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Objective: To retrospectively examine pub-
lished cases of neuroleptic malignant syndrome
(NMS) in patients aged 18 and below who had
been treated with atypical antipsychotics (cloza-
pine, risperidone, olanzapine, quetiapine, ziprasi-
done, and aripiprazole).

Data Sources: Information was collected via
MEDLINE searches in February 2006 and May
2007. The term neuroleptic malignant syndrome
was used and cross-referenced with individual
atypical antipsychotics. The authors also con-
tacted (by telephone and in writing) pharmaceuti-
cal companies that produce and market atypical
antipsychotics for any data on NMS.

Study Selection: Twenty case reports (written
in English only and published from 1991-2007)
were identified and reviewed. These publications
all described symptoms of NM S in patients aged
18 or younger who had been treated with atypical
antipsychotics.

Data Extraction: Data were reviewed and
compared with 3 diagnostic criteria (DSM-IV-TR,
Levenson’s, and Caroff and Mann's) for NMS.
Interventions and outcomes were also reviewed.

Data Synthesis: Twenty case reports were
identified and presented with a descriptive ap-
proach. Sixteen cases met criteriafor NMS,
with at least 1 of the diagnostic sets utilized.

The majority of cases involved male subjects.
All patients recovered.

Conclusions: Young patients can develop
NMS during treatment with atypical antipsy-
chotics. Symptoms of this disorder are consistent
with those described in adults. Although NMSiis
rare in this population, clinicians should maintain
ahigh index of suspicion. Appropriate caution in
treating children and adolescents with any anti-
psychotic is warranted.
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E xperts relate that the use of atypical antipsychotics
in pediatric populations has increased dramatically
since their inception near the end of the twentieth cen-
tury.* Due to comparable efficacy and improved tolerabil -
ity over traditional neuroleptics in adult populations, cli-
nicians have utilized these agents frequently in children
and adolescents with psychosis. Research studies and
practice guidelines support the use of atypical antipsy-
chotics for children and adolescents with bipolar disor-
der.2® Presently, atypical antipsychotics are also utilized
to target behavioral and emotional symptoms of multiple
other psychiatric illnessesin pediatric populations includ-
ing pervasive developmental disorders, disruptive behav-
ior disorders, tic disorders, and eating disorders.*® Fur-
thermore, risperidone has recently received U.S. Food
and Drug Administration (FDA) approval for the treat-
ment of irritability in autistic children aged 5 to 16,
schizophreniain patients aged 13 to 17, and as monother-
apy for bipolar | manic and mixed episodes in patients
aged 10to 17. Aripiprazoleisaso now FDA approved for
the treatment of schizophrenia in patients aged 13 to 17
and for the acute treatment of manic and mixed episodes
of bipolar disorder | in patients aged 10 to 17. Recent
studiesindicate that the 1-year prevalence of use of atypi-
cal antipsychotics may be highest in male patients 10 to
14 years of age at 594.3 per 100,000.° With the increased
use of these medicationsin the pediatric population, there
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Table 1. Summary of Neuroleptic Malignant Syndrome Criteria (symptoms must be associated with antipsychotic administration)

Symptom DSM-IV-TR? Levenson® Caroff and Mann®
Core Fever Fever Fever
Rigidity Rigidity Rigidity
Elevated CK level
Additional Diaphoresis Tachycardia Altered mental status
Dysphagia Abnormal blood pressure Tachycardia
Tremor Tachypnea Labile blood pressure
Incontinence Altered mental status Respiratory distress
Altered mental status Leukocytosis Diaphoresis or sialorrhea
Mutism Diaphoresis Tremor
Tachycardia Elevated CK level or myoglobinuria
Labile blood pressure Leukocytosis
Leukocytosis Acidosis
Evidence of muscle damage (eg, elevated CK level) Incontinence

3DSM-IV-TR? criteria: both core symptoms plus 2 or more additional symptoms required.
b_evenson'® criteria: all 3 core symptoms, or 2 core and 4 additional symptoms, required. No additional symptoms required if all 3 core symptoms

are present.

CCaroff and Mann** criteria: core symptoms present within 7 days of antipsychotic use plus 5 additional symptoms required.
Abbreviations: CK = creatine phosphokinase; DSM-1V-TR = Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision.

is a clear and warranted concern about their safety. Con-
sensus guidelines address the safety and utilization of
these medications in children and adolescents.”® How-
ever, there are relatively few controlled trials or safety
studies. Although common side effects are generally
fairly mild, more serious consequences are a concern.’

Neuroleptic malignant syndrome (NMS) is a rare and
poorly understood reaction to treatment with antipsy-
chotics. Diagnostic criteria are controversial; however,
clinical signs can include rigidity, fever, increased serum
creatine phosphokinase (CK) levels, leukocytosis, auto-
nomic instability, tachypnea, delirium, and diaphoresis.*®
This syndrome was first described nearly fifty years ago
and has often been attributed to D, (dopamine) receptor
blockade.™ Estimates of the incidence of NMS in adult
populations treated with typical neuroleptics vary. In the
past, estimates of this rate were as high as 3%."? Con-
temporary studies indicate an incidence of 0.01% to
0.02%."*** Studies of the frequency of NMS in popula-
tions treated with atypical antipsychotics are limited.
However, this iatrogenic condition has been reported
and studied in adult populations treated with second-
generation antipsychotics.*>

There is a paucity of information regarding NMS in
patients 18 years of age and younger. This condition was
documented in children treated with haloperidol in the
1970s, and at that time, authors argued that children and
adolescents may be a vulnerable population.'”*® In the
past, awareness and recognition of this condition in chil-
dren waslikely low. For example, someinvestigators con-
tend that previoudly, children given phenothiazines for
nausea who developed NMS may have been incorrectly
diagnosed with Reye syndrome.” Neuroleptic malignant
syndrome may also present and progress differently in
younger patients. Conversely, one review and statistical
analysis of seventy-seven cases in children and adoles-
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cents treated with first-generation antipsychotics found
little difference in the clinical presentation and course of
NM S compared to adult popul ations.”® These authors sug-
gested that fever, tachycardia, and rigidity were cardina
symptoms of NMS. Cases reviewed often involved treat-
ment with multiple neuroleptics (over 60% of patients)
and a high mortality rate.® There is even lessinformation
available for clinicians regarding NM S and atypical anti-
psychotics in pediatric populations. No methodical re-
view of cases has been published to date. The objective
of this review was to critically examine reported cases
of NMS associated with atypical antipsychotics in pa-
tients aged 18 and younger.

METHOD

Potential cases of NMS involving children and ado-
lescents treated with atypical antipsychotics (clozapine,
risperidone, olanzapine, quetiapine, ziprasidone, and ari-
piprazole) were collected from MEDLINE searches in
February 2006 and May 2007. Studies were written in
English only and published from 1991 to 2007. The term
neuroleptic malignant syndrome was used and cross-
referenced with individual atypical antipsychotics. Refer-
ences of relevant articles were inspected for further cases.
Pharmaceutical companies who produce and market atyp-
ical antipsychotics studied in this review were also con-
tacted (in writing and by telephone) for unpublished cases
or relevant data regarding NMS in children and adoles-
cents. Available information was reviewed to determine if
described episodes were consistent with NMS. Dueto the
variability in symptom descriptions of NMS in youth, 3
different criteriawere used to evaluate each case. Thisin-
volved applying DSM-IV-TR,?* Levenson’s,'® and Caroff
and Mann’'s' criteria. The Caroff and Mann criteria are
the most specific (Table 1). Cases adso were evaluated
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Table 2. Demographics and Summary of Case Reports of Neuroleptic Malignant Syndrome (NMS) in Patients Aged < 18 Years
Treated With Atypical Antipsychotics

Treatment and Reference Age,y  Gender NMS Criteria® Concomitant Medications
Clozapine
Skarpathiotakis 16 Male DSM-IV-TR, Levenson Olanzapine
and Westreich?*
Sachdev et a®® 14 Mae None? None
Sachdev et al?® 15 Male None” None
Risperidone
Mane et al* 17 Mae DSM-IV-TR, Levenson None
Zalsman et al** 16 Male None? None
Zalsman et al** 17 Male DSM-IV-TR, Levenson, Caroff and Mann ~ None
Ty and Rothner®? 16 Male DSM-IV-TR, Levenson Haloperidol, lithium, perphenazine, valproic acid
Robb et al*® 17 Female  Levenson Lithium
Sharma et al** 15 Male DSM-IV-TR, Levenson, Caroff and Mann  Valproic acid
Olanzapine
Abu-Kishk et al*® 11 Male DSM-IV-TR, Levenson, Caroff and Mann ~ None
Hanft et al*° 17 Male DSM-IV-TR, Levenson, Caroff and Mann  Divalproex sodium
Berry et al*® 16 Male DSM-IV-TR, Levenson Lithium
Ghaziuddin et al*? 17 Female = DSM-IV-TR, Levenson, Caroff and Mann ~ Haloperidol
Mendhekar and Duggal*® 16 Male DSM-IV-TR, Levenson, Caroff and Mann  None
Ziprasidone
Leibold et al® 15 Male DSM-IV-TR, Levenson, Caroff and Mann  Bupropion, vaproic acid
Aripiprazole
Hammerman et al> 14 Female  None” None
Spalding et al® 17 Male DSM-IV-TR, Levenson None
Palakurthi et al*® 12 Male DSM-IV-TR, Levenson Methylphenidate
Multiple atypicals
Aborayaet a®’ 18 Male DSM-IV-TR, Levenson, Caroff and Mann  Risperidone, olanzapine, quetiapine
Chungh et al*® 12 Female Levenson Risperidone, olanzapine, quetiapine, lithium,

valproic acid

&Threshold for diagnosis met in each case with following criteria: Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text

Revision (DSM-I1V-TR)?; Levenson'®; and/or Caroff and Mann.*

bThese 4 cases were described as NMS in the literature. However, based on symptomatology presented, they did not reach the threshold for diagnosis

of NMSwith any of the 3 criteria applied.

with respect to contributing factors (such as polyphar-
macy, recent medi cation changes, comorbid medical diag-
noses, and prior episodes of extrapyramidal symptoms
[EPS]), interventions, and outcome.

RESULTS

Twenty published cases of purported NMS in patients
aged 18 and younger were reviewed. Pharmaceutical
companies did not have additional data or unpublished
cases of NM S associated with atypical neurolepticsin this
population. Eighty percent (N =16) of the patients af-
flicted were male. The mean age was 15.4 years (range,
11-18 years). Details regarding the race of patients were
not available in most case reports. Nine patients had the
diagnosis of schizophrenia (1 of these individuas also
had mental retardation and another was also diagnosed
with a pervasive developmental disorder). Four patients
were diagnosed with psychotic disorder not otherwise
specified. Five had bipolar disorder. Another patient had
major depressive disorder with psychotic features, and the
other had a primary diagnosis of pervasive developmental
disorder not otherwise specified.

Most instances of NMS involved treatment with a
single atypical antipsychotic: clozapine (N = 2), risperi-
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done (N =5), olanzapine (N =4), ziprasidone (N = 1),
and aripiprazole (N = 3). Two of the articles described
cases of NMS in patients treated with multiple atypical
antipsychotics (N = 3). However, 11 individuals (55%)
were taking at least 1 other psychotropic medication in
addition to the atypical antipsychotic putatively inducing
NMS. Sixteen (80%) of the patients had a dosage change
in psychotropics within 1 week of the NMS episode.
Finally, 10 patients (50%) had a prior episode of EPS.
Results are summarized in Table 2. The mean maximum
reported temperature was 38.4 (range, 37.0-39.5) degrees
Celsius, and the mean maximum CK level was 4692
(range, 401-40,177) unitd/liter. There were no deaths re-
ported, and, in general, patients recovered with identifica-
tion, treatment, and supportive care.

Clozapine

Clozapine is a dibenzepine that was first developed in
the 1960s. It is distinctive for its minimal D, dopamine
receptor occupancy at effective doses. The mechanism
of action of this antipsychotic is controversial due to its
diverse pharmacologic characteristics.?? Numerous cases
of NMSin adult patients treated with clozapine have been
reported.” Three cases of possible NMS in adolescents
treated with clozapine were identified in this review.?**
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One case involved a 16-year-old male patient with
schizophrenia and a pervasive developmental disorder.
This patient had a dystonic reaction with loxapine many
months before treatment with clozapine.* He developed
NMS within 8 hours of initiating alow dose (12.5 mg) of
clozapine. Of note, he did receive a concurrent 5 mg dose
of intramuscular olanzapine for agitation. His symptoms
included somnolence, flushing, rigidity, fever, autonomic
instability, and an elevated CK level. Symptomatology
in this case met criteria for NMS with DSM-IV-TR and
Levenson's criteria but not with Caroff and Mann’s crite-
ria due to a paucity of symptoms. This patient recovered
with minimal interventions. The authors did concede that
a dystonic reaction coupled with other medication side
effects could be an aternate explanation.?

Sachdev and colleagues® described 2 other teenage
cases of “clozapine-induced NMS.” One involved a 14-
year-old with schizophreniatreated with 375 mg of cloza-
pine aday. Symptoms included leukocytosis, tachycardia,
elevated CK levels, fever, and disorientation. This patient
required discontinuation of clozapine, initiation of bro-
mocriptine, and treatment with dantrolene. This patient
was intermittently mute and had ongoing symptoms (fe-
ver, tachycardia, disorientation, elevated CK levels) for
7 weeks. His symptoms resolved subsequently with elec-
troconvulsive therapy (ECT).

Another patient was a 15-year-old with schizophrenia
and mild mental retardation who had symptoms of NMS
while receiving chlorpromazine and lithium carbonate.”
After the discontinuation of these agents, he was ad-
ministered bromocriptine, dantrolene, and bilateral ECT.
Symptoms of NMS resolved, but 8 weeks later he devel-
oped tachycardia and an elevated CK level after several
weeks of treatment with clozapine at 300 mg daily. After
cessation of clozapine, these symptoms resolved. This pa-
tient was subsequently rechallenged and treated with clo-
zapine 150 mg daily successfully.® Based on available
data, these latter 2 cases failed to meet criteria for the
diagnosis of NM S when utilizing af orementioned criteria.
Furthermore, these descriptions have been criticized by
other researchers® who contend that clozapine haslow D,
affinity and a lack of extrapyramidal side effects in most
cases and may be a useful medication for psychiatric
patients with a history of NMS and that there are few data
to support the idea that clozapine monotherapy induces
NMS.#

Risperidone

Risperidone is a benzisoxazole derivative that was de-
veloped in 1988. It has potent D, and 5-HT,, receptor an-
tagonism.? In some cases, adults treated with risperidone
have developed NMS. ™ Six cases describing NMS in
adolescents treated with risperidone were reviewed.**>*
These patients were aged 15 to 17. All recovered without
significant sequelae.
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One case involved a 17-year-old male patient with
schizophrenia who developed symptoms hours after a
dosage increase from 2 to 3 mg.*® He had been taking
risperidone 2 mg daily for at least 4 months prior to this.
Symptoms in this case included fever, rigidity, elevated
CK levels, and leukocytosis. He met criteria for NMS
with DSM-1V-TR and Levenson’s diagnostic categories.
Initial treatment involved discontinuation of risperidone,
oral bromocriptine, and intravenous diazepam. The pa-
tient’'s NM S symptoms resolved within 72 hours. Subse-
quently, this teenager was rechallenged with a low po-
tency neuroleptic, which led to fever and elevated CK
levels once again. Subsequently, this patient was treat-
ed successfully with clozapine and ECT. The authors
stressed the utility of ECT as a treatment for NMS in
youth popul ations.®

Another article described “atypical neuroleptic malig-
nant syndrome” after treatment with risperidone in 2 ado-
lescents.® The first case described a 16-year-old male
patient with psychosis treated with risperidone for several
weeks. Three days after an increase of 4 mg once daily to
5 mg once daily, he developed symptoms of NM S, which
included alow grade fever, muscle stiffness, and elevated
CK levels. The authors further noted that he appeared
catatonic. His symptoms failed to meet full criteria with
any of the diagnostic schemes utilized in thisreview. Ris-
peridone was discontinued. He was given dantrolene and
intravenous fluids. Subsequently, this patient was suc-
cessfully rechallenged with clozapine.

The second patient was a 17-year-old male subject
treated for psychotic and manic symptoms.® He received
valproic acid and perphenazine (which was discontinued
due to side effects) prior to treatment with risperidone.
After 1 dose of 1 mg of risperidone, he developed afever,
elevated blood pressure, diaphoresis, disorientation, el-
evated CK levels, rigidity, leukocytosis, and a papular
rash (which is atypical for NMS). His presentation was
consistent with the diagnosis of NMS in all 3 criteria
All medications were discontinued. He was given intrave-
nous fluids, admitted to a medical unit, and monitored
closely. He required medications for agitation and aggres-
sion subsequently. This initially involved lorazepam and
diazepam. These agents were not effective. Perphenazine
was reinitiated, and after 4 days al symptoms of NMS
resolved.®

Ty and Rothner® reported a case involving a 16-year-
old male patient with schizoaffective disorder. He devel-
oped hyperthermia, rigidity, and confusion 4 days after
the initiation of an unspecified dose of risperidone. In
the preceding weeks, he had been given haloperidal, ris-
peridone, lithium, perphenazine and valproic acid. This
patient was transferred to amedical unit, hydrated aggres-
sively, monitored closely, and given medications (dantro-
lene and lorazepam). His symptoms resolved in less than
2 weekswith treatment for NM S.** Based on DSM-IV-TR
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and Levenson’scriteria, he suffered from NM S. However,
attributing thisto risperidoneis problematic dueto atreat-
ment course involving multiple medications.

Robb and colleagues® described a 17-year-old female
patient with mania who was treated with lithium and
risperidone. Within 2 days of initiating risperidone (0.5
mg daily on day 1 and then 0.5 mg twice daily on day
2), she developed rigidity, myalgia, elevated CK levels,
and a fever. Her presentation met criteria for NMS with
Levenson's criteria. Risperidone was discontinued and
dantrolene wasiinitiated. Treatment al so involved medical
monitoring, intravenous fluids, and acetaminophen. This
patient completely recovered.®

Another case published involved a 15-year-old male
patient with mania.* He had EPS and a poor response
with haloperidol and lithium carbonate. Subsequently,
these medications were discontinued and he was treated
with valproic acid. He was al so given amantadine. Risper-
idone was initiated and increased to a dose of 4 mg daily
over 4 days. This patient devel oped EPS once again. Ris-
peridone was discontinued at this point and he received
only valproic acid for 8 days. He was administered risper-
idone 1 mg daily for ongoing psychotic symptoms. Within
1 day of this, he developed symptoms of NM S, including
fever, tachycardia, tachypnea, fluctuating blood pressure,
diaphoresis, incontinence, rigidity, disorientation, leuko-
cytosis, and elevated CK levels. These symptoms met the
diagnosis for NMSwith all 3 criteria. Psychotropic medi-
cations were discontinued and he improved with medical
attention (bromocriptine, amantadine, supportive care in
the intensive care unit).*

Olanzapine

Olanzapine was developed, tested, and FDA approved
from 1990 to 1997. It is a thienobenzodiazepine deriva-
tiveand has a chemical structure similar to clozapine.
Olanzapine has activity at multiple dopamine, musca-
rinic, and serotonin receptor sites.® Thisdrug has also in-
duced NMSin adult patients.***® Five cases of olanzapine
induced or associated NM S in patients ages 11 to 17 were
obtained for review.

Abu-Kishk and colleagues® documented the course
of an 11-year-old boy with acute psychosis who devel-
oped symptoms of NMS (fever, elevated blood pressure,
tachycardia, tachypnea, rigidity, elevated CK levels, and
disorientation) following 1 intramuscular dose of clotia-
pine. He had an extensive medical evaluation and moni-
toring on amedical unit over 2 weeks. The patient’s vital
signs, symptoms, and CK levels all stabilized. Subse-
quently, he was treated with olanzapine at an unspecified
dose due to ongoing psychotic symptoms. Within hours,
NMS symptoms (fever, elevated blood pressure, tachycar-
dia, respiratory distress, sialorrhea, disorientation, and ri-
gidity) returned. This patient met the diagnosis for NMS
with the 3 criteria utilized. He was treated in the intensive
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care unit (ICU) with intubation, supportive care, bromo-
criptine, and dantrolene. Ultimately, this boy’s condition
improved; he was extubated and discharged within aweek
with no ongoing psychotropics.®

A 17-year-old treated for symptoms of mania and psy-
chosis developed NM S after brief exposure to olanzapine
(at a dose of 2.5 mg twice a day and 5 mg at bedtime)
and divalproex sodium.®® Within 2 days he developed
diaphoresis, tachycardia, elevated blood pressure, fever,
mutism, disorientation, and elevated CK levels. These
symptoms fulfilled the diagnosis of NMS with all 3 crite-
ria. This patient was transferred to a medical center and
required mechanical ventilation, intravenous fluids, and
dantrolene. Thisteenager recovered after 2 weeks of treat-
ment and monitoring. Subsequently, he was treated with
clozapine successfully. The authors also described symp-
toms suggestive of lethal or malignant catatonia.®® This
illustrates contemporary theories regarding NM S and ma-
lignant catatonia. Currently, many researchers conceptu-
alize NMS as a drug-induced variant of malignant (or
lethal) catatonia.**

An additional caseinvolved a 16-year-old male patient
who initially developed severe EPS while taking risperi-
done for bipolar disorder.®® Nearly 4 months later he de-
veloped NM S after taking olanzapine (20 mg per day) and
lithium for 2 weeks. Symptomsiin this case included afe-
ver, tachycardia, rigidity, myalgia, urinary retention, leu-
kocytosis, and an elevated CK level. Theinformation pro-
vided did not meet Caroff and Mann's criteria for NMS
but reached threshold for diagnosis with Levenson’'s and
DSM-IV-TR criteria. This patient’s medications were dis-
continued and his fever remitted in 3 days. His rigidity
improved in 1 week, and laboratory values normalized in
approximately 1 week. Two weeks after recovering, this
patient was rechallenged and treated successfully with
risperidone.®

Ghaziuddin and colleagues™ described the course of a
17-year-old female patient with psychotic and catatonic
symptoms. She devel oped symptoms of NM S after 4 days
of treatment with haloperidol and olanzapine (5 mg in
the morning and 10 mg in the afternoon).”? Symptoms
included mutism, fever, tachycardia, elevated blood pres-
sure, urinary incontinence, rigidity, tremors, catalepsy,
and elevated CK levels. Olanzapine's role in this symp-
tomatology isequivocal, and this patient likely had malig-
nant catatonia prior to antipsychotic exposure. However,
her symptoms reached the threshold for diagnosis of
NMS with all 3 diagnostic sets. After 6 weeks and mul-
tiple hospitalizations, this patient was treated with ECT
successfully. The authors stressed the importance of early
identification of NMS (or catatonia) and timely use of
ECT.*

Mendhekar and Duggal® described a case of NMS in
a 16-year-old male adolescent with schizophreniform dis-
order. This teenager developed EPS after treatment with
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haloperidol 10 mg daily. Haloperidol was discontinued
and he did not take medications for 2 weeks. After treat-
ment with olanzapine 7.5 mg daily, EPS developed once
again. Over the next week, he displayed symptoms of
NMS (fever, rigidity, disorientation, urinary incontinence,
autonomic instability, diaphoresis, leukocytosis, and el-
evated CK levels) that reached threshold for diagnosis
based on all 3 criteria. This teenager was treated with
bromocriptine for 4 weeks, and symptoms of NMS re-
solved over 10 days. Of note, this patient devel oped a per-
sistent amnesia and severe cognitive impairment. Overall,
his cognition slowly improved, but 2 months later he had
ongoing memory deficits that included retrograde amne-
sia and anterograde amnesia.

Quetiapine

Quetiapine is a dibenzothiazepine derivative that was
FDA approved in 1997 for schizophrenia in adults. It is
an antagonist at a myriad of neurotransmitter receptors,
including adrenergic, dopaminergic, histaminergic, and
serotonergic receptors.** There are case reports of NMS
associated with quetiapine in adult popul ations.*64”

One case, described in detail later in this review, in-
volved a 12-year-old girl with bipolar disorder not other-
wise specified and mild mental retardation.*® She received
risperidone initially and developed symptoms of NMS.
Subsequently, this patient was treated with olanzapine
and quetiapine. Each medication exacerbated her NMS
symptoms and she was ultimately treated with ECT.® It
is difficult to attribute NMS to quetiapine in this case,
as multiple medications were administered over several
weeks.” Other than this case, the youngest case of quetia-
pine-associated NM S described in the literature involved
a20-year-old male patient with schizophrenia.®

Ziprasidone

Ziprasidone was first FDA approved and marketed in
2001 for the treatment of schizophrenia in adults. It is
now also FDA approved for the treatment of manic and
mixed episodes associated with bipolar disorder in adults.
Ziprasidone is a serotonin (5-HT,,) and dopamine (D,)
antagonist.* Ziprasidone-associated NMS has been re-
ported in adult patients.* One case has been published
involving NMS associated with ziprasidone use in a 15-
year-old male patient with schizoaffective disorder.>* He
was treated with ziprasidone (80 mg a day) for 8 weeks
prior to the event. This patient was also taking bupropion
and valproic acid. Based on available information, his
symptomatol ogy (fever, tachycardia, rigidity, diaphoresis,
tremors, disorientation, urinary incontinence, leukocyto-
sis, and elevated CK levels) exceeded threshold for NMS
with all criteria. The patient was admitted to the pediatric
ICU and given intravenous dantrolene. His treatment also
included aggressive intravenous hydration and sodium bi-
carbonate to alkalinize his urine. After 9 days, symptoms
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of NMS remitted. Two months later, he had a normal
physical and neurologic exam. His psychiatric symptoms
were successfully addressed with olanzapine.®

Aripiprazole

Aripiprazole is a dihydroguinolinone with novel phar-
macologic actions. The FDA first approved this med-
ication in 2002. It isapartial agonist at dopamine (D, and
D,) and serotonin (5-HT,,) receptors. Conversely, it acts
as an antagonist at different serotonin (5-HT,,) recep-
tors.* Three cases of patients with symptoms of NMS or
“atypical neuroleptic malignant syndrome” associated
with aripiprazole were reviewed.>*

Hammerman et al.> recently described a case involv-
ing a 14-year-old girl with psychotic depression and men-
tal retardation. Within 48 hours of initiating aripiprazole
(5 mg daily), she developed symptoms of NMS, which
included tremors, sialorrhea, rigidity, gait abnormalities,
urinary incontinence, and an elevated CK level. However,
she did not have a fever or autonomic instability. Hence,
this presentation did not meet criteria for NMS with
the 3 diagnostic sets utilized. This patient was admitted to
a medical unit, aripiprazole was discontinued, her urine
was akalinized, and she was given lorazepam for 2 days.
At this point, she returned to her baseline state. The au-
thors stressed the importance of early recognition of even
partial symptoms of NMS in patients receiving atypical
antipsychotics.>

A second case involved a 17-year-old male patient
with paranoid schizophrenia.®® After 3 days of treatment
with aripiprazole (15 mg daily), he developed symptoms
of NMS including a tremor, a low-grade temperature
elevation, rigidity, sialorrhea, hypertension, and elevated
CK levels. His symptoms met diagnosis for NMS with
DSM-IV-TR and Levenson's criteria. This patient was
ultimately treated with ECT and recovered.®

Palakurthi et al.>® described a case involving a 12-year-
old boy with a pervasive developmenta disorder who
developed NMS after 2 days of treatment with aripipra-
zole 10 mg daily. This was his only exposure to anti-
psychotic medications, but he was also taking 36 mg of
methylphenidate daily prior to the initiation of aripip-
razole. Symptoms of NMS in this case included fever,
rigidity, disorientation, autonomic instability, respiratory
distress, urinary incontinence, leukocytosis, and elevated
CK levels. These symptoms reached DSM-IV-TR and
Levenson's criteria for diagnosis. With supportive care,
dantrolene, and bromocriptine, he recovered within 1
week %

Multiple Atypical Antipsychotics

Two cases of NM S available for review involved treat-
ment with multiple atypical antipsychotics within a nar-
row time frame.”®*” One involved an 18-year-old male pa-
tient treated for schizophrenia.®> He received risperidone
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(6 mg daily) for 8 days and developed EPS. Risperidone
was discontinued and olanzapine (10 mg daily) was ini-
tiated. After 4 days, this boy developed rigidity, fever,
tachycardia, respiratory distress, elevated blood pressure,
and an elevated CK level. These symptoms met the cri-
teria for the diagnosis of NMS with all 3 diagnostic
sets. Treatment involved discontinuation of neuroleptics,
transfer to a medical unit, and intravenous fluids. His
symptoms resolved over 2 weeks and quetiapine was ini-
tiated. Over the next 2 months, the dose was escalated to
800 mg daily. He responded to this and had no further
symptoms of NMS 15 weeks later.’

Another case report of NMS was in a 12-year-old fe-
male patient with bipolar disorder and mental retardation
exposed to quetiapine and other atypical antipsychotics.*®
After twenty-five days of treatment with risperidone,
she developed a fever, myalgia, disorientation, lethargy,
tachycardia, respiratory distress, and elevated CK levels.
After discontinuing risperidone, her symptoms resolved
in 1 week. At this point, olanzapine and valproic acid
wereinitiated and symptoms of NM S returned (fever and
elevated CK level) after 2 days. Olanzapine was with-
drawn and her temperature and CK levels normalized.
Valproic acid was not sufficient in controlling her aggres-
sion, and quetiapine was added to her medication regi-
men. After 3 days of quetiapine (75 mg daily), she devel-
oped a high fever and elevated CK levels once again.
Subsequently, quetiapine was discontinued and she was
given lithium and valproic acid for sixty-nine days. Ulti-
mately, these agents did not control her mania, and she
was rechallenged with olanzapine. Symptoms of NMS
emerged after 4 days of treatment with olanzapine. Olan-
zapine was discontinued once again. This patient recov-
ered but had ongoing symptoms of mania, which resolved
with a course of ECT. She was then maintained on val-
proic acid successfully as an outpatient. The symptoms
described in this case met Levenson’s criteria for the di-
agnosis of NMS. These cases are complex, as it is dif-
ficult to determine the relative contribution of each agent
involved.

DISCUSSION

Atypical antipsychotics generally have favorable side
effect profiles and comparable efficacies to traditional
neuroleptics.>* As with adults,"** NMS can develop in
children and adolescents treated with atypical antipsy-
chotics. Based on available literature, this may involve
classic symptoms of NMS (fever, rigidity, autonomic in-
stability, and laboratory abnormalities). Although presen-
tations of NMS in all ages can be heterogeneous, the ex-
istence of an “atypical” form (e.g., presentations lacking
hyperthermia or rigidity) of this condition remains con-
troversial.”>*® Most published cases of NMS associated
with atypicalsin pediatric patients involved male patients
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(N = 16 or 80%). However, adult studies of NM S suggest
that sex is not arisk factor.® Based on this review, poly-
pharmacy, recent medication changes, and prior episodes
of EPS are possible risk factors for NMS in children and
adolescents treated with atypical antipsychotics. In fact,
of the twenty cases reviewed, 10 patients (50%) were
taking more than 1 psychotropic medication when NMS
developed. Sixteen (80%) of the patients had a medi-
cation change in the preceding week. Ten individuals
(50%) had an episode of EPS prior to NMS. Althoughitis
difficult to make definitive conclusions regarding diag-
noses, mental retardation, schizophrenia, and mood disor-
ders could confer a higher risk for NMS in children and
adolescents.

The 3 most commonly used criteria for NMS are
DSM-IV-TR, Levenson’s, and Caroff and Mann's, with
Caroff and Mann’s being the most stringent. In this
review involving children and adolescents treated with
second-generation antipsychotics, 16 case reports met the
diagnosis for NMS based on at least 1 of these defini-
tions, and 8 cases met criteria for the diagnosis of NMS
based on all 3 definitions. Clearly, more work is needed
to identify a consistent and clear-cut description of NMS
in the pediatric age group. Based on available informa-
tion, it is not known if there are developmental differ-
ences in the phenomenology, pathophysiology, or course
of NMS.

No deaths or serious long-term effects were reported
in cases reviewed, with the exception of ongoing cogni-
tive deficits in 1 patient.® This lack of long-term effects
could be attributed to early identification and treatment
of NMS. Other possibilities include a milder course of
NM S involving atypical antipsychotics, greater resiliency
of children and adolescents to the serious sequelae of
NMS, or the small number of actual cases. Nine of these
patients (45%) were ultimately rechallenged and treated
successfully with antipsychotics. In 8 cases, thisinvolved
an atypical antipsychotic (4 with clozapine, 1 with ris-
peridone, 1 with olanzapine, and 2 with quetiapine). The
other patient was given perphenazine after an episode of
NMS. Electroconvulsive therapy proved to be an effec-
tive intervention for NMS and underlying psychiatric ill-
nesses in 5 (25%) of the cases reviewed. This may be an
underutilized treatment modality for NMS.

Despite the rare occurrence of NMS, psychiatrists and
pediatricians should remain vigilant for its possible
symptoms while treating pediatric populations with any
antipsychotic medication. Parents and caregivers should
also be aware of possible risks and presenting symptoms
(unexplained fever for example) in children treated with
these medications. Further research regarding NMS in
children and adolescents is imperative. This could im-
prove identification, minimize morbidity, elucidate ap-
propriate treatment, and provide additional data for the
informed consent process.
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Drug names; amantadine (Symmetrel and others), aripiprazole
(Abilify), bromocriptine (Parlodel and others), bupropion (Wellbutrin
and others), chlorpromazine (Thorazine, Sonazine, and others), cloza-
pine (Clozaril, FazaClo, and others), dantrolene (Dantrium and others),
diazepam (Diastat, Valium, and others), divalproex sodium (Depakote),
haloperidol (Haldol and others), lithium (Eskalith, Lithobid, and
others), lorazepam (Ativan and others), loxapine (Loxitane and
others), methylphenidate (Concerta, Ritalin, and others), olanzapine
(Zyprexa), quetiapine (Seroquel), risperidone (Risperdal), tetracycline
(Bristacycline, Sumycin, and others), valproic acid (Depakene and
others), ziprasidone (Geodon).
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