Treatment in Psychiatry
Treatment in Psychiatry begins with a hypothetical case illustrating a problem in current clinical practice. The authors
review current data on prevalence, diagnosis, pathophysiology, and treatment. The article concludes with the authors'
treatment recommendations for cases like the one presented.
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“Ms. A,” a 25-year-old woman with paranoid schizophrenia, presented with an
acute psychotic episode after having
stopped taking her medication. She reported auditory hallucinations and was
noted to be disheveled and to have loud,
pressured speech, disorganization of
thought processes, and persecutory delusions. Over a 10-hour period in the emergency department, she received two intramuscular injections of haloperidol (5
mg each) and required intermittent physical restraint for safety. Her prior regimen
of 10 mg/day of oral haloperidol and 1
mg/day of benztropine was resumed.
The following morning, Ms. A was noted
to be diaphoretic and in moderate distress. Her heart rate was 140 bpm, blood
pressure 145/92 mmHg, respiratory rate
26 breaths per minute, and temperature
104.5°F (rectal). Physical examination
demonstrated generalized rigidity and
tremulousness in all extremities, and her
mental status was consistent with delirium. Laboratory studies were remarkable
for a white blood cell count of 15,000
cells/ml and a creatine kinase level of
45,050 IU. Levels of serum transaminases
were elevated, but levels of electrolytes,
blood urea nitrogen, and creatinine were
all within normal limits, and a urine toxicology screen was negative. Results of a
CSF examination were normal, and cultures of blood and urine were negative. A
chest X-ray was normal. Electroencephalography demonstrated diffuse, generalized slowing, and computed tomography
revealed no acute intracranial pathology.

Does this patient have neuroleptic malignant syndrome (NMS)? What are the risk
factors for NMS? What are the most sensitive diagnostic criteria? What is known
about the pathophysiology of this condition? What treatment strategies are
available and what treatments should be
initiated?

Scope and Nature of Neuroleptic
Malignant Syndrome
NMS, first described nearly five decades ago, is an idiosyncratic, life-threatening complication of treatment with
antipsychotic drugs that is characterized by fever, severe
muscle rigidity, and autonomic and mental status changes
(1, 2). Although estimates of the incidence of NMS once
ran as high as 3% of patients treated with antipsychotics,
more recent data suggest an incidence of 0.01%–0.02% (3).
This decrease in frequency likely reflects increased awareness of the disorder, more conservative prescribing patterns, and the shift to use of atypical antipsychotics. In
addition, progression to more fulminant, lethal NMS episodes may occur less often because of widespread recognition and earlier diagnosis of this drug-induced reaction.
Despite its declining frequency, however, NMS remains a
significant source of morbidity and mortality among patients receiving antipsychotics. For example, data from the
U.S. Agency for Healthcare Research and Quality indicate
that about 2,000 cases of NMS are diagnosed annually in
hospitals in the United States, incurring health care costs
of $70 million, with a mortality rate of 10%, which underscores the continuing public health impact of NMS (http:/
/hcup.ahrq.gov/HCUPnet.asp).

Diagnosis
Despite the availability of operational criteria (4, 5),
NMS is often difficult to distinguish from more common
extrapyramidal side effects of antipsychotics and from
other disorders presenting with similar symptoms (6–8).
DSM-IV-TR research criteria require that both severe muscle rigidity and elevated temperature be present after recent administration of an antipsychotic as well as two associated signs, symptoms, or laboratory findings that are
not better accounted for by a substance-induced, neurological, or general medical condition. Rating scales have
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been introduced for tracking the clinical course of NMS on
cases reported to the Neuroleptic Malignant Syndrome Inthe basis of factors such as severity of hyperthermia, rigidformation Service, infections, agitated delirium, and beity, mental status alteration, and elevation in serum creanign extrapyramidal symptoms are among the processes
tine kinase (9, 10).
most commonly confused with NMS (S.N. Caroff, unpubLaboratory investigations are essential to exclude other
lished data, 2007).
disorders or complications. Several laboratory abnormaliIn the differential diagnosis, special attention should be
ties are associated with NMS, although none are specific
given to the evaluation of CNS infections, especially viral
for the diagnosis (7, 8). For example, patients with NMS
encephalitis, which can be difficult to distinguish from
may have rhabdomyolysis, resulting in significant inNMS. Prodromal viral illnesses, headaches, meningeal
creases in serum creatine kinase, aldolase, transaminases,
signs, seizures, localizing neurological signs, CSF studies,
and lactic acid dehydrogenase conand neuroimaging may suggest an infeccentrations, with the risk of subsetious etiology. Caroff and Mann (7) noted
quent myoglobinuric renal failure. Pa- “Differential diagnosis
that the risk of severe drug-induced ext i en t s m a y a l s o ha v e m et a b o l i c
trapyramidal reactions, including NMS,
acidosis, hypoxia, decreased serum is of prime importance
may be heightened in patients infected
iron concentrations, elevated serum
by HIV and other viruses that affect midbecause NMS is a
catecholamines, and leukocytosis,
brain structures. Anatomic lesions affectwith or without left shift. Results of diagnosis of exclusion.” ing midbrain and brainstem structures,
CSF analysis are normal in more than
as well as rare cases of nonconvulsive sta95% of cases (11). Findings of neutus epilepticus, can simulate NMS and
roimaging studies are generally within normal limits, and
are considered in the differential diagnosis.
electroencephalography may demonstrate generalized
Advanced stages of psychotic disorders associated with
slowing consistent with metabolic encephalopathy (11).
excited or stuporous catatonia (delirious mania and maThe temporal progression of signs and symptoms may
lignant catatonia) can present with hyperthermia and approvide important clues to diagnosis and severity of illpear indistinguishable from NMS (14). Indeed, NMS has
ness. Retrospective analyses suggest that alteration in
been conceptualized as a drug-induced iatrogenic form of
mental status and other neurological signs precede sysmalignant catatonia (14, 15). Although some features—
temic signs in more than 80% of cases of NMS (8, 12). Alsuch as parkinsonian symptoms; extreme hyperthermia
though the initial progression of symptoms is usually inand stupor developing only after drug administration; absidious over days, occasional cases of NMS may have a
sence of an underlying psychiatric disorder; and so on—
fulminant onset within hours after drug administration.
may be suggestive of drug-induced malignant catatonia
About 16% of cases of NMS develop within 24 hours after
(i.e., NMS) rather than idiopathic malignant catatonia due
initiation of antipsychotic treatment, 66% within the first
to progression of psychotic illness, the two conditions may
week, and virtually all cases within 30 days (11). It would
be indistinguishable in more than 20% of cases and may
be unusual for NMS to occur beyond 1 month after initiareflect the same underlying pathophysiology (14). In eition of treatment unless the dose was increased or an adther NMS or malignant catatonia due to psychosis, antiditional antipsychotic administered. Once NMS is diagpsychotics should be discontinued; most NMS episodes
nosed and oral antipsychotic drugs are discontinued,
are self-limited once medication is stopped, and in idioNMS is self-limited in most cases. The mean recovery time
pathic malignant catatonia, antipsychotics appear to be
after drug discontinuation is in the range of 7–10 days,
ineffective or even detrimental. ECT appears to be the
with 63% of patients recovering within 1 week and nearly
treatment of choice in malignant catatonia, and it is often
all within 30 days (11). However, the duration of NMS epieffective in NMS as well.
sodes may be prolonged when long-acting depot antipsyAmong systemic disorders, heatstroke can present with
chotics are implicated. In addition, there have been sevhyperthermia, confusion, tachycardia, and tachypnea,
eral reports of patients in whom residual catatonia and
and its differentiation from NMS may be difficult in a psyparkinsonism persisted for weeks after the acute metachiatric patient receiving antipsychotic medication. Howbolic symptoms of NMS resolved (8, 13). Clinicians should
ever, in heatstroke patients, in addition to a history of exbear in mind that although NMS is striking in its classic
ertion or exposure to high ambient temperatures, the skin
form, the condition is heterogeneous in onset, presentais dry and muscle flaccidity is commonly observed.
tion, progression, and outcome.
Several classes of drugs may cause symptoms resembling those of NMS. Dopamine antagonists other than antipsychotic drugs (e.g., metoclopramide, amoxapine, and
Differential Diagnosis
prochlorperazine) have reportedly caused NMS. WithDifferential diagnosis (Table 1) is of prime importance
drawal of dopaminergic agents (e.g., amantadine and Lbecause NMS is a diagnosis of exclusion. Central, sysdopa) or of the GABA-ergic drug baclofen can precipitate
temic, and toxic causes of hyperthermia and rigidity must
an NMS-like reaction. Serotonergic drugs, including selecbe excluded, as well as other causes of rhabdomyolysis
tive serotonin reuptake inhibitors, tricyclic antidepresand altered mental status. According to a compilation of
sants, monoamine oxidase inhibitors (including line-
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TABLE 1. Differential Diagnosis of Neuroleptic Malignant
Syndrome
Infectious
Meningitis or encephalitis
Postinfectious encephalomyelitis syndrome
Brain abscess
Sepsis
Psychiatric or neurological
Idiopathic malignant catatonia
Agitated delirium
Benign extrapyramidal side effects
Nonconvulsive status epilepticus
Structural lesions, particularly involving the midbrain
Toxic or pharmacological
Anticholinergic delirium
Salicylate poisoning
Malignant hyperthermia (inhalational anesthetics,
succinylcholine)
Serotonin syndrome (monoamine oxidase inhibitors, triptans,
linezolid)
Substances of abuse (amphetamines, hallucinogens)
Withdrawal from dopamine agonists, baclofen, sedativehypnotics, and alcohol
Endocrine
Thyrotoxicosis
Pheochromocytoma
Environmental
Heatstroke

zolid), and triptans used to treat migraine headaches, can
cause serotonin syndrome, which most often presents as
an agitated delirium but resembles NMS in severe cases. It
is important to differentiate between serotonin syndrome
and NMS not only because the treatment approaches for
the two conditions may differ but also because the diagnosis will affect how one approaches resumption of antipsychotic medication in patients with persistent or recurrent psychosis.
Patients undergoing general anesthesia may develop
the NMS-like signs of malignant hyperthermia. In contrast
to NMS, these patients usually develop symptoms intraoperatively, have a primary pharmacogenetic skeletal
muscle disorder (which consequently is not relieved by
neuromuscular blocking agents), and may have a family
history of malignant hyperthermia during surgery (8, 16).
Certain substances of abuse are associated with NMSlike presentations, among them cocaine and amphetamine (especially Ecstasy [3,4-methylenedioxymethamphetamine, or MDMA]). Hallucinogen intoxication (e.g.,
from phencyclidine) and withdrawal from alcohol and sedative-hypnotics also may cause fever, autonomic changes,
and other symptoms that can be confused with NMS.

Risk Factors
Several studies of risk factors for NMS (17) suggest that
age, sex, and time of year are not significantly correlated
with risk of developing the condition. NMS is not specific
to any neuropsychiatric diagnosis, although patients with
catatonia may be at risk of progressing to NMS after receiving antipsychotics.
Several clinical, systemic, and metabolic factors have
been correlated with the incidence of NMS, including agitation, dehydration, restraint, preexisting abnormalities of
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CNS dopamine activity or receptor function, and iron deficiency (18, 19). Nearly all case series of NMS patients
have reported physical exhaustion and dehydration prior
to the onset of NMS (17). Elevated environmental temperature has been proposed as a contributing factor in some
series, although NMS can occur independent of ambient
conditions. A prior episode of NMS has been described in
15%–20% of cases (8, 11).
Pharmacological and treatment variables have been examined as risk factors for NMS. Nearly all dopamine antagonists have been associated with NMS, although highpotency conventional antipsychotics are associated with a
greater risk compared with low-potency agents and atypical antipsychotics (3, 7). Parenteral routes, higher titration
rates, and total dose of drug administration have been associated with an increased risk of NMS (17); however, a
significant number of NMS cases occur at therapeutic
doses of these agents. Although cases of NMS meeting
DSM-IV-TR research criteria have been reported with
clozapine, olanzapine, and risperidone, unequivocal cases
implicating monotherapy with quetiapine, ziprasidone, or
aripiprazole remain scarce (20).
Although evidence from small cohort studies suggests
that these clinical and pharmacological variables correlate
with the risk of NMS, they are not practical in predicting
risk in a given patient because they are relatively common
and NMS is relatively uncommon. In other words, the association of these risk factors with NMS in a few patients
may not outweigh the benefits of antipsychotics for the
vast majority of psychotic patients.

Pathophysiology
Although the precise pathophysiological mechanisms
of NMS are unproven, antipsychotic-induced dopamine
blockade likely plays a pivotal triggering role in the condition (Figure 1) (21). This hypothesis is supported by several lines of evidence: withdrawal of dopaminergic drugs
can precipitate an NMS-like syndrome; all drugs associated with NMS produce dopamine receptor blockade; the
risk of NMS appears to be correlated with the dopaminereceptor-binding affinity of drugs; dopaminergic drugs
have been used in treatment of NMS symptoms; and patients with central dopamine tract lesions have been
noted to develop syndromes that share many clinical
characteristics with NMS. The central role of dopaminergic hypofunction is further supported by the observation
that the CSF concentration of the dopamine metabolite
homovanillic acid is low in patients with acute NMS (22). A
number of preliminary studies have searched for polymorphisms within the dopamine 2 receptor gene in patients who have recovered from NMS, although results
have not been consistent (8).
Based on the autonomic dysfunction described over the
past two decades in NMS and the observation that catecholamine levels are elevated in many cases, sympathoadrenal dysfunction has been suggested as having a contributing
role in NMS (23, 24). Whatever the initiating mechanism,
the pathophysiology of NMS is likely complex, involving a
Am J Psychiatry 164:6, June 2007
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FIGURE 1. Simplified Pathophysiology of Neuroleptic Malignant Syndrome (NMS), Including Elements of Sympathoadrenal
Dysregulationa
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Adapted from Gurrera (24).

cascade of dysregulation in multiple neurochemical and
neuroendocrine systems culminating in an end-stage hypermetabolic syndrome.

Treatment and Management
Supportive Therapy
The offending agent must be withdrawn immediately,
after which supportive medical therapy is the mainstay of
management of NMS (25, 26). Table 2 presents a treatment
algorithm for NMS, including clinical presentation by illness stage or severity. Volume resuscitation should be aggressive, especially given that most patients with NMS are
dehydrated in the acute phase of the illness. Serial monitoring and correction of electrolyte abnormalities is critical. Recent reports suggest that alkalinized fluids or even
bicarbonate loading may be of particular benefit in preventing renal failure (27). In extreme hyperthermia, physical cooling measures are paramount, as the peak and duration of temperature elevation are predictive of morbidity
and mortality (8). Intensive medical care should include
careful monitoring for complications, including cardiorespiratory failure, renal failure, aspiration pneumonia,
and coagulopathies, and may involve support of cardiac,
respiratory, and renal function.

Pharmacological Treatments
NMS is a self-limited iatrogenic disorder, and in many
cases medical management and cessation of antipsychotic medication may suffice to reverse the symptoms.
There is no general consensus on specific pharmacological treatments for uncomplicated NMS, and there is only
limited evidence on whether specific remedies can faciliAm J Psychiatry 164:6, June 2007

tate recovery and improve outcome. It is difficult to compare specific treatments for NMS because the disorder is
rare, heterogeneous, and unpredictable in onset and progression, which precludes randomized controlled studies.
However, theoretical grounds and numerous clinical reports provide some support for several empirical, off-label
treatment approaches (26).
Benzodiazepines. Although a controlled evaluation of
NMS risk factors suggests that benzodiazepines do not
have a preventive effect (17), several clinical reports suggest that benzodiazepines, administered orally or
parenterally, may ameliorate symptoms and hasten recovery in NMS, particularly in milder cases. This observation
is not surprising given that NMS has been considered an
extreme form of catatonia (25, 28). However, there have
been reports of cases of acute NMS in which benzodiazepines had no clinical effect or produced only transient
clinical improvement. Nonetheless, given the relative risks
and benefits, a trial of lorazepam, starting with 1–2 mg
parenterally, is a reasonable first-line intervention in patients with acute NMS, particularly in those with milder
and primarily catatonic symptoms.
Dopaminergic Agents. Several dopaminergic drugs, including bromocriptine and amantadine, may reverse parkinsonism in NMS and have been reported in case reports
and meta-analyses (8, 29, 30) to reduce time to recovery
and halve mortality rates when used alone or in combination with other treatments. Amantadine is generally initiated at 200–400 mg/day in divided doses administered
orally or through a nasogastric tube. The starting dose of
bromocriptine is 2.5 mg orally two or three times a day, increased to a total daily dose of 45 mg if necessary. Broajp.psychiatryonline.org
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TABLE 2. Proposed Treatment Algorithm for Neuroleptic Malignant Syndrome (NMS) Spectrum-Related Symptoms
Woodbury Stagea
Stage I: drug-induced
parkinsonism
Stage II: drug-induced
catatonia
Stage III: mild, early
NMS

Supportive Care
Reduce or switch antipsychotics
Rigidity; mutism; stupor
Discontinue, reduce, or
switch antipsychotics
Mild rigidity; catatonia or
Discontinue antipsychotics,
confusion; temperature
carefully monitor for
≤38°C (100.4°F); heart
progression, correct risk
rate ≤100 bpm
factors
Stage IV: moderate NMS Moderate rigidity; catatonia Discontinue antipsychotics,
or confusion; temperamanage fluids, initiate
ture 38–40°C (100.4–
cooling measures, correct
104°F); heart rate 100–
risk factors, provide inten120 bpm
sive care
Stage V: severe NMS

a

Clinical Presentation
Rigidity; tremor

First-Line Interventions
Anticholinergic agents

Second-Line Interventions

Lorazepam (1–2 mg i.m. or
i.v. every 4–6 hr)
Lorazepam (1–2 mg i.m. or
i.v. every 4–6 hr)

Lorazepam (1–2 mg i.m. or Consider electroconvulsive
i.v. every 4–6 hr), brotherapy (6–10 bilateral
mocriptine (2.5–5 mg p.o.
treatments)
or by nasogastric [NG]
tube every 8 hr), or amantadine (100 mg p.o. or by
NG tube every 8 hr)
Severe rigidity; catatonia or Discontinue antipsychotics, Dantrolene (1–2.5 mg/kg
Consider electroconvulsive
coma; temperature ≥40°C
manage fluids, initiate
body weight i.v. every 6 hr
therapy (6–10 bilateral
(104°F); heart rate ≥120
cooling measures, correct
for 48 hr, tapered), brotreatments)
bpm
risk factors, provide intenmocriptine (2.5–5 mg p.o.
sive care
or by NG tube every 8 hr),
or amantadine (100 mg
p.o. or by NG tube every 8
hr)

Adapted from Woodbury and Woodbury (25).

mocriptine can worsen psychosis and hypotension. It also
may precipitate vomiting and thus should be used carefully in patients at risk of aspiration. Premature discontinuation of bromocriptine has resulted in rebound symptoms in some cases.
Dantrolene. Because of its efficacy in anesthetic-induced malignant hyperthermia, the muscle relaxant dantrolene has been used in the treatment of NMS. Dantrolene may be useful only in cases of NMS with extreme
temperature elevations, rigidity, and true hypermetabolism (8). Generally, rapid reversal of the hyperthermia and
rigidity is observed in patients treated with dantrolene,
but symptoms may return if treatment is discontinued
prematurely. Dantrolene can be combined with benzodiazepines or dopamine agonists, but it should not be coadministered with calcium channel blockers, as cardiovascular collapse can occur. Typical dosing of intravenous
dantrolene in the treatment of NMS is 1–2.5 mg/kg body
weight administered initially, followed by 1 mg/kg every 6
hours if rapid resolution of the fever and rigidity is observed, with tapering or switching to oral dantrolene after
the first few days. Side effects may include impairment of
respiratory or hepatic function. In some meta-analyses (8,
29, 30), improvement has been reported in approximately
80% of NMS patients treated with dantrolene monotherapy. In addition, time to recovery may be shortened, and
mortality is decreased by nearly half compared with supportive care, whether dantrolene is used alone or in combination with other agents. However, other anecdotal reports and a recent meta-analysis of published cases did
not support the efficacy of dantrolene in NMS (31).

ECT
As the above suggests, pharmacotherapy has not been
consistently effective in all case reports of NMS. Moreover,
drug effects are usually observed early and are unlikely to
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occur after the first few days of treatment. In contrast, ECT
may be effective if symptoms are refractory to supportive
care and pharmacotherapy even late in the course of NMS,
or if idiopathic malignant catatonia due to an underlying
psychotic disorder cannot be excluded, or if the patient
has persistent residual catatonia and parkinsonism after
resolution of the acute metabolic symptoms of NMS.
A review (32) found that ECT was consistently effective
even after failed pharmacotherapy and that clinical response often occurred over the course of the first several
treatments. Treatment response to ECT was not predicted by age, sex, psychiatric diagnosis, or any particular features of NMS. A typical ECT regimen for acute NMS
would include six to 10 treatments with bilateral electrode placement. ECT is a relatively safe treatment in
NMS, although use of succinylcholine during anesthesia
should be carefully considered in patients with severe
rhabdomyolysis to avoid the risk of hyperkalemia and
cardiovascular complications.

Antipsychotic Use Following NMS
Restarting antipsychotic treatment after resolution of an
NMS episode has been associated with an estimated likelihood of developing NMS again as high as 30% (11, 33).
Nevertheless, most patients who require antipsychotic
treatment can be safely treated, provided precautions are
taken (7). For example, reports of previous episodes should
be checked for accuracy; indications for antipsychotics
should be clearly documented; alternative medications
should be considered; risk factors should be reduced; at
least 2 weeks should be allowed to elapse after recovery
from NMS before rechallenge; low doses of low-potency
conventional antipsychotics or atypical antipsychotics
should be titrated gradually after a test dose; and patients
should be carefully monitored for early signs of NMS. In
Am J Psychiatry 164:6, June 2007
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addition, prudence dictates that documented informed
consent should be obtained from patients and family
members regarding the benefits of restarting antipsychotic
therapy versus the risk of recurrence of NMS. There are no
data on rechallenging patients who recover from idiopathic malignant catatonia with antipsychotics, but following the same precautions as for NMS would be sensible.

Summary and Recommendations
The incidence of NMS is estimated at 0.01%–0.02% of
patients treated. Although the widespread adoption of
atypical antipsychotics has markedly reduced the risk of
neurological disorders, NMS remains a risk for susceptible
patients receiving these drugs. The atypical agents are associated with less risk of NMS than the conventional antipsychotics. Nevertheless, clinicians must be aware of the
clinical features of NMS and vigilant in detecting early
signs. Primary management of NMS lies in prevention
through conservative use of antipsychotics, reduction of
risk factors, early diagnosis, prompt discontinuation of offending medications, and medical management. In the
absence of randomized controlled trials, it may be unwarranted to recommend one single intervention over another or over supportive management. Specific treatment
of NMS should be individualized and based empirically on
the character, duration, and severity or stage of clinical
signs and symptoms (25, 26). For mild cases, supportive
care and careful clinical monitoring may be sufficient (7,
8), whereas in severe cases, more aggressive measures
should be taken, including empirical trials of specific
pharmacological agents or ECT (Table 2).
The patient in the vignette is suffering from severe
(stage V) NMS. All antipsychotic medications should be
stopped immediately, and cooling measures and aggressive medical management, including intravenous fluids,
should be initiated in an intensive care setting. Lorazepam
or dopaminergic agents could be tried empirically. However, given the risks of extreme hyperthermia and rigidity
associated with significant rhabdomyolysis in this case,
intravenous dantrolene could be administered for 48
hours, followed by tapering if the fever and rigidity resolve.
If Ms. A’s symptoms do not improve after several days, ECT
should be considered.
Approximately 2 weeks after resolution of NMS, treatment with a low-potency atypical antipsychotic should
be initiated at a low dose and slowly titrated in a monitored setting with careful assessment for signs of recurrent NMS.
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