speed)(25); 3, 4 methylenedioxymethampheta­
mine (MDMA, ecstasy), 3, 4 methylenedioxyetham­
phetamine (MDEA, eve) 3, 4 methylenedioxyam­
phetamine (MDA, Adam) methylenedioxyethmetham­
phetarnine (Eve, MDEA), paramethoxyamphetarnine 
(PMA). Because these drugs are used in dance clubs 
then has named the cause of death as the "dance of 
death". Routes of administration are by ingestion, 
intravenous injection, inhalation or smoking(23). 

The acute stimulant effect is caused by an 
increase in the catecholamines, dopamine and sero­
tonin in the brain(24) and an increase in the level of 
norepinephrine at the presynaptic nerve terminal and 
the synaptic cleft. These are a combination of the 
effects of blocking reuptake of norepinephrine into 
the presynaptic nerve terminal, inhibition of active 
uptake of norepinephrine to storage vesicles, and 
inhibition of the enzyme monoamine oxidase that 
degrades norepinephrine. As the result of this, nor­
epinephrine accumulation leads to increased action 
on many organs : -

Neurological effects:- seizures, cerebral 
hemorrhage, inappropriate ADH secretion(26), uri­
nary retention, serotonin syndrome (hypertonicity, 
hyperthermia, autonomic instability), nystagmus, 
hyperreflexia, hallucinogenic action(27). They are 
directly neurotoxic to brain serotonin and dopamine 
axonal markers(23) that cause cognitive and memory 
defects(25), hyperthermia, and inncreased anesthetic 
requirement<21). 

Cardiovascular system:- causes tachyarrhy­
thmias, ventricular ectopy, ventricular fibrillation, 
myocardial ischemia/infarction, left ventricular dys­
function, and cardiomyopathy. 

Respiratory system:- pulmonary hyperten­
sion and noncardiogenic pulmonary edema(27). 

Neuromuscular effects:- amphetamines are 
potent neurotoxins; they increase muscle contraction, 
trismus, jaw clenching, rhabdomyolysis, increase 
creatinine phosphokinase and transminase. 

Psychiatric effects:- anxiety, paranoia, deli­
rium, aggression, suicidal ideation during the with­
drawal period(20). 

Metabolic disorder:- hypoglycemia, hyper­
thermia and metabolic acidosis(28). 

Electrolytes disturbance:- hyper-or hypo­
natremia (acute overdose of MDMA hyponatremia 
(25)), hypokalemia as a result of cathecolamine effects 
but if there is rhabdomyolysis, there will be hyper­
kalemia and early hypocalcemia. 

Liver function:- toxic hepatitis, especially in 
single overdoses and after chronic usage. Damage to 
liver is also associated with hyperthermia. 

Striated muscle:- rigidity, injury and rhabdo­
myolysis(29). 

Renal function:- renal ischemia and infarc­
tion from vasculitis. Effect of rhabdomyolysis which 
causes renal vasoconstriction, radical formation and 
tubular obstruction from cast production(29-31). 

Blood gas analysis:- respiratory alkalosis, 
and metabolic acidosis. 

Others:- DIC, and leukocytosis. 
Chronic abuse causes depletion of catecho­

lamines stored in the body, and interferes with dopa­
mine and serotonin in the brain(22,23). Tachyphy­
laxis can be explained by the depletion of catecho­
lamines. Catecholarnines depletion causes autonomic 
instability and sensitivity to drugs that depress the 
cardiovascular system and depletion of serotonin may 
cause personality change, cognitive and memory 
effects, paranoid psychosis(22) and suicidal feelings 
(as in case 3). Because of chronic depletion of these 
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chemical agents and also direct irriversible neuro­
toxic activity, chronic abuses also develop cross­
tolerance to other sympathomimetic drugs. Typical 
signs of cocaine and amphetamine intoxication are 
anxiety, paranoia, tremor, mydriasis, tachycardia, dia­
phoresis, hypertension, hyperthermia and seizures 
followed by hypotension and coma. Onset of action is 
about 10 or 40 minutes after inhalation or ingestion 
respectiveJy(23). Duration of action is around 8-30 
hours and the effect of alkalinizing the urine can 
prolong the effect for up to one week(23). 

Acutely, they increase a minimal alveolar 
concentration (MAC) of inhalation agent, so these , 
patients require a small dose of anesthetic drugs(21 ). 
But after long-term use, they cause depletion of 
catecholamines and this will decrease the MAC of 
inhalation agents and cause cardiovascular instabi­
lity. 

Treatment is symptomatic and supportive. 
If within 2 hours of digestion, activated charcoal 
should be given via nasogastric tube with awareness 
of the risk of aspiration because of seizures. Agitation 
should be controlled with benzodiazepine(27). Pheny­
toin or barbiturate should be used as anticonvulsant. 
Persistent hypertension should be treated with nitro­
prusside or calcium channel blocker. Beta adrenergic 
blocker should not be used because it does not cover 
alpha so it can increase vasospasm(27). With clinical 
hyperthermia, the patient should be given nondepo­
larizing muscle relaxant (e.g., atracurium) and dan­
trolene if the temperature is over 39'c. Good hydra­
tion is needed to prevent myoglobin precipitation in 

renal tubules and to facilitate elimination. Mannitol 
is good in this situation(28) because 1) it produces 
an osmotic diuresis that can prevent obstructive myo­
globin casts that can prevent obstructive myoglobin 
cast, 2) it increases renal blood flow and glomerular 
filtration rate, 3) and decreases cell edema 4) it is a 
free radical scavenger. Acidification of the urine may 
enhance amphetamine elimination but it will poten­
tiate the effect of myoglobinuria on the renal tubules 
and causes renal failure( 4,27 ,31,32). Alkalinization 
of the urine is not reccommended because it will 
decrease a rate of renal elimination of amphetamine. 
Loop diuretics (furosemide, bumetanide, torsemide) 
can be used with advantages of acidify urine and 
increase tubular flow(27). Electrolytes imbalance 
should be corrected, but even though ionized calcium 
is low, care should be taken with calcium adminis­
tration because dystrophic calcification may occur. 
Diazepam is a drug of choice in management of 
agitated, aggressive and hyperactive patients. Neuro­
leptic drugs should be avoided because they cause 
hypotension and decrease a threshold of seizures 
(31). When there is rhabdomyolysis the patient should 
be well hydrated to facilitate an elimination and to 
prevent renal shunt down from myoglobin precipita­
tion in renal tubules. 

In conclusion, amphetamine abuse is grow­
ing. The effect of these drugs and their derivatives 
differs according to dose and duration of usage and 
also clinical management. So it is important to iden­
tify and manage according to the clinical picture and 
the likely pathological changes that may occur. 

(Received for publication on December 27, 2001) 
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'11;j~ 1 um1::u. n·m'll'auf~ilti''Ufl11tJ"!'1tJU. ,~i)~iiflvlm~wu 11111 'U1::tJ:: perioperative ?im;htu'U~fl/l'litH (hyper-
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t112l'1 ti'uflntJtia~thtJ~::ftllla~ti',1fifum,,h tJL '11aavltJnfia~ u.ft::111ilL ~1 ~uu~L tlu11 tJ~1u~tl1 tJ 3 n tJviLnlllm1::~hi' au~lll 
u.ft::il rhabdomyolysis tu1::tJ:: perioperative f~ilN1L'1111J~1ntll.J~~'Uu.viilnft 1nm1flflUN'Uu~vl~h~nu 2 11tJU.1nLU'U 

L~n'11tY~ u. wntii~LnflL i1'UI'I11~tjlill.Jn~'IJEl~Ltin-vf~NEl~ 1fimh~;'lilL~'UU.ft::11fiL i1'11~~~1n 1\llfutJ1fi~NftU 1m::L '11tJU.ft:: suc­

cinylcholine nt'i11fiailntf1~L~mn~~ (rigidity) 1fltJL~~vlntf1~Lifa masseter U.ft::f!a1urT~ntf1~LifElft1m·h1u iw~1Lhifu1.nn 
'111tJhL~1 fia~11'111~'i'uutu·h~mtJ~~;t'Uflth~,1fiL~1 fl11~WU'I1~nslui1ilm1illft1tJntf1~LifElftltJEl!h~1\JU. ,~ mh1?ia 

wum1:: rhabdomyolysis uan~1nif'l1u1vl'llu~fi'uu.ft::1fltjlill.Jn~~1~111'1tJ vlnft1 1-2 1u'l1~~~1mfu1\llfum1iii~omtlu 
suspected malignant hyperthermia R1'11fu~tl1tJntJviN1~ilu1::-wi~fltJ1,r1'U1\JilNUU U.ft::Lvl~ 111lfumriau~11 1~Y'ltJlUlft 
ililt}!m'IJEl~in 1~iti1 ( grangrene) ~1fum11il~tJ1NftUL vim.hilll~11i~1'UviL ti1aan ~U1tJ 111l'tJ1fi~NftU'Ifiifl1m::L '11tJU.ft:: 

succinylcholine 1~wu masseter spasm u.ft::/'111Elfl11~Cjfll.Jn~~\J1\J1::'1111~m'lfl~tJ1t.hifl tJnLl\J~U1tJIIl'El~n11tJ1Nau 

'IJ'Ulfl~~~,nn11un~ ll1tJ'11~~~hi111 13 i1l~~vl'11a!Jtl1tJ wu11~tl1t1m-D~~ )l rhabdomyolysis '11U1vl'lm~iuu.a::1111 
tj!lll.Jnii ~tl1tJ-vf~ 3 ntJ1\Ilfum1i'm~1u.uuu1::1'luu1::1'1El~mh~1na1'111 111lr.~ft~wYi'vlll1wah ?imJu1tJ~ui1~u.a::N1~11n 
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nauU1\J1ltJ1~uft1lflfltl't'Jnft\J 1Nt}!t}!U. Y'l'rltJu.a::wtJ1U1ft 'ntJft111::ann~m1:: drug-induced hyperthermia '11~1n'!J\J 

LYiavl~::i\i~OtJil11::ifl\1111fiL~1U.ft::~u1,.;'m1!!JU.I'lElth~tJnfi'D~11fiLi1\111tJ U~1Uu)intJ~1'UL~tJ1rlU suspected malignant 

hyperthermia ~1n;1'u 11~J~ii1tJi'U~1'U1\J~1nH amphetamine Lvl~;i'u 
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