Effects of psychotropic medications on the pediatric
electrocardiogram and recommendations for monitoring

Paul D. Francis, MD

Reports of sudden unexpected death in pediatric patients
taking selected psychotropic drugs have raised the possibility
of ventricular dysrhythmias as the cause of these deaths. The
use of psychotropic drugs in the pediatric population has
increased significantly in recent years with increasing reports
of electrocardiogram abnormalities, particularly prolongation of
the corrected QT interval. Many factors affect the susceptibility
of the heart to conduction abnormalities and sudden
ventricular dysrhythmias in pediatric patients taking
psychotropic drugs. These complex relations include genetic
predisposition, structural cardiac disease, drug-drug
interactions, drug dosage, and drug metabolism and
clearance. Many specific psychotropic drugs have been
reported to prolong the QTc interval and increase the risk of
ventricular dysrhythmias and sudden death. This article
discusses the various factors that may influence the
electrocardiogram in pediatric patients taking psychotropic
drugs and recommendations for monitoring these
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The use of psychotropic drugs in the pediatric popula-
tion has increased significantly in recent years [1®]. Re-
ports of sudden, unexpected death in patients taking
these drugs have raised the possibility of ventricular dys-
rhythmias as the cause of these deaths. Attention has
centered on the electrocardiographic effects of psycho-
tropic drugs. In addition, their interaction with other
drugs metabolized by the cytochrome P450 (CYP450)
system has come under scrutiny. Many psychotropic
drugs affect electrolyte currents through ion channels.
Myocardial repolarization is a function of ionic currents
through these same channels. Alterations in sodium and
potassium currents may prolong repolarization and in-
crease the vulnerability of the myocardium to sudden
ventricular dysrhythmias, particularly torsades de
pointes. Effects on the electrocardiogram may be primar-
ily significant or may be significant only in the presence
of inherited or acquired predisposing factors. The Com-
mittee on Congenital Cardiac Defects, Council on Car-
diovascular Disease in the Young of the American Heart
Association has published a statement for healthcare pro-
fessionals concerning cardiovascular monitoring of chil-
dren and adolescents receiving psychotropic drugs [2ee].
It is important to understand the relation between the
susceptibility of the heart to dysrhythmias and the use of
psychotropic drugs. This article reviews various factors
that may affect the electrocardiogram, the effects of spe-
cific psychotropic drugs on the electrocardiogram, and
recommendations for electrocardiogram monitoring for
patients on these drugs.

Factors that may increase susceptibility in
patients taking psychotropic drugs

Genetic predisposition

Certain inherited congenital abnormalities of cardiac
ionic channel function can lead to prolonged repolariza-
tion of the myocardium and can increase the risk of sud-
den dysrhythmias. This effect appears as a prolonged
QTc interval on the electrocardiogram. The QTc is the
measured QT interval corrected for heart rate. These
inherited conditions include Romano-Ward syndrome
(autosomal dominant) and Lange-Jervell-Nielsen syn-
drome (autosomal recessive with congenital hearing
loss). Bradycardia, fright, loud noises, and exercise may
provide settings particularly dangerous for patients with
these syndromes. Other risk factors include serum elec-
trolyte abnormalities; female gender; and renal, liver, or
structural cardiac disease. Before instituting therapy with
psychotropic drugs that may further prolong the QTc
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interval, a detailed history should be obtained from the
patient and family to document any history of palpita-
tions, syncope, or near-syncope. A detailed family history
should also be obtained. This family history should in-
clude inquiring about known relatives with prolonged
QTc syndrome or the presence of sudden unexpected
cardiac death, seizures, or syncope, especially in settings
that may suggest an inherited prolonged QT'c syndrome.
Pharmacogenetics is an area of increasing interest, espe-
cially research concerning the existence of inheritable
abnormalities of drug metabolism, which may predispose
subpopulations to higher levels and effects of drugs me-
tabolized by the CYP450 system. As much as 10% of the
population may have impaired function of one or more of
the isoenzymes of the CYP450 system. These poor me-
tabolizers may have increased risk for proarrhythmia and
sudden cardiac death [3®e]. As identification of altered
metabolism becomes clinically available, it may be pos-
sible to identify populations that are at increased risk.
Until pharmacogenetic predisposition to drug effects is
more fully elaborated, an accurate, detailed history and a
screening baseline electrocardiogram are the only tools to
evaluate for genetic susceptibility to drug effects and
sudden cardiac death.

Structural cardiac disease

Underlying structural cardiac disease can predispose to
heterogeneous ventricular depolarization and repolariza-
tion. Premature ventricular contractions are more com-
mon in patients with pre-existing heart disease. Pre-
existing heart disease increases the risk of ventricular
dysrhythmias, which may trigger torsades de pointes in
prolonged repolarization. Caution should be exercised
when considering the use of psychotropic drugs that pro-
long the QT¢ interval or cause torsades de pointes in
patients who have underlying structural heart disease.

Metabolism and clearance of psychotropic drugs and
drug-drug interactions

Over 90% of drug oxidation and metabolism can be at-
tributed to the cytochrome P450 enzyme system. Five
isoenzymes are responsible for most of this metabolism:
3A4, 2D6, 1A2, 2C9, and 2C19. The 3A4 isoenzyme is
involved in the widest range of drug metabolism, includ-
ing liver and gut. Drugs that are substrates for a particular
isoenzyme may competitively inhibit metabolism. Other
drugs may directly inhibit isoenzyme function. Either of
these effects may cause an increase in serum concentra-
tions of psychotropic drugs with resultant risk of prolon-
gation of the QTc interval and torsades de pointes.

Many psychotropic drugs cause little, if any, effect on the
QTc interval at usual therapeutic dosages. However, at
high therapeutic dosages or overdose, these same drugs
may cause clinically significant QT'c prolongation and
lead to torsades de pointes because of inadequate clear-
ance of the drug. It is important to assess the QT'c in-
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terval if drug dosages change or if there is a clinically
significant change in drug clearance, such as renal or
hepatic dysfunction. Before starting psychotropic drugs,
history and laboratory evidence of adequate hepatic and
renal function should be ascertained. If changes in dos-
age are made, the hepatic and renal function should be
addressed again. Also, if high dosages of drugs are used,
additional surveillance of electrocardiogram changes
should be undertaken. At follow-up visits, dosage
changes or changes in renal or hepatic status should be
explored.

Clinically significant drug-drug interactions exist. Many
psychotropic drugs are metabolized through the CYP450
system. If the function of this enzyme system is inhib-
ited directly or indirectly, elevated levels of drugs that
effect cardiac repolarization may occur, with the poten-
tial for serious ventricular dysrhythmias. This is espe-
cially true of drugs primarily metabolized via the 3A4
isoenzyme of CYP450 [4]. Patients and families should
be counseled about these possible interactions. Before
starting new or additional medications, the physician or
pharmacist should be queried concerning possible inter-
actions with psychotropic drugs. This is especially true
for drugs that are metabolized via CYP450 isoenzyme
3A4, such as macrolide antibiotics, and systemic antifun-
gal medications. There are many cardiac medications
that cause prolongation of the QTc interval, both as a
specific therapeutic effect and as a side effect. Before
adding any cardiac medication in a patient also taking
psychotropic medications, specific attention to the po-
tential for drug-drug interactions and QT'c prolongation
must be addressed.

Health care professionals should be cognizant of drug
interactions that may alter drug metabolism and clear-
ance. It is also imperative to warn patients and families
about the potentially lethal consequences of using mul-
tiple drugs metabolized by the CYP450 system. Addi-
tions of new drugs, changes in clinical status, and
changes in drug dosage should be considered in the de-
cision about the use of psychotropic drugs and electro-
cardiographic monitoring (Tables 1 and 2).

Acute and chronic overdose

There are reports of electrocardiogram effects from psy-
chotropic drugs in both acute and chronic overdose.
Some drugs prolong the QTc interval in the therapeutic
range but have not been reported to cause torsades de
pointes in the literature or US Food and Drug Adminis-
tration labeling. However, these drugs may cause clini-
cally significant QT'c prolongation in overdose. Clini-
cians should be aware of the possibility of significant
electrocardiogram abnormalities and risk of dysrhythmias
that may result from acute or chronic overdose of drugs
that affect the QTc interval. Even drugs not recom-
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Table 1. Drugs that induce QTc prolongation and/or torsades

de pointes

QT prolongation

Torsades de pointes

amiodarone
arsenic trioxide

(Reported in the literature or in FDA labeling)

amiodarone*
arsenic trioxide

bepridil bepridil*
chlorpromazine
cisapride cisapride*'"
clarithromycin
desipramine desipramine
disopyramide disopyramide*
dofeltilide dofeltilide
dolasetron
doxepin
droperidol droperidol
erythromycin erythromycin*
felbamate
flecainide flecainide
fluoxetine fluoxetine
foscarnet
fosphenytoin
gatifloxacin
halofantrine halofantrine*
haloperidol haloperidol
ibutilide ibutilide®
imipramine imipramine
indapamide indapamide
isradipine
levofloxacin
levomethadyl
mesoridiazine mesoridiazine
moexipril
moxifloxacin
naratriptan
nicardipine
octreotide
paroxetine paroxetine
pentamidine pentamidine*
pimozide pimozide*
probucol probucol*
procainamide procainamide
tacrolimus
quetiapine
quinidine quinidine®
risperidone risperidone
salmeterol
sertraline sertraline
sotalol sotalol*
tamoxifen

terfenadine
sparfloxacin
sumatriptan
thioridazine
tizanidine
venlafaxine
ziprasidone
zolmitriptan

terfenadine*
sparfloxacin

thioridazine

*Females greater risk
Restricted use
*Withdrawn from market

mended for routine electrocardiogram monitoring in
therapeutic usage might have serious toxic effects in
overdose. In acute or chronic overdose, electrocardio-
gram monitoring is essential. The clinician should also
be aware that coingestion of other drugs in overdose
that are metabolized by the CYP450 system might trans-
form therapeutic levels of psychotropic drugs into toxic
levels [4,5].

Specific psychotropic medications and
recommendations for monitoring

Stimulants

Stimulants are the leading category of psychotropic
medication prescribed for children (Table 3). Methyl-
phenidate (Ritalin; Novartis Pharmaceutical Corp., East
Hanover, NJ) is the most commonly prescribed medica-
tion for attention-deficit hyperactivity disorder. In addi-
tion, sustained-release methylphenidate (Concerta),
pemoline (Cylert; Abbott Laboratories, Abbott Park, IL.),
and dextroamphetamine (Adderall; Richwood Pharma-
ceuticals, Florence, KY) are used. Underlying cardiac
disorders such as supraventricular or ventricular tachy-
dysrhythmias may be unmasked by stimulant medica-
tions. No specific electrocardiogram monitoring is rec-
ommended for stimulant monotherapy. There have been
isolated reports of sudden death in children taking both
methylphenidate and clonidine together. Although the
exact mechanism remains unclear, it seems unlikely that
these were dysrhythmic deaths [6,7]. No specific elec-
trocardiogram monitoring is recommended [2ee].

Antidepressants

Tricyclic antidepressants

Tricyclic antidepressants have been largely replaced by
newer antidepressants, but they are still used in the
treatment of depression and attention-deficit hyperactiv-
ity disorder. In addition, nocturnal enuresis and chronic
pain are conditions for which tricyclic antidepressants are
used. Several sudden deaths in children taking tricyclic
antidepressants have been reported [8]. Nortriptyline,
amitriptyline, desipramine, and imipramine may have
significant cardiac effects with prolongation of the PR,
ORS, and QTc intervals, even in therapeutic doses [9].
Significant drug-drug interactions exist. For example,
methylphenidate may decrease metabolism, which may
increase the concentration of tricyclic antidepressants.
Synergism with other sympathomimetic drugs also oc-
curs. The current recommendations include a careful
history with a family history to screen for familial pro-
longed QTc¢ syndrome. Medication history must be
obtained to avoid drug-drug interactions. A baseline
electrocardiogram should be obtained. Baseline electro-
cardiogram measurements should include a PR interval
= 200 ms, a QRS duration = 120 ms, and a QTc = 460
ms. Follow-up electrocardiograms should be obtained
after a steady state is established to ascertain that the
electrocardiogram intervals remain in the acceptable
range [2ee].

Selective serotonin reuptake inhibitors

Fluoxetine (Prozac; Eli Lilly & Co., Indianapolis, IN),
citalopram (Celexa; Forest Pharmaceutical, St. Louis,
MO), sertraline (Zoloft; Roerig, New York, NY), fluvox-
amine (Fluvox), and paroxetine (Paxil; SmithKline
Beecham Pharmaceuticals, Philadelphia, PA) are com-
monly used selective serotonin reuptake inhibitor anti-
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Table 2. Cytochrome P 450 isoenzyme function
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Substrates*
1A2
clozapine cyclobenzapine imipramine
tacrine theophylline
2C19
omeprazole diazepam amitriptyline
lansoprazole phenytoin clomipramine
pantoprazole phenobarbital cyclophosphamide
2C9
diclofenac tolbutamide irbesartan
ibuprofen glipizide celecoxib
piroxicam losartan fluvastatin
2D6
metoprolol amitriptyline haloperidol
propafenone clomipramine risperidone
timolol desipramine thioridazine
imipramine
parxetine
2E1
acetaminophen
chlorzoxazone
ethanol
3A4
clariththromycin alprazolam cyclosporine
erythromycin diazepam tacrolimus
quinidine midazolam atorvastatin
buspirone triazolam cerivastatin
haloperidol methadone lovastatin
sildenafil tamoxifen trazodone
Inhibitors"
1A2
cimetidine
fluoroquinolones
fluvoxamine
ticlodipine
2C19
fluoxetine lansoprazole
fluvoxamine omeprazole
ketoconazole ticlodipine
2C9
amiodarone ticlodipine
fluconazole
isoniazid
2D6
amiodarone chloripramine methadone
bupropion fluoxetine mibefradil
chlorpheniramine haloperidol paroxetine
cimetidine
2E1
disulfram
3A4
indinavir amiodarone fluoxetine
nelfinavir cimetidine fluvoxamine
ritonavir clarithromycin grapefruit juice
saquinavir erythromycin itraconazole

mexillitine naproxen niluzole
progesterone
naproxen tamoxifen toresimide
phenytoin tolbutamide warfarin
sulfamethoxazole
codeine dextromethoraphan
flecainide venlafaxine
tamoxifen
ondansetron
tramadol
indinavir astemizole
ritonavir chlorpheniramine
saquinavir amlodipine
pimozide diltiazem
quinine felodipine
vincristine nifedipine
nisoldipine
nitrendipine
verapamil
quinidine
ritonavir

ketoconazole
mibefradil
nefazodone
troleandomy

*Simultaneous use of drugs that are substrates for the CTP 450 system may lead to competitive inhibition and altered levels of drugs and active
metabolites. ECG monitoring is recommended when these drugs are used in combination with drugs known to prolong the QTc.

The simultaneous use of drugs that alter cytochrome P 450 function may alter drug and active metabolite levels. ECG monitoring is recommended
when these drugs are used in combination with drugs known to prolong the QTc.

depressants. Fluoxetine has been reported to prolong the
QTc interval, which causes syncope [10]. Citalopram has
been reported to show no significant effects on cardiac
intervals in therapeutic usage but may prolong the QT'c
in overdose [11]. Paroxetine has been shown to lengthen
the QT'c interval, and the Food and Drug Administration
labeling mentions torsades de pointes [12]. The different

selective serotonin reuptake inhibitors are metabolized
by different cytochrome P450 enzymes, and potential
interactions with other drugs that share the same me-
tabolism should be monitored [13®]. Although no con-
sensus has been established, baseline electrocardiogram
measurements may be considered before instituting se-
lective serotonin reuptake inhibitor therapy. Baseline
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Table 3. Electro-cardiogram monitoring recommendations

Category 1—-Baseline and Periodic ECG monitoring recommended:
Tricyclic antidepressants
Desipramine
Doxepin
Imipramine
Nortryptilline
Phenothiazines
Chlorpromazine
Fluphenazine
Mesoridazine
Perphenazine
Thioridazine
Trifluoperazine
Butyrophenones
Droperidol
Haloperidol
Atypical Neuroleptics
Pimozide
Category 2—Baseline ECG recommended:
Anticonvulsants
Felbamate
Atypical neuroleptics
Olanzapine
Quetiapine
Risperidone
Selective serotonin reuptake inhibitors
Fluoxetine
Paroxetine
Sertraline

ECG, electrocardiogram.

Category 1 drugs require baseline ECG documenting PR interval
=200 msec, QRS interval =120 msec and QTc =460. Follow up
ECG required when steady state achieved documenting ECG intervals
remain in the acceptable range.

Category 2 drugs require baseline ECG documenting PR interval
=200 msec, QRS interval =120 msec and QTc =460. No follow up
EKG's recommended unless toxicity suspected or symptoms of
palpitations, syncope or near-syncope develop.

If additional drugs are added that can cause QTc prolongation or that
alter the function of the CYP 450 system, then a repeat ECG is
indicated.

electrocardiogram measurements should include a PR in-
terval = 200 ms, a QRS duration = 120 ms, and a QT¢c
= 460 ms. Electrocardiogram monitoring is indicated in
proven or suspected overdose.

Newer antidepressants

Bupropion (Wellbutrin; GlaxoWellcome, Research Tri-
angle Park, NC) increases dopamine reuptake and has
minor effects on norepinephrine reuptake. Bupropion is
metabolized by the 2B6 isoenzyme of the CYP450 sys-
tem and can inhibit the 2D6 isoenzyme. No change in
the QT¢ has been reported with bupropion, but caution
should be exercised when using other drugs metabolized
by the CYP450 system. Venlafaxine (Effexor; Wyeth-
Avyerst Laboratories, Philadelphia, PA) inhibits the reup-
take of serotonin and norepinephrine. At high doses, it
also inhibits the reuptake of dopamine. Venlafaxine has
been shown to cause prolongation of the QT'c interval in
overdose but not at therapeutic levels. Trazodone (De-
syrel; Bristol-Myers Squibb, Princeton, NJ), nefazodone
(Serzone; Bristol-Myers Squibb, Princeton, NJ), and
mirtazepine (Remeron; Organon Teknika Corp., Dur-
ham, NC) do not prolong the QT'c interval in therapeutic

usage. There have been reports of trazodone and nefaz-
odone causing QTc prolongation in overdose [14].

Mood stabilizers

Mood stabilizers are used mainly to treat manic-
depressive disorders. Lithium and valproic acid (Depo-
kote, Abbott Laboratories, Abbott Park, IL) are the two
major drugs in this category. However, it should be noted
that the novel antiepileptic drugs are potential mood sta-
bilizers, and their use may increase in the future. Newer
anticonvulsants such as gabapentin (Neurontin; Parke-
Davis, Morris Plains, NJ), topiramate (Topamax; Ortho
McNeil Pharmaceutical, Raritan, NJ), and lamotrigine
(Lamictal; GlaxoWellcome, Research Triangle Park,
NC) have been tried as mood stabilizers in the treatment
of attention-deficit hyperactivity disorder [15ee]. None
of these drugs is reported to cause prolongation of the
QTc interval. Although lithium does cause T-wave flat-
tening but not QT'c prolongation in therapeutic usage, it
has rarely been reported to cause arrhythmias in over-
dose. Lithium has been reported to cause QT'c prolon-
gation in chronic toxicity. Lithium levels may be in-
creased by diuretics, especially thiazide diuretics. For
drugs in this category, no specific electrocardiogram
monitoring is indicated at therapeutic levels. However,
in the setting of acute or chronic toxicity, electrocardio-
gram monitoring is indicated.

«a-Adrenergic agents

Clonidine (Catapres; Boehringer Ingelheim, Ridgefield,
CT) and Guanfacine (Tenex; Wyeth-Ayerst Laborato-
ries, Philadelphia, PA) are a-2 adrenergic agonists, that
lower blood pressure. No electrocardiogram changes
have been reported. Blood pressure should be monitored
at the institution of therapy and at the time of weaning,.
No electrocardiogram monitoring is indicated [2e®].

Typical antipsychotics and neuroleptics

Phenothiazines

Chlorpromazine (Thorazine; SmithKline Beecham Phar-
maceuticals, Philadelphia, PA), thioridazine (Mellaril;
Novartis Pharmaceutical Corp., East Hanover, NJ), me-
soridazine (Serentil; Boehringer Ingelheim, Ridgefield,
CT), perphenazine (Trilafon; Schering-Plough Corp.,
Kenilworth, NJ), trifluoperazine (Stelazine; SmithKline
Beecham Pharmaceuticals, Philadelphia, PA), and flu-
phenazine (Prolixin; Bristol-Myers Squibb, Princeton,
NJ) may cause hypotension or tachycardia from anticho-
linergic effects. Chlorpromazine may affect the fast so-
dium channel with a quinidine-like effect. Phenothi-
azines have been shown to cause QT'¢ prolongation and
may predispose to broad complex tachycardia, ventricu-
lar tachycardia, or torsades de pointes [16®,17¢]. The
current recommendations include a careful history with a
family history to screen for familial prolonged QTc syn-
drome. Medication history must be obtained to avoid
drug-drug interactions. A baseline electrocardiogram
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should be obtained. Baseline electrocardiogram mea-
surements should include a PR interval = 200 ms, a QRS
duration = 120 ms, and a QTc = 460 ms. Follow-up
electrocardiograms should be obtained after a steady
state is established to ascertain that the electrocardio-
gram intervals remain in the acceptable range [2e°].

Acute overdose with phenothiazines is associated with
supraventricular tachydysrhythmias and ventricular
tachycardia, including torsades de pointes. Mesoridazine
and thioridazine are considered the most cardiotoxic of
the phenothiazines in overdose. Electrocardiogram
monitoring is imperative in the pediatric patient with
suspected acute or chronic toxicity.

Butyrophenones

Haloperidol (Haldol; Ortho McNeil Pharmaceutical,
Raritan, NJ) and droperidol (Inapsine; Janssen Pharma-
ceutical, Titusville, NJ) are the two most common bu-
tyrophenones. They may cause tachycardia from anti-
cholinergic effects. Haloperidol and droperidol have
been demonstrated to be antagonists of the potassium
channel. Both haloperidol and droperidol have been
shown to cause QT'c prolongation and may predispose to
ventricular tachycardia or torsades de pointes [18,19].
The current recommendations include a careful history
with a family history to screen for familial prolonged
QTc syndrome. Medication history must be obtained to
avoid drug-drug interactions. A baseline electrocardio-
gram should be obtained. Bascline electrocardiogram
measurements should include a PR interval less than 200
ms, a QRS duration less than 120 ms, and a QT'¢c = 460
ms. Follow-up electrocardiograms should be obtained
after a steady state is established to ascertain that the
electrocardiogram intervals remain in the acceptable
range [2ee].

Diphenylbutylpiperidine

Pimozide (Orap; Ortho McNeil Pharmaceutical, Raritan,
NJ) is the prototypical diphenylbutylpiperidine. Pimo-
zide is used in the treatment of Tourette syndrome. The
drug has dopaminergic receptor blockade effects, but the
exact mechanism of action has not been fully delineated.
Pimozide has been shown to cause significant Q'T'c pro-
longation [20e]. The current recommendations include a
careful history with a family history to screen for familial
prolonged QTc syndrome. Medication history must be
obtained to avoid drug-drug interactions. A baseline
electrocardiogram should be obtained. Baseline electro-
cardiogram measurements should include a PR interval
= 200 ms, a QRS duration less than 120 ms, and a QTc
less than 460 ms. Follow-up electrocardiograms should
be obtained after a steady state is established to ascertain
that the electrocardiogram intervals remain in the accept-
able range [2ee].
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Atypical antipsychotics and neuroleptics

Olanzapine (Zyprexa; Eli Lilly & Co., Indianapolis, IN),
risperidone (Risperidal; Janssen Pharmaceutical, Titus-
ville, NJ), quetiapine (Seroquel; Zeneca Pharmaceuti-
cals, Wilmington, DE), and ziprasidone (Geodon) are
classified as atypical neuroleptics. Atypical neuroleptics
have replaced traditional neuroleptics because they have
fewer side effects. These agents affect dopamine, sero-
tonin, muscarinic, a-2 adrenergic, and histamine recep-
tors. Olanzapine and risperidone have some prolongation
of the QT¢ in experimental models [19,21]. A cardiac
fatality on initiation of risperidone therapy has been re-
ported [22]. Ziprasidone has also been shown to prolong
the QT'c. In acute quetiapine poisoning, Q'T'c prolonga-
tion has been reported [23]. Olanzapine has not been
shown to have significant Q'T'c prolongation in therapeu-
tic use [20®]. For olanzapine, quetiapine, ziprasidone,
and Risperdal (Janssen Pharmaceutical, Titusville, NJ), a
baseline electrocardiogram should be obtained before
initiating medication [15¢e.24.25e 26e 27ee]. Bascline
electrocardiogram measurements should include a PR in-
terval less than 200 ms, a QRS duration less than 120 ms,
and a QTc less than 460 ms. Follow-up electrocardio-
grams should be obtained after a steady state is estab-
lished to ascertain that the electrocardiogram intervals
remain in the acceptable range. In acute or chronic
overdose, additional electrocardiogram monitoring is
indicated. Molindone (Moban; Du Pont Merck Phar-
maceutical Co., Wilmington, DE) is another atypical
neuroleptic. Molindone has not been reported to pro-
long the QTc, and no specific cardiac monitoring is
recommended [2ee].

General recommendations for
determining risk for potential
electrocardiogram abnormalities

History: document any past history of syncope, near
syncope, or palpitations; ascertain family history of
deafness, sudden unexpected cardiac death, syn-
cope, or tachydysrhythmias; obtain medication his-
tory to document all medications that may have
direct or indirect effects on the CYP450 system or
electrocardiogram intervals

Physical examination: document presence or absence
of normal cardiovascular exam; check vital signs,
including blood pressure and heart rate

Baseline electrocardiogram: obtain baseline electro-
cardiograms in patients starting drugs known to af-
fect the QTc¢ interval at therapeutic levels or re-
ported to cause torsades de pointes in the literature
(Table 1)

Follow-up electrocardiogram: obtain follow-up elec-
trocardiograms for drugs known to cause torsades
de pointes after therapeutic steady state is estab-
lished
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Follow-up evaluations: inquire about new medica-
tions, change in dosage, new symptoms, and
changes or possible changes in hepatic or renal
function

Other drugs: counsel patient and family about the ef-
fects of drugs on the cytochrome P450 system;
avoid other drugs that increase the QTc or cause
torsades de pointes (Table 2) [2ee,28e].

Conclusions

Psychotropic drugs are used in a wide variety of clinical
settings. Ventricular dysrhythmias are an unusual but po-
tentially life-threatening side effect of these drugs. Mul-
tiple factors affect concentration of psychotropic drugs
and vulnerability to dysrhythmias. These factors include
dosage, genectic predisposition, drug-drug interactions,
clearance, and metabolism. It is imperative that patients,
families, and health care professionals understand these
potentially lethal interactions.
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