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Abstract

Neuroleptic malignant syndrome (NMS) is one of the serious complications of antipsychotics that occur rarely. Its prevalence is more
commonly seen in individuals of age 20 to 40 years. Major etiology includes depletion of dopamine levels in central nervous system
(CNS). It usually occurs, when high doses of antipsychotics are administered or sudden change in doses of antipsychotics or any
withdrawal of anticholinergics abruptly. Sometimes, NMS follows withdrawal of dopaminergic medication in Parkinson’s patients. It is
characterized by ‘lead pipe’ muscle rigidity, autonomic dysfunction, hyperthermia, extra pyramidal side effects. Clinical manifestations of
NMS resemble malignant hyperthermia, serotonin syndrome, lethal catatonia and infectious disorders of CNS. NMS is a diagnosis of
exclusion, thus differential diagnosis is of utmost important, by an expertise clinician. Laboratory findings that help in diagnosis are
creatine phosphokinase (CPK) levels, leukocyte count, myoglobinuria and liver enzymes. Most lethal complication constitutes death, due
to multi organ failure which accounts 10% to 20 % of renal and cardiovascular failure. Management comprises of prompt withdrawal of
offending antipsychotic agent/neuroleptic drug after diagnosis, dopaminergic agonists are administered and supportive care is provided
to the subject. A prompt medical attention is required as a consequence of high mortality. Thus, the treatment options were proposed to

reduce the mortality due to NMS in clinical settings.
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INTRODUCTION

Neuroleptic malignant syndrome (NMS) is arare and life
threatening complicationwith
idiosyncratic reaction, acute and potentially fatal, whose
occurrence is independent on duration of antipsychotic
therapy*®. In 1954, neuroleptic drugs were first introduced.
Later, in 1968, Delay and Denikar firstly described NMSe67.
Neuroleptic malignant syndrome is derived from French
“syndrome malin des neuroleptiques” 8. It is also known to be
“syndrome akinetichypertonique”S.

Among

antipsychotics!3. It is an

antipsychotic medication, typical (Conventional)
antipsychotics are known to have high risk of NMS occurrence.
Pathogenesis includes Dopamine D2 receptor blockade in higher
centers of central nervous system (CNS). Hallmarks of NMS
include ‘lead pipe’ muscle rigidity, hyperthermia, altered mental
status and autonomic instability. Muscle rigidity may lead to
rhabdomyolysis and elevation in the creatine phosphokinase
(CPK) levels in plasma which are vital manifestations39-11.

Some researchers classified catatonia as NMS subtype which
responds to Benzodiazepines (BZDs). whereas, Mathews and
Aderibigbe classified NMS as “Drug induced hyperthermic
catatonia”, a subtype of catatonia and Tsai et al,, categorized NMS

and catatonia in the similar “Neuroleptic toxicity spectrum” 12.

We reviewed various case reports and articles published,
regarding NMS, in Medscape, Science direct and Elsevier. In this
article, our main aim is to provide a meticulous guide for the
clinicians and pharmacists regarding the risk factors, various
syndromes that are to be excluded in diagnosis and prompt
management of NMS to keep mortality rates low. We mainly
stressed on the history collection, early identification and
aggressive pharmacotherapy. Our objective is also to indicate
that a reduction in mortality rate for decades was due to early
recognition and aggressive therapeutic interventions. Here, we
haveprovided available treatment options to prevent death from
NMS in clinical settings.

EPIDEMIOLOGY

NMS accounts for only 0.2% of psychiatric patients.[!2lIncidence
of NMS has been reported mostfrequently in young and middle
aged adults, especially in male psychiatric patients, among whom
neuroleptic use is the highest. Incidence follows downgrade in
reporting [9 among patients who were on antipsychotic regimen
(once incidence is as high as 3 % recently reduced to 0.01-
0.02%). This reduced frequency reflects improved awareness on
NMS, conservative prescribing pattern and use of atypical
antipsychotics, instead of typical antipsychotics13.
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The mortality rate was 40% before 1984 for NMS, which has
been declined (approx. 10%) in the recent years because of early
recognition and better therapeutic agents in the treatment
regimen*1415. Mortality rate without specific treatment was
approximately 21% for NMS. Prevalence of NMS in patients
under treatment with neuroleptic drugs ranges between 0.02%
and 2.4% annuallyl6. Among various case reports, young adult
males were more predominant for NMS, though all age groups
and both gender are affected!4.

CLINICAL MANIFESTATIONS

Clinical manifestations of NMS include muscle rigidity,
hyperthermia, sweating, akinesia, dystonia, mutism, obtundation,
agitation, increased pulse, altered sensorium, and blood
pressure.ls! Early manifestation of imminent NMS is development
of muscle rigidity followed by hyperthermia, altered mental
status, and autonomic instability3417. An elevation of WBC,
myoglobin level in blood, hypokalemia and hyponatremia may
also occur?. The core temperature in NMS patients usually
ranges from 101.3 °F - 107.6 °F (38.5 °C-42 °C). Hyperthermia
may precipitate direct thermal injury to Purkinje cells and may
result in increased intracranial pressure lead to cerebral
ischaemia combined with autonomic dysfunction!8.Mental status
changes ranges from mild confusion and delirium to lethargy,
stupor and coma. Manifestations due to autonomic instability are
tachycardia, diaphoresis, sialorrhea, tachypnea, labile blood
pressure, dysrhythmia and incontinence#19. Muscle rigidity was
associated with varying degree of myonecrosis and
rhabdomyolysis*. NMS symptoms typically occur over a period of
24-72 hrs, but the risk lasts for 10-20 days after the
discontinuation of oral neuroleptics and even longer for depot
forms%14¢The mean recovery time may ranges from 7-10
days1013,

NMS symptoms resemble various other medical conditions such
as serotonin syndrome, catatonia%, CNS infections, agitated
delirium and benign extra pyramidal symptoms!3. Clinical
manifestations also resemble with malignant hyperthermia and
environmental heat disorder. NMS can develop either with
initiation of neuroleptic therapy or sudden dose escalation.[*] In
children who were exposed to typical and atypical antipsychotics,
common symptoms of NMS constitute fever, rigidity, tachycardia,
and altered mental status. Time of onset ranges from
immediately to 59 days. Numerous cases of NMS in childrenwho
were on typical antipsychotic medication resulting death; where
incase of atypical antipsychotics had a complete recovery?2°.
Though many cases of NMS have been reported from decades,
the clinical features still remain controversial’.

RISK FACTORS

Usage of antipsychotic medication was considered as the major
risk factor for NMS, especially the typical antipsychotics. High
potency typical antipsychotics were at greater risk of
precipitating NMS compared with low potency agents and
atypical antipsychotics, although cases of NMS have been
reported with Olanzapine, Risperidone that meet the criteria of
DSM -IV2123, Many case reports have been reported with
haloperidol,[2223] a typical antipsychotic that have high risk to
trigger NMS even at low dose.Risk factors for developing NMS
also include dehydration, depot neuroleptics, male gender of
younger age40elderly, lack of proper management of

extrapyramidal symptoms induced by neuroleptics or those
which are treatment resistant, alcohol abuse, history of brain
injury, catatonic symptoms and iron deficiency#?, disparity in
genes that code for metabolic enzymes,>8dopamine antagonists,
abrupt cessation of dopamine agonists, rapid dose escalation of
neuroleptics® and concurrent use of trigger medications.?Some
studies report more cases are between 20-50 yrs age who are
associated with high use of antipsychotic dosage forms#4.
Polymorphism of CYP450 enzyme is also a pharmacogenetic risk
factor40.Antidopaminergic properties of antipsychotics may lead
to NMS, which is reinforced by disorders counter to dopamine
agonists like bromocriptine43.Metoclopromide, an anti-emetic
having dopamine blocking property may increase the risk of
NMS along with drugs such as selective serotonin reuptake
(SSRIs),  tricyclic  antidepressants (TCAs),
antiepilepticsSs and lithium24 when administered concomitantly
with neuroleptics825.26. List of drugs of various classes that can
increase the risk of precipitating NMS are shown in Table 1.
Abrupt cessation of neuroleptics in any patient, who was on long
term treatment for psychiatric disorder, was also at increased
risk for developing NMS1427. Several clinical, systemic and
metabolic risk factors that may precipitate NMS include agitation,
dehydrationS, and restraint, abnormality in CNS dopamine
activity, thyrotoxicosis and iron deficiency. Patients with
catatonia on antipsychotics were at high risk of progressing to
this syndrome. In various cases, dehydration prior to NMS onset
has been reported!3. As dehydration and nutritional disorders
are risk factors, patients with early post-partum period were also
at high risk of precipitating NMS8.28.

Concomitant diseases that may precipitate NMS include Acquired
immunodeficiency syndrome AIDS-related dementia, head
trauma, organic brain diseases? delirium, sympathoadrenal
hyperactivity!4, encephalitis, tumor in brain!?. Depot forms, high
dose of neuroleptics, high ambient temperatures and humidity
and substances of abuse (e.g.: alcohol) were also associated with
an increased risk; but there was a significant number of NMS
cases have been reported at therapeutic doses of
antipsychotics81314, Table 2 provides a detailed note on the
predisposing factors in NMS patients as risk factors.

Prior to Deep Brain Stimulation (DBS), discontinuation of
antiparkinsons medication is the common practice that may
trigger an episode. DBS activation may accelerate the patient’s
recovery?9.

inhibitors

PATHOPHYSIOLOGY

Pathophysiology of NMS is more complex and the precise
mechanisms are still unproven. It likely involves blockade of
hypothalamic and nigrostriatal dopaminergic pathways and of
peripheral
blockade elucidates the clinical symptoms seen during
theepisode of NMS. Blockade in corpus striatum results in muscle

neuromuscular system. Central dopaminergic

contraction and rigidity which subsequently leads to impairment
of heat-dissipating mechanisms, resulting in hyperthermia.
Hyperthermia can also occur when dopaminergic receptors
blockade occur in thermoregulatory centers of the pre optic
nuclei of the anterior hypothalamus. Dopamine receptor
blockade in the nigrostriatal pathway and spinal cord results in
altered dysfunction
cascade  of

status and autonomic
Pathogenesis  involving

dysregulation in multiple neurochemical and neuroendocrine
systems finally lead to a hyper metabolic syndrome. This

mental
respectively+1430,
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hypothesis is supported by: (i) Withdrawal of dopamine agonists
and administration of dopamine receptor blockade agents can
precipitate NMS (ii) NMS symptoms are relieved by
dopaminergic drugs and (iii) Patients with central dopamine
tract lesions are at high risk of developing syndromes that
contribute many clinical characteristics with NMS. Disparity in
serotonergic neurotransmission and excess of central serotonin
causes a hypodopaminergic state which is another risk factor for
NMS. Inadequacy in calcium regulative proteins and removal of
tonic hindrance in the sympathetic nervous system also plays a
significant role in the pathogenesis of NMS%2. In patients with
acute NMS, dopamine metabolite homovanillic acid
concentrations in CSF is low that supports the central role of
dopaminergic hypo function. The cascade of autonomic
dysfunction, rise in catecholamine levels in many cases and
sympathoadrenal dysfunction have contributing role in
developing this syndrome.[13] In patients, who have recovered
from symptoms have searched for dopamine 2 receptor gene
polymorphism, although results have not been rational3!.

Most preferred hypothesis for pathogenesis of NMS due to
neuroleptic drugs involves depletion of dopamine levels or
blockade of dopaminergic receptors in various areas of CNS
including- hypothalamus, corpus striatum, basal ganglion and
spinal areas*. Another system which plays a role in developing
signs and symptoms of NMS is the peripheral skeletal muscle
system. Consequent to antipsychotics usage, there is an elevation
in the calcium release from sarcoplasmic reticulum of muscle
cells possibly leading to muscle contractility and rigidity,
rhabdomyolysis and hyperthermia817.

There is also a hypothesis that there is an up-regulation of
muscarinic acetylcholine receptors (MAchR) by long term
neuroleptic therapy. Consequently, cholinergic hyperactivity is
possible following abrupt withdrawal of neuroleptic agents that
precipitate NMS due to hypo-dopaminergic state along with
reduced anticholinergic load. The withdrawal of anticholinergic
agents can provoke hyper-cholinergic rebound state that can also
precipitate NMS27. Recent studies imply that proinflammatory
cytokines released by activated macrophages could add to
pathogenesis of NMS. Macrophage infiltration and acute
inflammation is a feature of pathology of acute disseminated
encephalomyelitis(tADEM) and basal
Occurrence of NMS in ADEM is uncommon?5.

ganglia involvement.

DIAGNOSIS

For diagnosing NMS, various criteria have been proposed
including Levenson!?, Pope et al, Caroff and the DSM-V.
Collecting a complete medical history and even time line is
crucial in diagnosis of NMS due to its resemblance with other
medical conditions that are difficult to distinguish932, NMS is a
diagnosis of exclusion*14, because there are no consistent
diagnostic criteria. Diagnostic and Statistical Manual Of Mental
Disorders, Fourth Edition (DSM-IV-TR) criteria require at least
two associative symptoms, which usually include severe muscle
rigidity, altered mental status, diaphoresis and hyperthermia, to
be present following a history of recent administration of an
antipsychotic drug as well as other signs or lab investigations,
that are not influenced by any other etiology13.20.

Laboratory investigations are imperative to exclude other
disorders or complications. None of the laboratory findings are
specific for NMS. Even though laboratory findings are

nonspecific, certain laboratory abnormalities are correlated with
signs and symptoms which will aid in diagnosing NMS#13.14,

A complete laboratory evaluation including CPK levels, WBC
count, renal function tests, serum lithium concentrations, besides
taking precise history and physical examination, are essential*14.
In NMS patients, rhabdomyolysis results in sharp elevation in
serum CPK, aldolase, transaminases, lactic acid-dehydrogenase
concentrations, which finally leads to myoglobinuricl!4l renal
failure. Detection of these laboratory findings will provide
confirmatory diagnosis!3.30.Thelack of an authoritative diagnostic
test for NMS complicates its identification in intubated
polytrauma patients where associated comorbidities lead to
other etiologies of fever and altered mental status40.

Amongst the laboratory findings CPK levels are of prior
importance because it is elevated in nearly all cases of NMS as a
result of rhabdomyolysis. Higher CPK values have been observed
in cases with high cumulative neuroleptic dose during the
episode of NMS8. However, the maximum plasma elevation of
CPK is non-consistent although the behavior generally observed
is elevation upto 4 times the upper normal limit54 CPK level
measures the amount of myonecrosis and is an indicator of
potential acute renal failure. In most cases, death from NMS is
due to renal failure. Diagnosis of exclusion can also be carried out
using investigations like Electrocardiogram,
Electroencephalogram, Chest radiography, Computed
tomography of head and CSF analysis, which are normal in most
of NMS cases. Other non-specific laboratory findings include
glucocytosis. Besides a metabolic acidosis, hypoxia, hyper or
hyponatremia, azotemia, myoglobunuria and mild
coagulopathies, decreased serum iron concentrations, elevated
catecholamines have been seen in various case reports*13.In
most cases, NMS develops within 30 days after initiation of
antipsychotic treatment. Unless dose of antipsychotic was
increased or additional antipsychotic administered, it was
unusual to occur beyond 1 month. After the NMS symptoms were
resolved in some patients, catatonia and Parkinsonism remained
persistant for weeks. Clinicians should be aware that NMS is
heterogeneous in onset, presentation, progression and
outcome!3. Even though 90% of reported cases show elevated
CPK levels in serum as cardinal feature, case reports without
raise in CPK values were also diagnosed as NMS. These case
reports meet the diagnostic criteria proposed by Levenson, Pope
et al, Caroff and Mann and DSM-IV-TR. Such cases were rarely
reported in literature.[321 Similarly, leukocytosis is one of the
hallmarks of NMS along with CPK elevation, a case report with
normal WBC count was reported who was on Quetiapine
maintenance therapy®. It is difficult to distinguish lithium
neurotoxicity from NMS. However, fever is not seen in lithium
neurotoxicity, weakness,
lethargy, fasciculations, cerebellar signs, seizures and myoclonic
jerks. Based on the clinical symptoms, lithium neurotoxicity can
be excluded?s.Considering severity of
hyperthermia, rigidity, altered mental status and elevation in
serum CPK levels, rating scales have been introduced in course of
NMS.[13] Physicians should bear in mind that clinical features of
NMS, with atypical antipsychotics may present differently than
that of typical antipsychotics. However, diagnosis of NMS must
not be delayed due to atypical presentation and must be based on
clinical manifestations if the diagnostic criteria of DSM-V-TR are
fulfilleds+.A review of clozapine induced NMS cases did not show
muscle rigidity by the subjects33. NMS associated with atypical

manifestations include extreme

factors such as
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antipsychotics may not be severe as compared to typical
antipsychotics1234.
Table 1: Drugs, as risk factor that may precipitate NMS

Class Of Drugs Drugs

Neuroleptics

a) Typical or Conventional Haloperidol, Chlorpromazine

b) Atypical or Newer Olanzapine, Risperidone,

Generation Quetiapine

Dopamine Antagonists Metoclopramide

Amitriptyline, Desipramine,

Tricyclic Antidepressants (TCAs) Amoxapine

Mono Amino Oxidase Inhibitors

(MAOIs) Phenelzine, Tranylcypromine

Selective Serotonin Reuptake
Inhibitors (SSRIs)

Paroxetine, Sertraline,

Fluoxetine

Anticonvulsants Oxcarbazepine, Phenytoin

Abrupt Withdrawal Of Dopamine Levodopa, Amantadine,

Agonists Bromocriptine

Skeletal Muscle Relaxant Carisoprodol 53

Lithium Combination with

Miscellaneous Antipsychotics

Table 2: Risk factors that may precipitate NMS

Clinical factors | Underlying Other
diseases Predisposing
factors
AIDS Dehydration
Agitation
Restraint Brain lesions High potency drugs

Thyrotoxicosis Delirium, Neuroleptic depot forms

Iron deficiency Encephalitis Male sex

Tumor in brain Head trauma

High ambient
temperature

Humidity
Substance abuse.

Table 3: Differential Diagnosis

DISEASE TRIGGERS
NMS Neuroleptics
Serotonin syndrome | Serotonergic Drugs (SSRIs, TCAs, MAOIs
And Triptans)
Malignant Anaesthetics
hyperthermia
Drug toxicity Lithium, Substances abuse, Meperidine,

Fenfluramine

CNS infection
(Meningitis)

Infectious etiology

Convulsions Epilepsy

In Catatonia, motor features are preceded by behavioral
changes

DIFFERENTIAL DIAGNOSIS

NMS can be typically distinguished by obtaining comprehensive
data on medical history, the absence of leukocytosis and
elevation in CPK levels and the presence of gastrointestinal
symptoms!7.Prodromal viral illnesses, meningeal
headaches, localizing neurological signs, CSF findings4, seizures
and neuro-imaging are ruled out to exclude infectious aetiology.
Risk of extrapyramidal symptoms in NMS may be high in patients
with HIV and other viruses that affect mid brain. Lesions in the

signs,

midbrain and brain stem as well as non-convulsive status
epilepticus can mimic NMS. Such conditions should be
scrutinized to distinguish NMS. In most of the cases NMS is self-
limited, after the discontinuation of offending agent. In
psychiatric patients, receiving antipsychotics, NMS is difficult to
differentiate when heat stroke is present with hyperthermia,
confusion, tachycardia and tachypnea. However, in heat stroke,
skin is dry and muscle flaccidity is commonly seen after exposure
to high ambient temperatures. Serotonergic drugs which include
SSRIs, TCAs, MAOIs and triptans can cause serotonin syndrome
presented with agitated delirium that resembles NMS. The
symptomatic features that distinguish serotonin syndrome from
NMS include chills, ataxia, myoclonus, hypereflexia and patellar
clonus. There is no conflicting rise of CPK and liver enzymes in SS
as in NMS. Usually NMS takes longer time to emerge whereas
serotonin syndrome develops within hours after exposure to
triggering agents®. Also, most patients with SS recover within a
week of the stoppage of the causative agent unlike in NMS where
it takes several weeks*’. Patients may develop malignant
hyperthermia during general anesthesia that produce signs like
NMS due to a primary pharmacogenetic muscle disorder which
cannot be relieved by neuromuscular blocking agents. Dopamine
antagonists and withdrawal of dopamine agonists or of the
GABA-ergic drug Baclofen can also precipitate NMS like
reaction131426, Various drugs which trigger other syndromes that
are to be differentiated are shown in Table 3. Drugs include
Lithium, Meperidine and Fenfluramine at toxic levels produce
NMS like symptoms. Drugs of abuse such as cocaine,
amphetamine, methamphetamine, phencyclidine and 3,4-
methylinedioxymethamphetamine intoxication besides alcohol
withdrawal produce syndrome with hyperthermia, altered
mental status and autonomic dysfunction which can be confused
with NMS easily13.17,

Catatonia is a neuropsychiatric syndrome which is distinguished
by mutism, immobility, negativism, excitement,
catalepsy, stupor, refusal to eat or drink, posturing and
excitement or hyperkinesis. When neuroleptics are administered
to catatonic patients, the dopamine blockade produced would
aggravate the already meager dopaminergic activity that will lead
to precipitation of NMS48. (Lethal catatonia, a psychiatric
disorder, which is life threatening, is indistinguishable from NMS
because of similar clinical features!?. But in Catatonia motor
features are preceded by behavioral changes#17.) Cut it.

The diagnostic features of NMS according to DSM-V-TR criteria
which include rigidity, changes in mental status, dysautonomia,
elevated temperature were often found to be present in the cases
of Progressive  Encephalomyelitis with  Rigidity and
Myoclonus(PERM) in studies except with the elevation of CK51.
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NMS may also result secondary to Myxedema coma which is a
life-threatening condition that represents severe hypothyroidism
with physiological decompensation. The pathogenesis behind
such an occurrence are the metabolic changes that occur
peripheral to primary hypothyroidism resulting in elevation of
dopaminergic activity in the central dopaminergic tracts making
the person susceptible to the idiosyncratic reaction of NMS52.
There have been cases where differences have been reported in
the clinical presentation of NMS between atypical and typical
antipsychotics. Tremors, rigidity and fever are seen only
occasionally with atypical antipsychotics while diaphoresis is
usual even though different drugs have varying symptom
profiles. Substantial amount of cases of atypical induced NMS
have been associated with risperidone. Clozapine-related
agranulocytosismust be ruled out before the diagnosis of NMS in
patients who present with fever and autonomic instability
without rigidity>7.

COMPLICATIONS

NMS complications are of diverse in nature. The most universally
occurring complication is rhabdomyolysis resulting from muscle
damage. Besides, early in the course of NMS, complications
include renal failure, respiratory distress syndrome, aspiration
pneumonia, pulmonary edema, sepsis, embolism, intravascular
coagulopathy, myocardial infarction and seizures, cardiac arrest
or respiratory failure which may lead to death#13.

TREATMENT AND MANAGEMENT
Neuroleptic malignant syndrome requires neurologic emergency
in treatment, as a delay in treatment lead to severe morbidity and
death.[17IThe effective management involves the prompt
recognition of clinical disorders that share similar clinical
features with NMS that are to be excluded and immediate
withdrawal of offending drug as well as implementation of
supportive care and other therapeutic interventions413.
Treatment with dopamine agonists and supportive therapy
cannot be excluded based on their potential benefits which have
been reported in various case reports on NMS. A study evaluated
that treatment with Bromocriptine or Dantrolene showed rapid
recovery than supportive therapy alone3S. Alternative therapy
with Amantadine also shows successful remission of symptoms
in some cases36. Antiparkinsonism drugs like Levodopa in
combination with Carbidopa can be used to relieve
extrapyramidal symptoms and hyperthermia3 37.Interestingly,
neuroleptic agents cannot be eliminated by dialysis, thus
reduction in blood concentration of drug cannot be achieved
easily. Treatment should be done aggressively for NMS
complications. In an immobilized patient, to prevent venous
thrombosis Heparin is indicated, whereas Metoclopramide, a
dopamine-antagonist, is contraindicated. Efficacy of specific
treatment remains controversial, which cannot be evaluated due
to lack of sufficient literature?4.
Management of NMS is usually of two types:

1. Supportive therapy

2. Pharmacological treatment
Supportive Therapy
Prior management of NMS includes cessation of offending
neuroleptic medication then supportive medical therapy is the
main stay of management of NMS. Supportive care includes use
of cooling devices3, fluids and electrolyte replenishment, and
treatment of potential complications*. Nasal gases administering

02 at a FiO2 in the range of 24-28% is necessary.In extreme
hyperthermia, physical cooling measures are predominant.
Noninvasive cooling devices are very effective and safe to
overcome hyperthermia with neither local nor systemic side
effects. Most of the NMS patients are dehydrated, thus volume
resuscitation should be done. Electrolyte abnormalities should be
corrected and monitored sequentially. Electrolyte fluids or
bicarbonate loading may be of particular benefit in preventing
renal failure. Careful monitoring should be done for
complications, including cardio-respiratory failure, renal failure,
aspiration pneumonia and coagulopathies3.

Pharmacological Treatment

NMS is a self-limited iatrogenic disorder. Cessation of
antipsychotic medication and medical therapy may adequate to
recover from symptoms. There is no evidence on specific
remedies for NMS to improve outcome. Because the NMS is a
rare, heterogeneous and unpredictable in onset, it is difficult to
compare specific treatment for NMS13.

Dopaminergic agents

Dopamine agonists such as Bromocriptine and Amantadine are
effective20 in treatment, as there is a fact that NMS is due to
dopaminergic blockade centrally. These drugs will help in
restoration of central dopaminergic balance that facilitates
recovery from hazardous NMS. Amantadine is initiated at 200-
400 mg/day in divided doses through orally or nasogastric tubes;
whereas Bromocriptine starts with dose of 2.5 mg orally BID or
TID, increased up to 45mg/day if indicated. Bromocriptine can
aggravate psychosis and hypotension, monitor closely.
Premature discontinuation of Bromocriptine may result in
rebound symptoms. Until the symptoms resolved dopamine
agonist treatment 4 should be continued. In various case reports
16 and meta-analysis, it has been reported that dopaminergic
agents when used alone or in combination with other agents
reduce mortality rate by halve and time to recovery?3.

In special cases, where NMS presented with emesis and achalasia,
oral administration of Bromocriptine or Amantadine shows
patient adherence problems. In such cases, subcutaneous
administration of Apomorphine at a dose of 2 mg q3h for 3 days,
and 2mg q6h for 6 days can be recommended?s.

Dantrolene

Dantrolene was initially the drug of choice for anesthesia induced
malignant hyperthermia. Because of its muscle relaxant property,
it is used to control major symptoms of NMS. Dantrolene may be
useful in NMS cases with extreme muscle rigidity, hyperthermia
and hyper-metabolism. In some meta-analysis, mono-therapy
with Dantrolene has shown improvement in 80% of NMS cases
have been reported. Dantrolene block the release of calcium from
sarcoplasmic reticulum thus works in tandem with central
dopaminergic agonist to alleviate the pyrexia symptoms
peripherally. Dosing of IV Dantrolene starts with 1-2.5 mg/kg
body weight followed by 1 mg/kg 6th hourly if fever and rigidity
resolved rapidly, with tapering to oral form of Dantrolene.
Besides, other pharmacological agents used
benzodiazepines, which synergistically act as central muscle
relaxant to attenuate muscle related heat in NMS.
Correspondingly reduces heart rate and respiratory rate413.14,

include
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Dantrolene can be given up to 10mg/kg/day. Beyond
10mg/kg/day dose of Dantrolene may precipitate
hepatotoxicityl417. If the subject has altered liver function, the
use of Dantrolene is limited?8.

Benzodiazepines

Although Benzodiazepines donot have preventive effect in NMS,
they may ameliorate symptoms particularly in milder cases and
hasten recovery. Among benzodiazepines, Lorazepam had shown
its efficacy to abate symptoms in various case reports3o 5.
Lorazepam starts with 1-2 mg parenterally, and titrate the dose
accordingly, as a first line intervention in patients with acute
NMS and primarily catatonic symptoms13. Diazepam is used to
treat symptoms of muscular rigidity, catatonia and agitation#3.49.

Steroid Therapy

Methylprednisolone pulse therapy is seen to be effective for
patients of Parkinson’s disease having NMS for lessening the
duration of illness and ameliorating its clinical manifestations.
The enhancement of organ system manifestations of NMS is
likely to occur as a result of the stabilizing effect of
Methylprednisolone on membrane.
Methylprednisolone also causes enhancement of dopaminergic
activity of NMS in Parkinson disease patients>6.

lysosomal

Electroconvulsive Therapy (ECT)

When pharmacotherapy and supportive care fail to recover the
symptoms of NMS, ECT may be effective to alleviate the
symptoms12. 13, 20 ECT is a relatively safe procedure!* which
includes 6-10 sessions- daily with bilateral electrode placement.
It is necessary to maintain a minimum of 6 sessions to reduce the
risk of relapsel3 15, Thus, cases that are unresponsive to
supportive medical therapy, ECT is an effective and rapid mode
of treatment for NMS!3. 14, Continuation of BZD’s therapy is
beneficial in patient undergoing ECT which will accelerate
recovery from episode. For severe or prolonged NMS cases, ECT
is indicated with BZDs!5.

Besides its effectiveness in terms of recovery of symptoms, ECT
appears to reduce mortality, so it can be indicated as second line
of therapy. ECT can also be used as first-line treatment, where a
lethal catatonia cannot be distinguished or where the acute NMS-
related metabolic symptoms have been
Parkinsonian or catatonia-like symptoms persist. When the
underlying disease represents psychotic depression, ECT can be
indicated for early usels.

resolved but

Treatment pattern to be followed for NMS in clinical
settings

Based on our review, we proposed the treatment pattern, to be
followed, for NMS in critical care to reduce the mortality rate.
The pattern is as follows:

A. As soon as the patient is diagnosed with NMS,
withdrawal of offending agent, usually Neuroleptics, is
the primary step in treatment.

B. Patient may recover after cessation of offending agent,
as discussed earlier NMS is self-limiting disorder.

C. Patient must be provided with the supportive
measures.

D. If symptoms of NMS persist even after cessation of
offending agent, start treatment with dopamine
agonists, in the doses as indicated, aggressively.

Dantrolene, a muscle relaxant can also be considered as
mono therapy or in combination with BZDs or
Dopamine agonists.

E. Levodopa in combination with Carbidopa can also be
recommended to relieve cardinal features of NMS such
as extrapyramidal symptoms and hyperthermia,
particularly in Parkinsonism patients.

F. ECT is the main stay of treatment, if pharmacotherapy
fails.

In Special cases

a) IfNMS is associated with drugs other than Neuroleptics,
especially dopamine antagonists, immediately start
dopamine-agonists for better prognosis.

b) ECT is indicated along with BZDs therapy in severe or
prolonged NMS cases.

c¢) ECT is the first line of therapy, if Parkinsonism or
catatonia symptoms persist.

d) When underlying disease is depression, ECT is indicated
for early use.

RECHALLENGE

Rechallenge with antipsychotics is necessary in many patients,
since NMS occurs mostly in psychiatric patients who need further
treatment with antipsychotics30. Rechallenge with neuroleptics
having high potency or too quickly after preceding episode
results in reoccurrence. Reoccurrence of NMS is as high as 30%
with antipsychotic rechallenge after resolution of previous
episode. In some case reports, successful rechallenge have been
reported; neuroleptics can be safely!s reintroduced with very
slow titration and careful monitoring after a washout period of
about two weeks34 for oral neuroleptics and at least 6 weeks for a
depot form. It is safer to use an alternative neuroleptic drug than
the one which is associated with the development of previous
episode# 13,17, 36,

A preventive program had been done in the past, for 3 years,
which concluded that, without reoccurrence, reintroduction of
neuroleptic medication was possible after ECT in patients whom
symptoms of previous episode is subsided, although neuroleptics
reintroduction may result reoccurrence of NMS38. Safest
approach to rechallenge neuroleptic is slow titration of dose and
use of low potency neuroleptic medication (e.g.: Clozapine) to
prevent occurrence of further NMS episode*14. After rechallenge,
patient should be monitored closely for NMS symptoms.
Antipsychotic dechallenge and prompt treatment for NMS should
start, if signs appear*.

PROGNOSIS

“Early recognition and prompt treatment will reduce the fatal
outcome from NMS”, stated Caroff et al38. Avoidance of
dehydration in NMS treated subjects will reduce the morbidity,
prevalence and further occurrence of syndrome!4.Events like
hyperpyrexia, rhabdomyolysis and neuronal damage may lead to
amnesia which could be temporary or resistant in some cases*9.
Due to increased physician awareness, reports of mortality from
NMS have been reduced. Early recognition of NMS symptoms and
aggressive treatment will provide a complete recovery with-in 2-
14 days* 13. Unless diagnosed earlier, resolution of symptoms
take several weeks or longer. If death occurs, it may be due to
renal failure or respiratory failure or arrhythmias? 17,
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SUMMARY AND RECOMMENDATIONS

NMS is rare and potentially life threatening disorder related to
the administration of neuroleptics. Cardinal features include
muscle rigidity followed by hyperthermia and autonomic
instability. Still to date, none of the theories can explain the
underlying cause of NMS that affect only small fraction of
patients who are on neuroleptic medication. An expertise
physician should aware of symptoms and make an accurate
diagnosis by exclusion and collecting a comprehensive medical
data along with complete laboratory investigations. Early
recognition of symptoms and prompt treatment including
cessation of neuroleptic agent, pharmacotherapy and supportive
measures are crucial in recovery from episode. In severe cases,
where symptoms are prolonged and cannot be relieved on
pharmacotherapy, physician must give stress on ECT as
therapeutic option both in terms of timing and technique.
Preventive measures include conservative use of neuroleptics
and prescriber should be aware of cumulative dose and
prescribing high dose of medication over a prolonged duration.
For rechallenge, a 2 weeks wash out period is mandatory to
prevent further episode and low potency agent at dose should be
started and titrated slowly in a monitoring setting with careful
assessment as there are upto 30% chances of reoccurrences?. Its
rarity, severity and fatality make impossible to conduct
controlled trails. Thus, further research is required to obtain a
comprehensive knowledge regarding NMS.

REFERENCES

1. Rang HP, Dale MM, Ritter JM, Flower R], Henderson G.
Rang and Dale’s pharmacology. UK: Elsevier Churchill
Livingstone; 2012. p. 561.

2. Walker R, Whittlesea C. Clinical Pharmacy and
Therapeutics. UK: Elsevier Churchill Livingstone; 2012.
p. 445.

3. Katzung BG. Basic & clinical pharmacology. USA: The
McGraw-Hill companies; 2004. p. 474.

4. Bottoni TN. Neuroleptic Malignant Syndrome: A Brief
Review. Hospital Physician. 2002; 38: 58-63.

5. Madhusudan CR, Sachidanand TD, Navinchandra
PB, Ashok UV. Typical Neuroleptic Malignant Syndrome
Presented in Patient on Maintenance Quetiapine. Indian
] Psychol Med. 2014; 36(1): 88-90.

6. Delay ], Denikar P. Drug Induced Extrapyramidal
Syndrome: Diseases of the basal ganglion. In: Vinken P]J,
Bruyn GW. Handbook of clinical neurology. North-
Holland Publishing Co; 1968. p. 248-266.

7. 7.Angelopoulos P, Maria M, Kyriakos K, Konstantinos B.
Neuroleptic malignant syndrome without fever after
addition of oxcarbazepine to long-term treatment with
amisulpride. General Hospital Psychiatry. 2008; 30(5):
482-484.

8. Langan ], Martin D, Shajahan P, Daniel ]JS. Antipsychotic
Dose Escalation as a Trigger for Neuroleptic Malignant
Syndrome: Literature Review and Case Series Report.
BMC Psychiatry. 2012; 12: 214.

9. Lee DT. Drug-Induced Neurologic Conditions.

US Pharmacist. 2014; 39(1): 47-52.

10. Reshma PA, Vijaya PP, Aliasgar VM. Neuroleptic
malignant syndrome: A diagnostic challenge. ]
AnaesthesiolClinPharmacol. 2012; 28(4): 517-519.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Wiener CM, Kasper DL, Braunwald E, Hauser S, Dan
Longo, Jameson JL, et al. Harrison’s principles of
internal medicine. USA: The McGraw-Hill Companies;
2005.p. 134.

Ho-Dong Choi, Kyoung-Keun Kim, Bon-Hoon Koo. A
Case of Catatonia and Neuroleptic Malignant Syndrome
Probably Associated with Antipsychotic in Korea.
Psychiatry Investig. 2011; 8(2): 174-177.

Jeffrey RS, Paul EK, Caroff SN. Neuroleptic Malignant
Syndrome. Am ] Psychiatry. 2007; 164(6): 870-876.
Adnet P, Lestavel P, Krivosic-Horber R. Neuroleptic
Malignant Syndrome. Br | Anaesth. 2000; 85(1): 129-
135.

Ernesto ]V, Daniel B, Sanz-Fuentenebro ].
Electroconvulsive therapy as treatment for malignant
neuroleptic syndrome. Rev PsiquiatrSaludMent. 2012;
4(3):169-176.

Ali EA, Meryem OK, Cetin O, Fevziye T. Neuroleptic
malignant syndrome due to risperidone misdiagnosed
as status epilepticus. Pediatr Rep. 2011; 3(3): 19.
Berman BD. Neuroleptic Malignant Syndrome. The
Neurohospitalist. 2011; 1(1): 41-47.

Christian S, Rolf G, Anne K, Lutz N, Joerg CS, Frank M, et
al. A rare case of neuroleptic malignant syndrome
presenting with serious hyperthermia treated with a
non-invasive cooling device: a case report. ] Med Case
Reports. 2009; 3: 6170.

Shargel L, Mutnick AH, Souney PF, Swanson LN.

Comprehensive  pharmacy review. New Delhi:
wolkerskluwer/ Lippincott Williams and wilkins; 2010.
p.1036.

NeuhutR, Lindenmayer JP, Silva R. Neuroleptic
Malignant Syndrome in Children and Adolescents on
Atypical Antipsychotic Medication: A Review. ] Child
AdolescPsychopharmacol. 2009; 19(4): 415-422.
Bichitra NP, Sudhir KK, Mamta S. Olanzapine induced
neuroleptic malignant syndrome. Indian ] Pharmacol.
2013; 45(1): 98-99.

DonghuaZou, Yu Shao, Zhigiang Qin, Jianhua Zhang,
Ningguo Liu, Zhengdong Li, et al. Death due to fulminant
neuroleptic malignant syndrome induced by low doses
of haloperidol: A rare case. ] Forensic Leg Med. 2014;
24:12-14.

Han-Lin Yen, Shih-Cheng Tsai. Neuroleptic malignant
syndrome associated with haloperidol treatment in a
patient with head injury. Formosan Journal of Surgery.
2013; 46(3): 87-89.

Berry N, Pradhan S, Sagar R, Gupta SK. Neuroleptic
Malignant Syndrome in an Adolescent Receiving
Olanzapine-Lithium Combination
Pharmacotherapy. 2003; 23(2): 255-9.
Alexander PJ, Ranji MT. Increased Risk of Occurrence of
Neuroleptic Malignant Syndrome On Combined
Treatment With Lithium And Neuroleptic. Indian ]
Psychiat. 1997; 39(3): 251-255.

Benett PN, Brown M]. Cinical pharmacology. UK:
Churchill Livingstone; 2003. p. 388.

Therapy.

K.V.Jagadeesh et all, World Journal of Current, Med. Pharm. Research. Vol-1, Iss-1 01-09.

Page7


http://www.sciencedirect.com/science/article/pii/S0163834308000431
http://www.sciencedirect.com/science/article/pii/S0163834308000431

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

https://www.wjcmpr.com

Amore M, ZazzeriN.Neuroleptic Malignant Syndrome
After Neuroleptic Discontinuation. Prog. Neuro-
Psychopharmacol&BiolPsychiat. 1995; 19(8): 1323-
1334.

MehmetUstiindag, Murat Orak, CahferGiiloglu, Mustafa
BS, Mahmut T. A case of neuroleptic malignant
syndrome induced by olanzapine in postpartum period.
Indian ] Psychiatry. 2007; 49(4): 287-289.

Marios ST, Efstathios ]B, Lampis CS, Pantelis S,
Damianos ES. Malignant neuroleptic syndrome
following deep brain stimulation surgery: a case report.
] Med Case Reports. 2011; 5: 255.

Barbara GW, Dipiro JT, Robert LT, Yee GC, Matzke GR,
Posey LM. Pharmacotherapy: A Pathophysiologic
Approach. USA: The McGraw-Hill medical; 2009. p. 810.
Caroff SN. Neuroleptic malignant syndrome. In: Mann
SC, Caroff SN, Lazarus A, et al. Neuroleptic Malignant
Syndrome and Related Conditions. Washington, DC:
American Psychiatric Publishing. 2003. p. 1-44.

Koichi N, Shioda K. A rare case of neuroleptic malignant
syndrome without elevated serum creatine kinase.
Neuropsychiatr Dis Treat. 2014; 10: 403-407.

Sachdev P, Kruk ], Kneebone M, Kissane D. Clozapine-
induced neuroleptic malignant syndrome: review and
report of new cases. ]
ClinPsychopharmacol. 1995;15(5): 365-371.

Carie DH, Brian CL, Paul JP.Failed Challenge with
Quetiapine after Neuroleptic Malignant Syndrome with
Conventional Antipsychotics. Pharmacotherapy. 2001;
21(8):1003-1006.

Rosenberg MR, Green M. Neuroleptic malignant
syndrome: review of response to therapy. Arch Int Med.
1989; 149(9): 1927-1931.

Yacoub A, Francis A. Neuroleptic malignant syndrome
induced by atypical neuroleptics and responsive to
lorazepam. Neuropsychiatr Dis Treat. 2006; 2(2): 235-
240.

Henderson VW, Wooten GF. Neuroleptic malignant
syndrome: a pathogenetic role for dopamine receptor
blockade? Neurology. 1981; 31(2): 132-137.

Fernando ML, Manchanda R, Kirk C. Neuroleptic
malignant syndrome: a preventive program. ]
PsychiatrNeurosci. 1992; 17(1): 31-33.

JaspinderKaur, Dileep Kumar, Mostafa Alfishawy,
Ricardo Lopez, and IssacSachmechi.Paliperidone
Inducing Concomitantly Syndrome of Inappropriate
Hormone, Neuroleptic =~ Malignant
Syndrome, and Rhabdomyolysis. Case Rep Crit Care.
2016

Kenta Shoko
Momokolsono, Aiko Muramatsu, Masanao Fujii, Yumiko
Muta, Tomoyuki Asada, Kazuya Fujihara, Hiroaki Yagyu.
splenial syndrome with a
hyperosmolar hyperglycemic state and neuroleptic
malignant syndrome caused by Olanzapine. ] Diabetes
Investig. 2017; 8(3): 392-394

Jaspinder Kaur, Dileep Kumar, Mostafa Alfishawy,
Ricardo Lopez, and IssacSachmechi. Paliperidone
Inducing Concomitantly Syndrome of Inappropriate
Antidiuretic Hormone, Neuroleptic ~ Malignant

Antidiuretic

Kaino, Ryo Kumagai, Furukawa,

Reversible lesion

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Syndrome, and Rhabdomyolysis. Case Rep Crit Care.
2016;

VeliYildirim, MeltemCobanogullarDirek, SerkanGiines,
CetinOkuyaz, Malignant
Syndrome Associated with Valproate in an Adolescent.
ClinTher. 2004; 15(7): 1105-1108

Minfeng Cheng, HuayingGu, Liangrong Zheng, Houliang
Wang, ZhiyongZhong, Shenglin Wen. Neuroleptic
malignant syndrome and subsequent clozapine-
withdrawal effects in a patient with refractory
schizophrenia. Neuropsychiatric
Treatment. 2016; 12: 695-697
BinoRajamani, Yashwant Kumar, Sajitha M. F. Rahman.
Neuroleptic malignant syndrome. N Engl ] Med. 1985;
313:163-166

Silvia R. Delgado, Leticia Tornes, Janice Maldonado,
Jeffrey HernandezYesica Campos,KottilRammohan.
Neuroleptic Malignant Syndrome Associated with
Refractory Acute Disseminated Encephalomyelitis. Case
Rep Neurol. 2016; 8:97-101

Zhiyong Zhao, Hua Zhang, Shaohua Wang, Xiaofeng
Chen. Sudden discontinuation and reinstitution of
olanzapine-associated atypical neuroleptic malignant
syndrome in a patient undergoing lung surgery.Int |
ClinExp Med. 2015; 8(7): 11639-11641

FaizanMazhar, ShahzadAkram, NafisHaider, Rafeeque
Ahmed. Overlapping of Serotonin Syndrome with
Neuroleptic Malignant Syndrome due to Linezolid-
Fluoxetine and Olanzapine-Metoclopramide
Interactions: A Case Report of Two Serious Adverse
Drug Effects Caused by Medication Reconciliation
Failure on Hospital Admission. Case Rep Med. 2016;
Kiran K. Kumar, SwapnaBondade, Fiaz Ahmed Sattar,
Niharika Singh. Malignant Catatonia and Neuroleptic
Malignant Syndrome in Relation to Disulfiram
Overdose. Indian | Psychol Med. 2016; 38(4): 344-347
Ramadhan Oruch, lan F Pryme, Bernt A Engelsen,
Anders Lund. Neuroleptic malignant syndrome: an
easily overlooked neurologic emergency.
Neuropsychiatr Dis Treat. 2017; 13: 161-175

Udo Bonnet, BehnazTaazimi, Martin Montag, Regine
Ronge, Holger Gespers, Ralf Kuhlmann, Dieter Grabbe&
Jirgen Jahn. Severe Acute Pancreatitis, Neuroleptic
Malignant Syndrome and Grand Mal
Associated with Elevated Amisulpride and Low
Clozapine Serum Levels. PsychiatriaDanubina. 2015;
27(4): 424-425

Zheyu Xu, Kalpana Prasad, Tianrong Yeo. Progressive

FevziyeToros.Neuroleptic

Disease and

Seizures

Encephalomyelitis with Rigidity and Myoclonus in an
Intellectually Disabled Patient Mimicking Neuroleptic
Malignant Syndrome. ] movDisord. 2017; 10(2): 99-101
Siddharth Dixit, Manoj Kumar Dutta, MayankNamdeo. A
Rare Case of Myxedema Coma with Neuroleptic
Malignant Syndrome (NMS). J ClinDiagn Res. 2015;
9(5): VD01-VDO03

Gunchan Paul, Gautam L Parshotam, and Rajneesh
Garg.Carisoprodol withdrawal syndrome resembling
neuroleptic malignant syndrome: Diagnostic dilemma.]
AnaesthesiolClinPharmacol. 2016 Jul-Sep; 32(3): 387-
388

K.V.Jagadeesh et all, World Journal of Current, Med. Pharm. Research. Vol-1, Iss-1 01-09.

o
[<5)
st}
¢l

(a9


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4980904/

54.

55.

56.

57.

58.

https://www.wjcmpr.com

Jordi Ledn-Caballero, Leila Alba-Pale, Purificacion
Salgado-Serrano, Victor Pérez-Sola. Neuroleptic
malignant syndrome with slightelevation of creatine
kinase in serum: a brief review. ActasEspPsiquiatr;
2015;43(4):194-6

VaibhavPatil ,Rishab Gupta, RohitVerma,Yatan Pal Singh
Balhara. Neuroleptic Malignant Syndrome Associated
with Lithium Toxicity. Oman Med J; 2016; 31(4): 309-
311

Y Sato, T Asoh, N Metoki, K Satoh. Efficacy of
methylprednisolone pulse therapy on neuroleptic
malignant syndrome in Parkinson’s disease. ]
NeurolNeurosurg Psychiatry2003;74:574-576

57. Siddharth  Sarkar, Nitin Gupta. Atypical
antipsychotics and Neuroleptic Malignant Syndrome:
Nuances and pragmatics of the Association.
Psychiatrist.2017; 41(4): 211-216.

58. Agnieszka Butwicka, Szymanska Krystyna,
WiodzimierzRetka, Tomasz Wolaniczyk. Neuroleptic
malignant syndrome in an adolescent with CYP2D6
deficiency. Eur ] Pediatr. 2014; 173(12): 1639-1642.

K.V.Jagadeesh et all, World Journal of Current, Med. Pharm. Research. Vol-1, Iss-1 01-09.

Page9



