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ABSTRACT: Antipsychotics and antiemetics are commonly prescribed medications across medical
specialties. Antipsychotics are used to manage conditions such as psychosis, schizophrenia, bipolar
disorder, depression, acute delirium, acute agitation, generalized anxiety disorder and Tourette
syndrome. Antiemetics are used to manage nausea and vomiting, mainly in the setting of pregnancy
and chemotherapy, motion sickness, gastroparesis and migraines. One of the fatal adverse effects of
these medications is neuroleptic malignant syndrome (NMS), which carries high morbidity and
mortality. This article identifies the common agents implicated in NMS, the pathophysiology of the
syndrome, the clinical signs and symptoms, the risk factors, the laboratory and imaging findings, and
treatment strategies.
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Neuroleptic malignant syndrome (NMS) is a lethal medical emergency associated with the use of
neuroleptic agents and antiemetics that is characterized by a typical clinical syndrome of
hyperthermia, rigidity, mental status alteration, and dysautonomia. Delay and colleagues first



described the syndrome in 1960 in patients treated with high-potency antipsychotics; at that time it
was called akinetic hypertonic syndrome.

Incidence rates for NMS range from 0.07% to 2.2% among patients taking neuroleptic medications.
Mortality has decreased from the earliest reports of 76% in the 1960s and has been more recently
estimated from 10% to 20%.  NMS is more common in men than in women, possibly because of
greater use of neuroleptics among men rather than a greater susceptibility.

PATHOPHYSIOLOGY AND RISK FACTORS

NMS can occur as a result of changes in dopamine signaling. Two theories have been suggested.
The first proposed mechanism by which antipsychotics and antiemetics cause NMS is that of
dopamine D2 receptor antagonism. It is hypothesized that central D2 receptor blockade in the
nigrostriatal pathways, hypothalamus, and spinal cord leads to increased tremor and muscle rigidity
through the extrapyramidal pathways. Hypothalamic D2 receptor blockade results in a raised
temperature set point and impairment of heat-dissipating mechanisms.  Additionally, D2 receptor
blockade might cause NMS by removing tonic inhibition from the sympathetic nervous system, which
results in sympathoadrenal hyperactivity and dysregulation, leading to autonomic dysfunction
manifesting as labile blood pressure, tachycardia, and tachypnea.

The second proposed mechanism is reduced dopamine signaling resulting from sudden withdrawal of
dopaminergic agents, or when the drug dosage is abruptly reduced in people taking dopaminergic
drugs such as levodopa for Parkinson disease.  At peripheral level, antipsychotic medications lead to
increased calcium release from the sarcoplasmic reticulum, resulting in increased contractility, which
can worsen the rigidity and hyperthermia and increase the chance of rhabdomyolysis.

Genetics also plays a role in NMS, as demonstrated by cases of NMS occurring in identical twins as
well as in a mother and 2 of her daughters.  Genetic studies have confirmed the presence of a
specific allele of the dopamine D2 receptor gene that is overrepresented in persons with NMS.

Symptoms usually develop during the first 10 to 14 days of neuroleptic therapy initiation. However, the
association of the syndrome with drug use is idiosyncratic. It is not a dose-dependent phenomenon,
but prescribing high doses is a risk factor.  Causative medications include antipsychotics and
antiemetics, mainly high-potency first-generation antipsychotic agents such as fluphenazine and
haloperidol. But it also can occur with use of low-potency antipsychotics such as chlorpromazine and
second-generation antipsychotic drugs such as clozapine and olanzapine, as well as antiemetic drugs
such as prochlorperazine, metoclopramide, and promethazine (Table).
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NMS can develop in the setting of withdrawal of L-dopa or dopamine agonist therapy, as well as with
dose reductions and a switch from one agent to another in patients treated for Parkinsonism.
Numerous risk factors have been implicated, including high-potency antipsychotics, rapid dose
increase of antipsychotics, and using long-acting injectable neuroleptics such as fluphenazine
enanthate and haloperidol decanoate.  Other risk factors include dehydration, malnutrition, organic
brain disease and lithium usage
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brain disease, and lithium usage.

CLINICAL MANIFESTATIONS

NMS symptoms typically evolve over 1 to 3 days and include hyperthermia, rigidity, mental status
changes, and autonomic dysregulation. Altered mental status occurs in the form of delirium with
confusion and possible profound encephalopathy and coma.  Muscular rigidity is mostly generalized
and is associated with increased tone and described as “lead-pipe rigidity.” Rigidity can be
accompanied with dystonia and dyskinesias.  Hyperthermia with temperatures above 38°C are
typical, but temperatures even greater than 40°C are not uncommon (up to 40% of cases).
Autonomic dysregulation presents as tachycardia (88% of cases), labile or high blood pressure (up to
77% of cases), dysrhythmias, and tachypnea.

NMS occurs within 10 days after the start of therapy in up to 90% of cases. The progression of
symptoms is variable. However, in an analysis of 340 cases, 70% of patients followed a typical course
of mental status changes appearing first, followed by rigidity, then hyperthermia and autonomic
dysfunction.  Physical examination will show signs and symptoms of autonomic instability, including
diaphoresis, hyperthermia, tachycardia, tachypnea, hypoxemia, and labile blood pressure; signs and
symptoms of decreased dopaminergic activity, including muscular rigidity, dystonia, and dyskinesia;
and signs and symptoms of psychomotor agitation and altered mental status, including agitation,
drowsiness, confusion, and coma.

Laboratory test abnormalities are nonspecific to the syndrome. A complete blood cell count will show
leukocytosis and possibly thrombocytosis. Electrolyte abnormalities include hypocalcemia,
hypomagnesemia, hyperkalemia, hyponatremia, hypernatremia, and metabolic acidosis. Elevated
serum creatine kinase (CK) as high as 100,000 U/L may occur.  CK elevation correlates with
disease severity and prognosis.  Myoglobinuric acute renal failure can result from rhabdomyolysis.
Elevations of liver transaminases and lactic acid can be seen. A low serum iron concentration could
be seen in patients with NMS and is a sensitive but not specific marker for NMS among acutely ill
psychiatric patients.  Other laboratory abnormalities include hyperuricemia and proteinuria.

EVALUATION AND DIAGNOSIS

A detailed history and physical examination are pivotal in the diagnosis of NMS in a patient who is
taking a possible causative medication and who develops a typical clinical syndrome. Although no
diagnostic test is available for NMS, testing has a fundamental role in the evaluation of patients with
potential NMS. Typical laboratory abnormalities help to confirm the clinical diagnosis, some tests rule
out other conditions, and still others are used to monitor patients for complications of NMS.

In patients with possible NMS, brain imaging studies and lumbar puncture are required to exclude
structural brain disease and infection. Magnetic resonance imaging (MRI) and computed tomography
(CT) findings typically are normal Cerebrospinal fluid analysis results are usually normal but a
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(CT) findings typically are normal. Cerebrospinal fluid analysis results are usually normal, but a

nonspecific elevation in protein can be reported. Electroencephalography can be done to rule out
nonconvulsive status epilepticus. In patients with NMS, generalized slow-wave activity is seen.

Due to the lack of generally accepted diagnostic criteria for NMS, an international multispecialty
consensus group published diagnostic criteria for NMS in 2011.  These criteria are based on positive
clinical and laboratory findings as well as the exclusion of alternative causes, and each item is given a
priority score for its relative importance in contributing to the diagnosis. These criteria are as follows:
recent dopamine antagonist exposure or dopamine agonist withdrawal, hyperthermia, rigidity, mental
status alteration, CK elevation, sympathetic nervous system lability, tachycardia plus tachypnea, and
a negative workup for other causes.

DIFFERENTIAL DIAGNOSIS

Other conditions can have signs and symptoms similar to NMS, including serotonin syndrome,
malignant hyperthermia, lethal catatonia, cholinergic crisis, central nervous system infection, heat
stroke, delirium tremens, and septic shock. A detailed medical history and a comprehensive physical
examination, in addition to appropriate laboratory testing and imaging, can help narrow the differential
diagnosis.

Serotonin syndrome is characterized by the triad of autonomic dysfunction, altered mental status, and
movement disorder (tremor and abnormal involuntary movement) following exposure to a
serotonergic agent. Laboratory findings characteristic of NMS (eg, elevated CK level, liver function
test results, and white blood cell count) do not occur in serotonin syndrome. Serotonin syndrome can
be distinguished from NMS in most cases by a detailed history of medication use and the presence of
tremor and abnormal movements but the absence of severe rigidity. Treatment includes removal of
the offending drug and supportive management.

Lethal catatonia occurs in people with schizophrenia or during manic episodes. Neuroleptics might
either improve or worsen the symptoms of lethal catatonia. Lethal catatonia tends to have a prodrome
of excitement and agitation prior to the onset of rigidity, while NMS tends to begin with rigidity.

Malignant hyperthermia is a genetic disorder due to an autosomal dominant mutation in the ryanodine
receptor, which leads to excessive calcium release from the sarcoplasmic reticulum in skeletal
muscles upon exposure to halogenated inhalational anesthetic agents and succinylcholine. It is
usually distinguished from NMS by its clinical setting. Treatment is mainly supportive care and use of
dantrolene to decrease calcium release, and subsequent avoidance of triggering medications.
TREATMENT

Treatment consists of general measures that are mainly supportive and are directed at controlling
rigidity and hyperthermia and preventing complications (eg, respiratory failure, renal failure, cardiac
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arrhythmias). The most important intervention is to discontinue all antipsychotics and to remove other
potential contributing psychotropic agents (eg, serotonergic agents, lithium) if possible. Important
interventions include maintaining cardiorespiratory stability, alkalinizing urine to help prevent acute
renal failure due to rhabdomyolysis, and controlling fever using cooling blankets, gastric lavage, and
ice packs, in addition to using benzodiazepines to control agitation.

Specific treatments include the use of dantrolene, bromocriptine, amantadine, and benzodiazepines.
Dantrolene is a direct-acting skeletal-muscle relaxant and is effective in treating malignant
hyperthermia (MH) by reducing heat production and rigidity. Dantrolene is hepatotoxic and should
probably be avoided if liver function test results are very abnormal. While some recommend
discontinuing dantrolene after a few days, others suggest continuing the drug for 10 days followed by
a slow taper to minimize relapse. Based on an analysis of 271 case reports, the use of dantrolene in
combination with other therapies (eg, bromocriptine) may be preferred over dantrolene alone due to
lower mortality and longer complete time of remission.  Bromocriptine is a dopamine agonist that
helps restore lost dopaminergic tone. It is usually recommended to be continued for 10 days after
NMS has been controlled and then tapered slowly. Common adverse effects include hypotension,
headache, and dizziness. Amantadine has a dopaminergic effect and is used as an alternative to
bromocriptine. Common adverse effects include orthostatic hypotension, syncope, peripheral edema,
and hallucination. Benzodiazepine antispasmodic agents—mainly diazepam and lorazepam—are
used to control agitation and rigidity.

A retrospective analysis of published cases of NMS indicated that the use of bromocriptine and/or
dantrolene appeared to accelerate clinical response.  In an animal model of NMS, dantrolene
reduced body temperature, CK levels, and an electromyography activation measure of rigidity
compared with controls.  Recommendations for specific medical treatments in NMS are based on
case reports and clinical experience. While evidence supporting the use of these agents is limited,
they are frequently used because of anecdotal evidence of efficacy and the high morbidity and
mortality of the disorder. A reasonable approach is to start with benzodiazepines (lorazepam or
diazepam) along with dantrolene in moderate or severe cases, followed by the addition of
bromocriptine or amantadine.

ELECTROCONVULSIVE THERAPY

Electroconvulsive therapy (ECT) can help with the alteration of level of consciousness and
temperature in patients with NMS. It may also be useful in treating the underlying psychiatric disease
in patients who are unable to take neuroleptics.  The rationale for the use of ECT in NMS includes its
efficacy in treating malignant catatonia and improving parkinsonism. ECT with anesthesia is generally
safe. However, serious complications such as cardiac arrest and ventricular fibrillation have been
reported.  ECT should be considered in patients who do not respond to medical therapy in the first
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week, those in whom residual catatonia persists after other symptoms have resolved, and those in
whom lethal catatonia is suspected as an alternative or concomitant disorder.  In a case series of
15 patients who had neurocognitive or schizophrenia spectrum disorders and who developed NMS
after exposure to multiple antipsychotic drugs, all patients received bitemporal ECT after failed
pharmacotherapy for NMS. ECT was well tolerated and resulted in a remission rate of 73.3%.
Patients showed early initial response to ECT (mean of 4.2 treatments), but an average of 17.7
treatments was necessary to minimize recurrence of catatonic signs.

PROGNOSIS

Most episodes of NMS resolve within 2 weeks.  However, cases persisting for 6 months with
residual catatonia and motor signs have been reported.  The reported mortality rates for NMS vary
from 5% to 20%. The occurrence of medical complications and disease severity are the strongest
predictors of mortality.
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