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Life-Threatening Hyperthermie Syndromes
ERNST F. HUND and FRANK LEHMANN-HORN

Neuroleptic Malignant
Syndrome
Definition and Epidemiology

Several neurologie al disorders can be
caused by treatment with neuroleptie
drugs, inc1uding acute and tardive
dyskinesia, tremor, akathesia, and
parkinsonism. Neuroleptic malignant
syndrome (NMS) is the rarest and
most dangerous disorder , occurring
in 0.5%-0.14% of patients ta king
neuroleptic drugs. It is twice as common in men and 80% of patients are
younger than 40 years. NMS is
associated with regular therapeutIc
doses of haloperidol and fluphenazine
(the most potent and most commonly
prescribed neuroleptics). Previous exposure is not aprerequisite. NMS can
be caused by other neurolepties, inc1uding those used to treat nausea
and vomiting, dissociative diseases,
Tourette's syndrome, Huntington's
disease, and agitation, as weIl as by
some antidepressants. It can also result
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from withdrawal of dopaminergie
drugs and may be identieal to the
malignant
L-dopa
withdrawal
syndrome and acute akinetic crisis. In
the past, death occurred in 25% of
patients. The most common causes of
death were pneumonia, hypotension,
arrhymias, renal failure, and thromboembolism. Today, because of more
widespread recognition and advances
in supportive care, the mortality rate is
approximately 10%.
Pathophysiology

The exact cause of NMS is not known,
but a disturbance in central dopaminergic pathways has been postulated.
Blockade of dopamine receptors in
the basal ganglia results in enhanced
musc1e tone and hyperthermia. Blockade of receptors in the hypothalamus
contributes to the hyperthermia
because of impaired heat dissipation,
and blockade in the spinal cord results
in autonomie instability. Gammaaminobutyric
acid
(GABA)containing neurons, important in the
nigrostriatal pathways, are also probably involved in the pathogenesis
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of NMS. Cholinergic mechanisms are
not important; treatment with anticholinergic agents neither prevents
NMS nor reduces the duration of
symptoms or the mortality rate.
Clinical Features
The c1inical hallmarks of NMS are
hyperthermia, profuse sweating, and
extrapyramidal signs such as musc1e
rigidity (Table 1). Most patients have
fever ranging from 38 to 40°C (fever
may be greater than 42°C). Patients
mayaiso have akinesia, tremor,
chorea, and oculogyric crisis, but the
presence of fever and profuse sweating
distinguishes NMS from the common
extrapyramidal side effects of neuroleptics. The full-blown syndrome usuTable 1. Clinical features of neuroleptic
malignant syndrome (after Keck et al. 1989)
Fever
Extrapyramidal signs
Lead-pipe muscle rigidity
Cogwheeling
Siallorrhea
Oculogyric crisis
Dyskinesia
Tremor
Autonomie dysfunction
Diaphoresis
Pallor
Hypertension
Tachycardia
Cardiac arrhythmia
Incontinence
/Alteration of consciousness
Alert mutism or stupor
Sopor or coma
Laboratory abnormalities (nonspecific)
Elevation of creatine kinase (> 1000 VII)
Leukocytosis (> 15 OOO/mm3 )
Electrolyte disturbances (reflecting
dehydration)
Myoglobinuria (reflecting rhabdomyolysis)
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ally develops over 24-72 h but it
may develop as rapidly as within a few
hours. Some patients, with severe
musc1e rigidity and decreased chest
wall compliance, can develop respiratory failure. Rhabdomyolysis-induced
renal failure can also occur. Hypotension and cardiac dysrhythmias from
autonomic instability and hypovolemia
from increased sweating may result
in shock. Other patients may have
changes in levels of consciousness,
ranging from mild obtundation to
stupor or coma, or may have catatonic
behavior, mutism, and catalepsy.
Underlying psychosis must be exc1uded
in these patients.
Laboratory findings in patients
with NMS are nonspecific and inc1ude
leukocytosis (up to 30000/mm3), increased creatine kinase (occasionally
>10000 IUIl) , abnormalities of liver
injury tests, and electrolyte disturbances such as hypercalcemia. Results
of cerebrospinal fluid· analysis are
normal.
Several conditions can mimic
NMS (Table 2). Heat stroke generally
occurs in hot and humid weather. Patients with heat stroke, in contrast
to those with NMS, have flaccid extremities and dry skin. Patients taking
neuroleptic drugs, because of the anti-

Table 2. Differential diagnosis of neuroleptic
malignant syndrome (after Guze and Haxter
1985 and OImsted 1988)
Heat stroke
Malignant hyperthermia
Viral encephalitis
Central anticholinergic
toxicity
LethaI catatonia
Rhabdomyolysis from
other causes

Serotonin syndrome
Strychnine poisoning
Rabies
Tetanus
Stiff-man syndrome

Variable

Time to onset
after exposure
Sweating
Pupils
Muscle tone

Genetic element
Response to
curare
Pharmacotherapy

Neuroleptics, antidepressants,
withdrawal of dopaminergic
agents

Offending
agents

Dopaminergic and GABAergic
agents, dantrolene

None
Yes

Profuse
Normal
Severe extrapyramidal rigidity

Blockade of central dopamine
receptors

Pathogenesis

Neuroleptic malignant syndrome

Table 3. Differential features of hyperthermie syndromes

Dantrolene

Seconds to minutes or
hours
Profuse
Normal
Severe muscle
contraction
Autosomal dominant
No
(Dantrolene ?)

None

Anhidrosis
Constricted
Flaccid

Reat gain exceeds he at
dissipation, brain
edema
None (but fadlitated
by drugs reducing
he at loss)

Excessive calcium release
into the myoplasm
Inhalational anesthetics,
succinyIcholine

Reat stroke

Malignant hyperthermia

Physostigmine

None

Anhidrosis
Dilated
Normal

Neuroleptics, anticholinergics,
antiparkinsonian agents,
opiates, antispasmodics,
benzodiazepines

Anticholinergic toxicity

Central anticholinergic syndrome
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cholinergic effects, are predisposed to
heat stroke (neuroleptic-related heat
stroke). Malignant hyperthermia, an
inherited myopathy (see below), and
viral encephalitis can also present
with fever and extrapyramidal signs.
Patients with anticholinergie toxicity
(see below) may appear similar to
those with NMS. They are agitated
and have absence of sweating, dilated
pupils, dry mouth, urinary retention,
and diminished bowel sounds. They do
not, however, have muscle stiffness
(Table 3). The serotonin syndrome
also clinieally resembles NMS. It is
caused by overstimulation of brain
stem and spinal cord serotinin receptors by serotonin agonists (ftuvoxamine, ftuoxetine Hel, clomipramine
Hel) either alone or in combination
with monoamine oxidase inhibitors.
Treatment
Patients with mildly to moderately
severe NMS can usually be treated
by reduction of the dose of the neuroleptic drug and the addition of antieholinergie drugs. In patients with marked
severity, the neuroleptic drug should
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be stopped. Supportive treatment for
hyperthermia, hypovolemia, electrolyte abnormalities, and respiratory
failure should be provided and alkalinization of the urine should be done to
prevent rhabdomyolysis-induced renal
failure. Hemodialysis and hemofiltration do not remove protein-bound
neurolepties. Dopamine agonists such
as amantadine Hel, bromocriptine
mesylate, levodopa, and lisuride have
been used successfully in the treatment
of patients with NMS. Dantrolene
sodium, a direct-acting muscle relaxant, can significantly shorten the duration of symptoms, and intravenous
benzodiazepines, whieh can potentiate
central GABA activity, have been
effective in reversing catatonie and
extrapyramidal features. Patients who
do not respond to this therapy may
respond to electroconvulsive therapy
(Table 4).
In many patients with serious psychiatrie diseases, it may not be possible
to stop the neuroleptic drug. Patients
should be completely recovered, however, before neurolepties are restarted.
Low doses of neuroleptics (preferable
those of lower potency, such thioridazine or molindone) should be used.

Table 4. Management of advaneed neuroleptie malignant syndrome and febrile eatatonia
Diseontinuation of neuroleptics and other drugs with anti-dopaminergie poteney
Prompt institution of supportive medieal eare
Specifie pharmacologic treatment:
Dopamine agonists:
100mg, b.i.d. ort.i.d.
Amantadine
5-30mg/day
Bromoeriptine
100-200/25-75 mg, q .i.d.
Levodopa/earbidopa
1-2 mg/24 h by subeutaneous infusion
Lisuride
GABA agonists:
lorazepam 1 mg b.Ld. to 5 mg q.i.d., orally or 1-2mg Lv.
Benzodiazepines
MuscJe relaxants:
Dantrolene:
100-600mg/day orally, or 0.8-2.5 mg/kg Lv., q.i.d.
Eleetroeonvulsive therapy
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Temperature and muscle tone should
be monitored and creatine kin ase
measurements should be done daily
for the first few days after restarting
the drug.

Febrile Catatonia
The term "catatonia," first introduced
by Kahlbaum more than a century
ago, is usually associated with psychiatric disease, especially schizophrenia. Catatonic features can be seen in
many diseases, however, and should
be considered a sign rather than a
specific entitiy (Table 5). Febrile or
"lethai" catatonia is present when
catatonia is associated with hyperthermia and autonomic dysfunction
(tachycardia, sweating, labile blood
pressure ). It can often be difficult to
distinguish febrile catatonia, schizophrenia-related catatonia, and NMS.
Moreover, catatonia is a risk factor
for NMS. In general, patients with
Table 5. Clinical features of catatonia
Psychosocial withdrawal:
Negativism (patient refuses cooperation and
faces away)
Mutism (loss or refusal of all verbal output)
Catatonic stupor
Psychosocial excitement:
Catatonic furor
Motor signs:
Catalepsy (maintenance of bizarre postures )
Waxy flexibility (plastic increase in tone with
a tendency to maintain unusual postures
induced by the examiner)
Stereotypies (uniform, not goal-directed
movements)
Mannerisms [goal-directed activities,
performed in a bizarre way (unusual way of
smoking, eating etc.)1
Grimacing

febrile catatonia have less severe
muscle stiffness and usually have a history of agitation; they may be uncooperative with treatment.
The best treatment for patients
with febrile catatonia is not dear. Patients with early febrile catatonia have
been successfully treated with neuroleptic drugs, whereas those at later
stages usually do not respond and
neuroleptic drugs should not be given.
These patients should be treated according to the guidelines for treatment
of NMS listed in Table 4.

Malignant Hyperthermia
Definition

Malignant hyperthermia (MH) is a
potentially fatal myopathy that is similar to NMS. Patients with both disorders present with fever, musde
rigidity, tachycardia, and increased
creatine kinase concentrations. There
are important differences between
them (Table 3). MH is triggered
by inhalation al anesthetics (usually
halothane) and depolarizing musde
relaxants (usually succinylcholine) in
genetically predisposed patients. In
the past, 60% of patients died. Today,
fewer than 7% of patients die, because
of earlier recognition and effective
treatment with dantrolene sodium.
Pathophysiology

MH is thought to be transmitted as
an autosomal dominant trait in which
calcium channels in the skeletal musde
triads have increased sensitivity to
volatile anesthetics and depolarizing
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muscle relaxants. As a result, the intracellular concentration of calcium
increases and a hypermetabolic state
develops with increased oxygen consumption, metabolic acidosis, muscle
contraction, hyperthermia, and rhabdomyolysis.
Clinical Features
Muscle rigidity usually begins minutes
after the drug has been given, and
in fulminant forms may develop in
seconds. Patients may be difficult or
even impossible to intubate. Unlike
in NMS, nondepolarizing relaxants,
such as pancuronium bromide and
vecuronium bromide, are not effective
in patients with MH. Other conditions
that can mimic MH include sepsis,
toxic shock syndrome, anoxic brain
damage, pheochromocytoma, and thyroid storm. Muscle rigidity after
anesthetics or depolarizing agents can
also occur in Duchenne and Becker
muscular dystrophy, some myotonias,
and periodic paralysis. The diagnosis
of MH can be confirmed by the in vitro
contracture test. In this test, a muscle
fiber, obtained at biopsy, is studied
for its contraction properties when
exposed to caffeine and halothane.
Family members of patients and others
at risk for MH (for example, those
with King-Denborough syndrome
and central core disease) should be
screened for MH with this test and
should carry an emergency card that
identifies them as being at risk.
Treatment
When MH is suspected, volatile anesthetics should be immediately stopped
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and 100% oxygen should be given.
Dantrolene sodium, which reduces
intracellular calcium concentrations,
should be given intravenously at a dose
of 2.5 mg/kg of body weight (it is commercially distributed in 20-mg
ampules). Some patients may need as
much as 10 mg/kg before muscle relaxation occurs. Prophylactic dantrolene
sodium is not helpful. Supportive
measures such as treatment of acidosis
and fluids to promote diuresis should
also be provided (Table 6). In Germany, a hot-line service is available
to provide information and a list of
centers performing the muscle contracture test (telephone number
07131-482050).

HeatStroke
Heat stroke (HS) is the most dangerous complication of high environmental temperatures and occurs when
heat gain exceeds heat dissipation.
HS occurs more commonly with high
humidity and increased activity or excercise. Factors that predispose to
he at stroke include old age, chronic
disease, alcohol ingestion, skin disorders that interfere with he at loss,
and the use of diuretics, anticholinergic
agents, and neuroleptics (because
of their anticholinergic effects) (see
above).
HS commonly occurs among new
military recruits undergoing basic
training and novice long distance runners. On examination, patients have
hyperthermia, mental status changes,
hot, dry, flushed skin, and flaccid extremities, a feature that distinguishes
he at stroke from NMS and malignant
hyperthermia. Other findings on
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Table 6. Management of acute malignant
hyperthermia (adapted from Blanck and
Humphrey 1990)
Stop all inhalation anesthetics and begin
hyperventilation with 100% oxygen.
Administer dantrolene 1 mg/kg body weight i.v.
Repeated doses are administered, titrated to
heart rate, muscIe rigidity, and temperature.
Although 2 mg/kg is usually a successful dose,
much higher doses may be needed (up to
lOmg/kg).
Administer bicarbonate according to blood gas
analyses.
Monitor cIosely body temperature, urine
output, serum potassium, calcium, and
creatine phosphokinase levels, arterial blood
gases, and clotting studies.
If arrhythmias do not respond to treatment of
acidosis and hyperkalemia, 100-200 mg
procainamide should be administered.
Start cooling of limbs and, if necessary, infuse
cold solutions.
When the patient's condition has stabilized,
dantrolene should be converted from
intravenous to oral administration.

examination include constricted pupils, hyperventilation, and hypovolemia. Complications may include
disseminated intravascular coagulation
(DIC), rhabdomyolysis, renal failure,
seizures, and shock.
Patients should be removed from
the hot environment immediately and
cooled to a co re temperature of 39°C.
Cooling is best done by surface cooling;
iced gastric lavage is less effective.
Volume status should be assessed
by measurement of central venous
pressure and hypovolemia should be
corrected with iso tonic saline. Careful
measurements of urine output and
serum electrolytes should be done.
Pathological findings include brain
edema and petechial hemorrhages in
the brain, lungs, liver, and kidneys.
Some studies have shown a benefit

when patients are given dantrolene
sodium; however, definitive proof is
lacking.

Central Anticholinergic
Syndrome
Although most clinicians are aware
of the peripheral side effects of anticholinergic drugs, the effects of blocking central anticholinergic pathways
are often overlooked. Patients with
central anticholinergic syndrome
(CAS) can have agitation or depression. In the agitated form, patients
have irritability, restlessness, confusion, hallucinations, disorientation,
and motor hyperactivity (anticholinergic delirium). In the depressed
form, they have decreased levels of
consciousness ranging from somnolence to coma, motor hypoactivity,
dysarthria, and disturbances of
coordination.
Many centrally acting drugs have
anticholinergic effects, such as neuroleptics,
antidepressants,
antispasmodics, antiparkinsonian agents,
antihistamines, benzodiazepines, and
opiates. Several eye drop preparations
and over-the-counter sleep medications also have anticholinergic
effects. Suicidal ingestion of belladonna preparations has also been
reported as a cause of anticholinergic
intoxication. Many of these drugs are
combined. For example, patients in
critical care units are routinely given
large amounts of hypnotics, sedatives,
and analgesics. CAS should be suspected if patients need excessive doses
of sedatives or if they remain sedated
after sedatives have been discontinued.
Older patients and those with organic
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brain disease are at an increased risk
of developing CAS.
The diagnosis of CAS is made
clinically. The presence of peripher al
anticholinergic signs may provide
some confirming evidence (Table 7).
The diagnosis is often difficult to make
in patients in a critical care setting.
The differential diagnosis includes
hypertensive encephalopathy, intracranial hemorrhage, and encephalitis.
Patients with a1cohol or sedative withdrawal or intoxication with amphetamines or cocaine mayaIso have
tachycardia and fever. Other conditions include hypoglycemia, disturbances of water and electrolytes,
sepsis, liver failure, renal failure, thyrotoxicosis, neuroleptic malignant
syndrome, anemia, hypoxia, and respiratory or heart failure.
If CAS is suspected, all drugs with
known anticholinergic properties
should be decreased in dose or
stopped. The diagnosis can be confirmed by infusion of physostigmine
salicylate, a cholinesterase inhibitor,
at a dose of 2 mg over 10 min. Another
2mg may be given after 15-30min.
The symptoms will be relieved within
seconds to minutes in patients with

Table 7. Signs and symptoms of anticholinergic
toxicity
Peripheral

Central

Hyperthermia
Blurred vision
Dry mucous membranes
Dry, ftushed skin
Tachycardia
Atrioventricular blocking
Urinary retention
Constipation
Decreased bowel sounds

Agitated confusion
Hallucinations
Restlessness
Disturbed memory
Aggression
Diminished
consciousness
Coma
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CAS. Symptoms may recur, however,
because of the drug's short half life.
Patients should be given an additional
2 mg of physostigmine salicylate as
a 24-h infusion. Side effects include
cardiac dysrythmias, seizures, and
signs of cholinergic crisis such as increased salivation, bladder and fecal
incontinence, bowel hypermotility,
and hypotension.
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