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Background: This article reviews the pub-
lished clinical experience with atypical neurolep-
ticsin children and adolescents.

Method: A computerized literature search was
conducted (MEDLINE, 1974-1998) to retrieve
all reports on the use of ‘atypical neurolepticsin
children and adol escents. A hand search was per-
formed as well. All relevant clinical data were
collated by type of drug.

Results: We found 5 blind placebo-controlled
clinical trials (105 patients), 24 open-label clini-
cal trials (387 patients), and 33 case series (115
patients) describing the use of the atypical neuro-
leptics clozapine, risperidone, olanzapine,
sulpiride, tiapride, amisulpride, remoxipride, and
clothiapine in children and adolescents. Some of
these agents, especially clozapine, risperidone,
and olanzapine, were found to be efficaciousin
the treatment of schizophrenia, bipolar disorders,
and pervasive developmental disorders. Therole
of atypical neuroleptics as augmenters of seroto-
nin reuptake inhibitors in obsessive-compulsive
disorder is unclear. Risperidone appears to pos-
sess anti-tic properties in patients with Tourette's
disorder.

Conclusion: The most convincing evidence of
the efficacy of atypical neurolepticsin children
and adol escents concerns clozapine in the treat-
ment of schizophrenia. Data on other atypical
neuroleptics in other disorders are still sparse,
and further research is needed. Some of the atypi-
cal neuroleptics may become the first-line treat-
ment for childhood schizophrenia and pervasive
developmental disorders.
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Conventional neuroleptics have proved effective in
children for the treatment of various symptoms and
disorders such as schizophrenia, psychotic mood disor-
ders, pervasive developmental disorders, Tourette's dis-
order, conduct disorder, attention-deficit/hyperactivity
disorder (ADHD), and impulsive and aggressive behav-
ior.*® However, their value is diminished by such side ef-
fects as lethargy, weight gain, dysphoria, and cognitive
blunting and the increased risk of extrapyramidal symp-
toms (EPS), particularly parkinsonism, akathisia, and
dyskinesia.*® The tardive and withdrawal dyskinesias are
potentially irreversible and can occur in this population as
early as 3 months after initiation of neuroleptic medica-
tions,® or even sooner.* This finding is especially impor-
tant considering that a major factor in the development of
tardive dyskinesiaisthe length of treatment,” and children
with a chronic disorder may need neuroleptics long term.
Indeed, the reported incidence of neuroleptic-induced tar-
dive and withdrawal dyskinesia in children and adoles-
cents on long-term treatment is 8% to 51%.° Thus, the
use.of neuroleptics in this age group must be carefully
weighed, particularly in view of the fact that early onset
schizophreniais often associated with a preponderance of
negative symptoms’ that are not improved, or may even
be exacerbated, by conventional neuroleptics® Finaly,
clinical experience has shown that nonresponse to con-
ventional neurolepticsiseven higher in children than in
adults, reaching 40% to50% in some reports.®*°

Atypical neuroleptics may bebeneficial in chronic neu-
roleptic-resistant schizophrenic-adults.™* They act on
negative as well as positive symptoms and are associated
with anegligible risk of EPS, with no sustained elevation
in prolactin.®** Studies conducted over the last decade
have established clozapine as the prototype atypical neu-
roleptic. Clozapine's effectiveness and relative lack of
parkinsonlike and dyskinetic side effects have been attrib-
uted to its sparing effect on the nigrostriatal dopamine sys-
tem,® central anticholinergic and adrenolytic actions,'®
and combined serotonin-dopamine (5-HT,/D,) antago-
nism,"” among others.

The initia clinical success with clozapine has spurred
the development of other atypical neurolepticswith broad-
spectrum combined serotonin and dopamine antagonism,
such as risperidone, clothiapine, sertindole, olanzapine,
quetiapine, and ziprasidone. Another subgroup of atypical
neuroleptics is the antipsychotics considered to be se-
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lective dopamine receptor blockers: sulpiride, tiapride,
remoxipride (mainly D,), and amisulpride (D,/Ds).

It may be expected that the encouraging results with
the new atypical neurolepticsin adults will be repeated in
younger age groups. In the last few years, reports on the
use of new atypical neuroleptics in children and adoles-
cents for a variety of psychiatric disorders have been ac-
cumulating. The purpose of this review is to present the
most recent information concerning the use of atypical
neurolepticsin the pediatric population.

METHOD

An English-language MEDLINE search (1974-1998)
of the terms clozapine, risperidone, olanzapine, sulpiride,
tiapride, amisulpride, remoxipride, clothiapine, children,
and adolescents was conducted to retrieve all reports on
the use of atypical neurolepticsin children and adoles-
cents. In addition, a hand search was carried out of all
issues of the Journal of Child and Adolescent Psycho-
pharmacol ogy (Excerpta Medica), and published bibliog-
raphies were cross-referenced. We included only. studies
in which the number of participating children and adoles-
cents was specified separately from adults.

RESULTS

A summary by drug of the clinical reports on the use of
atypical neuroleptics in children and adolescents is pre-
sented in Table 1. These include 5 double-blind placebo-
controlled clinical trias (total 105 patients), 1 with clo-
zapine, 2 with amisulpride, and 2 with tiapride; 24
open-label clinical trias (total 387 patients) with cloza-
pine (10 studies), risperidone (7 studies), olanzapine (1
study), sulpiride (4 studies), tiapride (1 study), and
remoxipride (1 study); 1 retrospective study (8 patients)
with olanzapine; and 33 case series (115 patients) on the
use of clozapine (14 studies), risperidone (13 studies),
sulpiride (3 studies), tiapride (1 study), clothiapine (1
study), and olanzapine (1 study). The published experi-
ence with each drug is described.

Clozapine

The bulk of clinical trials with atypical neurolepticsin
children and adolescents involve clozapine: 1 double-
blind clozapine-haloperidol comparison study evaluating
21 subjects (10 given clozapine and 11 given haloperi-
dol), 10 open-label studiesevaluating 217 patients, and 14
case series of 31 patients. Patient age ranged from 6 to 22
years. The most frequent indication for atypical neurolep-
tic use was treatment-resistant schizophrenia (Table 1),
followed by mood disorder (N = 9),2-%44 pervasive de-
velopment disorders (N = 4),2%% acute psychosis (in a
16-year-old with prolactinoma),® and tardive dyskinesia
(N =4).3% Mean follow-up ranged from 6 weeks to
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30 months. Clozapine dose varied from 50 mg/day to
900 mg/day, with means ranging from 240 to 370 mg/day
(0.34-7.53 mg/kg/day).*® Using a mean + SD daily dose
of 5.99 + 2.6 mg/kg in 11 children, Piscitelli et al.?” found
a mean plasma clozapine level of 378.3 ng/mL (range,
6.2—44.3 ng/mL). Plasma concentrations appeared to be
consistently and linearly related to clinical improvement
in psychotic symptoms. No relationship was noted, how-
ever, between clozapine dose and clinical effects.

The results suggest that clozapineis generally effective
in children and adolescents with schizophrenia. Kumra et
al.®® compared the efficacy of clozapine and haloperidol
in a 6-week double-blind study of 21 patients (mean
age = 14.0 £ 2.3 years) with childhood-onset schizophre-
niawho had been unresponsiveto typical neuroleptics. The
patients were randomly assigned to receive clozapine
(mean final dose = 176 + 149 mg/day) or hal operidol (168
mg/day). Clozapine proved to be superior to haloperidol on
al measures of psychosis (p = .04—.002); both positive and
negative symptoms of schizophreniawere alleviated. Thir-
teen patients continued taking clozapine for an additional
30 + 15 monthsin an opentrial. Of thetotal 21 patients (in
the blind or blind plus opentrial), 2 (9.5%) were rated very
much improved, 11 (52.4%) much improved, 7 (33%)
minimally improved, and 1 (4.8%) worse.

Remschmidt et al.* conducted a study of 36 schizo-
phrenic adolescents treated with clozapinein open clinical
trials for a mean of 154 days (mean daily dose = 330 mg;
range, 50-800 mg daily) following treatment failure with
at least 2 conventional neuroleptics. Seventy-five percent
(27 of 36) showed notable symptomatic improvement, in-
cluding 4 with essentially complete remission. The major-
ity wereable to participate in a comprehensive rehabilita-
tion program after treatment. Positive symptoms were
more responsive than negative ones, although there was
also a modest improvement in negative symptoms. Three
patients (8%) did not respond to clozapine, and 6 (17%)
discontinued treatment owing to adverse effects.

All case studies reported improvement in positive symp-
toms, and some in negative symptomsaswell. Burkeet al.**
noted an improvement in cognitive function with clozapine
treatment in a 14-year-old mildly retarded adolescent
with schizophrenia; other reports also describe clozapine-
induced improvement in scholastic achievements.®

Adverse effects. Clozapine is generally safe and well
tolerated. Table 2 presents the adverse effects described
in 1 double-blind controlled study™® and 4 open-label
trials+#>*% (total, 127 children and adolescents). The
frequency of adverse events varied, but the types of side
effects were similar to those reported in adults taking
clozapine,® i.e., electroencephalogram (EEG) alterations,
fatigue, increase in liver enzymes, postural hypotension,
tachycardia, fever, and hypersalivation. Two of the studies
reported a 14% to 16% risk of acute EPS in pediatric
patients. 24
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Table 2. Percentage of Patients With Adverse Side Effects to Clozapine®

Blanz & Schmidt, Frazier Remschmidt Levkovitch Kumra
1993 et al, 1994% et al, 1994% et al, 1994% et al, 1996
(N=57) (N=11) (N = 36)° (N=13) (N =10)
Side Effect N % N % N % N % N %
Tachycardia 37 65 3 27 2 5 e 7 70
Fatigue 29 51 7 63 e 4 31 9 9
Hypersalivation 20 35 8 72 . 1 7.7 7 70
Orthostatic hypotension 20 35 2 18 . .
Weight gain 7 63 . .©
Temperature rise 15 26 e . 1 7.7 .
Motor side effects” 9 16 5 14 .
Enuresis . 6 54 . .
Constipation 4 36 .
Nausea 1 9 .
Dizziness 1 9 .
EEG alterations 14 25 16 44 .
Seizures 1 1.7 2 20
ECG alterations 1 2.7 .
Elevation of liver
enzymes 1 2.7 1 10
Transient eosinophilia 1 9
Leukopenia/
agranulocytosis 0-. 0 0 0 3 8.3 0O O 4 40
Stupor/delirium 117 1 2.7
Insomnia 0 0
NMS 0 0

@Abbreviations: ECG = electrocardiogram, EEG = electroencephal ogram, NM S = neuroleptic malignant

syndrome. Symbol: ... = data not available:

bCombination of clozapine (100 mg daily) and carbamazepine (400 mg daily).
“Weight gain (mean + SD) of 0.90 + 6.47 kg was noted, which did not differ significantly from weight gain for

hal operidol-treated patients.

dMotor side effects include extrapyramidal symptoms; akathisia, tremor.

Other studies have found EEG changesin 10% to 44%
of clozapine-treated children and adolescents, and clinical
seizures have been documented as well.'®?* Absence sta-
tus seizures in an adolescent during long-term treatment
with clozapine (550 mg/day) responded to a dose reduc-
tion (to 400 mg/day). Two patients in the double-blind
clozapine trial™® had clinically significant seizure activity
without preexisting epilepsy. One experienced myoclonus
at the end of week 4 while receiving 400 mg/day of cloza-
pine, followed by a tonic-clonic seizure the next day.
Clozapine dosage was reduced and anticonvulsants
added. No further seizures occurred, but the EEG contin-
ued to show epileptiform spikes, and clozapine was dis-
continued. The second patient experienced bifrontal and
posterior slowing on the EEG at week 5 of clozapine
treatment. Four weeks later, this patient exhibited tonic-
clonic seizures while receiving 275 mg/day of clozapine,
which necessitated drug discontinuation.

Weight gain may be more problematic in adolescents
than adults: the mean weight gain in 6 weeks for 12
clozapine-treated adol escents (mean week-6 dose = 366.7
mg/day) was 6.5 kg,”® as opposed to 6.2 kg in adults
treated for 16 weeks.” Unfortunately, the doses of cloza-
pine administered to the adults were not specified.

Although no cases of agranulocytosis occurred, hema-
topoietic toxic effects are amajor issue. Kumraet al.*® re-
ported on 5 patients receiving clozapine who experienced
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a decrease in the absolute neutrophil count to below
1500/mm?. In 3 of them, the white blood cell count nor-
malized spontaneously, but 2 had to be dropped from the
double-blind protocol at week 4 after neutropeniarecurred
with rechallenge. Remschmidt et al.* described the appear-
ance of neutropenia (2900 and 2500 neutrophils/mm?) in 2
of 36 adolescents treated with clozapine. In these 2 cases,
the neutropeniawas managed by drug discontinuation.

Clozapine-induced obsessive-compulsive symptoms,
noted earlier in adults,* have also been reported in chil-
dren.® There has been 1 case report of acute pancreatitis
in an adult® and 1 in an adolescent.®

Growing evidence suggests that chronic treatment with
typical neuroleptics may be responsiblefor theincreasein
basal ganglia volume found on magnetic resonance imag-
ing (MRI) brain studies. Frazier et al.® studied the effect
of clozapine on the striatal morphology in 8 adolescents
(mean age=15.1+2.3 years) with childhood-onset
schizophreniabefore and after 2 years of clozapine therapy
and compared the findings with 8 matched controls. The
mean + SD duration of typical neuroleptic therapy before
the first scan was 24.8 + 19.4 months. Results indicated a
larger caudate volumein the patientsat theinitial scanning,
a decrease between scans, and no significant difference
from controls at termination of treatment. The authors con-
cluded that caudate enlargement occurs in patients with
childhood-onset schizophreniawho are taking typical neu-
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Table 3. Percentage of Children and Adolescents With Adverse Effects to Risperidone?

Lombroso Bruun & Mandoki, Armenteros McDougle
eta, 1995  Budman, 1996% 1995%3 et a, 19974 et al, 19975
(N=7) (N =15)° (N =10) (N =10) (N =18)
Side Effect N % N % N % N % N %
Weight gain 7 100 . 8 80 12 67
Fatigue/sedation 4 571 7 18 . 8 80 6 33
Motor side effects® 2 29 6 15 6 60 6 60 0 o
Photophobia 1 15 e . . .
Light-headedness 7 18
Headache 2 5
Weakness 1 3
Insomnia 1 3
Depression 1 3 4 40
Anxiety 1 3
Aggressive behavior 1 3 e
Galactorrhea . . 1 33
aSymbol: ... =data not available.

hese percentages reflect the total population treated (38 adults and children); side effects were not broken out

by age.

°Motor side effects include extrapyramidal symptoms, akathisia, tremor.

91 of 3 girlsin the study developed galactorrhea.

roleptics, but not clozapine, and that it is secondary to
medi cation exposure.

Risperidone

Seven open trials (total 72 patients) and 13 case stud-
ies (total 70 patients) have been published on the use of
risperidonein children and adolescentswith tic disorders,
schizophrenia, and pervasive development disorders.
(The study of Vanden Borre et a.*” in mentally retarded
patients with persistent behavioral disturbances was not
included here because the data were not reported sepa-
rately for the children.)

Tic disorders. In the first open trial, Lombroso et al.®
investigated the short-term (11-week) safety and efficacy
of risperidone (1-2.5 mg/day) in the treatment of chronic
motor tic disorder or Tourette's disorder in 7 patients
(mean age = 12.9 + 1.9 years), 3with acomorbid diagno-
sis of obsessive-compulsive disorder (OCD). Risperidone
appeared to be effective in reducing tic frequency and in-
tensity. One of the 3 children with OCD had a substantial
improvement, while the other 2 showed no change.
Thirty-eight Tourette’s disorder patients, 15 of them aged
810 15 years, participated in the second open-label trial .*
All were refractory to conventional neuroleptics. Al-
though the results were not reported separately for the pe-
diatric population, the 58% improvement rate suggests
that risperidone is a promising aternative therapeutic
agent in Tourette's disorder. (The most dramatic case was
that of a 15-year-old girl with severe symptoms who had
aready been treated unsuccessfully with 13 other agents;
the severity of her symptoms lessened considerably dur-
ing risperidone treatment.) Eighteen percent of the pa
tients showed no appreciable change, 3% showed awors-
ening of the tics, and 21% discontinued treatment
because of intolerable side effects (mostly EPS).
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Schizophrenia. The short-term beneficial effect and
safety of risperidone were demonstrated in an open pi-
lot study in 10 adolescents with schizophrenia (11-18
years old) given 4-10 mg/day (0.05-0.17 mg/kg/day)
for 6 weeks* as well as in several case studies
(N = 15)_52—54,56,57,59,64

Pervasive devel opmental disorders. Four recent open-
label studies of risperidone with mean doses ranging from
0.75 to 2.7 mg/day (0.03-0.06 mg/kg/day) in atotal of 40
children and adolescents (4.5-18 years old) with perva-
sive development disorders (and comorbid mental retar-
dation) all showed substantial improvement in interfering
behavioral symptoms.*>“***!In addition, 3 case studies of
27 children with _pervasive development disorders re-
ported good results, 56053

Other childhood psychiatric disorders. There is some
preliminary evidence of the effectiveness of risperidone
for ADHD (N =19),>%% ‘mood disorder (N = 8),>%
conduct disorder (with comorbid ADHD) (N = 4),> OCD
(N =3),%* mental retardation (N'=17),>*%*% and idio-
pathic segmental dystonia (N = 1).% Doses were 0.5-10
mg/day; the doses used for OCD and conduct disorder,
like for pervasive development disorders and Tourette’'s
disorder, were usualy lower than those for schizophrenia.
The follow-up periods varied from 4 weeks to 15 months.
The mean timeto therapeutic responsein all studieswas4
weeks. However, risperidone was ineffective in 3 of 4
children with OCD*** and exacerbated incapacitating ob-
sessive-compulsive symptoms in a 13-year-old boy with
schizophreniaand OCD.*

Adver se effects. Table 3 presents the adverse effects of
risperidone reported in 4 open trials and 1 case study
(total 60 patients). In the first, Lombroso et al.” found
that al 7 adolescents with Tourette's disorder complained
of weight gain of 3.6-6.3 kg, and 4 of fatigue. Two experi-
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enced motor side effects, which responded to a dose re-
duction, and 1 had photophobia, which resolved spontane-
ously. Side effects reported in Bruun and Budman® (38
adults and children) included light-headedness and seda-
tion (18%), akathisia/agitation (15%), dystonic reactions
(5%), headache (5%), and weakness, insomnia, depressed
mood, anxiety, and aggressive behavior (1 patient each,
3%). These percentages reflect the total population; side
effects were not broken out by age.

Six of the 10 children reported by Mandoki® acquired
EPS during risperidone treatment, 4 requiring treatment
with anticholinergic agents. These patients were started on
a relatively aggressive regimen wherein the dose was in-
creased by 0.5 mg-b.i.d. each day. Another unexpected
finding was dysthymia in 4 of the 10 children within
3 months of starting risperidone.>® Two of them met the
DSM-IV criteriafor major depression and required an an-
tidepressant. One of 3 adolescent girls developed galac-
torrhea. None of the children showed side effects com-
monly reported in adults treated with risperidone, such as
insomnia, anxiety, agitation, dizziness, rhinitis, hypoten-
sion, and nausea.

Armenteros et al.*’ reported on mild somnolencein 8 of
their 10 patients with schizophrenia. The somnolence sub-
sided within 2 weeks. Two patients had acute dystonic re-
actions, 3 had parkinsonism, and 1 had mild orofacial dys-
kinesia; weight gain was noted in 8 patients (mean =4.85
kg). McDougle et al.** also reported transient sedation in 6
of 18 patients and weight gain in 12.

The weight gain reported in many studies®*%# was
also supported by Penn et al.* who studied 2 adolescents
with schizophrenia and no past medical problems or his-
tory of obesity or eating disorders. After 52 and 38 weeks
on risperidone treatment, the patients gained 46.4 and 25.1
kg, respectively. A serotonergic mechanism has been pro-
posed as the cause of the weight gain associated with
atypical antipsychotics.

Another interesting finding was the onset of nocturnal
enuresis, noted 2 to 4 weeks after the start of risperidone
in 5 of 50 patients investigated by Took and Buck.** None
of the 5 patients (10-14 years old) had a history of enure-
sis, and all had been concomitantly treated with a selective
serotonin reuptake inhibitor (SSRI).

Kumra et al.® suggested that long-term risperidone
treatment may be associated with hepatotoxicity in pediat-
ric patients. They reviewed the charts of 13 psychotic chil-
dren admitted to the National Institute of Mental Health
(NIMH) and treated with risperidone, and found 2 who
presented with obesity, liver enzyme abnormalities, and
confirmatory evidence of fatty liver. The authors suggest-
ed that weight and liver function need to be carefully
monitored during risperidone therapy.

Feeney and Klykylo® reported a case of tardive dys-
kinesia that developed during risperidone treatment in an
adolescent female (with an affective disorder). Since the
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patient was concomitantly treated with methylphenidate,
tics should beincludedin the differential diagnosis. Rowan
and Malone™ described the emergence of a Tourette-like
syndrome in a child on abrupt withdrawal of risperidone.
They suggested that the tics represented an episode of with-
drawal dyskinesia. A single case of risperidone-induced
neuroleptic malignant syndrome was reported in an ado-
lescent boy.*® Finally, Edleman® reported on risperidone-
related acute leukocytopeniain a 15-year-old boy.

Olanzapine

Olanzapine is a novel atypical neuroleptic displaying
affinity at the dopaminergic (D,—D,) and serotonergic
(5-HT,, 5-HT;, 5-HT), muscarinic (subtypes 1-5), adren-
ergic (a,), and histaminergic (H,) receptors, very similar
to clozapine. Many studies are emerging on the efficacy of
olanzapine in adults, and recently a few reports on its use
in children and adolescents have appeared as well.%%
Mandoki® conducted a retrospective evaluation of the
medical records of 8 children and adolescents who were
switched from clozapine to olanzapine (5-20 mg/day);
only individuals responsive to and stable on clozapine
therapy were included and were pleased to be relieved of
the discomfort and inconvenience of the weekly blood col-
lections. Olanzapine was found to be at least as effective
as clozapine, and like clozapine, it was not associated with
EPS. Kumra et al.% examined the efficacy of olanzapine
for treatment-refractory childhood-onset schizophreniain
8 patients (618 years old) in an 8-week open-label trial.
Olanzapine doses wereinitiated at 2.5 mg every other day
in patients weighing < 40 kg or 2.5 mg every day in pa
tients weighing > 40 kg. The mean + SD dose of medica-
tion at the sixth week of treatment was 17.5 + 2.3 mg/day
(range, 12.5-20 mg/day) or 0.27 + 0.11 mg/kg/day (range,
0.15-0.41 mg/kg/day). At week 8, there was a 17% im-
provement in the Brief Psychiatric Rating Scale (BPRS)
score of the group. Two patients (25%) were drug respond-
ers, and 1 (12.5%) was a partial responder. The authors
compared their results with data from 15 patients (also
6-18 years old) who had undergone a 6-week open-label
trial with clozapine using the identical rating instruments
in the same treatment setting. Fifty-three percent of the
clozapine-treated patients met the “drug responder” crite-
ria of Kane et al.,™ whereas none of the patients treated
with olanzapine did so. The authors suggested that clo-
zapine is superior to olanzapine for the treatment of
neurol eptic-nonresponsi ve childhood-onset schizophrenia.

Adverse effects. Olanzapine is moderately well toler-
ated®; the most common treatment-induced adverse ef-
fects were increased appetite (N =6), constipation
(N = 5), nausea/vomiting (N = 6), headache (N = 6), som-
nolence (N =6), insomnia (N =7), difficulty concen-
trating (N = 5), sustained tachycardia (N = 6), transient el-
evation of liver transaminase levels (N = 7), and increased
agitation (N = 6). An average weight gain of 3.4+ 4.1 kg
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was observed during the 6-week trial of olanzapine, and 7
of the 8 patients required benzodiazepine treatment for ag-
itation or insomnia; 1 patient was dropped from the olan-
zapine trial at week 6 because of increased agitation and
worsening of psychosis. No cases of neutropenia, abnor-
mal EEG changes, or seizures were noted during the open
olanzapinetrial; abnormal movements and EPS were mini-
mal, and no change in the total score on the Abnormal In-
voluntary Movements Scale (AIMS) or the Simpson-An-
gus Scale was noted. The authors concluded that the
strengths of olanzapine are its relatively safe side effect
profile and enhanced therapeutic effects in some children
with schizophrenia. They suggested olanzapine as a good
first-line agent for the treatment of childhood-onset schizo-
phrenia.

Horrigan et al.*” reported on the efficacy of olanzapine
in 2 children with pervasive development disorders. Olan-
zapine was well tolerated with no side effects except for
mild initial sedation. London® reported on new-onset
manic symptoms in a 16-year-old patient with pervasive
development disorders and a history of cyclic variationsin
mood who had been treated with 7.5'mg of olanzapine.

Sulpiride

Sulpiride, a substituted benzamide with mainly D, an-
tagonist effects, acts as an atypical neuroleptic. Although
EPS, tardive dyskinesia, and tardive dystonia have been
reported in association with sulpiride, their incidence ap-
pearsto belower than that with conventional neuroleptics.®
Sulpiride has been available in Europe, Israel, and Japan
since 1969; it isnot currently availablein the United States.

The 4 open-label clinical trials (N = 73) and 3 case stud-
ies (N = 6) on the use of sulpiride in children and adoles-
cents are summarized in Table 1. Indications for treatment
were ADHD, school phobia,®® schizophrenia,”™ pervasive
devel opment disorders,”>™ Tourette's disorder and OCD,”
and depressive and anxiety symptoms.™ The rationale for
using sulpiride in the treatment of school phobia and anxi-
ety and isolation symptoms, according to the authors, was
the putative antidepressive effect of the drug.®*® The
sulpiride dose was higher for the schizophreniaand perva-
sive development disorders patients (100-1200 mg/kg)
than for those with ADHD and school phobia (50-100
mg/kg). Eggerset al.” reported an exacerbation and provo-
cation of tics with sulpiride in an 8-year-old child, though
Robertson et a.® found that 59% of their 63 Tourette'sdis-
order patients (mean age = 29.3; range, 10-68 years) re-
ceiving sulpiride (200-1600 mg/daily) showed beneficial
effects. The latter work is not included in Table 1 because
the data were not reported separately for the younger sub-
jects, nor wasthe number of participating children and ado-
lescents specified. Currently, the major indication for
sulpiride treatment is schizophrenia. Itsrolein the treatment
of ADHD, school phobia, and mood and anxiety disorders
remains doubtful.

J Clin Psychiatry 59:12, December 1998
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Adverse effects. Sulpiride was generally well toler-
ated, and EPS were rarely reported®®; other side effects
were drowsiness, depression, akathisia, weight gain,
amenorrhea, and gal actorrhea. ™2

Tiapride

Tiapride, another substituted benzamide derivative
with selective D, antagonism, appears to have a preferen-
tial affinity for extrastriatal dopamine receptors.” It is
sometimes used in the treatment of persistent tardive dys-
kinesia in adults.*® Tiapride is marketed in the European
community, but is not available in the United States. In
contrast to sulpiride, tiapride has no antipsychotic effects.
It was found to improve severe stuttering in 10 children
(1017 years old) treated in a 20-week open study (low
baseline dose of 3 mg/kg/day followed by 10 mg/kg/day
and an observational off-medication period).”” Tiapride
also reduced tic severity in 27 children aged 7-18 years
treated in a placebo-controlled or double-blind crossover
trial.” There were no adverse effects on neuropsycho-
logically measurable cognitive parameters.

Amisulpride

We found 2 trialswith amisulpride in children and ado-
lescents, including the double-blind placebo study of
Paillere-Martinot et al.,” in which the data were not re-
ported separately for adults and adolescents, but all the
patients were young (mean+ SD age=20+4 years).
Amisulpride significantly improved negative symptomsin
8 of the 27 schizophrenic patients, particularly avolition,
attentional impairment, and retardation. In 4, however,
positive or negative symptoms worsened. Side effectsin-
cluded very mild EPS (12/14), insomnia, and excitement
or somnolence (8/14). Dollfus et al.® compared the clini-
cal efficacy of amisulpride and bromocriptinein arandom-
ized, double-blind, crossover trial in 9 children with au-
tism and severe mental retardation. Bromocriptine showed
distinct beneficial effects on attention deficit and hyperac-
tivity symptoms, whereas amisulpride improved predomi-
nantly negative symptomatology (behaviora inhibition
and withdrawal symptoms). Both drugs were generally
well tolerated, and side effects were mild (insomnia, exci-
tation, agitation). Amisulpride is not available in the
United States.

Remoxipride

Remoxiprideis a D, antagonist with more selective af-
finity for the mesolimbic dopaminergic system. Only 1
open-label trial of remoxipride (50-250 mg/day in 7 ado-
lescents with Tourette's disorder) has been published.®
The 3-phase design included a 3-week baseline placebo
wash-in period, an 8-week active treatment period, and a
3-week placebo wash-out period. llIness ratingsimproved
in 6 patients, and tic ratings decreased in all 7. A mean
weight gain of 1.1 kg was noted. Adverse effects were
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transient and mild and included nonspecific electrocar-
diographic changes (N = 3), muscle rigidity (N = 2), con-
centration problems (N = 1), akathisia (N =1), fatigue
(N =1), and nocturnal enuresis (N = 1).

Remoxipride was withdrawn from the market in 1994
because it induces aplastic anemia.

Clothiapine

Clothiapine is a dibenzothiazepine, closely related to
clozapine in-its broad receptor-affinity profile. It has an-
tagonistic activity at the D;, D,, 5-HT,,, 5-HT,,/5-HT,
and 5-HT, receptors.”® Although clothiapine was found to
be effective in one 8-year-old schizophrenic child,® de
novo compulsive symptoms emerged shortly after initia-
tion of treatment. This finding has also been reported for
clozapine.® Clothiapine is marketed in Isragl, Italy, Bel-
gium, and South Africa. It is nhot approved for use in the
United States.

THERAPEUTIC APPLICATIONS

Clinical studies of atypical neurolepticsin children and
adolescents are accumulating. In the present review, we
have listed the results by drug (clozapine, risperidone,
olanzapine, sulpiride, tiapride, amisulpride, remoxipride,
and clothiapine). Here, we summarize some of the data
according to the disorders treated.

Schizophrenia

A total of 227 schizophrenic subjects aged 6-22 years
who failed at least 2 previous neuroleptic trials were
treated with clozapine.'®2>%"3031%4344 Clinjcally signifi-
cant improvements in both positive and negative symp-
toms were noted. However, only 1 study (10 subjects) fol-
lowed a double-blind controlled design.’® Risperidone has
been administered in 1 open pilot study of 10 adolescents
with schizophrenia, where it appeared to be effective and
well tolerated,*” and in 16 neuroleptic-resistant children
and adolescents with schizophrenia (individual case re-
ports) in whom there were improvements in positive and
negative symptoms.* Nevertheless, the availability of
many successful reports on clozapine and risperidone in
children and adolescents with schizophrenia may not ac-
curately reflect the drugs’ clinical effectiveness because
of publication bias favoring positive findings. Further
substantiation is needed in larger controlled studies.
Moreover, children given risperidone show an unexpect-
edly high rate of EPS, weight gain, and dysphoria,*"* all
of which appear to be dose-dependent.

Few reports were found on the use of other atypical
neuroleptics in the pediatric population with schizophre-
nia. One study described atrial with sulpiridein 10 young

*References 52, 53, 56, 57, 59, 61, 62, and 64.
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patients,” and one with amisul pride in 27 patients.” Some
primary negative symptoms may be directly affected
by low doses of amisulpride.” Olanzapine was retro-
spectively evaluated in 8 children and adolescents with
schizophreniaand found effective.*® An open-label trial of
olanzapine in childhood-onset schizophrenia provided
preliminary evidence of the efficacy of olanzapine for
some children and adolescents with treatment-refractory
schizophrenia.®

Mood Disorders

Only 9 children and adolescents with mood disorders
are reported to have been treated with clozapine? 394043
Five subjects with bipolar disorder resistant to extensive
trials with lithium or carbamazepine combined with typi-
cal neuroleptics showed improvement in both mood
symptoms and aggressive behaviors.”® Risperidone was
used to treat severe aggression in 8 children and adoles-
cents with bipolar disorders®®*; all showed overall clini-
cal improvement in target symptoms. However, in the
study by Mandoki,> 4 of the 6 patients with bipolar disor-
der developed dysphoric mood within 3 months of start-
ing risperidone treatment. Two of them met the criteriafor
major depression and required the addition of an antide-
pressant. In adults, risperidone has been shown to have an
antidepressant activity, probably owing to its 5-HT, an-
tagonistic activity.'® It is not clear whether the differing
effects of the drug on mood are due to inherent systemic
differencesin children and adults.

Pervasive Developmental Disorders

Four case reports have been published on the use of
clozapine for children with pervasive developmental dis-
orders>*%: all showed symptomatic improvement. In the
4 open clinical trials with risperidone (0.75-4.0 mg/day)
in 40 children and adolescents with pervasive develop-
mental disorders,**>" 30 exhibited an improvement in
interfering behavioral symptoms. The most common side
effectswere weight gain and sedation. In addition, 14 case
reports have been published on the use of risperidone
in children with pervasive developmental disorders®®%3;
24 of the 27 children had symptomatic improvement.
Rothenberger™ reported that sulpiride clearly reduced
self-injurious behavior in 4 autistic patients; and Dollfus
et a.® found that amisul pride was beneficial for predomi-
nant negative symptomatology (behavioral inhibition and
withdrawal symptoms) in 9 autistic children. Olanzapine
was well tolerated and associated with a rapid improve-
ment in target behaviorsin 2 children with pervasive de-
velopmental disorders.®’

Obsessive-Compulsive Disorder

Clozapine is known to induce obsessive-compulsive
symptoms in adults,™ and may also do so in children.®
Risperidone, too, exacerbated incapacitating obsessive-
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Table 4. Major Indications, Dosages, and Adverse Effects of the Currently Available Atypical Neuroleptics
in the United States (Clozapine, Olanzapine, and Risperidone) for Children and Adolescents?

Variable Clozapine Olanzapine Risperidone
Major indications Resistant schizophrenia Schizophrenia, PDD Schizophrenia, PDD, tic disorders
Dose range (mg/kg/d) 0.34-7.53 0.15-0.41 0.03-0.17

Major adverse effects Seizures, agranulocytosis,

hypersalivation, enuresis

Weight gain, transient elevation EPS, weight gain, dysphoria
of liver enzymes

@Abbreviations: EPS = extrapyramidal symptoms, PDD = pervasive developmental disorders.

compulsive symptoms in one 13-year-old boy with
schizophrenia and OCD,®* and clothiapine led to the de
novo emergence of compulsive symptomsin adrug-naive
8-year-old schizophrenic child.® These 3 atypical neuro-
leptics—clozapine, risperidone, and clothiapine—all pos-
sess strong 5-HT, antagonistic activity; the results suggest
that this receptor subtype may play a role in the patho-
physiology of OCD. However, McDougle et al. reported
that clozapine monotherapy resulted in neither improve-
ment nor worsening of obsessive-compulsive symptoms
in 12 adults with treatment-refractory. OCD.1%21% They
also found that the addition of risperidoneto the treatment
regimen in fluvoxamine-refractory ‘adult OCD.- patients
led to significant improvement in obsessive-compulsive
symptoms.** In the younger population, only. one patient
with mood disorder and OCD has been described, and
his psychotic symptoms responded well to the-addition
of clozapine without concomitant worsening of the
obsessive-compulsive symptoms.® Risperidone treatment
was, however, ineffectivein 3 of 4 children with OCD.*>>*
A possible explanation for these discrepanciesis a hetero-
geneity of OCD whose subtypes may be associated with
different neurotransmitter dysregulation; for example,
schizophrenia-related OCD that worsens with 5-HT, an-
tagonism versus primary OCD that improves with 5-HT,
antagonism.

Tourette’s Disorder

Two open trials™* (22 children and adolescents) have
demonstrated that risperidone (0.5-9 mg/day) is a good
anti-tic agent in youth with Tourette’s disorder. Sulpiride
(200-1600 mg/day) was found effective in 60% of 63
Tourette's disorder patients, some of them under 18 years
old®; however, 1 case report described an exacerbation
of tics with sulpiride in a child.” Another substituted
benzamide, tiapride, was found effective as an anti-tic
agent in a placebo-controlled double-blind trial with 27
children. Remoxipride also showed some benefitin 7 ado-
lescents with Tourette’s disorder.®

CONCLUSION
The most commonly used atypical neurolepticsin chil-
dren and adolescents at present are clozapine, olanzapine,

and risperidone. These agents are compared in Table 4.
Most of the published studies on the use of atypical neuro-
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leptics in children and adolescents point to the efficacy of
clozapine for drug-resistant schizophrenia. Studies of ris-
peridone and olanzapine in young schizophrenic patients
are just emerging, and these, too, indicate a possible effec-
tiveness, though pediatric patients seem to have a greater
propensity than adults for side effects, particularly EPS,
weight gain, and dysphoria. There is some evidence of the
efficacy of risperidone in aggressive bipolar disorder and
some preliminary findings on its use in tic disorders and
pervasive developmental disorders. Some studies have
shown contradictory effects of atypical neuroleptics on
OCD symptomatol ogy.

At present, there is insufficient evidence of poorer
therapeutic effect of one or more of these agents compared
with the others, although it has been suggested® that
clozapine may be superior to olanzapine for drug-resistant
childhood-onset schizophrenia. Children and adolescents
were not compared in any study, so no comments can be
offered regarding possible drug-induced childhood devel-
opmental changes or any significant effects of the drug ac-
tion.or the therapeutic efficacy on development.

Thefact that amost all of the studies published to date
were open, uncontrolled clinical trials of relatively short-
term treatment in small groups of patients serioudly limits
the conclusions that can be drawn. There are no estimates
of therisk of tardive dyskinesia, neuroleptic malignant syn-
drome, or other possible side effects. Furthermore, young
patients may require lower and gradually increasing doses
of atypical neuroleptics'® to reduce the risk of side effects
and to enable better tolerance and compliance. Thus, sys-
tematic assessments of dose-response and dose-risk rela-
tionships for atypical neuroleptics.in children are still
needed. Extreme caution should be taken in-generalizing
results from the adult to the pediatric population. Further
research will provide clinicianswith amore reasonable and
responsible basis for the treatment of children and adoles-
cents with atypical neuroleptics. Many novel compounds
that may be as effective as clozapine, only without agranu-
locytosis and other troublesome side effects, will soon be
availablefor children and adolescents (e.g., quetiapine, zi-
prasidone). The full clinical profiles of these atypical
neuroleptics and their indications remain to be determined
in rigorous, double-blind placebo-controlled trials.

It seems that the currently available atypical neurolep-
tics are ailmost ready for general use for treating schizo-
phrenia, and perhaps pervasive developmental disorders,
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in

children and adolescents. Their application for non-

psychotic disorders, such as Tourette's disorder, ADHD,
mood disorders, and OCD, merits further investigation.
Since atypical neuroleptics are associated with fewer
EPS, they may soon become the first-line treatment in
children and adolescents with schizophrenia and perva-
sive developmental disorders.

Drug names: bromocriptine (Parlodel), carbamazepine (Tegretol and
others), clozapine (Clozaril), fluvoxamine (Luvox), haloperidol (Hal-
dol and others), methylphenidate (Ritalin), olanzapine (Zyprexa), que-
tiapine (Seroquel), risperidone (Risperdal).
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