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Neuroleptic malignant syn-
drome is an uncommon ad-
verse side effect of antipsy-

chotic drugs. The syndrome is charac-
terized by severe rigidity, tremor,
fever, altered mental status, autonom-
ic dysfunction, and elevated serum
creatinine phosphokinase and white

blood cell count. It is a severe, life-
threatening condition, and the pa-
tient will often appear acutely ill. Di-
agnosis and treatment of neuroleptic
malignant syndrome can be difficult,
and the syndrome complicates fur-
ther psychiatric treatment.

This paper reviews the history and
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LINE was searched from 1966 to 1997 for key reviews, reports on se-
ries of cases of neuroleptic malignant syndrome, individual case re-
ports, and other clinically and theoretically important information. Re-
sults and conclusions: Virtually all neuroleptics are capable of inducing
the syndrome, including the newer atypical antipsychotics. The stan-
dard of care for the recognition of neuroleptic malignant syndrome has
shifted considerably over the past 15 years. Neuroleptic malignant syn-
drome belongs in the differential diagnosis of any patient receiving a
neuroleptic who develops a high fever or severe rigidity. In addition to
measurement of creatinine phosphokinase and white blood cell count,
important tests to rule out other etiologies include urinalysis to mea-
sure electrolytes, including calcium and magnesium; kidney, liver, and
thyroid function tests; lumbar puncture; an electroencephalogram; and
a computed tomography or magnetic resonance imaging scan of the
head. Although specific treatment remains controversial, supportive
treatment such as antipyretics, a cooling blanket, and intravenous flu-
ids to correct dehydration and electrolyte abnormalities is critical and
widely supported by consensus. Most patients recover from neurolep-
tic malignant syndrome in two to 14 days without any cognitive im-
pairment, and new dysfunction usually is attributable to very high
fever, hypoxia, or other complications, rather than neuroleptic malig-
nant syndrome per se. (Psychiatric Services 49:1163–1172, 1998)

incidence of neuroleptic malignant
syndrome and describes risk factors,
clinical evaluation, diagnosis, compli-
cations, treatment, prevention, and
legal issues. 

Methods
MEDLINE was searched from 1966
to 1997 for key reviews, reports on se-
ries of cases of neuroleptic malignant
syndrome, individual case reports, and
other clinically and theoretically im-
portant information. 

A number of excellent reviews on
neuroleptic malignant syndrome
have been published (2–7). The hun-
dreds of case reports and other pub-
lications throughout the medical lit-
erature in the last 15 years may indi-
cate some uncritical publication. In-
cluded in the review presented here
are reports of series of cases and in-
dividual case reports that provide
new information and that offer prac-
tical guidance for clinical decision
making.

Results
History
Neuroleptics, introduced for clinical
use in 1952, were first reported to
have caused a syndrome of severe ill-
ness by Delay and colleagues (1) in
1960; the term “neuroleptic malig-
nant syndrome” derives from the
French “syndrome malin des neu-
roleptiques” (2). Many case reports of
neuroleptic malignant syndrome
from many countries have been pub-
lished since the 1960s, and similar
syndromes that were described early
in the neuroleptic era may in retro-
spect have been cases of neuroleptic
malignant syndrome that were not
termed as such (2). 

Dr. Pelonero is associate professor of psychiatry and Dr. Levenson and Dr. Pan-
durangi are professors of psychiatry in the department of psychiatry at Virginia Com-
monwealth University–Medical College of Virginia, 1200 East Broad Street, P.O. Box
980710, Richmond, Virginia 23298-0710 (e-mail, apelonero@hsc.vcu.edu). 



PSYCHIATRIC SERVICES ♦ September 1998   Vol.  49   No.  91164

Incidence and 
demographic variables
Although neuroleptic malignant syn-
drome was originally thought to be
rare, a proliferation of case reports
has created a different impression.
Systematic retrospective estimates of
incidence vary from .02 to 3.23 per-
cent of psychiatric inpatients receiv-
ing neuroleptics (2). This wide varia-
tion results from differences in diag-
nostic criteria for the syndrome, pa-
tient populations sampled (for exam-
ple, acute versus chronic mentally ill),
hospital type (for example, state hos-
pital versus university medical center,
and treatment style (such as high-
versus low-dose neuroleptics), as well
as the limitations of retrospective
study designs. 

Prospective studies in two Boston
psychiatric hospitals found incidence
rates of neuroleptic malignant syn-
drome of .07 percent and .9 percent
(8,9). More generalizable estimates of
incidence will require studies using
standardized diagnostic criteria for
neuroleptic malignant syndrome with
demonstrated validity and reliability
in a prospective multicenter design.
In any case, the incidence will vary in
a given patient population depending
on the frequency of risk factors.

Neuroleptic malignant syndrome
has been reported among patients of
all ages, and about twice as often for

men as for women. Most cases have
occurred among patients between the
ages of 20 and 50, likely paralleling
peak neuroleptic use. Patients with
suspected neuroleptic malignant syn-
drome usually have a history of neu-
roleptic therapy, but not always. Vir-
tually all neuroleptics are capable of
inducing the syndrome, including the
newer atypical antipsychotics cloza-
pine (10–12), risperidone (13,14),
and olanzapine (McDaniel K, Evani
R, Levenson J, unpublished data,
1998). Although in many of these cas-
es questions remain about the role of
comorbid conditions or concomitant
medications, it is clear that the atypi-
cal antipsychotics are not entirely free
of the risk of neuroleptic malignant
syndrome. The antiemetic metoclo-
pramide and the tricyclic antidepres-
sant amoxapine have also been re-
ported to cause the syndrome (15–
19), presumably because of their
dopamine-blocking properties.

Underlying diagnoses most com-
monly are schizophrenia or affective
disorders, but the syndrome also oc-
curs among patients with other condi-
tions for which neuroleptics are used,
including dementia, delirium, other
psychoses, and mental retardation.
Neuroleptic malignant syndrome (or
very similar syndromes) has also been
reported among patients who have
extrapyramidal disorders, such as
Parkinson’s disease, Wilson’s disease,
Huntington’s chorea, and striatonigral
degeneration, and who have received
neuroleptics or dopamine-depleting
agents or have had dopamine agonists
abruptly withdrawn (20–22). 

Risk factors and 
clinical evaluation
Both physiologic and environmental
factors have been suggested to pre-
dispose patients to the development
of neuroleptic malignant syndrome.
High on the list of conditions suspect-
ed to promote the syndrome is dehy-
dration (23,24). Agitation, poor oral
intake, and elevated temperature all
promote dehydration and hence in-
crease the risk. Patients with prior
episodes of neuroleptic malignant
syndrome are at higher risk. Receiv-
ing high doses of neuroleptics, espe-
cially by intramuscular injection, may
also be a risk factor (25). However,

Lazarus and associates (2) concluded
that neuroleptic malignant syndrome
appeared not to be dose related, often
occurring at standard neuroleptic
dosages. 

Other suggested risk factors in-
clude rapid rate of neuroleptic load-
ing, depot neuroleptics, prolonged
use of restraints, use of other medica-
tions with neuroleptics (especially
lithium), poorly controlled neurolep-
tic-induced extrapyramidal symp-
toms, treatment-resistant extrapyra-
midal symptoms, withdrawal of an-
tiparkinsonian medications, a diagno-
sis of an affective disorder, alco-
holism, organic brain syndrome or
previous brain injury, extrapyramidal
disorder (for example, Parkinson’s
disease and Huntington’s disease),
iron deficiency, and catatonia. Some
evidence exists that iron deficiency is
a risk factor in a number of move-
ment disorders besides neuroleptic
malignant syndrome, such as aka-
thisia and nocturnal myoclonus.
However, the association may be
more apparent than real (26). Al-
though familial clustering has been
reported (27), genetically transmitted
risk for neuroleptic malignant syn-
drome has not been considered clini-
cally significant.

A list of basic and optional examina-
tions for the clinical evaluation of neu-
roleptic malignant syndrome is pro-
vided in Table 1. On physical exami-
nation, patients with the syndrome
will typically have fever (above 37° C),
muscle rigidity, altered consciousness,
and autonomic dysfunction. Muscle
rigidity that is unresponsive to anti-
cholinergic treatment may be the first
sign of neuroleptic malignant syn-
drome or may be simultaneously iden-
tified with increased temperature.
Rigidity may range from muscle hy-
pertonicity to severe, lead-pipe rigidi-
ty. Parkinsonian findings are common
in neuroleptic malignant syndrome,
but other movement disorders may be
present at the same time (3).

Neurologic dysfunction may in-
clude tremors, abnormal reflexes,
bradykinesia, chorea, dystonias (in-
cluding opisthotonos, trismus, ble-
pharospasm, and oculogyric crisis),
nystagmus and opsoclonus, dyspha-
gia, dysarthria, aphonia, and seizures. 

Altered consciousness may range

Table 1

Basic and optional examinations for
clinical evaluation of possible neu-
roleptic malignant syndrome

Basic
Physical examination
Electrolytes, including calcium and 

magnesium 
Renal and hepatic function tests
Complete blood count
Serial tests of creatinine phosphoki-

nase levels
Urinalysis
Lumbar puncture
Computed tomography or magnetic 

resonance imaging scan of the head
Optional

Arterial blood gases
Coagulation studies
Blood cultures
Toxicology screen
Lithium level
Iron deficiency tests
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from a decreased awareness of one’s
surroundings or confusion to obtun-
dation or total unresponsiveness.
Other mental status abnormalities
may occur, such as agitation or deliri-
um. Distinguishing between mental
abnormalities due to the original psy-
chiatric illness and those due to neu-
roleptic malignant syndrome can be
difficult.

Autonomic dysfunction in neu-
roleptic malignant syndrome is mani-
fested in a number of findings. Hy-
pertension, postural hypotension, and
labile blood pressure are often identi-
fied, along with tachycardia and
tachypnea when measuring vital
signs. Other autonomic disturbances
may consist of sialorrhea, diaphoresis,
skin pallor, and urinary incontinence.
Physical signs of dehydration such as
dry mucous membranes, sunken
eyes, and increased skin turgor are
important to note. Myoglobinuria
may be revealed by dark urine that
does not contain red blood cells.

In the diagnostic evaluation of sus-
pected neuroleptic malignant syn-
drome, in addition to taking a careful
history and doing a physical examina-
tion, physicians will usually find it
helpful to obtain a number of labora-
tory examinations. Creatinine phos-
phokinase (CPK) levels are often ele-
vated in neuroleptic malignant syn-
drome secondary to skeletal muscle
damage and can reach very high lev-
els (above 100,000 units per liter).
CPK may also be elevated by the use
of intramuscular injections or re-
straints, but usually at lower levels
(below 600 units per liter) than in
neuroleptic malignant syndrome. Se-
rial CPK measurements obtained
during treatment of a patient with
neuroleptic malignant syndrome will
typically show falling levels with reso-
lution of the syndrome. Falling CPK
levels but fever spikes correctly led to
a search for infection in a patient with
neuroleptic malignant syndrome and
AIDS (28). 

The white blood cell count is often
elevated; a range between 10,000 and
40,000/mm3 is commonly reported. A
shift to the left in white blood cell
count may or may not be found.

In addition to CPK measurement
and white blood cell count, important
tests to rule out other etiologies of the

symptoms include urinalysis to mea-
sure electrolytes, including calcium
and magnesium; kidney, liver, and
thyroid function tests; lumbar punc-
ture; an electroencephalogram; and a
computed tomography (CT) scan or
magnetic resonance imaging (MRI)
scan of the head. Other studies such
as measurement of blood gases, coag-
ulation studies, blood cultures, a toxi-
cology screen, and determination of
serum lithium level should be done if
appropriate. An electromyogram and
muscle biopsy are generally not help-
ful with the diagnosis, often showing
only nonspecific changes, if any.

Diagnosis
Diagnostic criteria. Diagnostic cri-
teria— a somewhat controversial area
among investigators— have been pro-
posed for neuroleptic malignant syn-
drome. Several systems have been
suggested to diagnose the syndrome
(4,29–31). Diagnostic criteria evolved
in the literature as case reporting
grew and series of cases were re-
viewed. 

Lazarus and associates (2) conclud-
ed that “hyperthermia and muscle
rigidity are cardinal features of neu-
roleptic malignant syndrome” and
proposed their own set of criteria
consisting of treatment with neu-
roleptics within seven days before on-
set of the syndrome, hyperthermia,
muscle rigidity, the exclusion of sys-
temic or neuropsychiatric illness that
could account for the syndrome, and
three of the following: change in
mental status, tachycardia, change in
blood pressure, tachypnea, CPK ele-
vation or myoglobinuria, leukocytosis,
and metabolic acidosis.

Patients believed to be in the early
stages of neuroleptic malignant syn-
drome have been described, as have
patients with mild forms that did not
develop into the full-blown syn-
drome— some despite continued
neuroleptic therapy (32–34). Neu-
roleptic malignant syndrome may
manifest along a symptom spectrum
and a severity spectrum. At one end
of the symptom spectrum, only two of
the cardinal signs among the many
features of neuroleptic malignant
syndrome may be manifest. On the
severity spectrum, symptoms may be
mild, moderate, or severe. When all

the manifestations occur together or
in quick succession and are moderate
to severe, the diagnosis would be
easy, and consensus would be ob-
tained. However, if symptoms are
limited to two and are mild (for ex-
ample, rigidity and fever), consider-
able debate may occur about whether
the patient has neuroleptic malignant
syndrome. 

Likewise, clozapine-related neu-
roleptic malignant syndrome may not
present with typical extrapyramidal
rigidity. Among these “spectrum” cas-
es, we are not at the point of being
able to say who will develop full-
blown neuroleptic malignant syn-
drome. The risk of morbidity and
even mortality deserves serious con-
sideration. Withdrawing the offend-
ing neuroleptic is still advisable if ear-
ly neuroleptic malignant syndrome is
suspected. 

Differential diagnosis. The ma-
jority of patients receiving neurolep-
tics who develop fever and rigidity will
have conditions other than neuroleptic
malignant syndrome, making differen-
tial diagnosis of prime importance. Al-
though active steps must be taken to
rule out other conditions, neuroleptic
malignant syndrome should not be re-
garded entirely as a diagnosis of exclu-
sion because of the importance of
promptly withholding neuroleptics
when the syndrome is suspected. At
the same time, physicians must be
careful not to conclude prematurely
that the diagnosis is neuroleptic malig-
nant syndrome for patients who may
have a medical cause for a fever, such
as aspiration pneumonia, superim-
posed on neuroleptic-induced ex-
trapyramidal symptoms (35).

A very large number of conditions
could be considered in the differen-
tial diagnosis of neuroleptic malig-
nant syndrome if each sign, particu-
larly fever or catatonia, were exam-
ined individually. Here we focus on
conditions that may present with sev-
eral or even all the signs of neurolep-
tic malignant syndrome. These condi-
tions are shown in Table 2.

Malignant hyperthermia is a hyper-
metabolic state of skeletal muscle
most frequently associated with the
administration of halogenated inhala-
tion anesthetic agents and succinyl-
choline. Originally thought to result
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from an autosomal dominant trait,
malignant hyperthermia is now con-
sidered to have a multifactorial pat-
tern of inheritance. The clinical pre-
sentation is identical to neuroleptic
malignant syndrome, and rhabdomy-
olysis and death are common out-
comes. Intravenous dantrolene sodi-
um is specifically therapeutic in treat-
ment of malignant hyperthermia, and
oral dantrolene is an effective preop-
erative prophylaxis.

The diagnosis of malignant hyper-
thermia (or of the trait) is reliably es-
tablished by exposing biopsied mus-
cle tissue to caffeine or halothane in
vitro, which results in a hypercontrac-
tile response when compared with
normal muscle. Muscle tissue from
patients with neuroleptic malignant
syndrome does not demonstrate a hy-
percontractile response to caffeine or
halothane. In most cases neuroleptic
malignant syndrome and malignant
hyperthermia can be distinguished
clinically by the different settings and
drug exposures. In addition, no fami-
ly histories of hyperthermia have
been documented in patients with
neuroleptic malignant syndrome.

Lethal catatonia is a syndrome in
which mutism, extreme motor excite-
ment, clouding of consciousness, and
fever may progress to severe auto-
nomic disturbances, stupor and
coma, and death. Mann and col-
leagues (36) have suggested that it
should be regarded as a final common
pathway for a variety of psychiatric

and medical illnesses. They concep-
tualize neuroleptic malignant syn-
drome as one (iatrogenic) cause of
lethal catatonia. Others regard func-
tional lethal catatonia and neuroleptic
malignant syndrome as separate enti-
ties that can be clinically differentiat-
ed, pointing out that, among other
differences, lethal catatonia begins
with extreme psychotic excitement,
whereas neuroleptic malignant syn-
drome begins with severe muscle
rigidity (37). Whatever the relation-
ship is between neuroleptic malig-
nant syndrome and lethal catatonia,
in practice the distinction may be
very difficult if not impossible to
make (38). In any case, neuroleptics
should be discontinued because they
are usually ineffective in lethal (or se-
vere) catatonia (2,36).

Neuroleptics may cause other ad-
verse effects that may be confused
with neuroleptic malignant syn-
drome. Heat stroke is a risk because
neuroleptics suppress central heat
loss mechanisms, resulting in in-
creased vulnerability to hot environ-
ments or marked exertion. Although
hot environmental conditions may in-
crease the risk for neuroleptic malig-
nant syndrome (39), most cases of the
syndrome have occurred under nor-
mal temperature conditions. Heat-
stroke is also distinguished by hot, dry
skin, rather than the diaphoresis in
neuroleptic malignant syndrome, and
by the absence of rigidity. 

Neuroleptics can cause severe ex-

trapyramidal symptoms, even result-
ing in rhabdomyolysis (4) or catatonia
(40), but such patients do not mani-
fest marked fever, leukocytosis, or au-
tonomic disturbances unless a sec-
ondary complication has developed,
such as infection or pulmonary embo-
lus. Causes of rhabdomyolysis, other
than neuroleptic malignant syndrome
or severe dystonia, that occur fre-
quently among severely ill psychiatric
patients include immobilization, the
use of restraints, dehydration, malnu-
trition, multiple intramuscular injec-
tions, alcoholism, and trauma. 

Central nervous system infections
including meningitis, encephalitis, or
neurosyphilis may mimic neuroleptic
malignant syndrome. Lumbar punc-
ture and an electroencephalogram
should lead to the distinction. Except
for a few cases of slightly elevated
protein in cerebrospinal fluid, the
cerebrospinal fluid of patients with
neuroleptic malignant syndrome does
not demonstrate the changes in glu-
cose, white cells, or protein expected
in central nervous system infections.
A CT or MRI scan is helpful in ruling
out brain abscesses and other struc-
tural lesions.

Allergic drug reactions may pro-
duce fever and autonomic instability
but not rigidity. Signs of allergy
should be looked for, including rash,
wheezing, urticaria, and eosinophilia.
Various toxic encephalopathies may
resemble neuroleptic malignant syn-
drome, including those due to strych-
nine, tetanus, botulism, anticholiner-
gic delirium, lithium toxicity, and hy-
perthermia induced by other psy-
chotropic drugs such as tricyclic anti-
depressants, monoamine oxidase in-
hibitors, stimulants, and hallucino-
gens (2). Hyperthyroidism and hypo-
calcemic or hypomagnesemic tetany
must also be considered and are easi-
ly tested for. Parkinson’s disease and
other neurologic disorders may in-
clude rigidity, trauma, and autonomic
neuropathy but not leukocytosis,
fever, or elevated CPK.

A diagnosis of neuroleptic malig-
nant syndrome must be considered
before specific treatments of the syn-
drome can be implemented. Thor-
ough evaluation as suggested should
enable the clinician to rule out the
many neurologic, toxic, infectious, or

Table 2

Differential diagnosis of neuroleptic malignant syndrome

Distinguishing clinical features
Competing diagnosis of the competing diagnosis

Malignant hyperthermia Occurs after general anesthesia
Lethal catatonia Similar symptoms without neuroleptic

ex
Heat stroke Hot, dry skin; absence of rigidity
Severe extrapyramidal symptoms Absence of fever, leukocytosis, autonomic

and Parkinson’s disease ch
Central nervous system infection Seizures more likely; significant abnormali-

ties in cere
Allergic drug reactions Rash, urticaria, wheezing, eosinophilia
Toxic encephalopathy, lithium Absence of fever; low creatinine phosphoki-

toxicity n
Anticholinergic delirium Absence of rigidity; low creatinine 

p
Systemic infection plus severe extra- May appear identical to neuroleptic 

pyramidal symptoms m
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metabolic causes with similar clinical
pictures. A workup also serves to
identify possible concurrent medical
illnesses and complications of neu-
roleptic malignant syndrome.

Complications
As implied by the word “malignant,”
death may occur as a result of neu-
roleptic malignant syndrome or its
life-threatening complications. Lev-
inson and Simpson (35) reported that
79 percent of the patients in their
sample with neuroleptic malignant
syndrome made a full recovery, and 8
percent died. In a review of 202 case
reports, Shalev and associates (7) not-
ed a decreasing mortality— 11.6 per-
cent since 1984 and 25 percent be-
fore 1984— probably attributable to
better recognition of the syndrome
with earlier intervention. In their re-
view, patients with neuroleptic malig-
nant syndrome who had organic men-
tal disorders had significantly higher
mortality than patients with function-
al psychoses, as did patients who de-
veloped myoglobinuria and renal fail-
ure.

Complications of neuroleptic ma-
lignant syndrome are often physiolog-
ic consequences of severe rigidity and
the immobilization that comes with it.
Poor oral intake leads to dehydration,
increasing the risk of rhabdomyolysis,
which in turn may lead to acute renal
failure. Deep venous thrombosis and
pulmonary embolism may occur as
another consequence of rigidity, im-
mobilization, and dehydration and ac-
counts for about a fourth of fatalities
in neuroleptic malignant syndrome
(41). Difficulty swallowing combined
with altered mental status may lead to
aspiration and pneumonia, and pa-
tients may need to be intubated and
receive ventilatory support. Other
causes of pulmonary failure include
adult respiratory distress syndrome
(especially with rhabdomyolysis) and
shock lung (42).

Many other serious complications
of neuroleptic malignant syndrome or
its treatment have been reported,
such as myocardial infarction, dis-
seminated intravascular coagulation,
and sepsis (4). Cerebellar neuronal
degeneration has been attributed to
hyperpyrexia from neuroleptic malig-
nant syndrome (43). Persons with

lithium in their system during neu-
roleptic malignant syndrome, even at
nontoxic levels, may be particularly at
risk for cerebellar damage and ataxia
from hyperthermia (2). Indeed, a
range of persistent neurological ab-
normalities after resolution of neu-
roleptic malignant syndrome is possi-
ble, including neuropsychological
(cognitive) impairments (44). Most
patients recover from neuroleptic
malignant syndrome without any cog-
nitive impairment, and new dysfunc-
tion usually is attributable to very
high fever, hypoxia, or other compli-
cations, rather than to neuroleptic
malignant syndrome per se.

Treatment 
As we have mentioned repeatedly,
neuroleptic medication must be
stopped as soon as neuroleptic malig-
nant syndrome is suspected. It is the
most critical and definitive interven-
tion. We have been consulted in sev-
eral cases in which the treating physi-
cian had doubts about the diagnosis
and awaited our opinion before stop-
ping neuroleptic medication. In some
cases, such a delay may lead to pro-
longation of the episode.

Discontinuation of lithium is rec-
ommended. Discontinuation of anti-
cholinergics or substitution with a
dopamine agonist should be consid-
ered in case of residual extrapyrami-
dal symptoms or an upsurge of
parkinsonian symptoms. Dopamine
agonist medications such as amanta-
dine should be continued if already in
use, as their withdrawal may worsen
neuroleptic malignant syndrome.

After recognition of the syndrome
and discontinuation of neuroleptics,
the usual clinical course of neurolep-
tic malignant syndrome runs two to
14 days (2,6), and medications and
other therapies are gradually with-
drawn while recovery is monitored.
Prolonged cases have occurred, par-
ticularly among patients who received
long-acting preparations (45,46). In
both of our most recently encoun-
tered cases in which neuroleptic ma-
lignant syndrome occurred after de-
pot neuroleptic administration, the
complete resolution of symptoms
took more than 28 days from initial
hospitalization and more than 35 days
from the time of the last injection. 

Treatment setting. Most cases
meeting the full criteria for neurolep-
tic malignant syndrome should be
treated in a medical intensive care
unit. Unless the signs of neuroleptic
malignant syndrome are questionable,
patients referred to neurology or psy-
chiatry services should be transferred
to the intensive care unit for initial
care. However, criteria for keeping a
patient with suspected neuroleptic
malignant syndrome on a psychiatry
service could include vital signs that
are only slightly elevated or that re-
spond rapidly to minor measures,
such as antipyretics; the patient’s abil-
ity to take fluids orally; normal car-
diorespiratory function; normal renal
function; and, possibly, a CPK level of
less than 1,000 units per liter. 

We recommend that after several
criteria are met, the patient should be
transferred to a medical-psychiatry
service or a general psychiatry service
with experience in dealing with neu-
roleptic malignant syndrome. The
transfer should take place after vital
signs have normalized, dehydration
and any electrolyte imbalance have
been corrected, normal cardiorespi-
ratory function exists, no evidence of
renal failure exists, and at least two
consecutive CPK measurements
show a falling trend. Inpatient care is
recommended until CPK levels have
normalized, vital signs are persistent-
ly normal, and any psychiatric condi-
tion is stable and permits discharge.
These criteria suggest that the com-
plete clearance of the neuroleptic
may be necessary before full recovery
occurs. 

The severe and prolonged morbidi-
ty experienced by such patients un-
derscores the importance of correct
diagnosis of the psychiatric disorder,
careful consideration of all options be-
fore deciding on a depot neuroleptic,
and use of the lowest dose needed.
Frequent dosing of the depot prepa-
ration beyond that recommended by
the manufacturer or substantiated by
published research is discouraged.

Supportive therapies. Patients
will require antipyretics, a cooling
blanket, and intravenous fluids to cor-
rect dehydration and electrolyte ab-
normalities. Treatment with a short-
term antihypertensive, such as nifedi-
pine, and oxygen may be required.
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Some patients require intubation and
ventilator support. The gag reflex
may be lost in neuroleptic malignant
syndrome, which can lead to aspira-
tion pneumonia. It is important to
check for this reflex, provide par-
enteral nutrition until it returns, and
position the patient appropriately to
avoid aspiration. 

Subcutaneous heparin is recom-
mended to guard against deep venous
thrombosis and pulmonary embolism.
Dialysis may be needed if renal failure
develops, but dialysis is ineffective for
removing neuroleptics as they are
strongly protein bound. Prolonged
muscular rigidity is not uncommon in
neuroleptic malignant syndrome, and
regular physical therapy is indicated.
Decubitus ulcers and brachial and
other neuropathies must also be
guarded against in treating patients
with neuroleptic malignant syndrome.

Attention to nutritional support is
important because most patients can-
not eat due to altered mental status or
rigidity with esophageal spasm, and
many may have already been mal-
nourished before developing the con-
dition. Neuroleptic malignant syn-
drome is a very stressful syndrome,
particularly because of increased body
temperature and the energy expendi-
ture of prolonged rigidity, and good
nutrition may help minimize rhab-
domyolysis and other tissue damage.
Neuroleptic malignant syndrome may
also trigger ketoacidosis in diabetics.
Thus the complete management of a
patient with the syndrome will include
a review of all comorbid medical dis-
orders and appropriate therapy.

Drug therapy. It is important to as-
sess the risks and benefits of drug
treatment before initiating pharma-
cotherapy for neuroleptic malignant
syndrome. We recommend starting
supportive care first and observing the
course and severity of the syndrome. If
the patient’s condition does not show a
trend toward improvement or wors-
ens, additional pharmacologic inter-
ventions should be considered. In cas-
es of worsening symptoms— increas-
ing rigidity, increasing CPK levels, and
persistent high temperature— medica-
tions should not be withheld. A stable
condition, minimal fluctuations, or ac-
tual improvement would argue for a
“wait-and-see” approach.

Usually, the decision to use or not
use specific therapies can be made in
one to three days of observation and
support. The patient may benefit from
supportive treatment alone without
the risk of further morbidity. In other
words, the temptation to rush into
drug treatment should be avoided. 

A number of somatic treatments
have been tried for neuroleptic malig-
nant syndrome, with mixed results.
The dopamine agonists bromocrip-
tine, amantadine, apomorphine, lisur-
ide, and carbidopa-levodopa have a
theoretical and clinical rationale in the
treatment of the syndrome, and many
case reports support their use.
Bromocriptine may be the preferred
choice among these dopamine ago-
nists (2). We recommend starting with
2.5 mg orally two to three times a day.
If needed, the total dose should be in-
creased by 2.5 to 7.5 mg daily, up to a
total of 45 mg a day. The patient
should be monitored for adverse ef-
fects such as nausea, vomiting, psy-
chosis, and alterations in mental status.

Dantrolene, a muscle relaxant, has
been used to treat neuroleptic malig-
nant syndrome based on its efficacy in
malignant hyperthermia. Dantrolene
is specifically recommended for severe
hyperthermia, which it may relieve by
relaxing skeletal muscle. Dantrolene
can cause a drug-induced hepatitis,
and liver function tests should be
checked during its use. The simultane-
ous use of bromocriptine and dantro-
lene for an individual with neuroleptic
malignant syndrome may be warrant-
ed. Dantrolene can be given by intra-
venous bolus, 1 to 10 mg per kilogram
of body weight, or by divided oral dos-
es of 50 to 600 mg a day (2).

Because of the absence of con-
trolled studies of drug therapy for
neuroleptic malignant syndrome, the
reported effectiveness of specific
drug treatment for the average case
may be illusory. Rosenberg and
Green (47) found the “addition of
dantrolene or bromocriptine signifi-
cantly shortened the time to clinical
response,” while a prospective series
of 24 cases did not find bromocriptine
or dantrolene markedly important in
bringing about improvement (48). A
case control analysis of 734 cases by
Sakkas and colleagues (49) concluded
that dantrolene, bromocriptine, and

amantidine seemed to be the most ef-
fective in treating neuroleptic malig-
nant syndrome. 

Other somatic treatments tried
with mixed results include benzodi-
azepines, barbiturates, verapamil,
and curare. Electroconvulsive thera-
py (ECT) has received much atten-
tion as a treatment for neuroleptic
malignant syndrome, with good re-
sults both for the syndrome and for
the underlying psychiatric condition
(50–52). For example, Scheftner and
Shulman (51) noted that 26 of 31 pa-
tients with neuroleptic malignant syn-
drome given ECT had a good re-
sponse. Davis and colleagues (52)
found that specific drug or somatic
therapy may reduce mortality. 

The possibility that iron deficiency
aggravates several movement disor-
ders including neuroleptic malignant
syndrome has led some to recom-
mend iron supplementation as part of
standard treatment. This treatment
should be reserved for patients with
demonstrated deficiency, since indis-
criminate iron supplementation has
its own risks (53).

Retreatment of the primary illness
Psychosis itself is a severe illness with
a significant risk of mortality, and
restarting treatment with neurolep-
tics for a patient who has experienced
neuroleptic malignant syndrome may
be necessary because of continued
psychiatric illness (54). However, be-
fore antipsychotic therapy is re-
sumed, nonneuroleptic therapies,
such as lithium, carbamazepine, ben-
zodiazepines (lorazepam and clon-
azepam), and ECT, should first be
considered.

Should restarting a neuroleptic be
deemed necessary, the physician
should switch to a neuroleptic in a dif-
ferent chemical class and with a lower
D2 affinity than the one that produced
the neuroleptic malignant syndrome.
The availability of the serotonin-
dopamine antagonist antipsychotics
(atypical antipsychotics), which pos-
sess only moderate affinity for the ni-
grostriatal D2, has clearly increased
the options available to the clinician. 

However, we again note that these
atypical agents are capable of induc-
ing neuroleptic malignant syndrome
(10–14; McDaniel K, Evani R, Lev-
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enson J, unpublished data, 1998).
Based on case report literature and
the pharmacological profile of cloza-
pine, we recommend clozapine as a
preferred antipsychotic in the rechal-
lenge of patients for whom a neu-
roleptic is essential. Of course, cloza-
pine exposes the patient to risks such
as seizure and agranulocytosis. 

Monitoring vital signs and CPK lev-
el is advisable to identify relapse ear-
ly and to stop the neuroleptic as soon
as possible. In any case, retreatment
with neuroleptics should be reserved
for those patients with a clear-cut psy-
chosis. A discussion with the patient
and his or her family of the risks and
benefits of retreatment is advisable,
and obtaining informed consent may
be prudent.

A review of 41 cases of neuroleptic
therapy following resolution of neu-
roleptic malignant syndrome report-
ed the risk of relapse was less if at
least five days passed from recovery
to rechallenge (55). No relationship
was found between relapse and pa-
tients’ age or sex or the drug used.
Susman and Addonizio (56) suggest-
ed that the use of high-potency neu-
roleptics is possibly a risk factor for
recurrence and also stressed the need
for complete recovery from neurolep-
tic malignant syndrome before rein-
troduction of a neuroleptic. Rosebush
and coworkers (57) recommended a
minimum of two weeks after recovery
from neuroleptic malignant syn-
drome before reintroduction of neu-
roleptics, and they found potency and
dosage less important than the time
factor. Lazarus and associates (2) con-
cluded in their review that “recur-
rences appear to correlate more
closely with the dopamine antagonist
potency of the drug involved.”

Although fatal recurrences have
been reported (34), neuroleptics can
be reintroduced safely with monitor-
ing. After discharge from a hospital,
patients’ long-term outcome after
neuroleptic malignant syndrome can
be good, even with continued neu-
roleptic therapy for the primary psy-
chiatric illness (58).

Prevention
Decreasing the putative risk factors
for neuroleptic malignant syndrome
includes early detection and treat-

ment of neuroleptic-induced side ef-
fects. Because the side effects of neu-
roleptics vary among patients, strate-
gies to avoid rigidity are stressed.
Avoidance of dehydration, the use of
physical restraints for long periods,
and numerous intramuscular injec-
tions are other suggested measures to
decrease risk. Temperature should be
closely monitored in agitated or re-
strained patients.

The very significant role that such
cofactors may play in precipitating
neuroleptic malignant syndrome was
emphasized by a longitudinal follow-
up study of patients with the syn-
drome conducted by Pope and col-
leagues (59). Fostering nutrition
along with hydration is also recom-
mended. We recommend that pa-
tients with a history of neuroleptic
malignant syndrome not be given de-
pot neuroleptics. 

Early recognition of the syndrome
can limit morbidity, but the clinician
must have an index of suspicion for
early recognition. Gelenberg and as-
sociates (60) stressed the importance
of screening for a history of neurolep-
tic malignant syndrome among pa-
tients being readmitted to a hospital
for psychiatric treatment. It has also
been suggested that vulnerability to
the syndrome may be familial (27),
and a family history of neuroleptic
malignant syndrome should be heed-
ed. Empirical evidence exists that in-
stituting a preventive program will re-
duce the incidence of neuroleptic
malignant syndrome (61). Some psy-
chiatrists and anesthesiologists re-
main fearful about anesthetizing pa-
tients who have a history of the syn-
drome; however, it has now been well
documented that patients with such
as history are at no extra risk from
anesthesia (50,58). 

Evidence is accumulating that
rapidly switching patients from cloza-
pine to risperidone may pose a risk of
severe withdrawal effects, including
those stemming from serotonergic
and cholinergic rebound. We have
empirically based concerns, based on
two recent cases, that a window of
risk exists for neuroleptic malignant
syndrome during rapid switch from
atypical neuroleptic to typical neu-
roleptic. We recommend a very grad-
ual switch. 

The biology of neuroleptic 
malignant syndrome
The pathophysiology of neuroleptic
malignant syndrome is not fully un-
derstood. Massive and sudden reduc-
tion in dopaminergic activity sec-
ondary to neuroleptic-induced dopa-
mine blockade is considered the chief
mechanism mediating the symptoms
of the syndrome. Imbalance between
dopaminergic activity and those of
other transmitters such as gamma
amino butyric acid (GABA) and
acetylcholine have also been pro-
posed. Some evidence implicates a
hypernoradrenergic state. The dopa-
mine blockade theory remains the
most viable and accepted theory, with
the involvement of both striatal and
hypothalamic dopamine receptor
blockade (40). In addition to epi-
demiological data from case reports,
several other lines of evidence, in-
cluding studies of monoamines in
cerebrospinal fluid, support the in-
volvement of dopaminergic blockade
in neuroleptic malignant syndrome,
and there is not much controversy
about this involvement. 

However, current neurochemical
theories do not explain why neurolep-
tic malignant syndrome occurs in a
very small number of patients in the
large population who receive neu-
roleptics. Other factors critical to ini-
tiating the syndrome or facilitating
the progression of isolated symptoms
have to be invoked to explain its idio-
syncratic occurrence. The muscle
rigidity seen in neuroleptic malignant
syndrome does not respond well to
the usual anticholinergic drugs, un-
like that seen in drug-induced parkin-
sonism. It is possible either that the
hyperthermia perpetuates rigidity
and renders these drugs ineffective or
that the rigidity seen in neuroleptic
malignant syndrome is qualitatively
different— which is another reason to
look for the role of other factors. Such
cofactors might include genetic pre-
disposition, environmental injury, and
iatrogenic pharmacological insult.
Few studies have been designed to
address or define the specificity of
such factors.

In a case-control study, Keck and
associates (25) confirmed that psy-
chomotor agitation, dosage of neu-
roleptic, number of intramuscular in-
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jections, and rate of increase of the
neuroleptic dosage were all signifi-
cant factors associated with neurolep-
tic malignant syndrome. The exact
manner in which these factors oper-
ate remains to be established. It is
also evident from the case report lit-
erature that none of them is always
necessary for the syndrome to be in-
duced. 

Another question in understanding
the pathophysiology of neuroleptic
malignant syndrome is the sequence
in which the various components of
the syndrome develop. For example,
if muscular rigidity is the first sign, ex-
trapyramidally mediated central ner-
vous system dopaminergic dysfunc-
tion can account for it. Subsequent
hyperthermia could be secondary to
muscle-related peripheral mecha-
nisms of heat generation. On the oth-
er hand, if the rise in temperature
were the first manifestation, endoge-
nous central thermodysregulation or
exogenous factors such as dehydration
and excessive motor activity, which is
often seen among patients before they
develop neuroleptic malignant syn-
drome, might cause the hyperther-
mia. Hyperthermia is believed to en-
hance neuroleptic binding to the
dopamine receptors (62), which may
cause the excessive rigidity.

Addonizio and colleagues (6) con-
cluded from their retrospective re-
view of cases of neuroleptic malig-
nant syndrome that for most patients
extrapyramidal symptoms occur be-
fore a rise in temperature, suggesting
that muscle contraction is a factor in
hyperthermia. Mental changes and
extrapyramidal symptoms were also
found to be the initial manifestations
in another review of 153 cases of neu-
roleptic malignant syndrome (63).
Further prospective study is needed

and should include examination of
the course and outcome of patients
who develop incomplete forms of the
syndrome. A better understanding of
the pathophysiological sequence of
the syndrome could enlighten phar-
macotherapy. 

In view of the clinical similarities
between malignant hyperthermia
and neuroleptic malignant syndrome,
the question of whether a primary
skeletal muscle pathology is present
in neuroleptic malignant syndrome
has been investigated. Conflicting re-
sults have been found. Some investi-
gators have found abnormal contrac-
tile response of muscle tissue to halo-
thane and fluphenazine from sub-
jects with neuroleptic malignant syn-
drome (64,65) while others have not
(66–68). 

It is unlikely that neuroleptic ma-
lignant syndrome is a variant of ma-
lignant hyperthermia, given the safe-
ty with which patients with neurolep-
tic malignant syndrome have received
anesthesia and the safety with which
patients with malignant hyperthermia
have received neuroleptics. Phenothi-
azines are well known to produce
complex effects on muscle, including
displacement of membrane-bound
calcium ions, antagonism of calmod-
ulin, uncoupling of mitochondrial ox-
idation, and perturbation of glucose
and cholesterol metabolism (3).
These mechanisms may explain the
rhabdomyolysis noted in severe neu-
roleptic malignant syndrome. 

It should be clear from this discus-
sion that ample opportunity and need
exist for future research. Significant
advances have been made in pharma-
cogenetics, and it may be appropriate
to examine whether there are allelic
variations of polymorphisms in the
dopamine receptor family to explain
the idiosyncratic occurrence of neu-
roleptic malignant syndrome. A pro-
spective and large multicenter study
with at least four treatment arms—
supportive care, supportive care plus
bromocriptine, supportive care plus
dantrolene, and supportive care plus
a combination of bromocriptine and
dantrolene— could help establish a
standard for treatment. 

Another area of treatment research
is whether to re-treat patients who
have recovered from neuroleptic ma-

lignant syndrome with an antipsy-
chotic rather than adjunct medica-
tions and how long one should wait
before initiating the new therapy. Re-
lated to the role of atypical antipsy-
chotics is the question of whether dif-
ferent mechanisms of action pose an
advantage for the acute patient recov-
ering from neuroleptic malignant
syndrome or open a window of fur-
ther vulnerability.

Legal issues
Although the legal issues surrounding
neuroleptic malignant syndrome are
not unique, they are worthy of careful
consideration. Malpractice litigation
about neuroleptic malignant syn-
drome is quite common, although lit-
tle attention has been paid to it in the
literature (69–71). The dramatic symp-
tom picture, the associated morbidity
and mortality, and the name of the
syndrome itself all seem to draw the
interest of plaintiffs’ attorneys. As one
would expect, lawsuits involving neu-
roleptic malignant syndrome range
from those that appear justified to the
spurious and frivolous. 

For example, a justified lawsuit
would involve continued administra-
tion of neuroleptics, especially by in-
tramuscular injection, despite the de-
velopment of full-blown symptoms of
neuroleptic malignant syndrome,
even after a consultant’s suggestion
that the diagnosis should be consid-
ered. At the other end of the spec-
trum, some attorneys and their expert
witnesses see neuroleptic malignant
syndrome lurking behind any cata-
strophic outcome for a psychotic pa-
tient receiving neuroleptics, particu-
larly if fever or rigidity have occurred. 

Physicians have been sued for not
using dantrolene or bromocriptine to
treat neuroleptic malignant syn-
drome, or for not using them “quick-
ly enough” or in “sufficiently high
doses” in the opinion of the plaintiff’s
expert witness. Other litigation has
questioned the use of neuroleptics for
patients with a history of neuroleptic
malignant syndrome or similar symp-
toms. 

For clinical as well as risk manage-
ment reasons, we would advise the
following steps (shown in Table 3)
whenever neuroleptic malignant syn-
drome is considered a possibility.

Table 3

Risk management in neuroleptic ma-
lignant syndrome

Discontinue the neuroleptic promptly
Seek appropriate consultation 
Transfer the patient promptly to the best 

care setting
Document a differential diagnosis plan
Document a treatment plan
Inform the family
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Seek early consultation from psychi-
atric, medical, and neurological col-
leagues. Document a broad differen-
tial diagnosis and rationally narrow it
down. Whenever neuroleptic malig-
nant syndrome is seriously under con-
sideration, it is best to consider with-
holding neuroleptics, keeping in
mind that the risks of continuing neu-
roleptics must be weighed against the
risks of withholding them (the pa-
tient’s danger to self and others).
Temporarily withholding neurolep-
tics is facilitated when other medica-
tion (for example, lorazepam) is ef-
fective as a short-term substitute.
Given the circumstances under which
neuroleptic malignant syndrome de-
velops, the clinician may feel too busy
to “worry about the paperwork,” but
documentation of one’s thinking will
reduce liability risk and need not be
tediously detailed. 

Although patients with mild symp-
toms suggestive of possible neurolep-
tic malignant syndrome may be ap-
propriately managed in psychiatric
settings, more seriously ill patients
should be transferred out of free-
standing psychiatric hospitals to gen-
eral hospitals where expertise in psy-
chiatry, neurology, and critical care is
available (71). Informing families
during or after an episode of neu-
roleptic malignant syndrome, as well
as patients who have sufficiently re-
covered, is also an important step in
eliminating the misunderstandings
that are the breeding ground for fu-
ture lawsuits. 

Are physicians prescribing neu-
roleptics obligated to inform patients
about the risk of neuroleptic malig-
nant syndrome? Acutely psychotic
patients are often incapable of suffi-
cient understanding. Because neu-
roleptic malignant syndrome is rare
and its onset unpredictable, the value
of warning patients about neuroleptic
malignant syndrome is questionable.
It would be more sensible to inform
patients about the importance of re-
porting high fever, rigidity, or abnor-
mal movements. 

Physicians who serve as expert wit-
nesses in cases in which mismanage-
ment is alleged should retain objec-
tivity and humility, eschewing “20/20
hindsight.” No test can definitely rule
in or rule out neuroleptic malignant

syndrome. In our opinion, no proven
specific treatment exists for the syn-
drome despite statements in the liter-
ature to the contrary. Experts are not
unanimous about the value of dantro-
lene, bromocriptine, and other spe-
cific treatments. There is no way to
validly predict which patients will de-
velop a first or recurrent episode of
neuroleptic malignant syndrome. On
the other hand, known risk factors
should have been heeded and neu-
roleptic malignant syndrome should
have been recognized if the symp-
toms were sufficiently severe.

Conclusions 
The standard of care for the recogni-
tion of neuroleptic malignant syn-
drome has shifted considerably over
the past 15 years, with literally hun-
dreds of case reports and reviews in
the medical literature. Neuroleptic
malignant syndrome belongs in the
differential diagnosis of any patient
receiving a neuroleptic who develops
a high fever or severe rigidity. Finally,
while specific treatment remains con-
troversial, supportive treatment— for
example, rapid cooling for extremely
high fever, hydration, and anticoagu-
lation— is critical and is widely sup-
ported by consensus. ♦
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