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Neuroleptic malignant syndrome: 
Answers to 6 tough questions

Empiric evidence clarifi es 
risk factors, causes, and
fi rst-line interventions

Diagnosis and treatment of neuroleptic malignant 

syndrome (NMS) are controversial because this 

potentially life-threatening syndrome is rare and 

its presentation varies. These factors make it diffi cult to 

evaluate treatments in controlled clinical trials, and data 

about the relative effi cacy of specifi c interventions are 

scarce. It may be possible, however, to develop rational 

treatment guidelines using empiric clinical data.1,2

 This article examines the evidence related to 6 con-

troversial aspects of NMS diagnosis and treatment:

 • most-reliable risk factors 

 • NMS as a spectrum disorder

 • what causes NMS

 •  NMS triggered by fi rst-generation vs second-

generation antipsychotics

 • fi rst-line interventions

 • restarting antipsychotics after an NMS episode.

1 Are there reliable risk factors for NMS?
In small case-controlled studies, agitation, dehy-

dration, and exhaustion were the most consistently 

found systemic factors believed to predispose pa-

tients taking antipsychotics to NMS (Table 1, page 
96).3-5 Catatonia and organic brain syndromes may be 

separate risk factors.1,6 

Preliminary studies also have implicated do-

pamine receptor abnormalities caused by genetic 

polymorphisms or effects of low serum iron.1,7,8 Phar-

macologic studies have suggested that higher doses, 

rapid titration, and IM injections of antipsychotics 
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Table 1

What increases NMS risk?

are associated with increased NMS risk.3,5 

Some studies suggest that 15% to 20% 

of NMS patients have a history of NMS 

episodes.1,2 In addition, high-potency 

fi rst-generation antipsychotics (FGAs)—

especially haloperidol—are assumed to 

carry higher risk than low-potency drugs 

and second-generation antipsychotics 

(SGAs), although this hypothesis remains 

diffi cult to prove.9-11

 These risk factors, however, are not 

practical for estimating NMS risk in a 

given patient because they are relatively 

common compared with the low risk of 

NMS occurrence. For the vast majority of 

patients with psychotic symptoms, the 

benefi ts of properly indicated antipsy-

chotic pharmacotherapy will outweigh 

the risks.

  2   Is NMS related to 
parkinsonism, catatonia, or 
malignant hyperthermia?
Parkinsonism. Some researchers have de-

scribed NMS as an extreme parkinsonian 

crisis resulting from overwhelming block-

ade of dopamine pathways in the brain.1,2,12 

In this view, NMS resembles the parkinso-

nian-hyperthermia syndrome that can occur 

in Parkinson’s disease patients following 

abrupt discontinuation or loss of effi cacy of 

dopaminergic therapy, which can be treated 

by reinstituting dopaminergic agents.13 Evi-

dence to support this view includes:

•  Parkinsonian signs are a cardinal fea-

ture of NMS.

•  Withdrawal of dopamine agonists pre-

cipitates the syndrome.

•  All triggering drugs are dopamine re-

ceptor antagonists.

•  Risk of NMS correlates with drugs’ do-

pamine receptor affi nity.

•  Dopaminergic agonists may be an ef-

fective treatment.

•  Lesions in dopaminergic pathways 

produce a similar syndrome.

•  Patients with NMS have demonstrated 

low cerebrospinal fl uid concentrations 

of the dopamine metabolite homova-

nillic acid.14 

Catatonia. Fink et al15 and others16-18 have 

persuasively argued that NMS represents 

a form of drug-induced malignant catato-

nia. Evidence supporting this includes:

•  The 2 disorders share neuropsychiatric 

symptoms.

•  Catatonic signs are common in NMS.19

•  Malignant catatonia and NMS share 

physiologic and laboratory signs.20

•  Reintroduction of antipsychotics can 

acutely worsen both conditions.

•  Benzodiazepines and electroconvul-

sive therapy (ECT) are effective treat-

ments for both disorders.15-18

 Lee21 examined the relationship between 

catatonic features and treatment response 

in 14 NMS patients. Most patients with 

catatonic symptoms responded to benzodi-

azepines, whereas none of those did who 

had an extrapyramidal-hyperthermic pre-

sentation without catatonia. Lee concluded 

that NMS is heterogeneous and may occur 

Clinical Point

For most patients, For most patients, 
the benefi ts of the benefi ts of 
antipsychotics antipsychotics 
outweigh the risk outweigh the risk 
of NMSof NMS

Systemic* 

Agitation

Dehydration

Exhaustion

Low serum iron concentrations 

(normal: 60 to 170 mcg/dL)

Diagnoses

History of NMS

Catatonia

Organic brain syndromes

Central nervous system 

Dopamine receptor dysfunction 

Basal ganglia dysfunction

Sympathetic nervous system dysfunction 

Pharmacologic treatment*

Intramuscular or intravenous injections

High-potency dopamine antagonists

Rapid dose titration

High doses

FGAs compared with SGAs (?)

* For individual patients, these common risk factors must be 

weighed again the benefi ts of antipsychotic therapy

FGAs: fi rst-generation antipsychotics; SGAs: second-generation 

antipsychotics; NMS: neuroleptic malignant syndrome

Source: References 1-5
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in catatonic and noncatatonic forms that 

differ in treatment response.

Malignant hyperthermia. Some clini-

cians have compared NMS with malignant 

hyperthermia caused by inhalational an-

esthetics and succinylcholine.1,2 Evidence 

includes:

•  similar clinical signs of rigidity, hyper-

thermia, and hypermetabolism

•  similar physiologic and laboratory 

signs, such as rhabdomyolysis

•  hyperthermia in both responding to 

dantrolene.

 Although the 2 are similar in presenta-

tion, malignant hyperthermia occurs intra-

operatively and refl ects a pharmacogenetic 

disorder of calcium regulation in skeletal 

muscle. Additionally, rigidity in malignant 

hyperthermia does not respond to periph-

eral-acting muscle relaxants.1,22 Evidence 

suggests that patients who have previous-

ly experienced an NMS episode are not at 

risk for malignant hyperthermia.22

  3   What is the pathophysiology 
of NMS?
NMS pathophysiology is complex and likely 

involves interplay between multiple central 

and systemic pathways and neurotrans-

mitters. As described above, compelling 

evidence suggests that dopamine blockade 

plays a central role.12 

 Dopamine blockade in the hypothala-

mus is believed to contribute to thermo-

regulatory failure, and blockade in the 

nigrostriatal system likely contributes to 

muscle rigidity and hypermetabolism. The 

loss of dopaminergic input to the anterior 

cingulate-medial orbitofrontal circuit and 

the lateral orbitofrontal circuit likely con-

tributes to the mental status changes and 

catatonic features seen in NMS.12

 Some researchers have proposed com-

peting or complementary hypotheses, 

however. For example, Gurrera23 pro-

posed that patients who are prone to 

developing NMS have a vulnerability to 

a hyperactive and dysregulated sympa-

thetic nervous system, and this trait—to-

gether with dopamine system disruption 

induced by dopamine-blocking agents—

produces NMS. Other investigators have 

implicated serotonin, norepinephrine, 

gamma-aminobutyric acid and glutamin-

ergic mechanisms.1,12,24,25

4 Are FGAs or SGAs more likely 
to cause NMS?
NMS is assumed to occur less frequently 

in patients treated with SGAs than in those 

receiving FGAs, although this hypothesis 

is unproven. Isolated reports of NMS have 

been associated with nearly every SGA.9-11

It is diffi cult to prove FGA vs SGA liabili-

ties because: 

• NMS is rare.

•  Dosing practices may be more conser-

vative now than in the past.

•  Most clinicians are aware of the early 

signs of NMS.

 In an epidemiological study of a large 

Clinical Point

An analysis of An analysis of 
reports to the reports to the 
NMS hotline NMS hotline 
found haloperidol found haloperidol 
accounted for 44%accounted for 44%
of all NMS casesof all NMS cases

Figure

Which class of antipsychotics 
is more likely to cause NMS?
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Slightly more NMS cases were attributed 

to FGAs (51%) than SGAs (45%) in an 

analysis of 111 cases of probable or defi -

nite NMS associated with a single drug 

reported to the NMS Hotline from 1997 to 

2006. The FGA haloperidol accounted for 

44% of all cases. “Medical” refers to cases 

in which a neuroleptic was used in a non-

psychiatric setting.

Source: Unpublished data on fi le at the Neuroleptic 

Malignant Syndrome Information Service, www.nmsis.org.

51%

(n=57) 45%

(n=50)

4%

(n=4)

Drug class

FGA: fi rst-generation antipsychotic

SGA: second-generation antipsychotic
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database, Stubner et al26 found that patients 

receiving SGAs had a lower risk of NMS 

than those treated with haloperidol.26 In this 

study, the overall rate of NMS was 0.02%.

NMS hotline data. We recently examined 

which medication classes were impli-

cated in 111 NMS cases reported to the 

Neuroleptic Malignant Syndrome In-

formation Service hotline (1-888-NMS-

TEMP) between 1997 and 2006 (Figure, 
page 97). We included only cases of defi-

nite or probable NMS (as diagnosed by 

hotline consultants) in which a single 

Clinical Point

Lorazepam, 1 to 2 Lorazepam, 1 to 2 
mg parenterally, is a mg parenterally, is a 
reasonable fi rst-line reasonable fi rst-line 
NMS interventionNMS intervention

Treating NMS based on symptom severity

Algorithm

Stage III
NMS (mild, early):

catatonia/confusion

temp <38° C

HR <100 bpm

Stage IV
NMS (moderate):

moderate rigidity

catatonia/confusion

temp 38° to 40° C

HR 100 to 120 bpm

Stage V
NMS (severe):

severe rigidity

catatonia/confusion

temp >40° C

HR >120 bpm

Stage I
Parkinsonism

Stage II
Drug-induced 

catatonia

Discontinue 

antipsychotics. 

Carefully monitor 

for worsening of 

symptoms. Reduce 

risk factors 

(Table 1, page 96)

Discontinue 

antipsychotics. 

Aggressive IV fl uids. 

Cooling measures. 

Intensive care

Discontinue 

or reduce 

antipsychotic 

dose or switch 

antipsychotic

Lorazepam, 1 to 2 

mg IM/IV q 4 to 6 

hr, bromocriptine, 

2.5 to 5 mg po/ng q 

8 hr, or amantadine, 

100 mg po/ng 

q 8 hr*

(Stage IV: ECT trial 

if no response to 

medication)

Dantrolene, 1 to 

2.5 mg/kg IV q 6 hr,  

bromocriptine, 2.5 

to 5 mg po/ng q 8 

hr, or amantadine, 

100 mg po/ng q 

8 hr, ECT trial if 

no response to 

medication

Lorazepam, 1 to 

2 mg IM/IV q 4 

to 6 hr (Stage I 
only: trial of an 

anticholinergic 

drug)

These recommendations are proposed as a tentative guideline meant for testing in clinical and research settings, 

and are based only on clinical case reports and literature reviews. Drugs are off-label and not FDA-approved for 

treating NMS. Doses are estimates based on clinical reports and have not been tested; some clinicians recommend 

higher doses of lorazepam. ECT may require 6 to 10 bilateral treatments using half-age estimates for initial stimulus 

settings. ECT may be indicated for patients in Stage IV or V who do not respond to pharmacologic interventions.

ECT: electroconvulsive therapy; HR: heart rate; IM: intramuscular; IV: intravenous; ng: nasogastric; NMS: neuroleptic malignant 

syndrome; po: by mouth 

Source: References 2 (reprinted with permission from the American Journal of Psychiatry, © 2007. American Psychiatric Association), 27-29

Stage29Support Treatment
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antipsychotic was administered. Slightly 

more cases were attributed to FGAs (51%) 

than SGAs (45%). The remaining cases 

were attributed to neuroleptics used in 

medical settings (such as promethazine 

or prochlorperazine). 

 Because they are now prescribed less 

often, FGAs accounted for a dispropor-

tionate number of NMS cases reported 

to the hotline. Haloperidol accounted for 

the majority of FGA cases and 44% of all 

cases. If we had excluded haloperidol and 

compared the NMS risk of SGAs to only 

intermediate- or low-potency FGAs, the 

relative advantage of SGAs would have 

been lost. On the other hand, it is clear that 

SGAs still carry a risk for NMS. 

 Analyses suggest that the SGA-associ-

ated classic features of NMS—fever, mus-

cle rigidity, and autonomic and mental 

status changes—are retained in patients 

receiving SGAs, although some may not 

develop the severe rigidity and extreme 

temperatures common in patients receiv-

ing FGAs.9-11 The milder clinical charac-

teristics associated with SGAs may refl ect 

more conservative prescribing patterns or 

increased awareness and earlier recogni-

tion of NMS, which would prevent fulmi-

nant presentations. 

5 What is the evidence 
for specifi c NMS treatments?
NMS is rare, its presentation varies, and its 

progression is unpredictable. These factors 

make it diffi cult to evaluate treatments in 

controlled clinical trials, and data about 

the relative effi cacy of specifi c interven-

tions are scarce.

 Even so, the notion that NMS represents 

an extreme variant of drug-induced par-

kinsonism or catatonia suggests that spe-

cifi c NMS treatments could be based on 

symptom severity or stage of presentation. 

We propose a treatment guideline based 

on theoretical mechanisms and anecdotal 

data (Algorithm).2,27-29

Support. After immediate withdrawal of 

the offending medication, supportive thera-

py is the cornerstone of NMS treatment.1,2,27

For patients presenting with mild signs 

and symptoms, supportive care and care-

ful clinical monitoring may be suffi cient.  

Extreme hyperthermia demands volume 

resuscitation and cooling measures, inten-

sive medical care, and careful monitoring 

for complications. 

Treatment. Despite a lack of consensus on 

drug treatments for uncomplicated NMS, 

approximately 40% of patients with acute 

NMS receive pharmacologic treatments.2 

 Lorazepam, 1 to 2 mg parenterally, is a 

reasonable fi rst-line therapy for NMS, 

especially in individuals with catatonic 

features.4,15-18,21,30,31 Some investigators rec-

ommend higher doses.15 Benzodiazepines 

are preferred if sedation is required in agi-

tated NMS patients.4,15-18

Dopaminergic agents such as bromocrip-

tine and amantadine enhance dopaminer-

gic transmission to reverse parkinsonian 

symptoms and have been reported to re-

duce time to recovery and halve mortality 

rates when used alone or in conjunction 

with other treatments.13,27,32,33 Rapid dis-

continuation of these agents can result in 

rebound symptoms, although this may 

be true for any specifi c drug treatment of 

NMS.1,31,32

Dantrolene uncouples excitation-con-

traction coupling by enhancing calcium 

sequestration in sarcoplasmic reticulum 

in skeletal muscle and has been used to 

treat NMS hypermetabolic symptoms. 

Some reviews found improvement in up 

to 80% of NMS patients treated with dan-

trolene monotherapy.27,32-35 Compared with 

supportive care, time to recovery may be 

reduced—and mortality decreased by al-

most one-half—when dantrolene is used 

alone or in combination with other medi-

cations. 

 Not all case reports have shown that 

dantrolene, benzodiazepines, or dopa-

minergic agonists are effective in treating 

NMS.31,36 In our opinion, only advanced 

NMS cases—with extreme temperature 

elevations, severe rigidity, and evidence of 

systemic hypermetabolism—benefi t from 

dantrolene treatment.1,2

ECT has been used successfully to re-

duce mortality from NMS and other 

catatonic-spectrum disorders. It is usu-

Clinical Point

Lorazepam, Lorazepam, 
dopaminergic dopaminergic 
agents, dantrolene, agents, dantrolene, 
and ECT can reduce and ECT can reduce 
recovery time and recovery time and 
mortalitymortality
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ally employed after supportive therapy 

and psychopharmacologic interventions 

fail.2,15,16,27,37 ECT for acute NMS typically 

consists of a series of 6 to 10 treatments 

with bilateral electrode placement. Daily 

ECT may be needed initially.15

  6   Are antipsychotics 
contraindicated following 
an NMS episode?
The rate of NMS recurrence on retreatment 

with an antipsychotic has varied.38 We esti-

mate that up to 30% of patients may be at 

risk of NMS recurrence when rechallenged 

with an antipsychotic.1 By following prop-

er precautions (Table 2), however, you can 

safely treat most patients who require con-

tinued antipsychotic therapy.1,2

 When you restart treatment, a lower-po-

tency antipsychotic from a different chemi-

cal class may be a safer option than retrying 

the triggering agent, according to  retro-

spective analyses of limited available data. 

A patient who develops NMS on a FGA 

might benefi t from an SGA trial, although 

some risk of recurrence remains.1,10 
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Bottom Line

Clinical Point

Electroconvulsive Electroconvulsive 
therapy is usually therapy is usually 
tried after supportive tried after supportive 
therapy and therapy and 
pharmacotherapypharmacotherapy
are unsuccessfulare unsuccessful

Recheck the accuracy of the diagnosis 

of a previous NMS episode

Document indications for antipsychotic 

medications

Discuss risks and benefi ts, including the risk 

of recurrence, with patient and family

Consider alternate pharmacologic agents

Minimize risk factors (Table 1, page 96)

Allow ≥2 weeks (≥4 weeks for long-acting 

injectable medication) after an NMS episode 

resolves before rechallenging

Select low-potency FGAs or SGAs

Prescribe an initial test dose

Monitor vital signs and neurologic status

Titrate doses gradually

FGAs: fi rst-generation antipsychotics; 

SGAs: second-generation antipsychotics

Source: References 1,2
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after an NMS episode

100_CPSY0108   100100_CPSY0108   100 12/14/07   2:42:39 PM12/14/07   2:42:39 PM



CurrentPsychiatry.com

101
Current Psychiatry

Vol. 7, No. 1

malignant syndrome in the perioperative setting. Am J 
Anesthesiol 2001;28:387-93. 

 23.  Gurrera RJ. Sympathoadrenal hyperactivity and the 
etiology of neuroleptic malignant syndrome. Am J Psychiatry 
1999;156:169-80.

 24.  Carroll BT. The universal fi eld hypothesis of catatonia 
and neuroleptic malignant syndrome. CNS Spectr
2000;5:26-33.

 25.  Weller M, Kornhuber J. A rationale for NMDA receptor 
antagonist therapy of the neuroleptic malignant 
syndrome. Med Hypotheses 1992;38:329-33. 

 26.  Stubner S, Rustenbeck E, Grohmann R, et al. Severe and 
uncommon involuntary movement disorders due to 
psychotropic drugs. Pharmacopsychiatry 2004;37(suppl 1):
S54-S64.

 27.  Davis JM, Caroff SN, Mann SC. Treatment of neuroleptic 
malignant syndrome. Psychiatr Ann 2000;30:325-31.

 28.  Adityanjee PA, Singh S, Singh G, Ong S. Spectrum 
concept of neuroleptic malignant syndrome. Br J 
Psychiatry 1988;153:107-11.

 29.  Woodbury MM, Woodbury MA. Neuroleptic-induced 
catatonia as a stage in the progression toward neuroleptic 
malignant syndrome. J Am Acad Child Adolesc Psychiatry 
1992;31:1161-4.

 30.  Francis A, Chondragivi S, Rizvi S, et al. Is lorazepam a 
treatment for neuroleptic malignant syndrome? CNS 
Spectr 2000;5:54-7.

 31.  Rosebush PI, Stewart T, Mazurek MF. The treatment of 
neuroleptic malignant syndrome. Are dantrolene and 
bromocriptine useful adjuncts to supportive care? Br J 
Psychiatry 1991;159:709-12.

 32.  Sakkas P, Davis JM, Janicak PG, Wang ZY. Drug treatment 
of the neuroleptic malignant syndrome. Psychopharmacol 
Bull 1991;27:381-4.

 33.  Rosenberg MR, Green M. Neuroleptic malignant 
syndrome: review of response to therapy. Arch Intern Med 
1989;149:1927-31.

 34.  Yamawaki S, Morio M, Kazamutsuri G, et al. Clinical 
evaluation and effective usage of dantrolene sodium in 
neuroleptic malignant syndrome. Kiso to Rinsyou (Clinical 
Reports) 1993;27:1045-66.

 35.  Tsutsumi Y, Yamamoto K, Matsuura S, et al. The treatment 
of neuroleptic malignant syndrome using dantrolene 
sodium. Psychiatry Clin Neurosci 1998;52:433-8.

 36.  Reulbach U, Dutsch C, Biermann T, et al. Managing an 
effective treatment for neuroleptic malignant syndrome. 
Crit Care 2007;11:R4.

 37.  Troller JN, Sachdev PS. Electroconvulsive treatment of 
neuroleptic malignant syndrome: a review and report of 
cases. Aust N Z J Psychiatry 1999;33:650-9.

 38.  Pope HG, Aizley HG, Keck PE Jr, McElroy SL. Neuroleptic 
malignant syndrome: long term follow-up of 20 cases. J 
Clin Psychiatry 1991;52:208-12.

Related Resources
• Neuroleptic Malignant Syndrome Information Service. 
www.nmsis.org.

• Zarrouf FA, Bhanot V. Neuroleptic malignant syndrome: don’t 
let your guard down yet. Current Psychiatry 2007;6(8):89-95.

Drug Brand Names
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Lorazepam • Ativan
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The Neuroleptic Malignant Syndrome Information Service (NMSIS) announces a competition to recognize promising new 
investigators based on a scholarly paper addressing “New insights on psychotropic drug safety and side effects.”

Consistent with its mission to advance pharmacotherapy and patient safety, NMSIS offers these scholarships to 
promote education and research by early career psychiatrists. Two prizes of $2,500 and $1,500 will be awarded 
to cover travel costs to the American Psychiatric Association (APA) Annual Meeting in Washington, DC in May 2008. 
Winners will be announced on March 3, 2008, and the scholarships will be presented during the APA event.

 •  Papers should address specifi c issues related to the award theme and be no longer 
than 15 double-spaced typed pages.

 • Literature reviews, case reports, or original studies that are not in press or published are acceptable.

 • Primary author must be a student, resident, or fellow. 

 • Papers will be judged on originality, scholarship, relevance, and methodology.

Submit paper and the primary author’s curriculum vitae to Diane Van Slyke, 11 East State St., Sherburne, NY 13460, 
fax 607-674-7910, or via e-mail to diane@mhaus.org. Deadline is February 4, 2008.

To learn more about NMSIS, visit www.nmsis.org.

Supported by an educational grant from Janssen, L.P., administered by Ortho-McNeil Janssen Scientifi c Affairs, LLC

PROMISING NEW INVESTIGATORS 
TRAVEL SCHOLARSHIPS
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