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Abstract

Objective: Neuroleptic malignant syndrome (NMS) is a severe iatrogenic complication of treatment with anti-
psychotic medication. The purpose of this report is to examine the published cases of NMS in children and
adolescents receiving atypical antipsychotic medication and review early warning symptoms, risk factors, and
treatment in this population.

Method: An extensive review of the literature from 1990 to 2008 was conducted via computerized searches
(PubMed and Ovid) to identify case reports. Descriptive statistics were employed to describe our findings.
Results: There were 23 episodes in 20 subjects, with ages ranging from 11 to 18 years. Increased creatine phos-
phokinase (CPK) was the most common finding (100%), followed by fever (78%), tachycardia (74%), rigidity (70%),
and altered mental status (61%). The number of NMS symptoms ranged from 1 to 11 (mean 4.7 + 2.4) and positive
laboratory findings ranged from 1 to 4 (2.2 & 1). The duration of NMS (mean 6.1 + 6.4 days) was one third of the
duration associated with typical antipsychotics. Patients treated with bromocriptine had a shorter duration of
illness, whereas the same was not true for those receiving dantrolene. In all cases, the NMS symptoms eventually
resolved and there were no reported deaths or permanent sequelae.

Conclusions: NMS is a serious condition. Symptom presentation related to atypical agents differs from that seen

with older antipsychotic medications.

Introduction

NEUROLEPTIC MALIGNANT SYNDROME (NMS) is a rare, but
potentially fatal complication of treatment with anti-
psychotic medication and characterized by the development
of severe muscle rigidity and hyperthermia, first described by
Delay et al. in 1968. According to Diagnostic and Statistical
Manual of Mental Disorders, 4% edition (DSM-IV) (American
Psychiatric Association 1994) criteria, these required symp-
toms are accompanied by two (or more) of the following
symptoms: Diaphoresis, dysphagia, tremor, incontinence,
changes in level of consciousness ranging from confusion to
coma, mutism, tachycardia, alterations in blood pressure,
leukocytosis, and laboratory evidence of muscle injury (e.g.,
elevated creatine phosphokinase [CPK]).

The investigation of NMS in children lagged considerably
behind the work done in adults with the typical antipsychotic
agents. In 1999, Silva et al. compiled a review of the literature
of 77 cases involving NMS in children and adolescents taking
older traditional neuroleptic medication (Silva et al.1999). The

authors described a similar course of illness and treatment to
that of adults. NMS is thought to be the result of dopamine
blockade, both centrally and peripherally, and may represent
an aspect of severe extrapyramidal side effects of neuroleptics.
The atypical antipsychotics reduce psychosis while decreasing
extrapyramidal symptoms (EPS), including NMS (Silva et al.
1999). However, while there has been a multitude of docu-
mented cases with NMS in adults treated with atypical agents
since the original report of Bonwick et al. (1996) regarding
risperidone, less is known about NMS in children who are
prescribed atypical antipsychotics. Given that atypical anti-
psychotics are being increasingly prescribed in the pediatric
and adolescent population (Zito et al. 2003), a more global
understanding of the relationship between atypical neuro-
leptics and NMS in this population needs to be explored.

The purpose of this report is to examine the published
cases of NMS in children and adolescents receiving atypical
antipsychotics and review early warning symptoms, risk
factors, and treatments in this population. The review will
also attempt to compare NMS cases in children on different
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atypical antipsychotics to those taking typical antipsychotic
medication based on results from the available literature.

Method

An extensive review of the literature from 1990 to 2008 was
conducted via computerized searches (PubMed and Ovid).
Identified reports were limited to include human subjects,
ages 0-18. Parameters included NMS and atypical antipsy-
chotics. Case reports were identified and reviewed, and all
reference sections were checked for additional cases. Authors
were e-mailed to clarify and fill in missing information in the
report.

A preliminary review of the literature served to iden-
tify variables that should be included in this review. Of the
multiple variables identified, our report includes demographic
information such as age, gender, race, clinical psychiatric di-
agnosis, and medical condition. Medication information in-
cludes all medications patients received, dose of medication,
and time from initiation of neuroleptics to beginning of NMS.
NMS variables include the presence and extent of physical
findings, laboratory abnormalities, duration of symptoms, and
all treatments, interventions, and outcomes.

Results
Subjects

Table 1 summarizes the demographics of each case report.
Nineteen articles identified 23 distinct episodes of NMS re-
ported in 20 subjects (14 males and 6 females). It should be
noted that in 2 cases the subject had more than one episode of
NMS on different antipsychotic agents. Ages ranged from 11
to 18 years old (mean age 15.4 + 2.1). The racial composition of
these subjects was 40% African American (n=8), 30% Cau-
casian (1 =6), 5% Asian (n = 1), 5% Hispanic (1 =1), and 10%
other (n=2); ethnicity was not listed (n=2) in 10% of the
sample. Psychiatric diagnosis for which the patient was being
treated included 35% acute psychosis (n=7), 20% schizo-
phrenia (n=4), 20% bipolar disorder (1n=4), 10% schizo-
affective disorder (n=2), 5% depression with psychotic
features (1 =1), and 10% pervasive developmental disorder/
autism (n=2). Two cases were reported to have preexisting
asthma, one of which also had sickle cell trait, but no other
preexisting medical conditions were reported.

In addition to taking an atypical antipsychotic medication,
60% of subjects (n =12) were taking adjunctive medication at
the time of onset, including medication such as lithium (n = 1),
one dose of another atypical antipsychotic (n = 1), one dose of
a typical antipsychotic (n=1), methylphenidate (n=1), to-
piramate (n = 1), lorazepam (n = 2), and valproic acid (n =5).
Of the patients on valproic acid, 1 patient was concurrently
taking buproprion and another patient was also taking
amantadine.

Thirty five percent of subjects (n =7) had been treated with
antipsychotic medication in the past and 15% of subjects
(n=3) had experienced past adverse reactions to antipsy-
chotic medication, all specifically to risperidone. These reac-
tions included akathisia and EPS.

Clinical presentation

Table 2a summarizes the clinical presentation and Table 2b
identifies the diagnostic test results of the NMS cases. Each

NEUHUT ET AL.

reported case included between 1 and 11 symptoms per pa-
tient (mean 4.7 +2.4). Fever was present in 78% of cases
(n=18) and rigidity was reported in 70% of cases (1 =16). In
47.8% of cases (n=11), the subject presented with fever and
rigidity together. Tachycardia was another common symp-
tom reported in 74% of cases (1 =17). Changes in the level of
consciousness were reported in 61% of cases (1=14) (see
Table 2a,b).

A range of 1 to 4 positive lab results was reported per case
(mean 2.2 £1). Increased CPK was the most common finding
and was reported in 100% of cases (n=20). CPK levels
reached an average of 5550 £9755 and ranged from 400 to
40,177 units per liter (U/L) (normal =27-240U/L). An ele-
vated white blood cell count was reported in 52% of cases
(n=12) of cases in which the lab test was mentioned. There
were 3 cases in which the subject had an abnormal electro-
encephalogram (EEG). Findings included diffuse slowing,
indicating mild encephalopathy and abnormalities in the
temporal lobe. One case with abnormal computed tomogra-
phy (CT) findings described decreased activity in the right
basal ganglia, left temporal lobe, and both parietal lobes.
Positive magnetic resonance imaging (MRI) changes were
seen in one subject who experienced 3 separate episodes of
NMS (case 3), which showed atrophic changes in the cere-
bellum. One subject was found to have white cells in the ce-
rebrospinal fluid (CSF).

The time of onset from the initiation of the antipsychotic
medication ranged from immediately to 56 days (mean
8.7 £16.2 days). The duration of NMS symptoms ranged from
1 to 31 days (mean 6.1 & 6.4 days).

Medications

The three most common atypical antipsychotics reported in
the NMS cases were risperidone (1 =7), olanzapine (n=7),
and aripiprazole (n=23). Eighty six percent of cases on ris-
peridone (1 =6) and 86% of cases on olanzapine (1 =6) pre-
sented with fever. None of the patients on aripirazole
presented with fever, while all patients on aripiprazole (1 = 3)
presented with rigidity and altered mental status. In 57% of
cases on risperidone (1 =4) and in 43% of cases on olanzapine
(n=3), the subjects presented with both fever and rigidity.
Seventy one percent of cases on risperidone (1 =5) presented
with an elevated white blood cell count, including cases
in which the test was mentioned. Patients on risperidone
had the longest average duration of symptoms (mean 9.14
days) compared to those on olanzapine (mean 3.57 days) and
aripiprazole (mean 4.00 days).

Outcome

Table 3 summarizes the different treatments and interven-
tions used once NMS was identified. In 100% of cases (n = 23),
the antipsychotic was withdrawn and supportive care was
implemented. The mean time between first symptom ap-
pearance and stopping medication was 0.43 +1.12 days. In 19
of the 23 episodes of NMS, the offending agent was discon-
tinued immediately, and in the remaining 4 cases, the range of
elapsed time between symptom presentations to medication
discontinuation ranged from 6 hours to 4 days. Bromocriptine
was administered in 26% of cases (1 = 6) and dantrolene was
administered in 39% of cases (n=9). Benzodiazepines were
given in 30% of cases (n="7) and electroconvulsive therapy
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TaBLE 3. TREATMENT OF NMS

Supportive Antipsychotic

Sodium

treatment  withdrawn  Bromocriptine Dantrolene Anticholinergic/amantadine bicarbonate Benzodiazepine ECT
Frequency 23 23 6 9 4 3 7 4
Percent 100% 100% 26% 39% 17% 13% 30% 17%

Abbreviation: ECT = electroconvulsive therapy.

(ECT) was administered in 17.4% of cases (n=4). In cases
where bromocriptine was administered, the mean duration of
illness was 5 4 2.75 days (range from 3 to 10 days), whereas in
cases where dantrolene was administered the mean duration
of illness was 8.4 & 8.8 days (range from 2 to 31 days). In the 4
cases where ECT was used, the mean duration of symptoms
was 3.25 £ 0.5 days (range from 3 to 4 days), and in the 6 cases
where benzodiazepines were given, the mean duration of
symptoms was 3.86 £+ 2.91 days (range from 1 to 10 days) (see
Table 3). The NMS symptoms eventually resolved in all cases,
and there were no reported deaths or permanent sequelae.
Forty percent of subjects (1 =8) were rechallenged success-
fully with an antipsychotic medication after the episode of
NMS resolved. In these cases of rechallenge, all subjects were
treated with another atypical antipsychotic, except for one
case, which involved perphenazine.

Discussion

This report describes 23 NMS cases in children and ado-
lescents treated with atypical antipsychotics. The subjects
appear to present with some similarities and differences in
NMS symptoms compared to adult NMS in terms of criteria
and course. Only 47.8% of the pediatric aged cases (1 =11)
presented with both fever and rigidity, which are two
required symptoms according to the DSM-IV diagnostic cri-

teria. Only 39% of cases (1 =9) met full criteria for NMS by
presenting with fever and rigidity together, along with at least
two of the other symptoms listed. Elevated CPK was reported
in 100% of the reported child and adolescent cases that re-
ceived atypical antipsychotic medication. It appears that this
laboratory finding helped to confirm the diagnosis of NMS in
these cases and may represent the hallmark of this illness in
childhood presentations. Tachycardia and altered mental
status were common symptoms in these case reports, as they
are in cases of adult NMS involving typical and atypical an-
tipsychotic medication (Addonizio et al. 1987; Caroff et al.
2000).

The time of onset in these reported cases ranged from im-
mediately to 56 days (mean 8.7 +16.2 days), which is con-
sistent with what has been reported in the adult population,
which is within 2 weeks and sometimes as early as after a
single dose (Addonizio et al. 1987; Farver 2003). NMS devel-
oped in these reported cases on relatively small doses of an-
tipsychotic medication, as has been the case with many adult
patients (Brown et al. 1999; Farver 2003). Although mortality
rates and persistent physical sequelae have been reported in
the adult population as a result of NMS (Steingard et al. 1992;
Caroff et al. 2000), none of these child and adolescent cases
resulted in death or permanent sequelae. Bromocriptine was
effective, but dantrolene was not found to shorten the dura-
tion of symptoms in this population as it has in cases of adult

TABLE 4. COMPARISON OF NMS IN CHILDREN ON TYPICAL AND ATYPICAL ANTIPSYCHOTICS

Children on typical antipsychotics

Children on atypical antipsychotics

Source of data

Average age 14.8

Gender (%M/%F) 49/27

Average time to onset 444951
in days

Average duration of 17.94+19.97

symptoms in days
Most common

symptoms

status 72%

Common laboratory

test results
Average time from onset

of NMS symptoms to

medication discontinuation

WBC (75%)
44+951

in days
Treatment Those treated with bromocriptine had a
shorter duration of illness (not found with
patients treated with dantrolene).
Outcome 10.8% (7 cases) resulted in death and 23.1%

(15 cases) with physical sequelae.

Silva et al. 1999

Fever (90.3%), rigidity (93.5%),
tachycardia (78.3%), altered mental

Increased CPK (93.8%), increased

15.4
14/6
8.7+162

6.1+6.4

Fever (91%), rigidity (70%), tachycardia
(74%), altered mental status (61%)

Increased CPK (100%)

43+1.2

Those treated with bromocriptine
had a shorter duration of illness
(not found with patients treated
with dantrolene).

No deaths or permanent
sequelae reported.

This study

Abbreviations: NMS = neuroleptic malignant syndrome; M =male; F = female; WBC = white blood cells; CPK = creatine phosphokinase.
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typical adult NMS (Addonizio et al. 1987); further investiga-
tion is required due to the small number of cases treated with
these medications.

Similar to adults, the cases reported predominantly in-
volved male patients (70%, n =14). This may possibly be ex-
plained by factors such as a gender difference in age of onset
of primary psychotic illness or differences related to rates of
exposure to medication. In these cases, the majority of the 6
female patients presented with a primary affective illness such
as bipolar disorder or depression (66.7%, n = 4), with only two
reported cases of acute psychosis. A total of 78.6% of the male
cases (1 =11) presented with primarily psychotic symptoms,
including acute psychosis, schizophrenia, and schizoaffective
disorder, with only one case of bipolar disorder and two cases
of pervasive developmental delay.

In comparison to NMS cases involving children and ado-
lescents on typical antipsychotic medication, it appears that
children and adolescents on atypical antipsychotics have been
shown to have an overall similar NMS presentation with
some noticeable differences (Table 4). In the Silva et al. review
(1999), the children treated with typical antipsychotic medi-
cation presented at a similar mean age of 14.8 (as compared to
15.4 years in our sample), yet their sample included 4 subjects
below the age of 6, 6 subjects between the ages of 6 and10, and
22 subjects between the ages of 11 and 15. In our review of
children treated with atypical antipsychotics, there were no
reported cases of young children, despite the increasing
number of young children being prescribed atypical anti-
psychotics (Zito et al. 2003).

In both groups involving cases of NMS in children on
typical and atypical antipsychotics, the majority of the sub-
jects were male. Common symptoms of NMS in children
treated with typical and atypical antipsychotics included
fever, rigidity, tachycardia, and altered mental status. Inter-
estingly, the percentage of children who developed fever and
tachycardia with typical and atypical antipsychotics was re-
markably similar. An elevated CPK level was a common
laboratory finding in both groups (Silva et al. 1999).

The time of onset in children on typical antipsychotics
ranged from immediately to 59 days (mean 4.4 +9.51) (Silva
et al. 1999), while in this sample of children on atypical anti-
psychotic medication, the average time to onset was nearly
double (mean 8.7 +16.29 days), with a range from immedi-
ately to 56 days. The duration of NMS symptoms in children
on typical antipsychotic medication averaged about 18 days
(Silva et al. 1999), whereas the duration of symptoms in
children on atypicals was approximately one third of this
value (mean 6.1 £ 6.46 days). The implication of these obser-
vations may be that the cases of NMS induced by atypical
agents are less fulminant than those caused by the typical
antipsychotic agents.

In the cases involving children on typical antipsychotic
medication, there were numerous cases resulting in death or
permanent sequelae (Steingard et al. 1992; Silva et al. 1999), in
contrast to the patients who received atypical antipsychotic
medication, who all had a complete recovery. The timely
nature of illness identification and medication discontinua-
tion most likely has played a crucial role in decreasing the
mortality of this potentially fatal illness. In a 2001 review by
Ty and Rothner, which focuses primarily on traditional
agents, the outcomes of pediatric cases of NMS are divided
into three epochs. The most recent epoch from 1991 to 1998
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shows 0% mortality, compared to 44% (1973 to 1980) and 5.5%
(1981 to 1990). This would seem to highlight the fact that
increasing awareness and recognition of the syndrome over
time has lead to early treatment and prevention of compli-
cations and may explain the lack of morbidity and mortality
in our sample.

Similar to the atypical antipsychotic cases, the children on
typical antipsychotics had a shorter duration of illness when
treated with bromocriptine; this was not the case for patients
who were treated with dantrolene (Silva et al. 1999). Further
research on the effects of bromocriptine compared to dan-
trolene is warranted due to the small number of patients in
our sample treated with these medications. In contrast to
children on typical antipsychotics, ECT was shown to be a
potentially effective treatment in 4 cases treated with atypical
antipsychotic agents. Similar results regarding ECT were re-
ported in the 2008 review of NMS in children on atypical
antipsychotics by Croarkin et al. (2008), yet this treatment
modality requires further investigation due to the limited
number of cases available.

A limitation of this review is the relatively small sample
size based on the reported cases in the literature. This may be a
true reflection of a lower incidence rate of NMS with atypical
antipsychotics as compared to typicals or it may the outcome
of early identification and treatments. We were also unable to
draw any conclusions on the relative incidence as it relates to
specific antipsychotic medications, because our sample size
was too small for this analysis.

Conclusions

The notion that NMS in children is associated with pre-
sentations encompassing fewer symptoms than are required
to meet full criteria of the diagnosis as listed in the DSM-IV
should lead to reflection on whether modification of the cri-
teria for children and adolescents should be reconsidered in
future DSM revisions. Presentations with fewer symptoms
may also be the by-product of earlier identification and in-
tervention of this most serious illness in more recent years (Ty
and Rothner 2001). To highlight this point, it should be noted
that the average time between the appearance of first symp-
toms of NMS to medication discontinuation was nearly 10
times longer with the typical antipsychotics (Silva et al. 1999)
when compared to the atypical agents examined in this report
(4.4 days versus 0.43 days, respectively).

The importance of CPK monitoring in childhood cases
highlights the need to make this a first-line diagnostic lab
assessment, given that elevated CPK levels were present in all
cases in our sample. Elevated CPK may be the diagnostic
hallmark of this illness in those children treated with anti-
psychotic agents in general, because it was also noticed in
nearly 94% of child cases treated with typical agents (Silva
et al. 1999) as well. When pediatric patients are being treated
with an atypical neuroleptic and they develop any of the other
symptoms of NMS we have reported, strong consideration
should be given to obtaining CPK levels because it is such a
prevalent finding associated with NMS in youth.

There may be an interaction between illness and gender in
terms of propensity toward developing NMS in children
treated with atypical antipsychotics. More specifically, fe-
males with affective disorders and males with psychotic dis-
orders were predominant among those who developed NMS
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in our sample. Along these very same lines, it is striking that
there were no reports of children being treated for aggression
secondary to conduct disorder who developed NMS with
atypical agents. This may be an artifact of underreporting, but
merits further scrutiny.

The main conclusion from this report is that the possibility
of a diagnosis of NMS needs to be considered when treating
children with atypical antipsychotic medications, in particu-
lar in female patients with affective disorders and in males
with psychotic disorders. We cannot underestimate the im-
portance of prompt medication discontinuation in potential
cases, because it seems to be a vital step in avoiding grave
outcomes of this potentially fatal entity.
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