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Abstract

Objectives: Psychotropic medications, including the atypical antipsychotics, have historically been scrutinized for cardiac
effects and risk of sudden death. Aripiprazole is an atypical antipsychotic approved for pediatric use in schizophrenia, bipolar
I disorder, and autistic disorder. Adult studies have evaluated aripiprazole’s effects on electrocardiograms, but no pediatric
studies have been published to date.

Methods: Electrocardiographic data were collected from children and adolescents participating in a 14-week, prospective,
open-label study (n=25) of aripiprazole for irritability in pervasive developmental disorder not otherwise specified and
Asperger’s disorder. A 12-lead electrocardiogram was obtained at the baseline and end point visits. The electrocardiograms
were evaluated for abnormal findings, and the PR, QRS, QT., and RR intervals were recorded. The QT interval was corrected
using Bazett’s, United States Food and Drug Administration (FDA) Pharmacology Division, and Fridericia’s formulas.
Results: Twenty-four subjects received both baseline and posttreatment electrocardiograms. The mean age was 8.6 years
(range 5-17 years). The average final aripiprazole dose was 7.8 mg/day (range 2.5-15 mg/day). There were no significant
differences noted with the PR, QRS, RR, and QT, intervals after aripiprazole therapy. Also, there was no significant
correlation between the dose given and the percent change in the QT.. No post-treatment QT exceeded 440 ms.
Conclusions: To our knowledge, this is the first systematic evaluation of the cardiac effects of aripiprazole in children and
adolescents. The results are consistent with previously published literature in adults that aripiprazole has no significant
cardiac effects and can be deemed a low risk for causing sudden death. It will be important to confirm these findings in a
randomized controlled trial.

Introduction The indications for aripiprazole in adults have been expanded to

ARIPIPRAZOLE IS ONE OF THE NEWER second-generation anti-
psychotics and was first approved for use in the United States
in 2002 for treatment of schizophrenia in adults. Second-generation
antipsychotics are called atypical because of their affinity for neuror-
eceptors other than dopamine (Muench and Hamer 2010). Aripiprazole
acts as a partial agonist at the dopaminergic D2 receptor at lower doses,
an antagonist at the dopaminergic D2 receptor at higher doses, a partial
agonist at the serotonergic 5-HT1A receptor, and an antagonist at the
5-HT2A receptor, thus uniquely functioning as a dopamine—serotonin
system stabilizer (Burris et al. 2002; Jordan et al. 2002; Winans 2003).
Aripiprazole has an affinity for dopaminergic, serotonergic, histaminic,
and o-adrenergic brain receptors (Shapiro et al. 2003).

include bipolar I disorder and major depressive disorder. Pediatric
indications include schizophrenia (ages 13-17 years), manic or
mixed episodes related to bipolar I disorder (ages 10-17 years), and
irritability associated with autistic disorder (ages 6—17 years). In
addition, a recent prospective, open-label study suggests that ar-
ipiprazole may help reduce irritability in pediatric patients with
pervasive developmental disorder not otherwise specified (PDD-
NOS) and Asperger’s disorder (Stigler et al. 2009).

Reports of sudden death from antipsychotic drugs have histori-
cally caused concern about possible cardiac effects. Antipsychotics
including thioridazine, sertindole, and clozapine have been re-
ported in the literature to be linked to sudden death (Kelly et al.
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1963; Barnett 1996; Hoehns et al. 2001). Accordingly, antipsy-
chotic medications were subsequently evaluated to determine their
cardiac effects and risk for causing sudden death. Changes on the
electrocardiogram (ECG)—specifically QT,. prolongation—were
studied to evaluate if a medication would be more likely to cause
sudden death. Another surrogate marker that has been promi-
nently studied is the affinity for a medication to bind and inhibit
certain cardiac ion channels that result in QT, prolongation.

The QT interval on an ECG represents cardiac ventricular de-
polarization and repolarization to baseline. The QT shortens with
faster heart rates and thus is standardized by ‘‘correcting”’ the QT
with respect to the heart rate, producing the corrected QT interval
(QT.). There are three methods reported in the literature as com-
monly seen to correct the QT interval: Bazett’s (QT.g), United
States Food and Drug Administration (FDA) Neuropharmacology
Division (QT,y), and Fridericia’s (QT.g) formulas (Bazett 1920;
Casey et al. 2003; Witchel et al. 2003). Bazett’s is the most prev-
alent, but has been shown to be inaccurate at low and high heart
rates (Crumb and Cavero 1999).

Blockade of particular potassium (K*) currents will delay car-
diac repolarization and cause a prolongation in the QT interval.
Abnormally long QT prolongation has been associated with an
increased risk of arrhythmia development—specifically an ar-
rhythmia known as torsades de pointes (TdP)—and related sudden
death. TdP is a polymorphic, multifocal ventricular arrhythmia that
is triggered by early afterdepolarizations and subsequent premature
ventricular contractions that occur during delayed repolarization
(Vieweg 2003). If TdP progresses to ventricular fibrillation, then
sudden death can occur. Adult studies have found a 10-17%
mortality rate with TdP (Shah 2004).

Certain individuals are more susceptible to QT prolongation
from drugs than others (Roden 2004). These individuals often have
certain traits including the following: female gender, bradycardia,
prolonged baseline QT, electrolyte disturbances, diuretic use, high
dosing of medication, rapid intravenous drug administration, use
of drugs interfering with cytochrome P450 metabolism, cardiac
hypertrophy, and genetic risk factors (Lindstrom et al. 2005).

Measurement of the QT has been associated with predicting an
individual’s risk for abnormal arrhythmias and subsequent sudden
death. Normal QT. values have historically been set at 450 ms for
males and 460 ms for females. A higher risk of TdP development
occurs if the QT, is >500ms or increases at least 60 ms above
baseline (Schwartz et al. 1993; Haddad and Anderson 2002). There
is also a higher risk of sudden death when the QT surpasses 500 ms
(Drici and Priori 2007).

Certain antipsychotics are known to block K™ currents. The in-
cidence of QT prolongation with typical antipsychotics is ~10%,
with TdP developing in 1 in 10,000 users (Titier et al. 2005). The
incidence of sudden cardiac death from individuals taking antipsy-
chotics is twice that of the general population (Glassman and Bigger
2001; Ray et al. 2009). Antipsychotics have also been shown to cause
PR prolongation, ST depression, and blunting of the T wave on
ECGs (Drici and Priori 2007). Consequently, multiple studies have
been published to evaluate ECG changes for atypical antipsychotics.
Clozapine has been shown both to prolong the QT. interval and have
an increased risk of causing sudden death with overdose (Trenton
et al. 2003; Lin et al. 2004). Ziprasidone also can result in a signif-
icant increase in QT (Blair et al. 2005; Correll et al. 2011). Que-
tiapine does not appear to significantly prolong the QT interval with
normal dosing, but there is evidence that it can prolong the QT
interval with overdosing (Posey et al. 1999; Harrigan et al. 2004).
Conflicting reports exist concerning QT prolongation with both

HO ET AL.

risperidone and olanzapine (Yerrabolu et al. 2000; Cohen et al. 2001;
Czekalla et al. 2001; Chiu et al. 2005).

Regarding aripiprazole, there have been multiple published re-
ports in the adult literature showing no evidence of clinically sig-
nificant QT prolongation. To date, there have been no studies
focused on the effects of aripiprazole on electrocardiographic
measures in pediatric patients. This study is based on electrocar-
diographic data collected during a 14-week, prospective, open-
label study of aripiprazole for irritability in youth with PDD-NOS
or Asperger’s disorder (Stigler et al. 2009). Our original report
found that 22 (88%) of 25 pediatric subjects with severe irritability
responded to aripiprazole, based on Clinical Global Impressions-
Improvement (CGI-I) scores of 1 or 2 and a 25% or greater im-
provement on the Irritability subscale of the Aberrant Behavior
Checklist (ABC-I) (Stigler et al. 2009). The purpose of this current
analysis is to evaluate the risk of aripiprazole for sudden cardiac
events in pediatric patients by evaluating the effects of aripiprazole
on pediatric ECGs before and after 14 weeks of therapy. The hy-
pothesis of this study was that no significant change would be seen
on ECG, including PR, QRS, and QT. intervals.

Methods
Subject selection

The Institutional Review Board at our institution reviewed and
approved this prospective study. The Methods section for this study
is based on a 14-week, prospective, open-label study performed at
our institution (Stigler et al. 2009).

Twenty-five children and adolescents, aged 5-17 years, were
enrolled in a 14-week, prospective, open-label study to determine
the effectiveness and tolerability of aripiprazole for irritability in
PDD-NOS and Asperger’s disorder. Written informed consent was
obtained from the participant’s legal guardian, and subjects pro-
vided assent when able. The 25 subjects were all diagnosed with
PDD-NOS or Asperger’s disorder according to the criteria from
the American Psychiatric Association Diagnostic and Statistical
Manual of Mental Disorders, 4th edition, Text Revision (DSM-
IV-TR) by a board-certified child and adolescent psychiatrist
experienced in the assessment and diagnosis of PDDs.

Subjects were required to have a mental age of at least 18
months, as determined by the Wechsler Intelligence Scales or
Leiter International Test of Intelligence-Revised (Roid and Miller
1997; Wechsler 1999). Subjects were required to be physically
healthy and free of all psychotropic medications for at least 2 weeks
(4 weeks for fluoxetine). Additional inclusion criteria included a
CGI-Severity (S) scale score of at least 4 (““Moderately I11’")
focused specifically on target symptoms of irritability (aggression,
self-injury, tantrums); and a score = 18 on the Aberrant Behavior
Checklist-Irritability subscale (ABC-I) (Guy 1976; Aman et al.
1985; Aman and Singh 1994).

Exclusion criteria included a comorbid DSM-IV-TR diagno-
sis of another PDD or other primary psychiatric disorder, active
seizure disorder, significant medical condition, positive urine
pregnancy test, or history of neuroleptic malignant syndrome. In
addition, any subject who did not receive both a baseline and
posttreatment ECG was excluded from this study.

Study design and monitoring

The subjects were enrolled in the prospective, open-label study
to gather pilot data on aripiprazole in children and adolescents with
PDD-NOS or Asperger’s disorder. All subjects underwent a
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medical history and full psychiatric examination prior to entry into
the study. After enrollment, all subjects were seen for a baseline
visit with follow-up visits scheduled every 2 weeks. An end point
visit was also scheduled at the conclusion of the 14-week study
period. The baseline and end point visits consisted of a physical
examination and a 12-lead ECG with rhythm strip. Vital signs,
height, and weight were obtained at each visit.

All of the subjects initially received 1.25 mg/day of aripiprazole
for 3 days. The dosage was then increased to 2.5 mg/day and
continued until the end of week 2. The dosage was then titrated to a
maximum of 15 mg/day over the next 4 weeks, if optimal clinical
response had not occurred and intolerable adverse effects had not
emerged. The dosage maintenance phase lasted 8 weeks at the
optimal dosage.

All of the ECGs obtained by our clinical research nurse were of
clinical diagnostic quality and free of artifact. In addition, no se-
dation was used in obtaining the ECGs. A board-certified pediatric
cardiologist formally read every ECG and recorded any abnormal
findings, the ventricular rate, PR interval, QRS interval, and QT
interval. The QT interval was then corrected using Bazett’s cor-
rection (QT.g =QT/\/RR), the FDA correction factor (QT.n=
QT/RR®?"), and Fridericia’s correction (QT=QT /\}/ER). All
intervals are listed in ms except for RR, which is listed in seconds.

Statistical analysis

The baseline and posttreatment ECG data for the various mea-
surements were collected and analyzed using Microsoft Office
Excel 2007 SP2 (Microsoft, Redmond, WA). Paired  tests were
used to determine the significance of any ECG changes from
baseline to the end of aripiprazole treatment. The data were pre-
sented as a mean with standard deviation (SD). Ranges were also
presented for the respective measurements. Results were consid-
ered statistically significant when p <0.05 (two-tailed).

The change in ECG measurements from baseline to posttreat-
ment was analyzed. The mean, SD, range of the actual changes in
value, and the percent difference represented were also calculated.
In addition, the correlation coefficient of the percent change in QT
intervals to aripiprazole dose was calculated for each of the cor-
rection factors.

Results
Subject selection

Twenty-five subjects were included in the study. This group
consisted of 19 males and 6 females with a mean age of 8.6 years
(range 5-17 years). Twenty-one subjects were diagnosed with
PDD-NOS, and four subjects were diagnosed with Asperger’s
disorder. Twenty-two (88%) subjects were Caucasian, two were
African-American (8%), and one was Asian (4%). Eighteen (72%)
subjects had a prior history of treatment with one or more psy-
chotropic medications, primarily targeting aggression or hyperac-
tivity. These medications included atomoxetine, carbamazepine,
clonidine, dextroamphetamine, guanfacine, haloperidol, imipra-
mine, methylphenidate, mixed amphetamine salts, paroxetine,
quetiapine, risperidone, sertraline, and valproic acid.

Subjects received a mean final aripiprazole dosage of 7.8 mg/day
(range 2.5-15mg/day). Twenty-two (88%) of the 25 subjects
completed all 14 weeks of the study. The remaining three subjects
were included in the analysis according to the intent-to-treat prin-
ciple (last observation carried forward). They completed 6 weeks
(n=1) or 8 weeks (n=2) of aripiprazole prior to leaving the study,
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and all three had posttreatment ECGs at their exit visit. Two of the
subjects withdrew because of parental request, and the other subject
withdrew because of possible seizure activity, which was later
determined to be unrelated to the study drug. No clinically signif-
icant changes in heart rate or blood pressure were recorded during
the study.

All 25 subjects had an ECG obtained at baseline. Twenty-one
(84%) had an ECG performed at the end of the 14-week period.
Three subjects (12%) had their posttreatment ECGs performed at
their respective early termination visits at 6 and 8 weeks of therapy.
One subject (4%) did not have a posttreatment ECG available
for analysis (missing data) and was excluded from the results of
this study.

Electrocardiographic changes

There were no abnormal findings seen on ECG as a result of
aripiprazole, including any changes in voltages, axes, or mor-
phology. One subject had a leftward deviation of the QRS axis that
was noted both on the baseline and posttreatment ECGs. Another
subject had sinus tachycardia in the posttreatment ECG with
baseline and posttreatment heart rates of 80 and 117 beats per
minute, respectively. Of note, that subject terminated the study
early at 8 weeks for a non-cardiac-related reason.

There was no significant difference noted on any of the ECG
parameters from the baseline to posttreatment periods. There was a
very minimal increase in the mean of the PR, QRS, RR, and QT
intervals. The corrected QT interval was calculated using the three
different corrections. In each case, the mean QT. was minimally
decreased after treatment from the baseline measurement. The
mean, SD, ranges, and p values of the baseline and posttreatment
ECG measurements are shown in Table 1.

Focusing on the difference and percent change of the various
ECG parameters, none of the parameters changed significantly in
either direction, as seen in Table 2. All three corrected QT. means
decreased after aripiprazole treatment with individual differences
ranging from —54 to +23 ms. This represented individual percent
changes ranging from —11.5% to +6.1%. With respect to the
means, QT percent changes were all < —1%.

TABLE 1. COMPARISON OF BASELINE AND POSTTREATMENT
ELECTROCARDIOGRAPHIC MEASUREMENTS
FOR SUBJECTS COMPLETING THE STUDY (N=24)

Baseline Posttreatment
Interval Mean (SD)  Range  Mean (SD) Range p value
PR 130 (19) 98-170 133 (19) 100-174  0.16
QRS 82 (13) 56-106 82 (8.9) 60-92 0.92
RR 0.73 (0.18) 0.48-1.43 0.75 (0.16) 0.52-1.3 042
QT 352 (33) 290440 353 (33) 304-446  0.70
QT.p 416 (21) 368-468 412 (16) 385-439 0.23
QTN 398 (18) 375443 395 (15) 368-419  0.39
QT.r 393 (18) 368-436 391 (16) 363414  0.49

QT.g=Bazett’s correction (QT/+/RR); QT.n=FDA Neuropharmacol-
ogy Division’s correction (QT/RR°'37); QT g=Fridericia’s correction
(QT/VRR).

There were no significant changes in any of the electrocardiographic
parameters after the treatment phase of aripiprazole. All of the numbers
measured were in the normal range for their respective intervals. All values
are expressed in ms, except RR which is expressed in seconds. Statistical
significance is defined as p<0.05 using a paired, two-tailed f test.
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TABLE 2. EFFECT OF ARIPIPRAZOLE
ON ELECTROCARDIOGRAPHIC MEASUREMENTS
FOR SUBJECTS COMPLETING THE STUDY (N=24)

Change % Change

Interval Mean (SD) Range Mean (SD) Range
PR 3(11) —-22-22 2.8 (8.3) —15.3-18
QRS 0@ —-19-16 1.0 (10.4) -21.3-21.6
RR 0.02 (0.12) -0.28-0.17 4.3 (15.7) —-35.3-22.8
QT 2 (24) —-72-32 0.8 (6.6) -18.8-9.4
QT -4 (16) —54-23 -0.9 (3.8) —-11.5-6.1
QTN -2 (13) —-41-19 -0.5@3.2) -9.3-48
QT -2 (13) —-38-19 -0.4 (3.2) -8.7-4.9

QT =Bazett’s correction (QT//RR); QT .x=FDA Neuropharmacol-
ogy Division’s correction (QT/RR®37); QT.r="Fridericia’s correction
(QT/VRR).

Aripiprazole had a very minor effect on the electrocardiographic
parameters measured. The absolute change is expressed in ms. The %
change is reported in percentages.

In addition, no clear correlation could be found between
the aripiprazole dose given (range 2.5-15mg) and the percent
change in the respective QT. values as seen in Figure 1. The
correlation coefficients between aripiprazole dose and the
Bazett’s, FDA, and Fridericia’s QT, corrections were 0.04, 0.07,
and 0.08, respectively.

Finally, evaluating individual results, 3 subjects out of the 24 had
a baseline QT. value >440 ms. One subject had a respective base-
line QT g value of 468 ms, the second subject had a QT.g of
448 ms, and the third subject had a QT.g of 445 ms. In all three
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cases, the subjects’ QT. values decreased after receiving ar-
ipiprazole. The first subject’s posttreatment QT.g was 414 ms,
showing a decrease of 54 ms (-11.5%). In fact, no posttreatment
QT. value across the three corrections in any subject exceeded
440 ms.

Discussion
Aripiprazole

This is the first known study to evaluate prospectively the effects
of aripiprazole on pediatric ECGs before and after a specified
treatment period. The results confirmed the hypothesis that no
significant change would occur on the posttreatment ECGs. Spe-
cifically, there were no significant differences in the PR, QRS, RR,
QT, or QT. intervals in this study. These results agree with previ-
ously published reports in adults, which have shown that
aripiprazole is one of the safest atypical antipsychotics with respect
to cardiac adverse events.

Because aripiprazole is relatively new to the market compared
to other atypical antipsychotics, existing data are relatively limited
concerning adverse events. From the adult data that has been
published, no evidence has been shown that aripiprazole causes
any significant QT, prolongation as defined by a QT. =450 ms or
a 210% increase from baseline. The studies reviewed followed
subjects for 4-52 weeks using various dosages, and only Kasper
et al. had subjects with a QT, =500 ms, which was found to be an
isolated finding in 2 out of 810 individuals (Casey et al. 2003;
Kasper et al. 2003; Potkin et al. 2003; Chrzanowski et al. 2006;
McEvoy et al. 2007; Zimbroff et al. 2007). In addition, a meta-
analysis was performed on various randomized-controlled trials
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Correlation between aripiprazole dose and percent QT. change. A scatter plot showing the relationship of aripiprazole dose in

mg to the resulting percent change among QT. values. No significant correlation was found for any of the listed correction factors.
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to determine the effects of atypical antipsychotics on the QT..
Aripiprazole was found to be the only atypical antipsychotic out of
seven that demonstrated both a statistically significant lesser mean
change in QT g and a statistically significant lower risk of causing
QT g prolongation (Chung and Chua 2011).

The proper evaluation of the cardiac effects of a medication
includes both its effects during typical usage and during overdoses.
Young et al. (2009) evaluated 286 cases of aripiprazole toxicity
reported to a poison control center. These cases included 157
subjects who were < 18 years of age. None of the reported subjects
had dysrhythmias or abnormal QRS or QT. intervals on ECG
(Young et al. 2009). The main symptoms of aripiprazole toxicity
include somnolence, nausea, vomiting, ataxia, and tremulousness
(Melhem et al. 2009).

Risk of QT prolongation

Drug-related prolongation of QT intervals occurs as certain
medications bind and create malfunction of particular K™ currents
during repolarization in cardiac myocytes. The particular current
involved is the rapidly activating delayed rectifier potassium cur-
rent (Ig,) encoded by the human Ether-a-go-go Related Gene
(hERG). Studies have found that almost all versions of drug-
induced long QT syndrome and TdP are related to blockade of this
K™ current and gene (Yap and Camm 2000; Glassman and Bigger
2001; Kannankeril et al. 2010). Unlike congenital long QT syn-
drome, drug-related prolongation in QT. does not always directly
correlate with risk of arrhythmia production (Taylor 2003).

To evaluate the hERG blockade capabilities of various anti-
psychotics, Silvestre and Prous used a whole-cell patch clamp
technique to determine the half-maximal inhibitory concentration
(ICsp) of the medications on human embryonic kidney cells. Higher
potency for blocking hERG would theoretically result in an in-
creased risk of prolonging the QT. interval and producing TdP. In
this study, antipsychotics with high potency for blocking hERG
produced ICsq values in the nanomolar (nM) range, indicating that
smaller concentrations were required to reach 1Csq. Aripiprazole’s
hERG binding was found to be low in potency and was in the
micromolar (M) range. To illustrate this point further, Silvestre
and Prous found that the ICs( value for pimozide—an antipsychotic
known to cause QT prolongation and TdP—was 6.49 nM compared
to aripiprazole’s ICsy value of 1,096nM (MHRA/CSM 1995).
Antipsychotics with ICsy values for hERG blockade < 600 nM
should be considered as having a high arrhythmogenic risk
(Silvestre and Prous 2007).

Electrocardiography

The values in the ECG parameters in this study were obtained
by the reviewing pediatric cardiologist. There was no compari-
son performed in this study between automated and manual
measurements, as this difference has already been established.
There is a significant amount of correlation between manual and
automated readings (r=0.52), but poor agreement between the
two in identifying long QT. intervals (x =0.25). Compared with
manual measurements as the gold standard, automated mea-
surements had a sensitivity of 25% and a specificity of 95% (Blair
et al. 2005).

Clinical practice

Although the results of this study and evidence in the literature
point to aripiprazole having little risk of QT. prolongation and
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TdP development, certain aspects should be understood when
using atypical antipsychotics in clinical practice. First, a detailed
personal, medical, and family history and physical examination is
paramount to determine any underlying risk factors an individ-
ual may have, before starting treatment. Multiple interactions
can increase the risk of drug-related long QT syndrome and
sudden death. Specific patient populations are at higher risk of
sudden death from antipsychotics. These include individuals
with congenital long QT syndrome, structural heart disease, or
predisposition for electrolyte abnormalities. In addition, certain
combinations of medications may also result in dangerous inter-
actions, including multiple medications that can prolong the QT
interval or medications that interfere with the cytochrome P450
metabolism of certain QT-prolonging medications, thus possibly
increasing the medication’s blood levels (Glassman and Bigger
2001; Titier et al. 2005; McNally et al. 2007). Web sites have been
created containing databases of medications that are known to
prolong the QT interval (www.azcert.org) or interfere with the
cytochrome P450 metabolism of QT prolonging medications
(www.drug-interactions.com).

Aripiprazole is metabolized by the cytochrome P450 2D6
(CYP2D6) and cytochrome P450 3A4 (CYP3A4) enzymes and
therefore is subject to medications that interact with these enzymes.
Medications that induce those enzymes—such as carbamazepine
with CYP3A4—can result in increased clearance of aripiprazole
and decreased blood levels. On the other hand, medications that
inhibit those enzymes—such as fluoxetine and paroxetine with
CYP2D6—can increase blood levels by inhibiting clearance of
aripiprazole. Aripiprazole itself is unlikely to cause pharmacoki-
netic interactions with other medications metabolized by cyto-
chrome P450.

Universal screening ECGs are not likely to be cost effective
except in patients with certain baseline risk factors as described
previously (Roden 2004). However, the data for aripiprazole have
shown no evidence of QT prolongation in high-dose animal, adult,
or pediatric studies; therefore, the current recommendation for ar-
ipiprazole is that no ECG is needed for monitoring with or without
risk factors (McNally et al. 2007).

Nevertheless, varying recommendations exist in the literature
concerning the importance of screening ECGs when starting certain
psychotropic medications. To determine the most at-risk individ-
uals, an evaluation prior to starting the medication should be per-
formed. Histories should focus on screening for any clinical
symptoms including syncope, palpitations, or unexplained short-
ness of breath with exercise or exercise intolerance, as well as
reviewing past medical history for any evidence of congenital or
acquired heart disease. Questions concerning family history should
determine the presence of sudden or unexplained death, familial
arrhythmias, heart failure, or conduction abnormalities in any first-
or second-degree relatives. Finally, a physical examination should
evaluate for the presence of hypertension, murmurs, gallops, clicks,
or other pathologic cardiovascular findings (Perrin et al. 2008;
Warren et al. 2009; Hammerness et al. 2011).

Limitations

As occurs many times in the pediatric literature with prospective
studies, one of the limitations of this study is the relatively small
number of subjects enrolled. In addition, this study was based on an
open-label trial. As such, these results should be confirmed in the
future with a double-blind, placebo-controlled study, to further
evaluate this topic and reduce the risk for type II errors.
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Conclusions

To our knowledge, this is the first direct evaluation of the effects
of aripiprazole on ECGs in pediatric subjects. This study’s results
agree with previously published data that aripiprazole has no sig-
nificant effects on the QT, interval and therefore can be deemed a
low risk for TdP development and causing sudden death. These
preliminary findings suggest that for pediatric patients requiring
atypical antipsychotics, aripiprazole should be considered in those
who have higher risks for a prolonged QT interval compared with
the general population. Large-scale prospective studies are needed
to confirm these findings.

Clinical Significance

This is an original, prospective clinical research study focusing
systematically on the effects of aripiprazole on the ECGs of pedi-
atric patients. This association has been extensively reviewed in
studies with adult subjects. In pediatrics, no study has focused
primarily on the cardiac effects of aripiprazole. Previous discussion
on the topic has been limited to part of the adverse events section in
studies focusing on the efficacy of aripiprazole. This study shows
that aripiprazole has no significant effects on ECGs.
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