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Abstract
We reviewed the recent literature on medicines used to manage inattention, impulsiveness, and
overactivity in children with pervasive developmental disorders (autistic disorder, pervasive
developmental disorder not otherwise specified, Asperger’s disorder) using computer searches of
pharmacological studies. A substantial number of reports were identified and summarized. The
literature tends to be dominated by uncontrolled studies, although the number of controlled trials is
growing. The findings for psychostimulants, noradrenergic reuptake inhibitors, antipsychotics,
alpha adrenergic agonists, antidepressants, anxiolytics, cholinesterase inhibitors, NMDA receptor
blockers, and antiepileptic mood stabilizers are described. Evidence for a positive effect is
strongest for psychostimulants, noradrenergic reuptake inhibitors, antipsychotics, and alpha
adrenergic agonists; evidence for efficacy seems weakest for newer antidepressants, anxiolytics,
and mood stabilizers.
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Introduction
Research has shown that children with pervasive developmental disorders (PDDs) [autistic
disorder, pervasive developmental disorder not otherwise specified (PDD—NOS) and
Asperger’s disorder] have very high rates of inattention, impulsivity, and overactivity
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(hereinafter called “attention-deficit/hyperactivity disorder (ADHD) symptoms”). For
example, Lecavalier [1] surveyed parents and teachers of 487 Ohio school children with the
Nisonger Child Behavior Rating Form (hereinafter called NCBRF) [2], an instrument for
assessing problems in young people with developmental disabilities. The percentages
reported as displaying ADHD symptoms at moderate or severe levels (parents and teachers,
respectively) were as follows: Difficulty concentrating, 49 and 50%; Easily distracted, 60
and 59%; Fidgets/wiggles/squirms, 42 and 43%; Overactive, 41 and 29%; High energy
level, 44 and 30%; and Short attention span, 54 and 47%. Most impressively, these were
unselected children who were identified in the schools as having an autism spectrum
disorder, not a clinical sample.

In this review, we summarize some of the key research that has been done in children with
PDDs and ADHD symptoms. We conducted searches of Medline and Psycinfo using the
following terms to capture reports on children with PDDs and ADHD symptoms: autism,
PDD, Asperger’s disorder, hyperactivity, and ADHD. We combined these terms with
overarching drug categories, such as antidepressant, SSRI, and individual examples of
generic drugs belonging to the medication group (e.g., imipramine, fluoxetine, venlafaxine).
We then worked through the prominent groups of psychotropic agents with possible effects
on ADHD symptoms (psychostimulants, noradrenergic reuptake inhibitors, antipsychotics,
alpha adrenergic agonists, antidepressants, cholinergic and other Alzheimer treatments, and
“other” drugs (anti-epileptic drug (AED) mood stabilizers, N-Methyl-D-Aspartate (NMDA)
receptor antagonists).

Psychostimulants
Because of the volume of research on psychostimulants in patients with intellectual
disability (ID) and ADHD symptoms and because of overlap of ID with patients having
PDDs, we start with a brief comment on the ID/ADHD research. Arnold et al. [3] conducted
an exhaustive review of stimulant effects and concluded that they do benefit many people
with ID. They noted that most of the sound research was conducted with patients having
mild and moderate ID and that efficacy in people with severe or profound ID has not been
well demonstrated and may occur at lower rates. Aman et al. [4] studied 90 children with ID
and ADHD, and reported that 44% of participants showed at least a 30% reduction
compared with placebo on teacher ratings when treated once daily with a dose of 0.40 mg/kg
methylphenidate (MPH). Using the same quantitative definition of response, Pearson et al.
[5] found that 38% of children with ID receiving 0.30 mg/kg b.i.d. MPH and 55% of those
receiving 0.60 mg/kg b.i.d. showed a 30% advantage over placebo as rated by teachers on
Conners’ Abbreviated Symptom Questionnaire (henceforth called CASQ).

Group studies of psychostimulant treatment in young people with PDDs and ADHD are
presented in Table 1. The earliest studies [6,7] were conducted with preschoolers with
autism (but not necessarily with ADHD symptoms) and therapeutic effects on ADHD
symptoms were not observed. Furthermore, a variety of adverse events including irritability,
worse stereotypies, and increased hyperactivity occurred in some children. However, we
should not be overly influenced by these reports, as the children were not selected for
ADHD symptoms and most of them were preschoolers; we now know that typically-
developing preschoolers often show a muted response to stimulants [8]. Five modest studies
ran the gamut from totally uncontrolled [9], to confounded with time due to open-label
design [10,11], to well controlled [12,13]. All of these reported at least some benefit in
ADHD symptoms, and most also reported a variety of adverse events including irritability,
self injury, social withdrawal, and insomnia. Response rates in these trials ranged from 46%
[11] to 62% [13].
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Santosh et al. [14] reported two comparisons involving children with ADHD plus autism
spectrum disorder (ASD). In the first retrospective comparison of 113 children with “pure”
ADHD (no ASD) and 61 children with ADHD plus ASD, the percentage of responders
[Clinical Global Impression Improvement (CGI—I) [15] scores of 1 or 2] [15] was 66.3%
and 51%, respectively, which did not differ significantly. Remarkably, only 1.6% of the
ADHD plus ASD group had bedwetting problems, and only 21.3% had “learning
difficulties” (often used in the UK to refer to intellectual disability). In a companion trial
that was part of the same publication, Santosh et al. [14] compared the progress of 25 “pure”
ADHD patients with that of 27 ASD plus ADHD patients. They claimed more-or-less
equivalent gains in both groups, although they did not report response rates and used
independent t-tests where a 2-way ANOVA model would have been more appropriate. They
reported IQs as 95 for “pure” ADHD and 84 for ASD plus ADHD. These and the low rates
of bedwetting (1.6%) and learning difficulties (21.3%) in the first study raise questions
about the representativeness of participants with ASDs in these studies since they may have
been quite “high-functioning.”

The largest and best controlled trial of stimulant treatment was conducted by the Research
Units on Pediatric Psychopharmacology (RUPP) Autism Network [16,17] (see Table 1).
Autistic disorder was the predominant diagnosis (74% of sample), but 26% of the sample
had PDD-NOS or Asperger’s disorder (RUPP, 2005). Placebo and methylphenidate doses
approximating 0.125, 0.25, and 0.50 mg/kg were given b.i.d. with a third, smaller, dose
given late afternoon. As assessed by the Aberrant Behavior Checklist (henceforth called
ABC) [18,19] Hyperactivity subscale, parents rated their children as significantly improved
compared with placebo on the low, medium, and high doses (with effect sizes, d, of 0.29,
0.54, and 0.40, respectively). The Parent-rated Social Withdrawal subscale on the ABC was
significantly worse on the high dose. Thirty-five of the 72 participants (49%) were classified
as clinical responders to MPH, whereas 13 participants (18%) exited the study because of
intolerable side effects. Irritability, emotional outbursts, and initial insomnia were the most
problematic adverse events (AEs).

Posey et al. [17] reported additional findings from the RUPP study. On the Swanson, Nolen,
and Pelham (SNAP) rating scale (http://www.adhd.net/snap-iv-instructions.pdf) [20],
parents rated the children as significantly improved on all three doses. On the teacher-rated
SNAP Hyperactivity subscale, the medium and high doses produced significant
improvement compared with placebo; the low dose failed to separate from placebo. Posey et
al. examined age, IQ, and autism versus other PDDs as possible moderators, but none of
them influenced outcome.

All in all, the stimulants tend to produce highly variable responses in children with PDDs
and ADHD symptoms. Such responses range from substantial improvement with minor side
effects through to more problematic behavior and physical and/or behavioral side effects.
Given what we know, stimulants would still be a reasonable first therapeutic choice for
previously-untreated children with PDDs and uncomplicated ADHD, even though they do
not work as well, on average, as they do in typically-developing children. Any side effects
should be reversible on discontinuing the drug. Clinicians should be candid with parents
about the lower likelihood of a positive clinical response and elevated risk of AEs.
Treatment should proceed with low initial doses, small dose increments, and a data-based
approach. Both clinicians and parents should be prepared to stop the trial if there is clear
evidence of behavioral deterioration and/or unacceptable AEs.
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Atomoxetine
Atomoxetine (Strattera) is a relatively new noradrenergic reuptake inhibitor frequently used
to control symptoms of ADHD in typically-developing children. Jou et al. [21] were first to
report on the effects of atomoxetine on hyperactivity and inattention in children with PDDs.
Twenty patients (10 dually-diagnosed with mental retardation; 16 with autism, 2 with
Asperger’s disorder, and 2 with PDD—NOS) were openly treated with atomoxetine for an
average of 19.5 weeks. Sixteen (80%) received concomitant medications but no changes in
dose or titration in co-therapy were made during the course of the study. Conners’ Parent
Rating Scale (Conners’ PRS) [22] was the main outcome measure. Significant improvement
between baseline and endpoint was reported for the Hyperactivity and Inattention subscales.
The average baseline Hyperactivity score of 17.1 improved to 13.0 (t = 3.86, p < 0.001, d =
1.77), while baseline and endpoint Inattention scores were 7.5 and 5.8, respectively (t = 3.1,
p = 0.01, d = 1.42). Twelve (60%) of the participants were responders to atomoxetine based
on the CGI—I scores of 1 or 2.

Troost et al. [23] did a pilot study of atomoxetine in 12 children with PDD (6 with autism, 5
with PDD-NOS, and 1 with Asperger’s disorder). Patients were washed out of psychoactive
drugs and treated openly with atomoxetine. Five subjects (42%) discontinued after at least 6
weeks due to side effects including gastrointestinal complaints. The parent-rated,
investigator scored ADHD Rating Scale-IV (ADHD-RS) [24], Conners’ PRS and the ABC
were outcome measures. The endpoint Total Score of the ADHD-RS significantly decreased
from a baseline average of 40.33 to 22.42 (p = 0.003, d = 2.30). A significant improvement
occurred in the Conners’ PRS ADHD Index between baseline and endpoint (24.25 and
18.67, respectively; p = 0.023, d = 0.65). The Hyperactivity subscale of the Conners’ PRS
showed a significant reduction from 9.83 to 6.67 (p = 0.03, d = 0.63); but the change on the
ABC Hyperactivity subscale failed to reach significance (baseline 23.58; endpoint 18.67; p
= 0.07). The authors felt that gastrointestinal symptoms were more severe in their
participants than observed in typically-developing children, and they speculated that
children with PDD may be more susceptible to such effects.

Posey et al. [25] conducted an 8-week open-label pilot study included 16 children with
PDDs (7 with autism, 7 with Asperger’s disorder, and 2 with PDD-NOS), hyperactivity, and
a nonverbal IQ of at least 70. Participants began with a dose of 0.5 mg/kg/day, which was
titrated to 1.2 mg/kg/day in the third week. The CGI—Severity subscale was the primary
outcome measure; secondary measures included (a) the ABC, (b) the SNAP, and (c)
Conners’ Continuous Performance Test (CPT) [26]. After 8 weeks, there was a significant
reduction on the CGI—S (5.1 to 3.9; F (1,15) = 17.86, p = 0.001; d = 1.09). The ratings of
both parents and teachers on the SNAP-IV decreased significantly (44.4 to 22.6, d = 1.9;
29.6 to 14.7, d = 1.4, respectively; p < 0.0001). In addition to decreases on several other
subscales of the ABC, both parents and teachers saw improvement on the Hyperactivity
subscale (28.4 to 14.2, p = 0.0004, d = 1.9; 18.2 to 8.4, p <0.0001, d = 1.0, respectively). No
differences were found on the Conners’ CPT, consistent with a study in typically-developing
adults with ADHD [27].

Arnold et al. [28] completed the first placebo-controlled trial of atomoxetine in children with
PDDs. This double-blind pilot study used a crossover design where each condition lasted for
6 weeks (3 week titration), followed by a one-week washout period. The primary outcome
measures were the ABC Hyperactivity subscale, the CGI—I, CGI—S, and SNAP
Hyperactivity subscale (each rated on a scale of 0–3). Sixteen children were randomized,
and three terminated early (2 due to lack of effect with placebo, 1 due to AE with
atomoxetine). “Responder” status was achieved by a 25% decrease on ABC Hyperactivity
subscale and a 1 or 2 on the CGI-I. Nine children (56%) responded to atomoxetine, whereas
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four (25%) responded to placebo. This response rate is lower than that found in studies with
typically-developing children, although slightly better than the response rate found in the
RUPP study using methylphenidate in children with PDD[16]. The slope of response on
time was compared for the outcome measures. The slopes for atomoxetine and placebo were
significantly different on the ABC Hyperactivity subscale (−5.00 vs. 0.56, respectively, p =
0.04; d = 0.90) and SNAP Hyperactivity (−5.87 vs. −0.82, p = 0.005, d = 1.27). The effect
sizes of the placebo-controlled impact of atomoxetine on ADHD symptoms were
comparable to those found in typically-developing children[29,30,31]. The low incidence of
AEs was impressive; two of the three individuals who terminated early were in the placebo
group. The authors suggested that future research include a parallel group design to alleviate
carry-over effects.

Together, these studies suggest that atomoxetine may be useful for controlling ADHD
symptoms in children with PDD. Although effect sizes were generally large, this likely was
due in part to the open-label design of most studies. In general, the side effects profile
appeared to be mild, including mostly tolerable gastrointestinal effects. However, this
evidence is preliminary; no large, placebo-controlled, parallel design trials have been
published. To our knowledge, no study thus far (either with children having a form of PDD
or in typically-developing children with ADHD) has demonstrated significant effects of
atomoxetine on cognition [25,28,32]. If correct, this stands in contrast to psychostimulants,
where enhancement of sustained attention and other performance tests is the norm. This
would reflect a true qualitative difference in mode of action between atomoxetine and
psychostimulants. It may be tempting to discount atomoxetine because of this, but it is well
to remember that no long-term study of the psychostimulants in typically-developing
children has demonstrated academic gains due to active treatment.

Antipsychotics
Classical Antipsychotics

Predictably, most of the work on classical antipsychotics used small sample sizes, and much
of it was poorly designed. Waiser et al. [33] assessed open-label thiothixene in 18 outpatient
“schizophrenic” children diagnosed with Creak’s criteria. The children (ages 5 to 13 years,
mean 9.4) were rated as significantly improved on ratings of psychomotor activity (36%
reduction) and concentration (9%) with a mean dose of 17 mg/day.

Probably the best study of classical antipsychotics came from Magda Campbell’s laboratory
at New York University [34]. In this investigation, 40 inpatient children, ages 2 to 6 years
(mean 4.6 years) with autism were treated with one of two sequences of medication:
haloperidol (HAL), placebo, HAL; or placebo, HAL, placebo, each of which lasted 4 weeks.
Outcome measures included the Children’s Psychiatric Rating Scale (hereinafter, CPRS )
[35], CASQ, and the CGI. On the CPRS, the children were rated by clinicians as having
significantly less hyperactivity and fidgetiness (both Ps <.01) with HAL. The children were
rated by their teachers as having significantly lower CASQ scores with HAL, and clinicians
rated the children as more improved with HAL on both the CGI—S and CGI—I.
Unfortunately, 11 of the 40 participants (28%) developed dystonic reactions at some stage.
In one follow-up study of 118 autistic children who were treated for 6 to 12 months,
Campbell et al. [36] found that 34 subjects (29%) showed withdrawal dyskinesias on
placebo substitution and 4 subjects (3.4%) showed tardive dyskinesia [total prevalence of
dyskinesia of 38 (32.2%)]. Despite the positive effects on ADHD symptoms in the acute
study, one would want to be very conservative and use HAL only where target symptoms
are quite extreme in young patients with PDDs.

Aman et al. Page 5

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Atypical antipsychotic (AAPs)
We begin with risperidone and then we address the other AAPs.

Risperidone—In contrast to conventional antipsychotics, novel agents are reported to
activate dopamine neurons in prefrontal cortex and limbic regions (e.g., nucleus accumbens)
with lower effect in the striatum [37]. In addition to this, risperidone has greater 5-HT2
blockade than D2 blockade. Because risperidone is better researched than the others, we
present only controlled studies with risperidone.

Currently there are four controlled studies of risperdone in children with PDDs that have
targeted inattentiveness and hyperactivity (Table 2). The RUPP Autism Network [38]
conducted a randomized controlled study of 101 children with autism and disruptive
behavior, including hyperactivity. Scores on the ABC Hyperactivity subscale were markedly
and significantly lower for risperidone compared with placebo after 8 weeks of treatment
(d= 1.00). Shea et al. [39] also conducted an 8-week, controlled trial and reported significant
ABC Hyperactivity subscale reductions. On the parent-rated NCBRF Hyperactive subscale,
risperidone produced significant reductions. The effect sizes were smaller in Shea et al. than
in the RUPP study, probably because subjects were not selected for extreme behavior in
Shea et al.

Hellings et al. [40] randomized subjects first to placebo and then to two risperidone dosing
schedules (low and high). In this double-blind placebo-controlled crossover study, the ABC
Hyperactivity subscale showed moderate improvements at both low (d= 0.58) and high dose
(d= 0.41) of risperidone (Table 2). Finally, Troost et al. [41] conducted an open-label study
of risperidone with a double-blind placebo-controlled discontinuation phase. The outcome
measures were from focused attention and divided attention tasks. At endpoint of the open-
label (Week 24), half of the subjects were tapered off risperidone to placebo over an 8-week
period. There were no significant drug group differences on focused attention, but the
risperidone group performed better on the divided attention task in reaction time hits and
reaction time for correct rejections. However, the parent-rated ABC Hyperactivity subscale
showed no significant group differences [42].

When participants were admitted because of extreme behavior, risperidone had significant
and important effects on ADHD symptoms. The effects on attention tests require replication,
but they also suggested improvement.

Other AAPs—Unfortunately there is no well-controlled research known to us that
addresses the effects of other AAPs on hyperactivity. We summarize the evidence on
quetiapine, ziprasidone, and aripiprazole (see Table 2). The two retrospective reports on
quetiapine reported overall gains on the CGI—I, which was based in part on hyperactivity
[43], and CPRS parent ratings of Inattention and Hyperactivity [44]. One very small open-
label study of ziprasidone found significant improvement on the ABC Hyperactivity
subscale but not on the CPRS Hyperactivity scale [45]. Valicenti-McDermott and Demb
[46] described outcomes for a heterogeneous group of young people with “developmental
disabilities.” Improvement in hyperactivity occurred for 10 of 21 children (48%) with
ADHD symptoms as a target of treatment; the authors felt that children with PDDs
responded less well than the other participants.

Alpha2 Adrenergic Agonists
Clonidine and guanfacine act on α2-adrenergic presynaptic receptors to inhibit
noradrenergic release and synaptic transmission [37]. Guanfacine has a longer action than
clonidine.
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Clonidine
Two small studies have investigated clonidine for hyperactivity in autistic disorder.
Fankhauser et al. [47] conducted a double-blind placebo-controlled crossover study of the
clonidine transdermal patch (approximately 0.005 mg/kg/day) in 7 autistic males ages 5 to
33 years (mean age 12.9) exhibiting “hyperarousal.” The parent-rated CASQ did not show a
significant difference between groups in hyperactivity and inattentiveness at endpoint.
However, CGI—Improvement ratings showed significant gains (p <0.0001). Jaselskis et al.
[48] conducted a 12-week double-blind placebo-controlled crossover study of clonidine
(0.15–0.20 mg/day) in 8 males with autistic disorder and hyperactivity. The results were
mixed, showing a significant improvement in ADHD symptoms on the parent-rated CASQ
(p = 0.03; d = .57) and the teacher-rated ABC Hyperactivity subscale (p = 0.03; d = .34), but
not on the clinician rated CPRS Hyperactivity subscale.

Guanfacine
Two studies have been reported. Posey et al. [49] conducted a retrospective study of
guanfacine in children with target symptoms including inattentiveness and hyperactivity.
Eighty subjects (10 female, 70 males), with a mean age of 7.7 years, met the criteria of a
PDD diagnosis and history of guanfacine pharmacotherapy. A determination of global
severity and global improvement (based on interfering behaviors including ADHD
symptoms) was made by subjects’ treating psychiatrists. Guanfacine was associated with a
statistically significant improvement in CGI Severity ratings (p < 0.001; d= 0.58).

Scahill et al. [50] conducted an 8-week open trial of guanfacine in 25 children (23 boys and
2 girls) with a mean age of 9.0 years and a diagnosis of PDD accompanied by hyperactivity.
All 25 had failed to respond or could not tolerate MPH. Outcome measures included parent
and teacher ratings on the ABC, SNAP-IV, 2001), and CGI—I. Dosage ranged from 1.0–3.0
mg/day, split into 2 or 3 doses. The results showed significant improvement on the parent-
rated ABC Hyperactivity subscale (p <0.001; d = 1.4) and the SNAP-IV Hyperactivity
subscale (p <0.0001; d =1.5). Teacher ratings also reflected significant improvement on
ABC Hyperactivity (p <0.01; d = 0.83) and on the SNAP-IV (p= 0.01; d = 0.56). Forty eight
percent of subjects were rated much improved or very much improved on the CGI-I. Four
subjects terminated early due to irritability and one due to agitation.

Antidepressants
Tricyclic Antidepressants

Tricyclic antidepressants (TCAs) have a long history of use for ADHD symptoms in
typically-developing children [51] and in adults. In recent years, however, growing concern
about potentially-serious cardiovascular effects has curbed the use of this class in children.
The literature regarding TCAs in children with developmental disabilities is limited. Gordon
et al. [52] compared the use of clomipramine and desipramine to treat the associated
behaviors of autism in seven children with the disorder. The subjects took part in a 10-week,
double-blind, randomized, crossover trial, following two weeks of a single-blind placebo
period. On the CPRS Hyperactivity subscale, the effects of clomipramine and desipramine
after 5 weeks were significantly different from placebo (115% improvement, 80%
improvement, and 2% improvement, respectively; F = 4.62, p = 0.05, d = 1.11), but not from
each other.

Gordon et al. followed the 1992 report with a larger, double-blind comparison of
clomipramine, desipramine, and placebo [53]. Twelve children with autism completed a 10-
week, double-blind, crossover study of clomipramine and placebo, and twelve different
subjects with autism participated in an identical study of clomipramine and desipramine.

Aman et al. Page 7

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



The same pattern of results as the earlier report was found; both desipramine and
clomipramine had significantly greater effects than placebo on hyperactivity (F = 14.4,
p=0.0001, d = 1.32), but they were not significantly different from one another. Medication
was reduced for two patients who experienced cardiac effects with clomipramine (one
experienced tachycardia, another delayed conduction). A third subject had a generalized
tonic-clonic seizure. To the best of our knowledge, these promising effects on ADHD
symptoms have not been pursued in subsequent research.

Selective Serotonin Reuptake Inhibitors (SSRIs)
There are several older reports of fluoxetine (Prozac) for depression in adolescents and
adults with autism [54,55] although the only purely adolescent sample was that of Fatemi et
al. [56]. This open trial included seven patients with autism who had been treated with
fluoxetine in the previous six years (for an average of 18 months). Mean baseline and
endpoint scores on the ABC were compared, and a significant drop was observed in all
subscales except Hyperactivity, which increased by 14% (22.21 to 25.80, significance not
reported). Although fluoxetine seemed to be beneficial for some autism symptoms, the
increase in hyperactivity may be a limiting factor.

There are several reports that venlafaxine, a serotonin-norepinephrine reuptake inhibitor,
was useful in young adults with PDD. However, these effects did not seem to appear in
children. Hollander et al. [57] completed an open-label study of 10 individuals with PDDs.
The sample included 8 children (1 with PDD-NOS, 4 with Asperger’s disorder, and 3 with
autism) and 2 adults. Results were presented qualitatively; 4 of the 8 children experienced
significant hyperactivity/restlessness as an AE of the drug, although 6 of 8 were considered
responders (i.e., a “Much improved” or “Very much improved” rating on the CGI—I
addressing the core symptoms of autism). The authors concluded that venlafaxine may cause
some improvement to the core symptoms of autism, although it appeared to exacerbate
hyperactivity.

The remaining reports of SSRIs in individuals with autism were specific to symptoms of
depression and/or did not include children. It appears that TCAs may have some role in
managing ADHD symptoms in children with PDDs, although potential cardiac effects
warrant cautious use. There is little reason to believe that the SSRIs or venlafaxine have
utility for managing ADHD symptoms in young people with PDDs and, in fact, they may
exacerbate ADHD symptoms.

Anxiolytic Agents
The literature on use of anxiolytic agents to control ADHD symptoms in typically-
developing children is both sparse and weak [58]. Benzodiazepine anxiolytics may produce
significant side effects as well as dependence, withdrawal, and rebound symptoms. Not
surprisingly, there are no respectable studies of these drugs in children with PDDs.

Two reports of buspirone, which has mixed pharmacologic action on dopamine and
serotonin receptors and is marketed as an anxiolytic, were located. Realmuto et al. [59]
published a case study of four subjects with autism and mild-to-moderate mental retardation.
Hyperactivity was a target symptom for three. Each child received 5 mg of buspirone, open-
label, three times daily for four weeks, followed by methylphenidate or fenfluramine for
four more weeks. Parents completed the ABC, and teachers completed Conners’ Teacher’s
Rating Scale (hereinafter, Conners’ TRS) [60]. Only qualitative data were reported; two
children showed “improvement” in hyperactivity. Another child did not respond to initial
treatment; when switched to fenfluramine, he experienced worsening of ADHD symptoms,
which improved again when returned to buspirone.
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In a “single-subject study” [61] a child with autism and ADHD symptoms received three
weeks of placebo, followed by washout and three weeks of buspirone (10 mg/day).
Improvements on blinded ratings on the CASQ failed to reach significance, although a
reliable linear improvement was seen in the number of daily performance tasks completed at
school with buspirone.

We were able to find only one other study examining the use of anxiolytic agents in children
with PDD, this being with a benzodiazapine. Marrosu et al. [62] administered diazepam to
seven children with infantile autism (DSM III) and disruptive anxiety attacks. Diazepam was
given intramuscularly when the children experienced anxiety attacks significant enough to
disrupt the class they were attending. Children were rated on the “Children’s Diagnostic
Scale” in the hour following the administration of the drug. Ratings of hyperactivity
worsened for six of the seven participants.

The lack of studies in children with PDD may well be due in part from known effects of
anxiolytic agents in typically-developing children, where true anxiolytic agents have been
shown to cause dysinhibition and sometimes increased activity and impulsiveness [58].
There is little reason to assume that they will be helpful in children with PDDs and ADHD
symptoms, and they may have adverse effects.

Cholinesterase Inhibitors
Cholinesterase inhibitors increase acetylcholine levels in the brain through the inhibition of
the enzyme cholinesterase and have been used for Alzheimer’s disease [37]. Post-mortem
studies have found significant abnormalities of the cholinergic system and its nicotinic
receptors in the brains of individuals with autism [63,64].

Donepezil
Very few studies of donepezil have been attempted in autism spectrum disorders (ASD).
Hardan and Handen [65] conducted a retrospective study of donepezil and its effects on core
symptoms of autism and disruptive behavior in 8 young people. Significant improvement
was reported for the CGI severity ratings and on the ABC Hyperactivity and Irritability
subscales. To date, there is no compelling argument for advocating donepezil for treating
either the secondary symptoms or the core features of autism. Rigorous exploratory studies
are needed.

Galantamine
Neiderhofer [66] tested the effects of galantamine in a randomized placebo-controlled
crossover study of 20 outpatient boys (mean age 7.4 years) with autism diagnosed by
ICD-10 criteria. After combining parent and teacher ratings, the investigators found
significant differences favoring galantamine on ABC Irritability, Hyperactivity, and
Inappropriate Speech subscales. No side effects were reported. Neiderhofer concluded that
galantamine is well tolerated and may be beneficial for treating irritability in children with
autism.

Nicolson et al. [67] conducted a 12-week open-label study of galantamine in 13 children and
adolescents with autism, ages 4–17 years. Significant improvement was noted on the ABC
for the Irritability and Social Withdrawal subscales, but not for Hyperactivity. Clinician
ratings on the CPRS showed significant improvement over time on the Autism and the
Anger subscales but not the Hyperactivity subscale. Clinician ratings showed a significant
reduction in the autism severity on the CGI-S. This study suggests possible benefit of
galantamine for interfering behaviors in children with PDDs, although there was no
indication of benefit for ADHD symptoms.
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Rivastigmine Tartrate
Rivastigmine tartrate has dual actions, inhibiting both acetylcholinesterase and
butyrylcholinesterase and enhancing cholinergic function at the synaptic cleft [37]. Chez et
al. conducted a 12-week open-label study of rivastigmine tartrate in 32 children with PDDs,
ages 2–12 years [68]. Paired t tests indicated significant improvements over time on the
Childhood Autism Rating Scale and Conners’ PRS—R [69]. It was not clear from this report
whether the change occurred on the Hyperactivity subscale or on the total score from the
Conners’.

NMDA receptor Antagonists
Amantadine Hydrochloride

Amantadine has been found to have noncompetitive NMDA (n-methyl-d-aspartate)
antagonist activity and has moderate NMDA receptor-blocking properties at doses routinely
used for its prescribed indications (i.e., influenza, herpes zoster, and Parkinson disease) [70].
It also exerts its activity by increasing dopamine at the receptor [37].

King et al. [70] conducted a double-blind placebo-controlled multicenter study of
amantadine hydrochloride in 39 subjects with autistic disorder, ages 5–19 years. There were
no clinically-significant differences between treatments on the parent-rated ABC Irritability
or Hyperactivity subscales. Investigator-rated ABC scores did reveal a significant treatment
difference on Hyperactivity. There were no significant differences on the CGI—S at the
final visit. Amantadine was well tolerated. The investigators concluded that the dose range
of 90–200 mg (below the recommended 200-mg dose for treatment of influenza) may have
been too low to elicit a treatment effect even if amantadine has clinical potential.

Memantine
Memantine is an NMDA antagonist that is thought to preserve neuronal function. It
selectively blocks the excitotoxic effects associated with abnormal glutamate transmission
by modulating calcium channels[37]. It has been hypothesized that glutamate is involved in
the pathophysiology of PDDs [71,72]. Owley et al. [73] conducted an open-label trial of
memantine in 14 children with PDDs. There were no significant differences between
baseline and endpoint on measures of expressive language, receptive language, nonverbal
IQ, or CGI—S. Significant differences were found on a memory test (p=0.02) and on all
subscales of the ABC (especially the Social Withdrawal and Hyperactivity subscales).
Conversely, hyperactivity was an AE for 5 subjects (36%). The investigators called for
double-blind placebo-controlled studies of memantine.

Erickson et al. [74] conducted a retrospective chart review of memantine in 18 children (15
male, 3 female; ages 6–19 years) with PDDs. As part of routine care, the treating physician
completed the CGI—S and the CGI—I scales. Six subjects also had ABC baseline and
endpoint data available. Eleven of the 18 (61%) were considered responders on the CGI-I,
and on the ABC there was a significant improvement on the Hyperactivity subscale.

There are enough positive data to warrant controlled trials of memantine. Hyperactivity was
reported as both a side effect and as an area of therapeutic change. Thus, treatment with
memantine is clearly experimental at this time.

AED Mood Stabilizers
Many children with autism spectrum disorders are also diagnosed with epilepsy, and receive
antiepileptic drugs. Hollander et al. [75] reported that five of fourteen (36%) autistic
individuals aged 5 to 40 years became less impulsive after treatment with divalproex
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sodium, although side effects (fatigue, sedation, behavioral activation) were severe enough
for two participants to terminate. Uvebrant and Bauziene [76] published an anecdotal report
of 50 children treated with lamotrigine. They reported that the children experienced an
increase in attention span; however, only 13 of the children (26%) were diagnosed with
autism, so it is not clear if these results were true of autism. Belsito et al. [77] explored
lamotrigine for symptoms of autism in a double-blind, placebo-controlled trial. Twenty-
eight children with autism were treated with lamotrigine for eight weeks, followed by a four-
week maintenance period. The main outcome measures, the Autism Behavior Checklist [78]
and the ABC, showed no differences between placebo and lamotrigine. The authors
concluded that lamotrigine is probably not helpful in treating core symptoms of autism; an
effect on ADHD symptoms seems unlikely.

Hardan et al. [79] conducted an open-label retrospective chart-review of topiramate in
children with PDDs. Fifteen patients were included in the sample (11 with autism, 2 with
Asperger’s disorder, and 2 with PDD-NOS), and hyperactivity was a target symptom for
eight. Eight of the children (53%) were considered responders after achieving a “Much
improved” or “Very much improved” rating on the CGI—I. The children displayed
significant reductions on several subscales of Conners’ PRS [22]: Inattention declined from
8.5 to 5.3 (t = 3.11, p = 0.008, d = 1.66), and Hyperactivity decreased from 17.9 to 12.5 (t =
4.30, p = 0.001, d = 2.30). There is a need for a double-blind placebo-controlled trials to
confirm these impressions.

Overall, there are few studies and limited evidence for the use of antiepileptic mood
stabilizers in improving symptoms of ADHD in children with PDDs and the positive studies
in ASD are all uncontrolled. Despite some positive carbamazepine studies in typically
developing children, clinical use of these agents for ADHD symptoms in children with
PDDs must be considered a personal experiment and should be guided by clinical data.

Opiate Blockers
Several studies of naltrexone were conducted in children with autism, usually with the hope
of reducing core features of autism [80,81,82,83,84,85,86]. No effects were consistently
found in autism symptoms; what is intriguing is that all of these studies observed reductions
in hyperactivity, an often unanticipated finding [87].

Conclusions
Unfortunately, case series, open label trials, and retrospective reports still dominate the
autism field, and blinded placebo-controlled studies make up a small minority of the
literature. Although uncontrolled studies may reflect true effects, it is equally true that
“significant” changes may be due to the passage of time, placebo effects, or the well-known
tendency of higher scores to regress to the mean. Such uncontrolled studies may exaggerate
effect sizes. Hence, the brunt of the evidence presented here is only suggestive, and awaits
true assessment in properly-controlled studies. At this point, the evidence for a therapeutic
effect on hyperactivity and inattention seems best for methylphenidate (although other
stimulant preparations probably also work about as well), atomoxetine, certain atypical
antipsychotics, and alpha-2 adrenergic agonists. There is not much to commend the SSRIs,
venlafaxine, benzodiazepines, or AED mood stabilizers for these symptoms. The case still
needs to be made for tricyclic antidepressants, cholinesterase inhibitors, and NMDA
receptor blockers, whose use for hyperactivity should be viewed as experimental.

Acknowledgments
This work was supported in part by Grant No. U10MH66768 from the National Institute of Mental Health

Aman et al. Page 11

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Lecavalier L. Behavioral and emotional problems in young people with pervasive developmental

disorders: Relative prevalence, effects of subject characteristics, and empirical classification. J
Autism Dev Disord. 2006; 36:1101–14. [PubMed: 16897387]

2. Aman MG, Tassé MJ, Rojahn J, et al. The Nisonger CBRF: A child behavior rating form for
children with developmental disabilities. Res Dev Disabil. 1996; 17:41–57. [PubMed: 8750075]

3. Arnold, LE.; Gadow, KD.; Pearson, DA., et al. Stimulants. In: Reiss, S.; Aman, MG., editors.
Psychotropic medication and developmental disabilities: The International Consensus Handbook.
Columbus, OH: Ohio State University Nisonger Center; 1998. p. 229-57.

4. Aman MG, Buican B, Arnold LE. Methylphenidate treatment in children with low IQ and ADHD:
Analysis of three aggregated studies. J Child Adolesc Psychopharmacol. 2003; 13:27–38.

5. Pearson D, Lane D, Santos C, et al. Effects of methylphenidate treatment in children with mental
retardation and ADHD: Individual variation in medication response. J Am Acad Child Adolesc
Psychiatry. 2004; 43:686–98. [PubMed: 15167085]

6. Campbell M, Fish B, David R, et al. Response to tri-iodothyronine and dextroamphetamine: A study
of preschool schizophrenic children. J Autism Child Schizophrenia. 1972; 2:343–58.

7. Campbell M, Small AM, Collins PJ, et al. Levodopa and levoamphetamine:A crossover study in
young schizophrenic children. Cur Therapeutic Res. 1976; 19:70–86.

8. Connor, DF. Psychostimulants in Attention Deficit Hyperactivity Attention Deficit Disorder:
theoretical and practical issues for the community practitioner. In: Gozal, D.; Molfese, DL., editors.
Attention deficit hyperactivity disorder: From genes to patients. Totowa, NJ: Humana Press; 2007.
p. 487-528.

9. Hoshino Y, Kumashiro H, Kaneko M, et al. Effects of methylphenidate on early infantile autism and
its relation to serum serotonin levels. Folio Psychiatrica et Neurologica Japonica. 1977; 3(4):605–
14.

10. Birmaher B, Quintana H, Greenhill LL. Methylphenidate treatment of hyperactive autistic children.
J Am Acad Child Adolesc Psychiatry. 1988; 27:248–51. [PubMed: 3360732]

11. Di Martino A, Melis G, Cianchetti C, et al. Methylphenidate for pervasive developmental
disorders: Safety and efficacy of acute single dose test and ongoing therapy: An open-pilot study. J
Child Adolesc Psychopharmacol. 2004; 14:207–18. [PubMed: 15319018]

12. Quintana H, Birmaher B, Stedge D, et al. Use of methylphenidate in the treatment of children with
autistic disorder. J Autism Dev Disord. 1995; 25:283–94. [PubMed: 7559293]

13. Handen BL, Johnson CR, Lubetsky M. Efficacy of Methylphenidate among children with autism
and symptoms of attention-deficit hyperactivity disorder. J Autism Dev Disord. 2000; 30:245–55.
[PubMed: 11055460]

14. Santosh PJ, Baird G, Pityaratstian N, et al. Impact of comorbid autism spectrum disorders on
stimulant response in children with attention deficit hyperactivity disorder: A retrospective and
prospective effectiveness study. Health Care Development. 2006; 32:575–83.

15. Guy, W. ECDEU assessment manual of psychopharmacology (NIMH Publication 76-338).
Washington, DC: Department of Health, Education, and Welfare, NIMH; 1976.

16. Research Units on Pediatric Psychopharmacology Autism Network. A randomized, double-blind,
placebo-controlled, crossover trial of methylphenidate in children with hyperactivity associated
with pervasive developmental disorders. Archives of General Psychiatry. 2005; 62:1266–74.
[PubMed: 16275814]

17. Posey DJ, Aman MG, McCracken JT, et al. Positive effects of methylphenidate on inattention and
hyperactivity in pervasive developmental disorders: An analysis of secondary measures. Biol
Psychiatry. 2007; 61:538–44. [PubMed: 17276750]

18. Aman MG, Singh N, Stewart A, et al. The Aberrant Behavior Checklist: A behavior rating scale
for the assessment of treatment effects. Am J Ment Defic. 1985; 89:485–91. [PubMed: 3993694]

19. Aman MG, Singh NN, Stewart AW, et al. Psychometric characteristics of the Aberrant Behavior
Checklist. Am J Ment Defic. 1985; 89:492–502. [PubMed: 3158201]

20. Swanson, J. School-Based Assessments and Interventions for ADD Students. Irvine, CA: KC
Publishing; 1992.

Aman et al. Page 12

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



21. Jou R, Handen B, Hardan A. Retrospective assessment of atomoxetine in children and adolescents
with pervasive developmental disorders. J Child Adolesc Psychopharmacol. 2005; 15:325–30.
[PubMed: 15910217]

22. Goyette C, Conners C, Ulrich R. Normative data on revised Conners Parent and Teacher Rating
scales. J Abnorm Child Psychol. 1978; 6:221–36. [PubMed: 670589]

23. Troost P, Steenhuis M, Tuynman H, et al. Atomoxetine for attention-deficit/hyperactivity disorder
symptoms in children with pervasive developmental disorders: A pilot study. J Child Adolesc
Psychopharmacol. 2006; 16:611–19. [PubMed: 17069549]

24. DuPaul, G.; Power, T.; Anastopoulos, A., et al. ADHD Rating Scale-IV: Checklists, Norms, and
Clinical Interpretations. New York: The Guilford Press; 1998.

25. Posey D, Wiegand R, Wilkerson J, et al. Open-label atomoxetine for attention-deficit/hyperactivity
disorder symptoms associated with high-functioning pervasive developmental disorders. J Child
Adolesc Psychopharmacol. 2006; 16:599–610. [PubMed: 17069548]

26. Conners, C. Conners’ Continuous Performance Test—II. North Tonawanda, NY: Multi Health
Systems; 2000.

27. Spencer T, Biederman J, Wilens T, et al. Effectiveness and tolerability of tomoxetine in adults with
Attention Deficit Hyperactivity Disorder. Am J Psychiatry. 1998; 155:693–5. [PubMed: 9585725]

28. Arnold L, Aman M, Cook A, et al. Atomoxetine for hyperactivity in autism spectrum disorders:
Placebo-controlled crossover pilot trial. J Am Acad Child Adolesc Psychiatry. 2006; 45:1196–
1205. [PubMed: 17003665]

29. Michelson D, Faires D, Wernicke J, et al. Atomoxetine in the treatment of children and adolescents
with attention-deficit/hyperactivity disorder: A randomized, placebo-controlled, dose-response
study. Pediatrics. 2001; 108:1–9. [PubMed: 11433046]

30. Michelson D, Allen A, Busner J, et al. Once-daily atomoxetine treatment for children and
adolescents with attention deficit hyperactivity disorder: A randomized, placebo-controlled study.
Am J Psychiatry. 2002; 159:1896–1901. [PubMed: 12411225]

31. Sutton, V.; Milton, D.; Ruff, D., et al. Efficacy of atomoxetine treatment for children and
adolescents with attention-deficit/hyperactivity disorder. Paper presented at the 51st Annual
Meeting American Academy of Child and Adolescent Psychiatry; Washington, DC. 2004,
October;

32. Spencer T, Biederman J, Heiligenstein J, et al. An open-label, dose-ranging study of atomoxetine
in children with attention deficit hyperactivity disorder. J Child Adolesc Psychopharmacol. 2001;
11:251–65. [PubMed: 11642475]

33. Waizer J, Polizos P, Hoffman SP, et al. A single-blind evaluation of thiothixene with outpatient
schizophrenic children. J Autism Childhood Schizophrenia. 1972; 2:378–86.

34. Anderson LT, Campbell M, Grega DM, et al. Haloperidol in the treatment of infantile autism:
Effects on learning and behavioral symptoms. Am J Psychiatry. 1984; 141:1195–1202. [PubMed:
6385731]

35. Fish B. Children’s Psychiatric Rating Scale. Psychopharmacol Bull. 1985; 21:753–70.

36. Campbell M, Armenteros JL, Malone RP, et al. Neuroleptic-related dyskinesias in autistic children:
A prospective, longitudinal study. J Am Acad Child Adolesc Psychiatry. 1997; 36:835–43.
[PubMed: 9183140]

37. Bezchlibnyk-Butler, KZ.; Jefferies, JJ. Clinical Handbook of Psychotropic Drugs. 15. Ashland
Ohio: Hogrefe & Huber Publishers; 2005.

38. Research Units on Pediatric Psychopharmacology Autism Network Risperidone in children with
autism for serious behavioral problems. N Engl J Med. 2002; 347:314–21. [PubMed: 12151468]

39. Shea S, Turgay A, Carroll A, et al. Risperidone in the treatment of disruptive behavioral symptoms
in children with autistic and other pervasive developmental disorders. Pediatrics. 2004; 114:634–
41.

40. Hellings JA, Zarcone JR, Reese RM. A crossover study of risperidone in children, adolescents and
adults with mental retardation. J Autism Dev Disord. 2006; 36:401–11. [PubMed: 16596465]

41. Troost PW, Althaus M, Lahius BE. Neuropsychological effects of risperidone in children with
pervasive developmental disorders: A blinded discontinuation study. J Child Adolesc
Psychopharmacol. 2006; 16:561–73. [PubMed: 17069545]

Aman et al. Page 13

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



42. Troost PW, Lahius BE, Steenhuis MP. Long-term effects of risperidone in children with autism
spectrum disorders: A placebo discontinuation study. J Am Acad Child Adolesc Psychiatry. 2005;
44:1137–44. [PubMed: 16239862]

43. Corson AH, Barkenbus JE, Posey DJ, et al. A retrospective analysis of quetiapine in the treatment
of pervasive developmental disorders. J Clin Psychiatry. 2004; 65:1531–6. [PubMed: 15554768]

44. Hardan AY, Jou RJ, Handen BL. Retrospective study of quetiapine in children and adolescents
with pervasive developmental disorders. J Autism Dev Disord. 2005; 35:387–91. [PubMed:
16119479]

45. Malone RP, Delaney MA, Hyman SB, et al. Ziprasidone in adolescents with autism: An open-label
pilot study. J Child Adolesc Psychopharmacol. 2007; 17:779–90. [PubMed: 18315450]

46. Valicenti-McDermott MR, Demb H. Clinical effects and adverse reactions of off-label use of
aripiprazole in children and adolescents with developmental disabilities. J Child Adolesc
Psychopharmacol. 2006; 16:549–60. [PubMed: 17069544]

47. Fankhauser MP, Karumanchi VC, German ML, et al. A double-blind, placebo-controlled study of
the efficacy of transdermal clonidine in autism. J Clin Psychiatry. 1991; 53:77–82. [PubMed:
1548248]

48. Jaselskis CA, Cook EH Jr, Fletcher KE, et al. Clonidine treatment of hyperactive and impulsive
children with autistic disorder. J Clin Psychopharmacol. 1992; 12:322–7. [PubMed: 1479049]

49. Posey DJ, Puntney JI, Sasher TM, et al. Guanfacine treatment of hyperactivity in pervasive
developmental disorders: A retrospective analysis of 80 cases. J Child Adolesc Psychopharmacol.
2004; 14:233–41. [PubMed: 15319020]

50. Scahill L, Aman MG, McDougle CJ, et al. A prospective open-trial of guanfacine in children with
pervasive developmental disorders. J Child Adolesc Psychopharmacol. 2006; 16:589–98.
[PubMed: 17069547]

51. Geller B, Reising D, Leonard H, et al. Critical review of tricyclic antidepressant use in children and
adolescents. J Am Child Adolesc Psychiatry. 1999; 38:513–6.

52. Gordon C, Rapoport J, Hamburger S, et al. Differential response of seven subjects with autistic
disorder to clomipramine and desipramine. Am J Psychiatry. 1992; 149:363–6. [PubMed:
1536276]

53. Gordon C, State R, Nelson J, et al. A double-blind comparison of clomipramine, desipramine, and
placebo in the treatment of autistic disorder. Arch Gen Psychiatry. 1993; 50:441–7. [PubMed:
8498878]

54. Cook EH, Rowlett R, Jaselskis C, et al. Fluoxetine treatment of children and adults with autistic
disorder and mental retardation. J Am Acad Child Adolesc Psychiatry. 1992; 31:739–45.
[PubMed: 1644739]

55. Todd R. Fluoxetine in autism. Am J Psychiatry. 1991; 148:1089. [PubMed: 1853966]

56. Fatemi S, Realmuto G, Khan L, et al. Fluoxetine in treatment of adolescent patients with autism: A
longitudinal open trial. J Autism Dev Disord. 1998; 28:303–7. [PubMed: 9711486]

57. Hollander E, Kaplan A, Cartwright C, et al. Venlafaxine in children, adolescents, and young adults
with autism spectrum disorders: An open retrospective clinical report. J Child Neurol. 2000;
15:132–5. [PubMed: 10695900]

58. Werry, J.; Aman, MG. Anxiolytics, sedatives, and miscellaneous drugs. In: Werry, J.; Aman, MG.,
editors. Practicioner’s Guide to Psychoactive Drugs for Children and Adolescents. 2. New York:
Plenum Medical Book Company; 1999. p. 433-69.

59. Realmuto GM, August GJ, Garfinkel BD. Clinical effect of buspirone in autistic children. J Clin
Psychopharmacol. 1989; 9:122–5. [PubMed: 2723129]

60. Conners C. A teacher rating scale for use in drug studies with children. Am JPsychiatry. 1969;
126:884–8. [PubMed: 4900822]

61. McCormick L. Treatment with buspirone in a child with autism. Archives Family Medicine. 1997;
6(4):368–70.

62. Marrosu F, Marrosu G, Rachel M, et al. Paradoxical reactions elicited by diazepam in children
with classic autism. Functional Neurology. 1987; 3:355–61. [PubMed: 2826308]

63. Perry EK, Lee ML, Martin-Ruiz CM, et al. Cholinergic activity in autism: Abnormalities in the
cerebral cortex and basal forebrain. Am J Psychiatry. 2001; 158:1058–66. [PubMed: 11431227]

Aman et al. Page 14

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



64. Lee M, Martin-Ruiz C, Graham A, et al. Nicotinic receptor abnormalities in the cerebellar cortex in
autism. Brain. 2002; 125:1483–95. [PubMed: 12076999]

65. Hardan AY, Handen BL. A retrospective open trial of adjunctive donepezil in children and
adolescents with autistic disorder. J Child Adolesc Psychopharmacol. 2002; 12:237–41. [PubMed:
12427297]

66. Neiderhofer H. Galantamine may be effective in treating autistic disorder. Brit J Med -Letters.
2002; 325:1422–3.

67. Nicolson R, Craven-Thuss B, Smith J. A prospective, open-label trial of galantamine in autistic
disorder. J Child Adolesc Psychopharmacol. 2006; 16:621–9. [PubMed: 17069550]

68. Chez MG, Aimonovich M, Buchanan T, et al. Treating autistic spectrum disorders in children:
Utility of the cholinesterase inhibitor rivastigmine tartrate. J Child Neurology. 2004; 19(3):165–9.

69. Conners, C. Technical Manual. Toronto: Multi-Health Systems; 1997. Conners’ Rating Scales-
Revised.

70. King BH, Wright DM, Handen BL, et al. Double-blind placebo-controlled study of amantadine
hydrochloride in the treatment of children with autistic disorder. J Am Acad Child Adolesc
Psychiatry. 2001; 40:658–65. [PubMed: 11392343]

71. Carlsson M. Hypothesis: Is infantile autism a hypoglutamatergic disorder? Relevance of glutamate-
serotonin interactions for pharmacotherapy. J Neural Transmission. 1998; 105:525–35.

72. Lappalainen R, Riikonen R. High levels of cerebrospinal fluid in Rett Syndrome. Pediatric Neurol.
1996; 15:213–6.

73. Owley T, Salt J, Guter S, et al. A prospective, open-label, trial of memantine in the treatment of
cognitive, behavioral, and memory dysfunction in pervasive developmental disorders. J Child
Adolesc Psychopharmacol. 2006; 16:517–24. [PubMed: 17069541]

74. Erickson CA, Posey DJ, Stigler KA, et al. A retrospective study of memantine in children and
adolescents with pervasive developmental disorders. Psychopharmacology. 2007; 191:141–7.
[PubMed: 17016714]

75. Hollander E, Dolgoff-Kaspar R, Cartwright C, et al. An open trial of divalproex sodium in autistic
disorder spectrum disorders. J Clin Psychiatry. 2001; 62:530–4. [PubMed: 11488363]

76. Uvebrant P, Bauziene R. Intractable epilepsy in children: The efficacy of lamotrigine treatment
including nonsiezure-related benefits. Neuropediatrics. 1994; 25:284–9. [PubMed: 7770124]

77. Belsito K, Law P, Kirk K, et al. Lamotrigine therapy for autistic disorder: A randomized double-
blind, placebo-controlled trial. J Autism Devl Disord. 2001; 31:175–81.

78. Krug, DA.; Arick, J.; Almond, P. Autism Behavior Checklist Record Form. Austin TX: PRO-ED;
1993.

79. Hardan A, Jou R, Handen B. A retrospective assessment of topiramate in children and adolescents
with pervasive developmental disorders. J Child Adolesc Psychopharmacol. 2004; 14:426–32.
[PubMed: 15650499]

80. Campbell M, Overall JE, Small AM, et al. Naltrexone in autistic children: An acute open dose
range tolerance trial. J Am Acad Child Adolesc Psychiatry. 1989; 28:200–6. [PubMed: 2925573]

81. Campbell M, Anderson LT, Small AM, et al. Naltrexone in autistic children: Behavioral symptoms
and attentional learning. J Am Academy Child Adolesc Psychiatry. 1993; 32:1283–91.

82. Kolmen BK, Feldman H, Handen BL, et al. Naltrexone in young autistic children: A double blind
placebo-controlled crossover study. J Am Acad Child Adolesc Psychiatry. 1995; 34:223–31.
[PubMed: 7896655]

83. Willemsen-Swinkles SH, Buitelaar JK, Weijnen FG, et al. Placebo-controlled acute dosage
naltrexone study in young autistic children. Psychiatry Research. 1995; 58:203–15. [PubMed:
8570776]

84. Willemsen-Swinkles SH, Buitelaar JK, van Engeland H. The effects of chronic naltrexone
treatment in young autistic children: A double-blind placebo controlled crossover study. Biol
Psychiatry. 1996; 39:1023–31. [PubMed: 8780837]

85. Kolmen BK, Feldman H, Handen BL, et al. Naltrexone in young autistic children: Replication
study and learning measures. J Am Acad Child Adolesc Psychiatry. 1997; 36:1570–8. [PubMed:
9394942]

Aman et al. Page 15

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



86. Willemsen-Swinkles SH, Builtelaar JK, van Berkelaer-Onnes IA, et al. Brief report: Six months
continuation treatment in naltrexone-responsive children with autism: A double blind placebo-
controlled crossover study. J Autism Dev Disord. 1999; 29:167–9. [PubMed: 10382138]

87. Aman MG, Langworthy KS. Pharmacotherapy for hyperactivity in children with autism and other
pervasive developmental disorders. J Autism Dev Disord. 2000; 30:451–9. [PubMed: 11098883]

Aman et al. Page 16

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aman et al. Page 17

Ta
bl

e 
1

St
ud

ie
s 

of
 P

sy
ch

os
tim

ul
an

ts
 in

 Y
ou

ng
 P

eo
pl

e 
w

ith
 P

D
D

s

A
ut

ho
rs

Su
bj

ec
ts

T
re

at
m

en
t 

an
d 

D
es

ig
n

O
ut

co
m

e 
by

 V
ar

ia
bl

e

C
am

pb
el

l e
t a

l.,
19

72
16

 c
hi

ld
re

n,
 a

ge
s 

3 
to

 6
 y

ea
rs

 (
m

ea
n 

4.
3)

,
w

ith
 a

ut
is

tic
 d

is
or

de
r,

 tr
ea

te
d 

as
 in

pa
tie

nt
s.

Su
bj

ec
ts

 n
ot

 s
el

ec
te

d 
fo

r 
A

D
H

D
sy

m
pt

om
s.

 I
Q

 r
an

ge
d 

fr
om

 2
8–

96
.

O
pe

n-
la

be
l t

ri
al

, l
as

tin
g 

3–
4 

da
ys

, c
om

pa
ri

ng
 b

as
el

in
e

w
ith

 d
-a

m
ph

et
am

in
e 

(m
ea

n 
do

se
 =

 4
.8

 m
g)

N
on

si
gn

if
ic

an
tly

 w
or

se
 b

eh
av

io
r 

on
 C

G
I 

(N
o 

dr
ug

 >
 d

-A
M

PH
).

N
on

si
gn

if
ca

nt
ly

 w
or

se
 b

eh
av

io
r 

on
 F

is
h 

Sy
m

pt
om

 S
ev

er
ity

 S
ca

le
 (

N
o 

dr
ug

 >
d-

A
M

PH
).

A
E

s 
re

po
rt

ed
: I

rr
ita

bi
lit

y,
 h

yp
er

ac
tiv

ity
, a

nd
 a

pp
et

ite
 lo

ss
 c

om
m

on
ly

oc
cu

rr
in

g.

C
am

pb
el

l e
t a

l.,
19

76
11

 c
hi

ld
re

n,
 a

ge
s 

3 
to

 6
 y

ea
rs

 (
m

ea
n 

5.
4)

,
w

ith
 a

ut
is

tic
 d

is
or

de
r,

 tr
ea

te
d 

as
 in

pa
tie

nt
s.

IQ
 r

an
ge

d 
fr

om
 3

6–
90

.

L
ev

oa
m

ph
et

am
in

e 
(L

-A
M

PH
) 

(c
ro

ss
ed

 w
ith

le
vo

do
pa

) 
an

d 
w

ith
 4

-w
ee

k 
w

as
ho

ut
 b

et
w

ee
n 

ac
tiv

e
dr

ug
s.

 L
-A

M
PH

 d
os

e 
ra

ng
ed

 f
ro

m
 3

.5
 to

 4
2 

m
g/

d
(m

ea
n 

=
 1

3.
4 

m
g/

d)
. D

ur
at

io
n 

of
 L

-A
M

PH
 r

an
ge

d
fr

om
 4

–1
2 

w
ee

ks
 (

m
ea

n 
8.

3)
.

O
n 

C
G

I—
I 

su
bs

ca
le

, 7
 s

ub
je

ct
s 

ra
te

d 
w

or
se

, 2
 r

at
ed

 a
s 

un
ch

an
ge

d,
 a

nd
 2

 a
s

m
in

im
al

ly
 im

pr
ov

ed
.

N
o 

ch
an

ge
 o

n 
Sy

m
pt

om
 S

ev
er

ity
 s

ca
le

.
H

yp
er

ac
tiv

ity
 d

ec
lin

ed
 in

 5
 o

f 
7 

su
bj

ec
ts

 w
ith

 th
e 

sy
m

pt
om

.
A

E
s 

re
po

rt
ed

: L
os

s 
of

 a
pp

et
ite

 (
n=

7)
, w

ei
gh

t (
n=

6)
, w

or
se

ni
ng

 o
f 

pr
ee

xi
st

in
g

an
d 

de
 n

ov
o 

st
er

eo
ty

pi
es

 (
n=

9)
, w

or
se

ni
ng

 o
f 

se
lf

 in
ju

ry
 (

n=
3)

 w
or

se
ni

ng
 o

f
ex

ci
ta

bi
lit

y 
(n

=
1)

.

H
os

hi
no

 e
t a

l.,
19

77
15

 c
hi

ld
re

n 
w

ith
 a

ut
is

m
, a

ge
s 

2 
to

 1
3 

ye
ar

s
(m

ea
n 

=
 7

.0
 y

ea
rs

).
 A

ll 
bu

t o
ne

 w
er

e 
bo

ys
.

N
ot

 c
le

ar
 w

he
th

er
 A

D
H

D
 s

ym
pt

om
s

pr
ob

le
m

at
ic

 a
t o

ut
se

t.

O
pe

n-
la

be
l, 

va
ri

ab
le

 d
ur

at
io

n 
(2

 w
ee

ks
 to

 1
 y

ea
r)

 tr
ia

l
of

 M
PH

 (
0.

3 
to

 1
.0

 m
g/

kg
/d

).
 A

ve
ra

ge
 tr

ea
tm

en
t

du
ra

tio
n 

w
as

 6
.5

 m
on

th
s.

 N
o 

in
fe

re
nt

ia
l s

ta
tis

tic
s.

W
er

ry
, W

ei
ss

, P
et

er
s 

A
ct

iv
ity

 S
ca

le
 (

pa
re

nt
 r

at
ed

):
 B

as
el

in
e 

sc
or

e 
=

 2
9.

9;
en

dp
oi

nt
 =

 2
1.

9.
 6

 s
ub

je
ct

s 
ra

te
d 

as
 s

ub
st

an
tia

lly
 im

pr
ov

ed
 o

n 
W

W
PA

S.
9 

ca
se

s 
(6

0%
) 

co
ns

id
er

ed
 s

ub
st

an
tia

lly
 im

pr
ov

ed
 c

lin
ic

al
ly

.
A

dv
er

se
 e

ve
nt

s;
 6

 (
40

%
),

 ir
ri

ta
bi

lit
y;

 5
 (

33
%

),
 in

so
m

ni
a;

 4
 (

27
%

),
 s

el
f 

in
ju

ry
or

 a
gg

re
ss

io
n;

 3
 (

20
%

) 
di

ar
rh

ea

B
ir

m
ah

er
 e

t a
l.,

19
88

9 
ch

ild
re

n,
 a

ge
s 

4–
16

 y
ea

rs
 (

m
ea

n 
no

t
re

po
rt

ed
),

 w
ith

 a
ut

is
m

 a
nd

 s
ig

ni
fi

ca
nt

A
D

H
D

 s
ym

pt
om

s.

U
nc

on
tr

ol
le

d 
gr

ou
p 

st
ud

y 
co

m
pa

ri
ng

 1
-w

ee
k 

ba
se

lin
e

(n
o 

dr
ug

) 
w

ith
 M

PH
 g

iv
en

 in
 d

os
es

 o
f 

10
–5

0 
m

g/
d

(m
ea

n 
do

se
 =

 2
5 

m
g)

 o
n 

b.
i.d

. b
as

is
 f

or
 2

 w
ee

ks
.

C
on

ne
rs

’ 
Pa

re
nt

 R
at

in
g 

Sc
al

e:
 M

PH
 >

 B
L

C
on

ne
rs

’ 
T

ea
ch

er
 R

at
in

g 
Sc

al
e:

 M
PH

 >
 B

L
C

hi
ld

re
n’

s 
Ps

yc
hi

at
ri

c 
R

at
in

g 
Sc

al
e 

(t
ot

al
 s

co
re

):
 M

PH
 >

 B
L

A
E

s 
re

po
rt

ed
: m

ild
 in

iti
al

 in
so

m
ni

a

Q
ui

nt
an

a 
et

 a
l.,

19
95

10
 c

hi
ld

re
n 

w
ith

 a
ut

is
m

 a
nd

 s
ym

pt
om

s 
of

A
D

H
D

. D
ev

el
op

m
en

ta
l q

uo
tie

nt
 r

an
ge

d
fr

om
 5

0 
to

 8
4 

(m
ea

n 
=

 6
4.

3)
. A

ge
 r

an
ge

d
fr

om
 7

 to
 1

1 
ye

ar
s 

(m
ea

n 
=

 8
.5

 y
ea

rs
).

D
ou

bl
e 

bl
in

d,
 P

B
O

 c
on

tr
ol

le
d,

 X
-o

ve
r,

 w
ith

 2
 w

ee
ks

on
 e

ac
h 

dr
ug

 c
on

di
tio

n.
 D

os
e 

w
as

 1
0 

m
g 

M
PH

 b
id

 in
fi

rs
t w

ee
k 

an
d 

20
 m

g 
in

 s
ec

on
d 

w
ee

k.
 N

o 
dr

ug
co

nf
ou

nd
s.

C
on

ne
rs

’ 
Pa

re
nt

 R
at

in
g 

Sc
al

e:
 B

L
=

 M
PH

D
oc

to
r-

co
m

pl
et

ed
 A

B
C

 H
yp

er
ac

tiv
ity

: M
PH

 >
 P

B
O

D
oc

to
r-

co
m

pl
et

ed
 C

T
Q

: M
PH

 >
 P

B
O

N
um

be
r 

of
 c

lin
ic

al
 r

es
po

nd
er

s 
no

t r
ep

or
te

d.
A

ut
ho

rs
 c

ha
ra

ct
er

iz
ed

 f
in

di
ng

s 
as

 s
ig

ni
fi

ca
nt

 b
ut

 m
od

es
t.

H
an

de
n 

et
 a

l.,
20

00
13

 c
hi

ld
re

n 
w

ith
 P

D
D

s 
an

d 
sy

m
pt

om
s 

of
A

D
H

D
. 9

 h
ad

 a
ut

is
m

 a
nd

 4
 h

ad
 P

D
D

-
N

O
S.

 1
0 

w
er

e 
bo

ys
 a

nd
 3

 g
ir

ls
. A

ge
ra

ng
ed

 f
ro

m
 5

.6
 to

 1
1.

2 
ye

ar
s 

(m
ea

n 
=

7.
4)

. 1
1 

of
 1

3 
ha

d 
in

te
lle

ct
ua

l d
is

ab
ili

ty
.

D
ou

bl
e 

bl
in

d,
 P

B
O

 c
on

tr
ol

le
d,

 X
-o

ve
r,

 w
ith

 tr
ea

tm
en

t
tr

ia
ls

 o
f 

1 
w

ee
k.

 P
B

O
 c

om
pa

re
d 

w
ith

 M
PH

 0
.3

 m
g/

kg
/d

 a
nd

 0
.6

 m
g/

kg
/d

, g
iv

en
 2

 o
r 

3 
tim

es
/d

ay
. H

ig
h

do
se

 a
lw

ay
s 

fo
llo

w
ed

 lo
w

 d
os

e.

C
on

ne
rs

’ 
A

bb
re

vi
at

ed
 S

ym
pt

om
 Q

ue
st

io
nn

ai
re

 (
C

A
SQ

):
 H

ig
h,

 L
ow

>
 P

B
O

IO
W

A
 C

on
ne

rs
’ 

Sc
al

e:
 L

ow
 >

 P
B

O
A

B
C

, H
yp

er
ac

tiv
ity

: H
ig

h 
>

 P
B

O
A

B
C

, I
na

pp
ro

pr
ia

te
 S

pe
ec

h:
 L

ow
, H

ig
h 

>
 P

B
O

A
ll 

co
m

pa
ri

so
ns

 b
as

ed
 o

n 
te

ac
he

r 
ra

tin
gs

.
A

E
s 

as
so

ci
at

ed
 w

ith
 M

PH
: s

oc
ia

l w
ith

dr
aw

al
, d

ul
ln

es
s,

 s
ad

ne
ss

, a
nd

ir
ri

ta
bi

lit
y.

 O
ne

 c
hi

ld
 u

na
bl

e 
to

 to
le

ra
te

 M
PH

.
8 

(6
2%

) 
pa

rt
ic

ip
an

ts
 s

ub
se

qu
en

tly
 tr

ea
te

d 
cl

in
ic

al
ly

 w
ith

 0
.2

 to
 0

.6
 m

g/
kg

/d
M

PH

D
i M

ar
tin

o 
et

al
., 

20
04

13
 c

hi
ld

re
n 

w
ith

 a
ut

is
m

 (
n 

=
 7

),
 P

D
D

-
N

O
S 

(n
 =

 3
),

 o
r 

A
sp

er
ge

r’
s 

di
so

rd
er

 (
n 

=
3)

, a
ll 

w
ith

 A
D

H
D

 s
ym

pt
om

s.
 M

od
er

at
e

or
 g

re
at

er
 h

yp
er

ac
tiv

ity
 o

n 
H

yp
er

ac
tiv

ity
su

bs
ca

le
 o

f 
C

PR
S 

an
d 

T
-s

co
re

 ≥
 6

0 
on

C
on

ne
rs

’ 
Pa

re
nt

 a
nd

 T
ea

ch
er

 R
ev

is
ed

Sc
al

e.
 A

ge
 r

an
ge

d 
fr

om
 5

 to
 1

3 
ye

ar
s

(m
ea

n 
=

 7
.9

).

T
es

t t
ri

al
: A

cu
te

 1
-h

ou
r 

op
en

 tr
ia

l w
ith

 0
.4

 m
g/

kg
M

PH
.

E
ff

ic
ac

y 
tr

ia
l: 

O
pe

n 
la

be
l t

ri
al

, e
xt

en
di

ng
 f

ro
m

 1
w

ee
k 

(n
on

-r
es

po
nd

er
s)

 to
 3

 m
on

th
s 

(r
es

po
nd

er
s)

.

T
es

t t
ri

al
: O

n 
C

G
I-

I,
 5

 c
hi

ld
re

n 
w

er
e 

te
rm

in
at

ed
. 2

 h
ad

 w
or

se
 h

yp
er

ac
tiv

ity
,

1 
ha

d 
w

or
se

 s
te

re
ot

yp
ic

 b
eh

av
io

r,
 1

 h
ad

 d
ys

ph
or

ia
, a

nd
 1

 h
ad

 m
ot

or
 ti

cs
. 8

ch
ild

re
n 

en
te

re
d 

re
m

ai
nd

er
 o

f 
tr

ia
l.

W
ee

k 
1:

 6
 o

f 
8 

su
bj

ec
ts

 r
at

ed
 2

 o
r 

3 
on

 C
G

I 
an

d 
fo

llo
w

ed
 f

or
 3

 m
on

th
s.

 2
su

bj
ec

ts
 u

nc
ha

ng
ed

 o
n 

C
G

I-
I 

an
d 

te
rm

in
at

ed
.

3 
M

on
th

 C
om

pa
ri

so
n:

 C
on

ne
rs

’ 
Pa

re
nt

/T
ea

ch
er

 R
at

in
g 

Sc
al

es
-R

:
H

yp
er

ac
tiv

ity
 M

PH
 >

 P
B

O
.

A
D

H
D

 I
nd

ex
 M

PH
 >

 P
B

O
.

A
D

H
D

/D
SM

 T
ot

al
 M

PH
>

 P
B

O
 (

al
l f

in
di

ng
s 

tr
ue

 o
f 

pa
re

nt
 a

nd
 te

ac
he

r
ra

tin
gs

).

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aman et al. Page 18

A
ut

ho
rs

Su
bj

ec
ts

T
re

at
m

en
t 

an
d 

D
es

ig
n

O
ut

co
m

e 
by

 V
ar

ia
bl

e

A
s 

5 
su

bj
ec

ts
 te

rm
in

at
ed

 a
ft

er
 te

st
 d

os
e 

an
d 

2 
te

rm
in

at
ed

 a
ft

er
 1

 w
ee

k,
 o

nl
y 

6
su

bj
ec

ts
 c

om
pl

et
ed

 tr
ia

l.
Si

x 
of

 o
ri

gi
na

l 1
3 

su
bj

ec
ts

 (
46

%
) 

ha
d 

po
si

tiv
e 

re
sp

on
se

 to
 M

PH

R
U

PP
, 2

00
5

72
 c

hi
ld

re
n 

w
ith

 P
D

D
 a

nd
 A

D
H

D
sy

m
pt

om
s,

 a
ge

s 
5–

14
 y

ea
rs

 (
m

ea
n,

 7
.5

).
47

 (
65

%
) 

ha
d 

au
tis

m
, 1

4 
(1

9%
) 

ha
d 

PD
D

—
N

O
S,

 a
nd

 5
 (

7%
) 

ha
d 

A
sp

er
ge

r’
s

di
so

rd
er

M
PH

; l
ow

, m
ed

iu
m

, h
ig

h 
do

se
s 

(a
pp

ro
x.

 0
.1

25
,

0.
25

0,
 0

.5
00

 m
g/

kg
) 

gi
ve

n 
3 

tim
es

 d
ai

ly
 (

la
st

 d
os

e
ab

ou
t ½

 m
or

ni
ng

 a
nd

 m
id

da
y 

do
se

s)
. D

ou
bl

e 
bl

in
d,

X
-o

ve
r,

 P
B

O
 c

on
tr

ol
le

d,
 1

-w
ee

k 
tr

ea
tm

en
t p

ha
se

s.

Si
x 

su
bj

ec
ts

 (
8.

3%
) 

di
d 

no
t s

ur
vi

ve
 te

st
-d

os
e 

ph
as

e.
 O

ne
 d

ro
pp

ed
 o

ut
 b

ef
or

e
X

-o
ve

r.
Pa

re
nt

-r
at

ed
 A

B
C

 H
yp

er
ac

tiv
ity

; l
ow

, m
ed

iu
m

, h
ig

h 
>

 P
B

O
.

E
ff

ec
t s

iz
es

 =
 0

.2
9 

(l
ow

),
 0

.5
4 

(m
ed

iu
m

),
 a

nd
 0

.4
0 

(h
ig

h)
Pa

re
nt

-r
at

ed
 A

B
C

 S
oc

ia
l W

ith
dr

aw
al

: P
B

O
 >

 H
ig

h 
do

se
 (

in
di

ca
te

s
w

or
se

ni
ng

 w
ith

 M
PH

; E
.S

. =
0.

37
)

35
 o

f 
72

 s
ub

je
ct

s 
(4

9%
) 

w
er

e 
re

sp
on

de
rs

.
C

G
I-

I:
 M

ed
iu

m
 d

os
e 

>
 P

B
O

Sa
nt

os
h 

et
 a

l.,
20

06
 (

a)
11

3 
ch

ild
re

n 
w

ith
 “

pu
re

” 
A

D
H

D
 a

nd
 6

1
ch

ild
re

n 
w

ith
 A

SD
 (

by
 c

on
se

ns
us

) 
an

d
A

D
H

D
. M

ea
n 

ag
es

 w
er

e 
13

.1
4,

 a
nd

 1
2.

43
,

re
sp

ec
tiv

el
y.

O
pe

n-
la

be
l, 

of
 v

ar
ia

bl
e 

du
ra

tio
n,

 n
o 

co
nt

ro
ls

 w
ith

re
tr

os
pe

ct
iv

e 
ra

tin
gs

 f
ro

m
 c

lin
ic

al
 n

ot
es

. D
os

es
 d

id
no

t d
if

fe
r 

be
tw

ee
n 

gr
ou

ps
. N

o 
da

ta
 a

bo
ut

 c
on

co
m

ita
nt

tr
ea

tm
en

t o
r 

dr
ug

s.

C
G

I-
I:

 D
id

 n
ot

 d
if

fe
r 

st
at

is
tic

al
ly

 b
et

w
ee

n 
gr

ou
ps

, C
G

I-
I 

=
1 

or
 2

 f
or

 6
3%

an
d 

51
%

 o
f 

A
D

H
D

-o
nl

y 
an

d 
A

D
H

D
 +

 A
SD

 g
ro

up
s 

(p
 n

ot
 r

ep
or

te
d)

.
E

ff
ic

ac
y 

In
de

x,
 ta

ke
n 

fr
om

 C
G

I:
 A

lth
ou

gh
 m

ar
gi

na
l d

if
fe

re
nc

e 
(p

 =
 0

.0
6)

fa
vo

ri
ng

 A
D

H
D

 +
 A

SD
, t

he
 in

de
x 

di
d 

no
t c

or
re

sp
on

d 
to

 th
e 

of
fi

ci
al

 N
IM

H
fo

rm
.

Sa
nt

os
h 

et
 a

l.,
20

06
 (

b)
25

 c
hi

ld
re

n 
w

ith
 “

pu
re

” 
A

D
H

D
 a

nd
 2

7
ch

ild
re

n 
w

ith
 A

D
H

D
 +

 A
SD

. M
ea

n 
ag

es
w

er
e 

11
.6

 a
nd

 1
0.

6 
ye

ar
s,

 r
es

pe
ct

iv
el

y.
M

ea
n 

IQ
s 

w
er

e 
95

.2
 a

nd
 8

4.
3,

re
sp

ec
tiv

el
y.

O
pe

n-
la

be
l t

ri
al

, o
f 

va
ri

ab
le

 d
ur

at
io

n,
 w

ith
pr

os
pe

ct
iv

e 
ra

tin
gs

 d
on

e 
at

 b
as

el
in

e 
an

d 
“f

ol
lo

w
-u

p”
(1

–6
 m

on
th

s 
la

te
r;

 m
ea

n 
87

 d
ay

s)
. N

o 
co

nt
ro

l
co

nd
iti

on
 o

r 
bl

in
dn

es
s.

 N
o 

da
ta

 o
n 

co
nc

om
ita

nt
tr

ea
tm

en
t o

r 
dr

ug
s.

In
te

rn
et

-b
as

ed
 “

pr
of

ile
 o

f 
ne

ur
op

sy
ch

ia
tr

ic
 s

ym
pt

om
s”

 (
PO

M
S)

 u
se

d.
 A

s
as

se
ss

ed
 b

y 
se

pa
ra

te
 t-

te
st

s,
 b

ot
h 

gr
ou

ps
 im

pr
ov

ed
 o

n 
hy

pe
ra

ct
iv

ity
,

im
pu

ls
iv

ity
, i

na
tte

nt
io

n,
 o

pp
os

iti
on

al
ity

, a
gg

re
ss

io
n,

 a
nd

 in
te

rm
itt

en
t

ex
pl

os
iv

e 
ra

ge
. T

o 
pr

op
er

ly
 te

st
 f

or
 d

if
fe

re
nt

ia
l e

ff
ec

t, 
2 

×
 2

 A
N

O
V

A
 s

ho
ul

d
ha

ve
 b

ee
n 

us
ed

. C
G

I,
 in

ap
pr

op
ri

at
el

y 
an

al
yz

ed
 b

y 
t-

te
st

s,
 im

pr
ov

ed
 in

 b
ot

h
gr

ou
ps

. R
es

po
ns

e 
ra

te
s 

no
t r

ep
or

te
d.

Po
se

y 
et

 a
l.,

20
07

66
 c

hi
ld

re
n 

(o
f 

72
 r

ep
or

te
d 

in
 R

U
PP

,
20

05
) 

w
ith

 P
D

D
 a

nd
 A

D
H

D
 s

ym
pt

om
s,

ag
es

 5
–1

4 
ye

ar
s 

(m
ea

n,
 7

.5
)

M
PH

; L
ow

 (
0.

12
5 

m
g/

kg
),

 M
ed

iu
m

 (
0.

25
 m

g/
kg

),
an

d 
H

ig
h 

(0
.5

0 
m

g/
kg

) 
do

se
 c

on
di

tio
ns

. D
ou

bl
e-

bl
in

d,
 P

B
O

 c
on

tr
ol

le
d,

 X
-o

ve
r,

 1
-w

ee
k 

tr
ea

tm
en

t
ph

as
es

.

Pa
re

nt
-r

at
ed

 S
N

A
P 

H
yp

er
ac

tiv
ity

: L
ow

, m
ed

iu
m

, h
ig

h 
>

 P
B

O
T

ea
ch

er
-r

at
ed

 S
N

A
P 

H
yp

er
ac

tiv
ity

: M
ed

iu
m

, h
ig

h 
>

 P
B

O
; l

ow
 =

 P
B

O
Pa

re
nt

-r
at

ed
 S

N
A

P 
O

D
D

: L
ow

, m
ed

iu
m

, h
ig

h 
=

 P
B

O
T

ea
ch

er
-r

at
ed

 S
N

A
P 

O
D

D
: L

ow
, m

ed
iu

m
, h

ig
h 

=
 P

B
O

IQ
, a

ge
, t

yp
e 

of
 P

D
D

 d
id

 n
ot

 m
od

er
at

e 
ou

tc
om

e

N
ot

e.
 A

E
, A

dv
er

se
 e

ve
nt

; A
M

PH
, A

m
ph

et
am

in
e;

 A
SD

, A
ut

is
m

 s
pe

ct
ru

m
 d

is
or

de
r;

 E
.S

, E
ff

ec
t s

iz
e;

 M
PH

, m
et

hy
lp

he
ni

da
te

; S
N

A
P,

 S
w

an
so

n,
 N

ol
an

, a
nd

 P
el

ha
m

 s
ca

le
; >

, B
et

te
r 

re
sp

on
se

 th
an

; =
, N

o
ch

an
ge

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aman et al. Page 19

Ta
bl

e 
2

St
ud

ie
s 

of
 A

nt
ip

sy
ch

ot
ic

s 
in

 Y
ou

ng
 P

eo
pl

e 
w

ith
 P

D
D

s

A
ut

ho
rs

Su
bj

ec
ts

T
re

at
m

en
t 

an
d 

D
es

ig
n

O
ut

co
m

e 
by

 V
ar

ia
bl

e

R
U

PP
, 2

00
2

C
hi

ld
re

n;
 a

ge
s 

5–
17

 y
ea

rs
 (

m
ea

n,
8.

8)
; 8

2 
m

al
es

 &
 1

9 
fe

m
al

es
; A

ut
is

tic
D

is
or

de
r 

an
d 

se
ri

ou
s 

be
ha

vi
or

al
pr

ob
le

m
s.

 N
=

10
1

D
ou

bl
e 

B
lin

d,
 P

B
O

 c
on

tr
ol

le
d,

 p
ar

al
le

l g
ro

up
s;

 m
ea

n
da

ily
 d

os
e 

of
 R

IS
 a

t e
nd

po
in

t w
as

 1
.8

 m
g 

(r
an

ge
 0

.5
 to

3.
5)

; 8
-w

ee
k 

ac
ut

e 
tr

ia
l

T
hi

rt
y 

fo
ur

 o
f 

49
 s

ub
je

ct
s 

(6
9.

4%
) 

w
er

e 
ri

sp
er

id
on

e 
re

sp
on

de
rs

Pa
re

nt
 r

at
ed

 A
B

C
, H

yp
er

ac
tiv

ity
; R

IS
 >

 P
B

O
; E

.S
=

 1
.0

Pa
re

nt
 r

at
ed

 A
B

C
, I

rr
ita

bi
lit

y;
 R

IS
 >

 P
B

O
; E

.S
.=

1.
2

Pa
re

nt
 r

at
ed

 A
B

C
 S

te
re

ot
yp

y;
 R

IS
 >

 P
B

O
; E

.S
.=

0.
8

C
lin

ic
ia

n 
ra

te
d 

C
G

I-
I;

 R
IS

 >
 P

B
O

Sh
ea

 e
t a

l.,
 2

00
4

C
hi

ld
re

n;
 a

ge
s 

5–
12

 y
ea

rs
 (

m
ea

n,
7.

45
);

 6
1 

m
al

es
 &

 1
8 

fe
m

al
es

; w
ith

PD
D

s;
 n

o 
sp

ec
if

ic
 b

eh
av

io
ra

l e
nt

ry
cr

ite
ri

a;
 N

=
79

D
ou

bl
e 

bl
in

d,
 P

B
O

 c
on

tr
ol

le
d,

 p
ar

al
le

l g
ro

up
s;

 m
ea

n
da

ily
 d

os
e 

at
 e

nd
po

in
t 1

.4
8 

m
g/

da
y 

R
IS

 o
ra

l s
ol

ut
io

n;
 8

-
w

ee
k 

ac
ut

e 
tr

ia
l

77
 s

ub
je

ct
s 

w
er

e 
in

cl
ud

ed
 in

 th
e 

IT
T

 e
ff

ic
ac

y 
sa

m
pl

e.
R

IS
-t

re
at

ed
 s

ub
je

ct
s 

gi
ve

n 
lo

w
er

 (
be

tte
r)

 s
co

re
s

Pa
re

nt
-r

at
ed

 A
B

C
, H

yp
er

ac
tiv

ity
; R

IS
 >

 P
B

O
; (

p 
≤ 

.0
01

)
Pa

re
nt

-r
at

ed
 N

C
B

R
F,

 H
yp

er
ac

tiv
e;

 R
IS

 >
 P

B
O

; (
p 

≤ 
.0

5)
C

lin
ic

ia
n 

ra
te

d 
C

G
I-

C
 R

IS
 >

 P
B

O

T
ro

os
t e

t a
l,

20
05

C
hi

ld
re

n;
 a

ge
s 

5–
17

 y
ea

rs
 (

m
ea

n,
9.

1)
; 2

2 
m

al
es

 &
 2

 f
em

al
es

; w
ith

PD
D

s 
an

d 
se

ri
ou

s 
be

ha
vi

or
al

pr
ob

le
m

s;
 N

=
26

24
 w

ee
ks

 o
f 

op
en

-l
ab

el
 R

IS
 f

ol
lo

w
ed

 b
y 

an
 8

-w
ee

k
do

ub
le

 b
lin

d,
 P

B
O

-c
on

tr
ol

le
d,

 d
is

co
nt

in
ua

tio
n 

of
 R

IS
;

m
ea

n 
da

ily
 d

os
e 

1.
7 

m
g/

da
y.

26
 s

ub
je

ct
s 

m
et

 c
ri

te
ri

a 
as

 R
IS

 r
es

po
nd

er
s;

 2
 s

ub
je

ct
s 

te
rm

in
at

ed
 e

ar
ly

 d
ue

 to
w

ei
gh

t g
ai

n.
Pa

re
nt

-r
at

ed
 A

B
C

, H
yp

er
ac

tiv
ity

 s
ub

sc
al

e,
 R

IS
=

 P
B

O
 (

p 
=

.1
2)

H
el

lin
gs

 e
t a

l.,
20

06
C

hi
ld

re
n,

 a
do

le
sc

en
ts

, a
du

lts
; a

ge
s 

8–
56

 y
ea

rs
 (

m
ea

n,
 2

2.
0)

 2
3 

m
al

es
 &

 1
7

fe
m

al
es

 w
ith

 P
D

D
 (

n=
36

) 
or

 I
D

(n
=

4)
; p

re
se

nc
e 

of
 s

er
io

us
 b

eh
av

io
ra

l
pr

ob
le

m
s;

 N
=

40

D
ou

bl
e 

B
lin

d,
 P

B
O

 c
on

tr
ol

le
d,

 X
-o

ve
r 

w
ith

di
sc

on
tin

ua
tio

n 
to

 P
B

O
; l

ow
 d

os
e 

=
 1

 m
g 

b.
i.d

 a
nd

 h
ig

h
do

se
 =

 2
 m

g/
d 

gi
ve

n 
b.

i.d
.; 

m
ea

n 
da

ily
 d

os
e 

at
 e

nd
po

in
t

fo
r 

ch
ild

re
n 

an
d 

ad
ol

es
ce

nt
s 

w
as

 1
.6

7 
m

g 
an

d 
fo

r 
ad

ul
ts

1.
52

 m
g 

R
IS

 o
ra

l s
ol

ut
io

n

87
.5

%
 o

f 
su

bj
ec

ts
 m

et
 th

e 
cr

ite
ri

a 
as

 p
ar

tia
l o

r 
fu

ll 
R

IS
 r

es
po

nd
er

s
Pa

re
nt

-r
at

ed
 A

B
C

, H
yp

er
ac

tiv
ity

; R
IS

 lo
w

 d
os

e 
>

 P
B

O
 1

&
2 

(A
ve

ra
ge

d 
E

.S
. =

0.
58

)
Pa

re
nt

-r
at

ed
 A

B
C

, H
yp

er
ac

tiv
ity

; R
IS

 h
ig

h 
do

se
 >

 P
B

O
 1

&
2 

(A
ve

ra
ge

d 
E

.S
.

=
 0

.4
1)

U
na

bl
e 

to
 lo

ca
te

 P
 v

al
ue

s 
fo

r 
A

B
C

 H
yp

er
ac

tiv
ity

 s
ub

sc
al

e.

T
ro

os
t e

t a
l.,

20
06

C
hi

ld
re

n;
 5

–1
7 

ye
ar

s 
(m

ea
n 

10
.1

);
 2

2
m

al
es

 &
 2

 f
em

al
es

; w
ith

 P
D

D
s 

an
d

se
ri

ou
s 

be
ha

vi
or

al
 p

ro
bl

em
s;

 N
=

24

24
 w

ee
ks

 o
f 

op
en

-l
ab

el
 R

IS
 f

ol
lo

w
ed

 b
y 

8-
w

ee
k 

do
ub

le
-

bl
in

d,
 P

B
O

-c
on

tr
ol

le
d,

 d
is

co
nt

in
ua

tio
n 

of
 R

IS
; m

ea
n 

do
se

=
1.

7 
m

g.
/d

ay

12
 –

 1
4 

su
bj

ec
ts

 p
ro

vi
de

d 
va

lid
 m

ea
su

re
s 

fo
r 

fo
cu

se
d 

at
te

nt
io

n 
ta

sk
 a

nd
di

vi
de

d 
at

te
nt

io
n 

ta
sk

 f
ol

lo
w

in
g 

di
sc

on
tin

ua
tio

n 
ph

as
e.

 S
ig

ni
fi

ca
nt

 d
if

fe
re

nc
es

be
tw

ee
n 

tr
ea

tm
en

t g
ro

up
s 

on
 d

iv
id

ed
 a

tte
nt

io
n 

ta
sk

 a
nd

 r
ea

ct
io

n 
tim

e 
hi

ts
un

de
r 

lig
ht

er
 o

f 
tw

o 
m

em
or

y 
lo

ad
s,

 R
IS

 >
 P

B
O

 (
η

2  
=

0.
36

).
 S

ig
ni

fi
ca

nt
di

ff
er

en
ce

 b
et

w
ee

n 
gr

ou
ps

 in
 r

ea
ct

io
n 

tim
e 

co
rr

ec
t r

ej
ec

tio
ns

 d
ur

in
g 

lig
ht

er
m

em
or

y 
lo

ad
, R

IS
 >

 P
B

O
 η

2 =
 0

.3
7.

Fo
cu

se
d 

at
te

nt
io

n 
ta

sk
, P

B
O

 =
 R

IS
.

A
ut

ho
rs

Su
bj

ec
ts

D
ru

g 
an

d 
D

es
ig

n
R

es
ul

ts
 B

y 
O

ut
co

m
e 

V
ar

ia
bl

e

C
or

so
n 

et
 a

l.,
20

04
20

 y
ou

ng
 p

eo
pl

e 
w

ith
 a

ut
is

m
, a

ge
s 

5 
to

 2
8

ye
ar

s 
(m

ea
n,

 1
2.

1)
, 1

6 
m

al
es

 a
nd

 4
 f

em
al

es
; 1

2
w

ith
 a

ut
is

m
 a

nd
 8

 w
ith

 P
D

D
-N

O
S.

R
et

ro
sp

ec
tiv

e,
 n

on
-b

lin
de

d 
cl

in
ic

al
 tr

ia
ls

 w
ith

 q
ue

ti
ap

in
e

(2
5–

60
0 

m
g/

d;
 m

ea
n 

19
8 

m
g/

d)
 o

ve
r 

a 
tim

e 
ra

ng
in

g 
fr

om
4 

to
 1

80
 w

ee
ks

 (
m

ea
n,

 6
0 

w
ee

ks
).

 F
iv

e 
su

bj
ec

ts
 r

ec
ei

ve
d

ot
he

r 
m

ed
ic

at
io

n.

C
G

I,
 b

as
ed

 o
n 

co
m

po
si

te
 o

f 
ag

gr
es

si
on

, s
el

f 
in

ju
ry

, i
rr

ita
bi

lit
y,

 a
nd

hy
pe

ra
ct

iv
ity

:
8 

of
 2

0 
pa

rt
ic

ip
an

ts
 (

40
%

) 
re

ga
rd

ed
 a

s 
re

sp
on

de
rs

 b
as

ed
 o

n 
C

G
I—

Im
pr

ov
em

en
t s

co
re

 o
f 

m
uc

h 
im

pr
ov

ed
 (

n=
6)

 o
r 

ve
ry

 m
uc

h
im

pr
ov

ed
.

H
ar

da
n 

et
 a

l.,
20

05
10

 y
ou

ng
 p

at
ie

nt
s,

 a
ge

s 
5–

19
 y

ea
rs

 (
m

ea
n,

12
.0

) 
w

ith
 a

ut
is

m
 (

n=
7)

 o
r 

PD
D

-N
O

S 
(n

=
3)

. 8
m

al
es

 a
nd

 4
 f

em
al

es
.

R
et

ro
sp

ec
tiv

e,
 n

on
-b

lin
d 

ch
ar

t r
ev

ie
w

 o
f 

co
ns

ec
ut

iv
e

pa
tie

nt
s 

tr
ea

te
d 

w
ith

 q
ue

ti
ap

in
e 

(Q
T

P
) 

(2
00

–8
00

 m
g/

da
y;

 m
ea

n,
 4

77
 m

g)
. S

ix
 s

ub
je

ct
s 

re
ce

iv
ed

 c
on

st
an

t d
os

es
of

 o
th

er
 p

sy
ch

ot
ro

pi
c 

dr
ug

s.
 D

ur
at

io
n 

of
 tr

ia
ls

 r
an

ge
d

fr
om

 1
0–

48
 w

ee
ks

 (
m

ea
n,

 2
2.

0)
.

Pa
re

nt
 r

at
in

gs
 o

n 
C

on
ne

rs
’ 

Pa
re

nt
 R

at
in

g 
Sc

al
e 

(P
R

S)
 (

G
oy

et
te

 e
t

al
., 

19
78

):
C

on
du

ct
 p

ro
bl

em
, Q

T
P 

>
 P

B
O

, E
.S

.=
0.

49
In

at
te

nt
io

n,
 Q

T
P 

>
 P

B
O

, E
.S

.=
0.

93
H

yp
er

ac
tiv

ity
, Q

T
P 

>
 P

B
O

, E
.S

.=
0.

63
N

o 
ef

fe
ct

s 
on

 P
sy

ch
os

om
at

ic
, L

ea
rn

in
g,

 o
r 

A
nx

ie
ty

 s
ub

sc
al

es
.

M
al

on
e 

et
 a

l.,
20

07
12

 a
do

le
sc

en
ts

 w
ith

 a
ut

is
m

, a
ge

s 
12

–1
8 

ye
ar

s
(m

ea
n,

 1
4.

5)
. 2

 e
nr

ol
le

d 
as

 in
pa

tie
nt

s,
 1

0 
as

ou
tp

at
ie

nt
s

O
pe

n-
la

be
l, 

6 
w

ee
k 

tr
ia

l o
f 

zi
pr

as
id

on
e 

(Z
P

D
),

 a
t 4

0–
16

0 
m

g/
d 

(m
ea

n 
98

.3
).

 N
o 

ot
he

r 
m

ed
ic

in
es

 p
er

m
itt

ed
.

N
on

-b
lin

d.

A
B

C
 H

yp
er

ac
tiv

ity
, Z

PD
 >

 B
L

; E
.S

.=
0.

36
C

PR
S 

H
yp

er
ac

tiv
ity

, Z
PD

 =
 B

L
O

th
er

:

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aman et al. Page 20

A
ut

ho
rs

Su
bj

ec
ts

D
ru

g 
an

d 
D

es
ig

n
R

es
ul

ts
 B

y 
O

ut
co

m
e 

V
ar

ia
bl

e

B
M

I 
de

cl
in

ed
 n

on
-s

ig
ni

fi
ca

nt
ly

Q
T

C
 in

cr
ea

se
d 

by
 1

4.
7 

m
se

c,
 p

=
0.

04
, n

ot
 c

lin
ic

al
ly

 s
ig

ni
fi

ca
nt

.

V
al

ic
en

ti-
M

cD
er

m
ot

t &
D

em
b,

 2
00

6

32
 y

ou
ng

 p
eo

pl
e,

 a
ge

s 
5–

19
 y

ea
rs

 (
m

ea
n,

10
.9

).
 2

3 
(7

2%
) 

w
er

e 
m

al
es

, a
nd

 9
 (

28
%

) 
w

er
e

fe
m

al
es

. P
ar

tic
ip

an
ts

 w
er

e 
ch

os
en

 f
or

 a
m

ul
tit

ud
e 

of
 “

de
ve

lo
pm

en
ta

l d
is

ab
ili

tie
s,

”
in

cl
ud

in
g 

m
en

ta
l r

et
ar

da
tio

n 
(n

=
18

),
 a

ut
is

m
(n

=
15

),
 a

nd
 P

D
D

 (
n=

3)
.

R
et

ro
sp

ec
tiv

e 
ch

ar
t r

ev
ie

w
 o

f 
pa

tie
nt

s 
w

ho
 w

er
e

sw
itc

he
d 

to
 a

ri
pi

pr
az

ol
e 

(A
P

Z
) 

fr
om

 m
ul

tip
le

 o
th

er
dr

ug
s 

or
 in

iti
at

ed
 d

e 
no

vo
 (

n=
4)

 o
n 

A
PZ

. D
ur

at
io

n 
of

tr
ea

tm
en

t r
an

ge
d 

fr
om

 6
 to

 1
5 

m
on

th
s.

 N
o 

st
an

da
rd

iz
ed

be
ha

vi
or

al
 in

st
ru

m
en

ts
 u

se
d 

du
ri

ng
 tr

ea
tm

en
t.

Im
pr

ov
em

en
t i

n 
hy

pe
ra

ct
iv

ity
 o

cc
ur

re
d 

in
 1

0 
of

 2
1 

w
ith

 th
e 

ta
rg

et
sy

m
pt

om
 (

48
%

) 
an

d 
in

 5
 o

f 
13

 c
hi

ld
re

n 
(3

8%
) 

w
ith

 a
 ta

rg
et

sy
m

pt
om

 o
f 

im
pu

ls
iv

ity
 (

di
so

rd
er

 n
ot

 s
pe

ci
fi

ed
).

 A
PZ

 e
ff

ec
tiv

e 
in

 9
of

 2
4 

ch
ild

re
n 

(3
7%

) 
w

ith
 “

au
tis

m
 s

pe
ct

ru
m

 d
is

or
de

r,
” 

in
cl

ud
in

g 
4

of
 5

 c
hi

ld
re

n 
(8

0%
) 

w
ith

 “
m

ul
tip

le
 c

om
pl

ex
 d

ev
el

op
m

en
ta

l
di

so
rd

er
.”

 A
pp

ro
xi

m
at

el
y 

ha
lf

 o
f 

ch
ild

re
n 

w
ith

 P
D

D
s 

(6
 o

f 
12

) 
w

ith
hy

pe
ra

ct
iv

ity
 li

st
ed

 a
s 

a 
ta

rg
et

 s
ym

pt
om

 w
er

e 
re

ga
rd

ed
 a

s 
im

pr
ov

ed
.

A
B

C
 =

 A
be

rr
an

t B
eh

av
io

r 
C

he
ck

lis
t. 

C
PR

S 
=

 C
hi

ld
re

n’
s 

Ps
yc

hi
at

ri
c 

R
at

in
g 

Sc
al

e.
 “

>
” 

in
di

ca
te

s 
th

at
 th

e 
ef

fe
ct

 w
as

 s
ta

tis
tic

al
ly

 g
re

at
er

 th
an

; “
=

” 
in

di
ca

te
s 

th
at

 th
e 

ef
fe

ct
 w

as
 n

ot
 s

ta
tis

tic
al

ly
 d

if
fe

re
nt

.

Child Adolesc Psychiatr Clin N Am. Author manuscript; available in PMC 2013 October 22.


