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Review Article

QTc Prolongation, Torsades de Pointes, and
Psychotropic Medications

Scott R. Beach, M.D., Christopher M. Celano, M.D., Peter A. Noseworthy, M.D.,
James L. Januzzi, M.D., Jeff C. Huffman, M.D.

Background: Prolongation of the corrected QT (QTc)
interval is a key issue for patients who receive psycho-
tropic medications. Such patients may have baseline
clinical risk factors for QTc prolongation, and many
psychotropic medications may further prolong this inter-
val. This has great clinical relevance, as QTc prolonga-
tion is linked with dangerous arrhythmias, especially
torsades de pointes (TdP). Methods: We summarize
current literature regarding appropriate methods of cal-
culating the QTc interval, the association of the QTc
interval with TdP, and risk factors for QTc prolonga-
tion. We then review connections between psychiatric
medications and QTc prolongation, with a specific focus
on antidepressants and antipsychotics. Results: QTc
interval prolongation is an established, though imper-
fect, risk marker for TdP. There are no well-controlled
studies that assess the risk of TdP associated with psy-

chotropic agents. There are limited data that selective
serotonin reuptake inhibitors (SSRIs) as a class are
linked to QTc prolongation; citalopram appears more
likely than others to induce this phenomenon. Among
antipsychotics, thioridazine remains the agent most as-
sociated with QTc prolongation, intravenous haloperidol
also appears to carry an increased risk. Of the atypical
antipsychotics, ziprasidone appears most likely to pro-
long the QTc interval. Conclusions: The majority of
patients in need of psychotropic medications display few
risk factors for QTc prolongation and should be consid-
ered to be at low risk for TdP. The frequency of cardiac
monitoring for patients receiving psychiatric medica-
tions should be individually determined, based on the
prescribed agent(s) and additional risk factors for TdP.

(Psychosomatics 2013; 54:1-13)

Prolongation of the electrocardiographic QT interval is an
established risk factor for torsades de pointes (TdP),' a
malignant ventricular arrthythmia, though the relationship be-
tween prolonged QT and TdP is complex.” Patients seen in
medical or psychiatric settings may have multiple risk factors
for QT prolongation and TdP, and, importantly, a variety of
psychotropic medications have been linked to lengthening of
this cardiac interval.' In this review, we will discuss the
nature and measurement of the QT interval, describe TdP and
its consequences, and outline non-pharmacologic risk factors
for QT prolongation and TdP. We will then more compre-
hensively review the relationship between psychotropic med-
ications and QT prolongation, with a specific focus on
antidepressants and antipsychotics. To complete this non-

systematic review, articles were identified initially through
PubMed using standard search terms (e.g., “QT prolonga-
tion,” “Torsades de pointes,” “antipsychotics’), with supple-
mentation via search of reference lists from articles identified

99 ¢

in the initial search.
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QTc and Psychotropic Medications

THE QT INTERVAL

On the electrocardiogram (ECG), the QT interval (Figure
1) reflects the time from the onset of ventricular depolar-
ization to the end of repolarization. Ventricular depolar-
ization results from rapid influx of sodium ions into the
cardiomyocytes. Subsequent repolarization of the ventricle
results primarily from an outward flow of potassium
through two delayed rectifying currents—rapid (I,) and
slow (Ix,). Blockade of either current may prolong the
action potential and thereby lengthen the QT interval.’

FIGURE 1. The Cardiac Action Potential (A) Occurs in Five
Phases: Rapid depolarization (phase 0) caused by
inward sodium currents; initial repolarization (phase
1) caused by inactivation of sodium currents; and
onset of transient outward potassium currents,
isoelectric plateau (phase 2) caused by a balance
between inward calcium and outward potassium
currents; rapid repolarization (phase 3) caused by
inactivation of calcium currents while potassium
channels remain open, and the resting membrane
potential (phase 4). The main currents (B)
responsible for the action potential are the rapid
influx of sodium during depolarization and the
outward flow of potassium through two delayed
rectifying currents (Rapid/IKr and Slow/IKs) during
repolarization. on the electrocardiogram (C); the QT
interval is measured from the onset of ventricular
depolarization (onset of QRS complex) to the end of
ventricular repolarization (end of the T wave).

Outward

Inward

Production of Iy, is regulated by the human ether-a-go-
go-related gene (hERG), making hERG expression an im-
portant factor in QT prolongation.

The QT interval is measured on the ECG from the
beginning of the QRS complex (initial deflection or Q wave)
to the end of the T wave.’ A useful way to determine the end
of the T wave (particularly if the T wave offset is indis-
tinct) is to use the intersection of a tangent to the steepest
slope of T wave and the baseline (usually using either lead
IT or V5).* Since this interval is inversely proportional to
heart rate, the QT interval is typically corrected for heart
rate (QTc). The onset of ventricular depolarization (phase
0 of the action potential) is inscribed as the Q wave, the ST
segment occurs during the isoelectric plateau phase (phase
2 of the action potential), and repolarization (phase 3 of
the action potential) occurs during the T wave.” The QT
interval is typically manually measured in a single lead.
However, because of the phenomenon of “QT dispersion”
(the heterogeneity of repolarization across the myocar-
dium), it should be measured in the lead with the longest
QT interval; this is most often V2 or V3.° Automated
digital ECG machines often simultaneously analyze all
leads and measure the QT interval from the earliest Q
wave in any lead to the last T wave in any lead. As a result,
the automated QT is often longer than the QT interval
measured in any individual lead,” and automated QT in-
terval estimates should always be confirmed with manual
measurements. To gain the most accurate assessment of
pharmacologic QT prolongation, ECG readings should be
made at or near the maximum daily blood level of medi-
cations affecting the QT interval.’

As noted, the QT interval shortens at faster heart
rates.® The most commonly used formula to correct the QT
interval (including that made by most ECG machines) is
Bazett’s square root formula (([QTc] = QT/R-R interval?).?
This correction results in significant error at the extremes
of heart rate (i.e., at fast heart rates, the actual QTc is
shorter than that estimated by Bazett’s formula, whereas
the opposite is true for slower heart rates), and alternative
methods, such as Hodges formula (QTc = QT +
1.75[HR-60]) may be preferable. Indeed, these alternative
linear correction methods have been recommended by the
American Heart Association guidelines for ECG interpre-
tation,” though these methods are not yet widely adopted.”
In clinical practice, if the QT interval appears to be greater
than half of the RR interval (and heart rate is close to 60
bpm) an observer can easily and rapidly identify QTc
prolongation. Large, prospective, population-based studies
have linked QTc prolongation with increased mortality,
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and a prolonged QTc interval at baseline has been shown
to be a risk factor for drug-induced QT prolongation and
life-threatening arrhythmia.®* However, no studies have
been undertaken to determine whether any specific method
of QT measurement does a better job of predicting sudden
death.’

In addition to heart rate, age, and sex have a signifi-
cant impact on the QT interval. In general, the QT interval
is longer in young women. The gender difference develops
during adolescence (perhaps due to the effects of testos-
terone) and diminishes in older adulthood.” Detailed age-
and sex-specific nomograms are available, but for simplic-
ity, a normal QTc interval is generally defined as <460 ms
for women and <450 ms for men.” Though these “nor-
mal” cut-off values are often used, the QTc interval rep-
resents a continuous risk factor for adverse events.

TORSADES DE POINTES (TdP)

TdP, a form of polymorphic ventricular tachycardia oc-
curring in the setting of a prolonged QTc interval, is a
malignant arrhythmia, often asymptomatic but associated
with syncope and sudden death. The term, meaning “twist-
ing of the points,” refers to the pattern of polymorphic
ventricular tachycardia seen on the ECG. ECG warning
signs that precede TdP include marked QTc prolongation,
premature ventricular contractions, and short-long inter-
vals'® (Figure 2). An unstable rhythm typically unrespon-
sive to common antiarrhythmic medications (many of
which prolong the QTc interval or cause bradycardia), TdP
may resolve with infusion of magnesium sulfate (even in
patients with normal magnesium levels), overdrive pacing
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or isoproterenol infusion to increase heart rate (and thus
shorten the QTc), and removal of the offending agent.'"' If
left untreated, TdP may recur, with deterioration to ven-
tricular fibrillation and death.” TdP has a very high risk of
immediate recurrence.'’

QTec interval prolongation has a graded relationship to
the risk of cardiac mortality and sudden death (presumably
related to TdP in many cases), although the risk of sudden
death, at the individual level, remains low.>'? It has been
suggested that the hazard ratio for cardiac events linked to
the QTc is 1.052,'" where “x” is 1 ms increase in QTc over
400 ms.° Thus, a patient with a QTc of 500 ms would have
a 1.66-fold greater risk of such a cardiac event than a
patient with a QTc of 400 ms, whereas a patient with a
QTc of 550 ms would have a 2.14-fold greater risk.

RISK FACTORS FOR PROLONGED QTc AND TdP

Long QT syndrome (LQTS), one of the most common
genetic arrhythmia syndromes, can be caused by hundreds
of mutations in 10 identified genes, though mutations in
three genes account for the vast majority of cases.'® TdP is
a hallmark of LQTS and is a frequent cause of death or
syncope patients with this syndrome. The prevalence of
mutations is 1 per 2000 individuals, though clinically man-
ifest disease (syncope or resuscitated sudden cardiac
death) is less common.'*

The majority of LQTS patients, 88% in one study, have
prolonged QTc at baseline.'” Importantly, 5%—10% of pa-
tients who develop drug-induced TdP are silent carriers of
gene mutations related to LQTS, suggesting that a “second
hit” (such as drug exposure) can uncover the LQTS pheno-

FIGURE 2.

A Representative Telemetry Strip Illustrating the Typical Initiation Sequence for TdP. At baseline there is either acquired or

congenital prolongation of the QT interval (A), which results in triggered electrical activity (early after depolarizations) and
premature ventricular complexes (B, asterisks). These premature ventricular complexes create a stereotypic “Short-Long-
Short” variation in the R-R intervals (C, arrows), which further prolongs repolarization (after the long R-R interval) and
results in TdP (D). Of note, the arterial pulse is lost during TdP as illustrated by the arterial line tracing.
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TABLE 1. Risk Factors for Prolonged QT'*°

Female

Increased age

Congenital LQTS

Electrolyte abnormalities
Hypokalemia
Hypocalcemia
Hypomagnesemia

Anorexia nervosa*

Diuretic use*

Heart conditions
Bradycardia
Left ventricular dysfunction
Heart failure
Mitral valve prolapse
Myocardial infarction

Other medical conditions
Renal dysfunction*®
Hepatic dysfunction
Hypoglycemia*
Hypertension**
Diabetes*
Hypothyroidism*
Pituitary insufficiency*
CNS injury (stroke, trauma, tumor, infection)*
AIDS
Malnutrition*®
Obesity (including acute weight gain)*

LQTS = Long QT syndrome.
* Causes QTc prolongation via effects on electrolytes.
** Causes QTc prolongation via diastolic dysfunction.

type despite a “normal” QTc in the unprovoked state. This
concept has been termed “repolarization reserve.” Despite
having a baseline QTc in the normal range, carriers of silent
mutations are more susceptible to additional QT prolonging
factors and are at elevated risk for arrhythmia.

Besides genetic mutations, several other risk factors for
TdP have been identified, many of which are also risk factors
for QTc prolongation; these are listed in Table 1. Diurnal
variation of the QTc interval is substantial, up to 75-100 ms,
and sleep is a risk factor for QTc prolongation.''!

Medications are another major cause of QTc prolon-
gation. It is estimated that up to 3% of all prescriptions are
for potentially QTc prolonging medications.'” In the past
decade, the single most common cause of post-marketing
withdrawal or restriction of drugs has been prolongation of
the QTc interval.'"> Some noncardiovascular drugs that
have been withdrawn from the market cause an increase in
the QTc interval of only 5-10 ms.'> Most medications that
prolong the QTc interval block the Iy, channel” and can
induce TdP sudden death in previously healthy adults.

Several medications have been associated with pro-

longation of the QTc interval (Table 2). For some, such as
Class I antiarrhythmic medications, the risk of TdP is
correlated with the extent of QTc prolongation, but this is
not necessarily true of other medications that prolong the
QTc interval.'! Amiodarone and ranolazine, for example,
may prolong the QTc substantially but are not associated
with TdP,'> whereas quinidine causes only modest QT
prolongation but is clearly associated with TdP.” The ex-
planation for this may be related to the lower QT disper-
sion seen with the former agents and the greater dispersion
seen with the latter, as agents that prolong the QT interval
in a heterogeneous manner (affecting some regions of
myocardium more than others) likely are more pro-ar-
rhythmic.

The histamine blocker terfenadine and the esophageal
prokinetic agent cisapride have been withdrawn from the
market because of concerns for TdP. Though methadone is
a known QTc-prolonging agent, other opiates are not
thought to have this effect. Many other substances, includ-

TABLE 2. Nonpsychiatric Medications Associated with QTc
Prolongation

Antiarrhythmics
Class 1
Qunidine
Disopyramide
Procainamide
Class III
Sotalol
Amiodarone
Dofetilide
Antibiotics
Macrolides
Erythromycin
Clarithromycin
Azithromycin
Quinolones
Levofloxacin
Moxifloxacin
Antifungals
Fluconazole
Ketoconazole
Other Antibiotics
Pentamidine
Antimalarials
Chloroquine
Halofantrine
Other Medications
Tamoxifen
Vandetanib
Furosemide
Terfenadine (withdrawn due to TdP)
Cisapride (withdrawn due to TdP)
Methadone
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ing alcohol, cocaine, and stimulants have also been shown
to prolong the QTc interval.'®

Drug interactions can lead to TdP either via a pharma-
codynamic interaction in which the cumulative effect of two
QTc-prolonging agents places the patient at risk, or via a
pharmacokinetic interaction, usually mediated through inhi-
bition of cytochrome P450 isoenzymes, in which a medica-
tion reduces the clearance of a second medication that has
QTc-prolonging properties.'””'® Agents that are known to
contribute to QTc prolongation via pharmacokinetic interac-
tions include macrolide antibiotics, antifungal agents, the an-
tiretroviral agent ritonavir, and grapefruit juice.'' Decreased
liver function may also lead to higher serum drug levels and
elevate the risk for TdP.”

FUTURE DIRECTIONS IN TdP RISK ASSESSMENT

Given the limitations of correlating QTc interval with TdP
risk, several investigators are exploring alternative mark-
ers for TdP. Some have advocated for the use of a QT
nomogram, using QT-HR pairs, similar to the nomogram
used to guide management of acetaminophen overdose.'’
QT-HR pairs above the nomogram line were associated
with an increased risk of TdP according to a systematic
review of known cases of drug-induced TdP compared
with a data set of control patients taking noncardiotoxic
drugs (acetaminophen, diazepam, oxazepam, temazepam)
in overdose. In a study using this metric, the QT nomo-
gram gave an overall better prediction of TdP than did
Bazett’s formula with high sensitivity and specificity.'”

Another potential marker involves morphology of the
T or U waves. At least one study suggests that the height
of pathologic U-waves may be a better predictor of drug-
induced TdP than QTc prolongation.”’ Furthermore, there
is some suggestion that abnormalities of the morphology
of the T wave (such as inverted, biphasic, or notched T
waves) may indicate abnormalities of repolarization and
potential risk of arrhtyhmia.' Finally, measuring QT dis-
persion may provide more information regarding risk,
compared to assessment of QTc.’

ANTIDEPRESSANTS AND THE QTc INTERVAL

Selective Serotonin Reuptake Inhibitors (SSRIs)

Since the introduction of fluoxetine in 1986, SSRIs
have largely been considered to have a favorable cardiac
safety profile, and have been consistently identified as
preferable to tricyclic antidepressants (TCAs) for patients
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with heart disease.”’*> Until recently, the International
Registry for Drug-Induced Arrhythmias Arizona Classifi-
cation listed fluoxetine, paroxetine, and sertraline in
“group 4,” considered unlikely to cause prolonged QTc or
increase TdP risk when used at recommended doses in
patients without other risk factors.”> Over the years, case
reports have appeared linking all of the SSRIs except
paroxetine to QTc prolongation and, in some instances, to
TdP.>* ?® However, case reports by their nature are anec-
dotal and nonsystematic, and many of these specific re-
ports have suffered from incomplete data, such as con-
comitant medical illness or method of QT measurement.

Emerging evidence over the past decade has sug-
gested that some SSRIs, particularly citalopram, may have
a predictable negative effect on the QTc interval. This
evidence culminated in the recommendation by the Food
and Drug Administration (FDA) in August 2011 to limit
the maximum daily dose of citalopram to 40 mg (20 mg in
patients with hepatic impairment or those older than 60
years) because of the increased risk of QTc prolongation at
higher doses, and to declare its use contraindicated in
patients with LQTS.? Less stringent recommendations in
March 2012 included a revision of the statement from
“citalopram should no longer be used at doses >40 mg per
day” to “citalopram is not recommended for use at doses
>40 mg per day,” downgrading of citalopram from “con-
traindicated” to “not recommended” for patients with con-
genital LQTS and a recommendation to discontinue cita-
lopram in any patient with a QTc interval greater than
500ms.*° No QTc-related recommendations have been is-
sued for other SSRIs.

These warnings regarding citalopram were based
on a randomized, multi-center, double-blind, placebo-con-
trolled, crossover study mandated by the FDA.?’ In this
study, 119 subjects received three different 22-day treat-
ments in random order, separated by at least 14 days. The
first treatment consisted of citalopram 20 mg daily for 9
days, followed by citalopram 40 mg daily for 4 days,
followed by citalopram 60 for 9 days. The second treat-
ment involved 8 days of placebo, followed by a single
dose of moxifloxacin 400 mg, followed by 12 days of
placebo and an additional dose of moxifloxacin 400 mg.
The final treatment involved 22 days of placebo. Maxi-
mum mean prolongations in the QTc intervals were 8.5
and 18.5 ms for 20 and 60 mg citalopram, respectively.
For 40 mg citalopram, prolongation of the QTc interval
was estimated to be 12.6 ms, based on serum concentra-
tions. Though the absolute change in the QTc interval was
modest, the FDA concluded that there was not sufficient
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evidence for a therapeutic benefit of 60 mg compared with
40 mg to warrant the risk of additional QTc prolongation
at this higher dose.

Though four prior studies had shown prolongation of
the QTc interval as an effect of citalopram overdose®' >*
and 12 case reports highlighted prolongation of the QT
interval as an adverse effect of citalopram (five of which
occurred at therapeutic doses),”***>** this FDA study
was the first prospective trial to show risk of prolonged QT
with therapeutic doses of citalopram; notably two prior
prospective studies found that citalopram 60 mg daily for
4 weeks had no effect on the QTc interval of healthy male
volunteers, and an additional study determined that cita-
lopram 40 mg daily for 12 weeks resulted in no QTc-
prolongation in depressed patients with coronary artery
disease.*> *” On the other hand, a recent study suggested
that citalopram was associated with out-of-hospital cardiac
arrest, though it did not examine the QTc interval specif-
ically.*®

Despite the structural similarities between citalopram
and escitalopram, the FDA recommendations have not
been extended to escitalopram. Indeed, a thorough QT
study of escitalopram (n = 113), essentially identical to
that performed for citalopram, found dose-dependent but
substantially less marked increases of QTc associated with
escitalopram (4.5 and 10.7 ms for 10 and 30 mg, respec-
tively).*’

Though case reports have linked other SSRIs with
QTec prolongation, no prospective studies have shown such
agents to have a statistically significant effect on the QTc
interval. At least 13 studies designed to measure this ef-
fect, including five studies involving fluoxetine and five
involving paroxetine, failed to show any association be-
tween these agents and QTc¢ prolongation.?!**°°~ %% Cur-
rent evidence thus suggests that citalopram may be sepa-
rate from other SSRIs in its propensity to prolong the QTc
interval. Citalopram is known to inhibit hERG in animal
models,®" and the development of citalopram was delayed
due to QTc prolongation and arrhythmias in beagles, even-
tually attributed to a species-specific metabolite, dides-
methyl-citalopram (DDCT).°> DDCT is thought to be a
minor metabolite in humans, and some animal studies
have suggested that hERG blockade occurs only with high
concentrations of the metabolite. However, 2% of the
United States population are cytochrome P450 2D6 ultra-
rapid metabolizers and, thus, could have higher concen-
trations.®® This may help to explain why QTc prolongation
appears more common with citalopram than with other
SSRIs.'*%* Though fluoxetine is also noted to be a potent

inhibitor of hERG channels, additional calcium channel
blocking properties may mitigate the effects of selective
hERG blockade on QTc-prolongation.'?

Despite the risk for prolonged QTc interval with cita-
lopram, there is no consensus regarding the appropriate
management of citalopram overdose. Some recommend
continuous ECG monitoring for overdoses of greater than
600 mg,*> others recommend a minimal observation pe-
riod of 24 hours with continuous ECG monitoring fol-
lowing any citalopram overdose,”* and some have fur-
ther suggested administration of activated charcoal
following citalopram overdose to reduce absorption and
prevent QTc prolongation.®®®” In general, QTc prolon-
gation rates may be relatively low with citalopram, even
in overdose, as a study of 215 patients with a citalopram
overdose found that 32% had a QTc over 440 ms and
2% had a QTc over 500 ms>*.

Other Antidepressants

All tricyclic antidepressants (TCAs) cause prolonga-
tion of the QTc interval through sodium channel blockade
(leading to QRS widening) as well as calcium channel
blockade, mechanisms distinct from that of SSRIs.®®
TCAs generally only pose a significant risk of ventricular
arrhythmia to patients with preexisting cardiac disease,
including intraventricular conduction disease or ischemic
heart disease.”” However, like other QTc-prolonging
meds, TCAs also block I,. A systematic review in 2004
highlighted 13 cases of TdP with TCAs, finding amitrip-
tyline and maprotiline to be most commonly implicated,®®
whereas clomipramine appears to be associated with the
least QTc prolongation.”’

A single case report has linked therapeutic doses of
venlafaxine to QTc prolongation, but no systematic studies
have shown an association.”' A study also examined ven-
lafaxine in overdose and found QTc prolongation >440
ms in 18% and >500 ms in 1% of 223 patients, lower than
the rates for citalopram.>* In the same study, among 103
patients ingesting mirtazapine in overdose, 16% had pro-
longation of the QTc >440 ms, with none >500 ms>*.

Among other agents, duloxetine has not been associ-
ated with prolongation of the QTc interval.’® Some have
reported prolongation of the QT interval in the setting of
bupropion overdose, though this finding may be con-
founded by tachycardia.”” No studies have linked thera-
peutic doses of bupropion to QTc prolongation.
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ANTIPSYCHOTICS AND QTc PROLONGATION

Antipsychotic medications have long been known to have
the potential to cause QTc interval prolongation and TdP.
Retrospective and cohort studies have linked antipsychotic
use with sudden cardiac death, and most antipsychotic
medications have been shown to cause some degree of QT
prolongation.”* 7> As with citalopram, the mechanism by
which this occurs is thought to involve blockade of Iy,
channels.

Typical Antipsychotics

Thioridazine was the first antipsychotic medication
associated with QTc prolongation and TdP,”® and it con-
tinues to present the greatest risk among neuroleptics. In a
randomized, prospective study evaluating the effects of
QTc on medically healthy individuals with psychotic dis-
orders, thioridazine (at a moderate dose of 300 mg/d)
showed the greatest prolongation of the QTc (30 ms)
compared with ziprasidone (160 mg/d), risperidone (up to
16 mg/d), olanzapine (20 mg/d), quetiapine (750 mg/d), or
haloperidol (15 mg/d).”” Phenothiazines in general—and
thioridazine in particular—also are over-represented in
cases of sudden death compared to antidepressants or
other types of antipsychotics (e.g., butyrophenones, thio-
xanthenes), suggesting that the QTc prolongation seen
with phenothiazines may be arrhythmogenic, especially in
patients with concomitant risk factors.''””-"

Although thioridazine may be most commonly asso-
ciated with QTc prolongation, other typical antipsychotics
also have been implicated. Fluphenazine, a high-potency
antipsychotic, has been associated with QTc prolongation
in patients with schizophrenia.”” Pimozide and droperidol
prolong the QTc and have been clearly associated with
TdP.> Chlorpromazine, a low-potency phenothiazine like
thioridazine, has been shown to block the I, channel, has
been associated with QTc prolongation, and may cause
TdP at high doses.””*" In general, low potency typical
antipsychotics are thought to carry a greater risk than
high-potency agents, and this risk is thought to be dose-
related.’

Haloperidol, despite being a high-potency agent, has
also been linked in case reports to QTc prolongation and
TdP, though the frequency and magnitude of QTc prolon-
gation is thought to be substantially less than with thior-
idazine and similar to that with many atypical antipsychot-
ics.””®! Given the widespread use of haloperidol in the
management of delirium of patients in the intensive care
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unit setting, this modest effect on QTc may nonetheless
take on special importance.

In one of the few randomized studies of its effects
of QTc, haloperidol (15 mg by mouth daily) led to an
average increase in QTc of 7.1 ms, which was less than
the prolongation caused by thioridazine or ziprasidone
but greater than that caused by olanzapine, risperidone,
or quetiapine.’’ In a nearly identical study of the same
medications, oral haloperidol 15 mg daily led to an
average QTc increase of 4.7 ms, which was less than
ziprasidone, olanzapine, risperidone, quetiapine or thi-
oridazine.®' The intramuscular (IM) form of haloperidol
similarly has a relatively mild QTc-prolonging effect of
up to 8 ms (following a 7.5 mg IM injection) in patients
without significant medical illness.®*** Despite the rel-
atively mild QTc prolongation associated with the oral
and IM forms of haloperidol, this medication has clearly
been linked to TdP. A post-marketing analysis of the
adverse effects of haloperidol in 2007 identified 229
cases of prolonged QTc interval, including 73 cases of
TdP, although the incidence of TdP cannot be accu-
rately determined. While the investigators noted that
many of these reports were confounded by other QT-
prolonging medications and medical illnesses, the sheer
quantity of case reports and the knowledge of haloper-
idol’s propensity to prolong QTc suggest that haloper-
idol may well have played a role in the development of
TdP in some of these cases.®

The intravenous (IV) form of haloperidol may carry a
higher risk of QTc prolongation and TdP than the oral
form. In a cross-sectional study of 1017 medically healthy
patients with schizophrenia, [IV—but not oral—haloperi-
dol was associated with QTc prolongation.®® Furthermore,
in post-marketing analyses, of 11 cases of fatal TdP, eight
(73%) occurred with IV haloperidol.®* As noted, this may
be explained in part by the fact that IV haloperidol is used
relatively frequently in medically ill individuals (who
most likely would be at higher risk for QTc prolongation
and TdP), whereas the oral formulation may be used more
frequently in healthier individuals with chronic psychotic
illnesses. The FDA recommends cardiac monitoring for all
patients receiving IV haloperidol.®*

Atypical Antipsychotics

Atypical antipsychotics also appear to have a risk of QTc
interval prolongation, though these agents have only been
implicated in the development of TdP in rare case reports and
FDA adverse event reports.***’ As noted above, in healthy
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volunteers, ziprasidone causes the greatest mean QTc pro-
longation compared with olanzapine, risperidone, and que-
tiapine.””*' Ziprasidone’s modest but definite effect on repolar-
ization does not appear to be dose-dependent.””*'*% In clinical
trials of patients taking therapeutic doses of ziprasidone (i.e., not
in overdose), the incidence of QTc prolongation exceeding 500
ms has been estimated at less than 0.06%.*’ Consistent with
these rates is the finding that ziprasidone has been associated
with TdP in only two case reports.””’

In two randomized, open-label studies, olanzapine,
risperidone, and quetiapine were found to have less QTc
prolongation than thioridazine and comparable effects to
oral haloperidol.””-*! While these medications all are as-
sociated with QTc prolongation, their associations with
TdP are less clear. In one large case-control study, atypical
antipsychotics were associated with an increased risk of
sudden death after controlling for cardiac risk factors,
hypokalemia, renal disease, and SSRI use.”® However, the
risk appeared greatest for those patients who were pre-
scribed the medications for the first time within the past 30
days, suggesting that these medications may in some cases
have been used for delirium or management of agitation in
the setting of medical illness. In a separate, retrospective,
population-based cohort study, both typical and atypical
antipsychotics were associated with an approximately
2-fold increased risk of sudden cardiac death; similar risk
increases were found among all agents examined individ-
ually (thioridazine, haloperidol, olanzapine, quetiapine,
risperidone, and clozapine).”” Notably, while clozapine
was associated with an increased risk of sudden cardiac
death in this study, it has only been associated with QTc
prolongation in rare case reports, suggesting that another
mechanism may be mediating its relationship with sudden
cardiac death.*”-"*°* Finally, in elderly patients with de-
mentia, atypical antipsychotics have been associated with
mortality related to cardiac events (some of which may
represent episodes of ventricular arrhythmia such as TdP);
this has led to an FDA black box warning for these med-
ications and highlights the caution needed when prescrib-
ing these medications in certain populations.””

There are less data available about the newest atypical
antipsychotics, including aripiprazole, asenapine, paliperi-
done, and iloperidone; nearly all of the available data are
derived from studies referenced in package inserts. Of
these, iloperidone and paliperidone seem to have the high-
est risk for QTc prolongation, particularly in the presence
of 2D6 and 3A4 inhibitors.”®~!°* However, there do not
appear to be any reported cases of TdP with any of these
new medications.®® Aripiprazole has not been associated

TABLE 3. QTec-Prolongation Risk Stratification for
Commonly Used Antipsychotic Medications*
Association with Association with
QTc Torsades de
Prolongation Pointes
High risk
Thioridazine +++ +4++
Haloperidol (IV) +++ +++
Ziprasidone +++ +
Moderate risk
Fluphenazine ++ -
Haloperidol (PO/IM) ++ ++
Iloperidone ++ -
Paliperidone ++ -
Risperidone + +
Low risk
Asenapine +
Lurasidone + -
Olanzapine + +
Quetiapine + +
Minimal risk
Aripiprazole - -
IV = intravenous; PO = orally; IM = intramuscularly.
* The relative risks for QTc prolongation may vary depending on
dose, concomitant medications, and other medical illnesses.

with significant QTc prolongation, even in the setting of
significant medical comorbidity.'>'¢

Based on the above information, it is possible to strat-
ify antipsychotic medications based on their propensity to
prolong the QTc (Table 3). Stratification may help guide
treatment decisions in those patients at higher risk for QTc
prolongation and its associated arrhythmias.

Other Psychiatric Medications

Other psychiatric medications have been associated with
QTc-prolongation. Lithium in concentrations above 1.2
mmol/L can prolong the QTc¢ interval, though no cases of
TdP have been reported.'”” Anticonvulsant mood stabilizing
agents, including valproate, lamotrigine, carbamazepine, or
oxcarbazepine, have not been found to cause QTc prolonga-
tion. Among sleep aids, trazodone has been associated with
mild QTc prolongation, mainly in the setting of overdose.”®
Though stimulants may have other cardiac effects, such as
tachycardia, there is no strong evidence to suggest that meth-
ylphenidate or amphetamines cause clinically significant in-
creases in QTc,'® while the effects of atomoxetine on QTc
remain uncertain. Finally, there is no evidence to suggest that
benzodiazepines cause QTc prolongation.
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CONCLUSION

Clinicians should be aware of the myriad risk factors for QTc
prolongation in their patients and should be mindful of these
when prescribing psychotropic medications. Unfortunately,
although a link exists between QTc and TdP, this link is
neither linear nor straightforward. Most experts do agree that
a QTc above 500 ms represents a risk factor for TdP.

With respect to antidepressants, extant data—though
limited—suggest that SSRIs are generally safe in patients
with risk factors for prolonged QTc. However, citalopram
use in at-risk patients might increase the propensity for
QTc prolongation in a dose-dependent manner. The Inter-
national Registry for Drug-Induced Arrhythmias Arizona
Classification now lists citalopram on its “Torsades List,”
escitalopram on its “Possible Torsades List,” and parox-
etine, fluoxetine and sertraline on its “Conditional Tor-
sades List.”'”” Resources such as this serve as a useful
reference guide to clinicians, though they do not account
for the risk—benefit analysis involved in complex psychi-
atric decision-making such as managing a patient with
serious depression and heart disease.

Clinically, one reasonable approach may be to use ser-
traline for patients with cardiac disease and/or risk factors for
QTc prolongation, given that this agent has few drug—drug
interactions, has not been consistently linked to QTc prolon-
gation, and has been the most studied agent in cardiac pa-
tients.””'' Other SSRIs can be used in this population, es-
pecially if patients have current or prior good response to a
specific agent; indeed, even citalopram use is reasonable in
patients who have responded well or have few other options,
as long as QTc is monitored at baseline and intermittently
post-initiation and found to be <500 ms.

At this stage, there is no clear rationale for routinely
obtaining electrolytes, other labs, or an ECG prior to ini-
tiation of an antidepressant. We would recommend obtain-
ing an ECG, potassium, and magnesium before starting a
patient with substantial risk factors for TdP (e.g., signifi-
cant structural heart disease [such as prior myocardial
infarction], history of non-TdP ventricular arrhythmia) on
citalopram, and before starting any patient with prior TdP
on any antidepressant. For patients with substantially pro-
longed QTc (e.g., over 550 ms), or when considering
initiating citalopram in patients with multiple or substan-
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tial risk factors for TdP, consultation with a cardiologist
may be warranted.

Regarding antipsychotics, low-potency typicals, IV
haloperidol, and ziprasidone may carry the highest risk,
though there is limited evidence for actual adverse QTc-
related outcomes with ziprasidone. Though limited evi-
dence suggests that some atypical antipsychotics (i.e.,
olanzapine) may be less likely to prolong the QTc interval,
this has not been rigorously studied. For patients with risk
factors for QTc prolongation, QTc should be assessed at
baseline and intermittently post-initiation when prescrib-
ing any antipsychotic.

For patients receiving parenteral haloperidol in the hos-
pital for agitation or psychosis, it is prudent to monitor QTc
at baseline, and then at least daily, and sometimes more
frequently depending on the risk. If the QTc extends beyond
500 ms, potassium/magnesium should be repleted and the
patient’s medication regimen should be examined for other
potential QTc-prolonging agents, with consideration given to
holding haloperidol until the QTc has dropped below 500 ms.
Other options to manage acute agitation should be consid-
ered, including valproate, trazodone, and alternative antipsy-
chotic agents, with the caveat that none of the antipsychotics
typically used to treat agitation in the hospital have zero risk
of QTc prolongation. When an alternative antipsychotic
medication is used, it often is helpful to choose one which
is more sedating (e.g., quetiapine or olanzapine) so that a
lower overall dose can be used; this may reduce the risk of
QTec prolongation. In some situations, however, the risk of
self-injury or harm to others because of severe agitation
may outweigh the risk of arrhythmia, suggesting an indi-
cation for continuation of IV haloperidol with ongoing
close monitoring.

In all cases, the decision on starting (and continuing)
a psychotropic medication in a patient with increased risk
for prolonged QTc should involve a careful risk—benefit
analysis, taking into account indications for the medica-
tion, necessity for immediate treatment, and potential al-
ternative strategies.

Disclosure: The authors disclosed no proprietary or
commercial interest in any product mentioned or concept
discussed in this article.

Psychosomatics 54:1, January-February 2013

www.psychosomaticsjournal.org 9



QTc and Psychotropic Medications

References

1.

10.

11.

12.

13.

14.

15.

16.

Malik M, Camm AlJ: Evaluation of drug-induced QT interval
prolongation: implications for drug approval and labeling.
Drug Saf 2001; 24:323-351

. Alvarez PA, Pahissa J: QT alterations in psychopharmoacol-

ogy: proven candidates and suspects. Curr Drug Saf 2010;
5:97-104

. Fayssoil A, Issi J, Guerbaa M, Raynaud JC, Heroquelle V:

Torsades de pointes induced by citalopram and amiodarone.
Ann Cardiol Angeiol 2011; 60:165-168

. Postema PG, De Jong JS, Van der bilt A, Wilde AA: Accurate

electrocardiographic assessment of the QT interval: teach the
tangent. Heart Rhythm 2008; 5:1015-1018

. Glassman AH, Bigger JT Jr: Antipsychotic drugs: prolonged

QTc interval, torsades de pointes, and sudden death. Am J
Psychiatry 2001; 158:1774—-1782

. Moss AJ: Measurement of the QT interval and the risk asso-

ciated with QTc interval prolongation: a review. Am J Cardiol
1993; 72:23B-25B

. Rautaharju PM, Surawicz B, Gettes LS, Bailey JJ, Childers R,

Deal BJ, et al: AHA/ACCF/HRS recommendations for the
standardization and interpretation of the electrocardiogram:
part IV: the ST segment, T and U waves, and the QT interval:
a scientific statement from the American Heart Association
Electrocardiography and Arrhythmias Committee, Council on
Clinical Cardiology; the American College of Cardiology
Foundation; and the Heart Rhythm Society: endorsed by the
International Society for Computerized Electrocardiography
Circulation 2009; 119:e241-250

. Schouten EG, Dekker JM, Meppelink P, Kok FJ, Vandenb-

roucke JP, Pool J: QT interval prolongation predicts cardiovas-
cular mortality in an apparently healthy population. Circulation
1991; 84:1516-1523

. Yang P, Kanki H, Drolet B, Yang T, Wei J, Viswanathan PC,

et al: Allelic variants in long-QT disease genes in patients with
drug-associated torsades de pointes. Circulation 2002; 105:
1943-1948

Viskin S, Justo D, Halkin A, Zeltser D: Long QT syndrome
caused by non-cardiac drugs. Prog Cardiovasc Dis 2003; 45:
415-427

Yap YG, Camm AJ: Drug-induced QT prolongation and tor-
sades de pointes. Heart 2003; 89:1363—1372

Fossa AA, Gorczyca W, Wisialowski T, Yasgar A, Wang E,
Crimin K, et al: Electrical alternans and hemodynamics in the
anesthetized guinea pig can discriminate the cardiac safety of
antidepressants J Pharmicol Toxicol Methods 2007; 55:78—85
Roden DM: Clinical practice. Long-QT syndrome. N Engl J
Med 2008; 358:169-176

Hoffmann P, Warner B: Are hERG channel inhibition and QT
interval prolongation all there is in drug-induced torsadogen-
esis? A review of emerging trends. J Pharmacol Toxicol Meth-
ods 2006; 53:87-105

Roden DM: Drug-induced prolongation of the QT interval. N
Engl J Med 2004; 350:1013-1022

Zemrak WR, Kenna GA: Association of antipsychotic and
antidepressant drugs with Q-T interval prolongation. Am J
Health Syst Pharm 2008; 65:1029-1038

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

. Abramson DW, Quinn DK, Stern TA: Methadone-associated

QTc prolongation: a case report and review of the literature.
Prim Care Companion J Clin Psychiatry 2008; 10:470—476

. Curtis LH, Ostbye T, Sendersky V, Hutchison S, Allen

LaPointe NM, Al-Khatib SM, et al: Prescription of QT-pro-
longing drugs in a cohort of about 5 million outpatients. Am J
Med 2003; 114:135-141

. Chan AN, Isbister GK, Kirkpatrick CM, Dufful SB: Drug-

induced QT prolongation and torsades de pointes: evaluation of
a QT nomogram. QJM 2007; 100:609-615

Gbadebo TD, Trimble RW, Khoo MSC, Temple J, Roden DM,
Anderson ME: Calmodulin inhibitor W-7 unmasks a novel
electrocardiographic parameter that predicts initiation of tor-
sades de pointes. Circulation 2002; 105:770-774

Robinson JF, Doogan DP: A placebo controlled study of the
cardiovascular effects of fluvoxamine and clovoxamine in hu-
man volunteers. Br J Clin Pharmacol 1982; 14:805-808
Upward JW, Edwards JG, Goldie A, Waller DG: Comparative
effects of fluoxetine and amitriptyline on cardiac function. BrJ
Clin Pharmacol 1988; 26:399-402

Jolly K, Gammage MD, Cheng KK, Bradburn P, Banting MV,
Langman MJ: Sudden death in patients receiving drugs tending
to prolong the QT interval. Br J Clin Pharmacol 2009; 68:743—
751

Catalano G, Catalano MC, Epstein MA, Tsambiras PE: QTc
interval prolongation associated with citalopram overdose: a
case report and literature review. Clin Neuropharmacol 2001;
24:158-162

Nykamp DL, Blackmon CL, Schmidt PE, Roberson AG: QTc
prolongation associated with combination therapy of levofloxa-
cin, imipramine and fluoxetine. Ann Pharmacother 2005; 39:
543-546

Brendel DH, Bodkin JA, Yang JM: Massive sertraline over-
dose. Ann Emerg Med 2000; 36:524-526

Brzozowska A, Werner B: Observation of QTc prolongation in
an adolescent girl during fluvoxamine pharmacotherapy. J
Child Adolesc Psychopharmacol 2009; 19:591-592

Yuksel FV, Tuzer V, Goka E: Escitalopram intoxication. Eur
Psychiatry 2005; 20:82

US Food and Drug Administration: FDA safety communica-
tion: abnormal heart rhythms associated with high doses of
Celexa (citalopram hydrobromide). Available at: http://www.
fda.gov/Drugs/DrugSafety/ucm269086.htm updated Aug 24
2011. Accessed Sept 23 2012

US Food and Drug Administration: FDA safety communica-
tion: revised recommendations for (citalopram hydrobromide)
related to a potential risk of abnormal heart rhythms with high
doses. Available at: http://www.fda.gov/Drugs/DrugSafety/
ucm297391.htm updated March 28 2012. Accessed Sept 23
2012

Kelly CA, Dhaun N, Laing WJ, Strachan FE, Good AM, Bate-
man DN: Comparative toxicity of citalopram and the newer
antidepressants after overdose. J Toxicol Clin Toxicol 2004;
42:67-71

Isbister GK, Friberg LE, Stokes B, Buckley NA, Lee C, Gunja
N, et al: Activated charcoal decreases the risk of QT prolon-
gation after citalopram overdose. Ann Emerg Med 2007; 50:
593-600

10

www.psychosomaticsjournal.org

Psychosomatics 54:1, January-February 2013


http://www.fda.gov/Drugs/DrugSafety/ucm269086.htm
http://www.fda.gov/Drugs/DrugSafety/ucm269086.htm
http://www.fda.gov/Drugs/DrugSafety/ucm297391.htm
http://www.fda.gov/Drugs/DrugSafety/ucm297391.htm

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Jimmink A, Caminada K, Hunfeld NGM, Touw DIJ: Clinical
toxicology of citalopram after acute intoxication with the sole
drug or in combination with other drugs: overview of 26 cases.
Ther Drug Monit 2008; 30:365-371

Waring WS, Graham A, Gray J, Wilson AD, Howell C, Bate-
man DN: Evaluation of a QT nomogram for risk assessment
after antidepressant overdose. Br J Clin Pharmacol 2010; 70:
881-885

Engebretsen KM, Harris CR, Wood JE: Cardiotoxicity and late
onset seizures with citalopram overdose. J] Emerg Med 2003;
25:163-166

Kanjanauthai S, Kanluen T, Chareonthaitawee P: Citalopram
induces torsades de pointes, a real life threatening side effect.
Int J Cardiol 2007; 131:e33—¢34

Blaschke D, Parwani AS, Huemer M, Rolf S, Boldt LH, Dietz
R, et al: Torsades de pointes during combined treatment with
risperidone and citalopram pharmacopsychiatry 2007; 40(6):
294-295

Tarabar AF, Hoffman RS, Nelson L: Citalopram overdose: late
presentation of torsades de pointes (TdP) with cardiac arrest. J
Med Toxicol 2008; 4:101-105

Venkatraman N, O’Neil D, Hall AP: Life-threatening overdose
with lamotrigine, citalopram and chlorpheniramine J Postgrad
Med 2008; 54(4):316-317

De Gregorio C, Morabito G, Cerrito M, Dattilo G, Oreto G:
Citalopram-induced long QT syndrome and torsades de
pointes: role for concomitant therapies and illnesses. Int J
Cardiol 2011; 148:226-228

Deshmukh A, Ulveling K, Alla V, Abuissa H, Airey K: Pro-
longed QTc interval and torsades de pointes induced by cita-
lopram. Tex Heart Inst J 2012; 39:68-70

Bruggisser M, Bravo A, Bodner M: Medication associated long
QT syndrome Praxis (Bern 1994) 2009; 98:1409-1415
Liotier J, Coudoré F: Drug monitoring of a case of citalopram
overdose. Drug Chem Toxicol 2011; 34:420—423

Unterecker S, Warrings B, Deckert J, Pfuhlmann B: Correla-
tion of QTc interval prolongation and serum level of citalopram
after intoxication — a case report pharmacopsychiatry 2012;
45(1):30-34

Slavicek J, Paclt I, Hamplova J, Kittnar O, Trefny Z, Horacek
BM: Antidepressant drugs and heart electrical field. Physiol
Res 1998; 47:297-300

Rasmussen SL, Overe KF, Tanghej P: Cardiac safety of cita-
lopram: prospective trials and retrospective analyses. J Clin
Psychopharmacol 1999; 19:407-415

Lespérance F, Frasure-Smith N, Koszycki D, Lalibert¢ MA,
van Zyl LT, Baker B, et al: Effects of citalopram and interper-
sonal psychotherapy on depression in patients with coronary
artery disease: the Canadian cardiac randomized evaluation of
antidepressant and psychotherapy efficacy (CREATE) trial.
JAMA 2007; 297:367-379

Weeke P, Jensen A, Folke F, Gislason GS, Olesen JB, Ander-
sson C, et al: Antidepressant use and risk of out-of-hospital
cardiac arrest: a nationwide case-time-control study. Clin Phar-
macol Ther 2012; 92:72-79

Evaluation of the effects of sequential multiple-dose regimens
of escitalopram on cardiac repolarization in healthy subjects.
Available at: http://www.forestclinicaltrials.com/CTR/CTR
Controller/CTRViewPDf? _file_id=scsr/SCSR_SCT-PK-
21_final.pdf. Accessed September 23, 2012

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Beach et al.

Baker B, Dorian P, Sandor P, Shapiro C, Schell C, Mitchell J,
et al: Electrocardiographic effects of fluoxetine and doxepin in
patients with major depressive disorder. J Clin Psychopharma-
col 1997; 17:15-21

Strik JJ, Honig A, Lousberg R, Cheriex EC, Tuynman-Qua
HG, Kujpers PM, et al: Efficacy and safety of fluoxetine in the
treatment of patients with major depression after first myocar-
dial infarction: findings from a double-blind, placebo-con-
trolled trial Psychsom Med 2000; 62(6):783-789

Roose SP, Glassman AH, Attia E, Woodring S, Giardina EG,
Bigger JT Jr: Cardiovascular effects of fluoxetine in depressed
patients with heart disease. Am J Psychiatry 1998; 155:660—
665

Pohl R, Balon R, Jayaraman A, Doll RG, Yeragani V: Effect of
fluoxetine, pemoline and placebo on heart period and QT vari-
ability in normal humans. J Psychosom Res 2003; 55:247-251
Edwards JG, Goldie A, Papayanni-Papasthatis S: Effect of
paroxetine on the electrocardiogram. Psychopharmacology
1989; 97:96-98

Kuhs H, Rudolf GAE: Cardiovascular effects of paroxetine.
Psychopharmacology 1990; 102:379-382

Nelson JC, Pritchett YL, Martynov O, Yu JY, Mallinckrodt
CH, Detke MJ: The safety and tolerability of duloxetine com-
pared with paroxetine and placebo: a pooled analysis of 4
clinical trials. Prim Care Companion J Clin Psychiatry 2006;
8:212-219

Roose SP, Laghrissi-Thode F, Kennedy JS, Nelson JC, Bigger
JT Jr, Pollock BG, et al: Comparison of paroxetine and nor-
triptyline in depressed patients with ischemic heart disease.
JAMA 1998; 279:287-291

Fisch C, Knoebel SB: Electrocardiographic findings in sertra-
line depression trials. Drug Investigation 1992; 4(4):305-312

Glassman AH, O’Connor CM, Califf RM, Swedberg K,
Schwartz P, Bigger JT Jr, et al: Sertraline treatment of major
depression in patients with acute MI or unstable angina. JAMA
2002; 288:701-709

Yeragani VK, Pohl R, Kampala VC, Balon R, Ramesh C,
Srinivasan K: Effects of nortriptyline and paroxetine on QT
variability in patients with panic disorder depress. Anxiety
2000; 11:126-130

Witchel HJ, Pabbathi VK, Hofmann G, Paul AA, Hancox JC:
Inhibitory actions of the selective serotonin re-uptake inhibitor
citalopram on HERG and ventricular L-type calcium currents
FEBS 2002; Lett 512:59-66

Overo KF: Citalopram: a new antidepressant from Lundbeck
research Montgomery SA, editor. Amsterdam, The Nether-
lands: Excerta Medica 1999:22-30

Vieweg WV, Hasnain M, Howland RH, Hettema JM, Kogut C,
Wood MA, et al: Citalopram, QTc interval prolongation, and
torsades de pointes. How should we apply the recent FDA
ruling? Am J Med 2012; 125:859—-868

Baumann P, Larson F: The pharmacokinetics of citalopram.
Rev Contemp Pharmacother 1995; 6:287-295

Personne M, Persson H, Sjoberg G: Citalopram toxicity. Lancet
1997; 350:518-519

Tan JY, Levin GM: Citalopram in the treatment of depression
and other potential uses in psychiatry. Pharmacotherapy 1999;
19:675-689

Psychosomatics 54:1, January-February 2013

www.psychosomaticsjournal.org 11


http://www.forestclinicaltrials.com/CTR/CTRController/CTRViewPDf?%20_file_id=scsr/SCSR_SCT-PK-21_final.pdf
http://www.forestclinicaltrials.com/CTR/CTRController/CTRViewPDf?%20_file_id=scsr/SCSR_SCT-PK-21_final.pdf
http://www.forestclinicaltrials.com/CTR/CTRController/CTRViewPDf?%20_file_id=scsr/SCSR_SCT-PK-21_final.pdf

QTc and Psychotropic Medications

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Friberg LE, Isbister GK, Duffull SB: Pharmacokinetic-pharma-
codynamic modeling of QT interval prolongation following
citalopram overdoses. Br J Clin Pharmacol 2005; 61:177-190
Vieweg WV, Wood MA: Tricyclic antidepressants, QT interval
prolongation, and torsades de pointes. Psychosomatics 2004;
45:371-377

Glassman AH: Cardiovascular effects of tricyclic antidepres-
sants. Annu Rev Med 1984; 35:503-511

Wenzel-Seifert K, Wittmann M, Haen E: QTc prolongation by
psychotropic drugs and the risk of torsades de pointes. Dtsch
Arztebl Int 2011; 108(41):687-693

Letsas K, Korantzopoulos P, Pappas L, Evangelou D, Efremi-
dis M, Kardaras F: QT interval prolongation associated with
venlafaxine administration. Int J Cardiol 2006; 109:116—-117
Isbister GK, Balit CR: Bupropion overdose: QTc prolongation
and its clinical significance. Ann Pharmacother 2003; 37:999—
1002

Hennessy S, Bilker WB, Knauss JS, Margolis DJ, Kimmel SE,
Reynolds RF, et al: Cardiac arrest and ventricular arrhythmia in
patients taking antipsychotic drugs: cohort study using admin-
istrative data. BMJ 2002; 325:1070

Ray WA, Meredith S, Thapa PB, Meador KG, Hall K, Murray
KT: Antipsychotics and the risk of sudden cardiac death Arch
Gen. Psychiatry 2001; 58:1161-1167

Straus SM, Bleumink GS, Dieleman JP, van der Lei J, ’t Jong
GW, Kingma JH, et al.: Antipsychotics and the risk of sudden
cardiac death. Arch Intern Med 2004; 164:1293-1297

Kelly HG, Fay JE, Laverty SG: Thioridazine hydrochloride
(Mellaril): its effect on the electrocardiogram and a report of
two fatalities with electrocardiographic abnormalities. Can
Med Assoc J 1963; 89:546-554

Harrigan EP, Miceli JJ, Anziano R, Watsky E, Reeves KR,
Cutler NR, et al: A randomized evaluation of the effects of six
antipsychotic agents on QTc, in the absence and presence of
metabolic inhibition. J Clin Psychopharmacol 2004; 24:62—69
Mehtonen OP, Aranko K, Milkonen L, Vapaatalo H: A survey
of sudden death associated with the use of antipsychotic or
antidepressant drugs: 49 cases in Finland. Acta Psychiatr Scand
1991;84:58—64

Chong SA, Mythily, Lum A, Goh HY, Chan YH: Prolonged
QTec intervals in medicated patients with schizophrenia. Hum
Psychopharmacol 2003; 18:647—649

Thomas D, Wu K, Kathofer S, Katus HA, Schoels W, Kiehn J,
et al: The antipsychotic drug chlorpromazine inhibits hERG
potassium channels. Br J Pharmacol 2003; 139:567-574
FDA. Briefing Document for Zeldox Capsules (Ziprasidone).
New York: Pfizer Inc, July 18 2000; 116

Breier A, Meehan K, Birkett M, David S, Ferchland I, Sutton
V, et al: A double-blind, placebo-controlled dose—response
comparison of intramuscular olanzapine and haloperidol in the
treatment of acute agitation in schizophrenia Arch Gen Psychi-
atry 2002; 59:441-448

Wright P, Birkett M, David SR, Meehan K, Ferchland I, Alaka
KJ, et al: Double-blind, placebo-controlled comparison of in-
tramuscular olanzapine and intramuscular haloperidol in the
treatment of acute agitation in schizophrenia. Am J Psychiatry
2001; 158:1149-1151

US Food and Drug Administration: Information for healthcare
professionals: haloperidol. FDA Alert 2007:9. Available at:

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

http://www.fda.gov/Drugs/DrugSafety/ucm085203.htm. Updated
Sept. 2007. Accessed Sept. 23 2012

Ozeki Y, Fujii K, Kurimoto N, Yamada N, Okawa M, Aoki T,
et al: QTc prolongation and antipsychotic medications in a
sample of 1017 patients with schizophrenia. Prog Neuropsy-
chopharmacol Biol Psychiatry 2010; 34:401-405

Vieweg WV, Schneider RK, Wood MA: Torsade de pointes in
a patient with complex medical and psychiatric conditions re-
ceiving low-dose quetiapine. Acta Psychiatr Scand 2005; 112:
318-322; author reply:322

Poluzzi E, Raschi E, Moretti U, De Ponti F: Drug-induced
torsades de pointes: data mining of the public version of the
FDA Adverse Event Reporting System (AERS). Pharmacoepi-
demiol Drug Saf 2009; 18(6):512-518

Miceli JJ, Tensfeldt TG, Shiovitz T, Anziano R, O’Gorman C,
Harrigan RH: Effects of oral ziprasidone and oral haloperidol
on QTc interval in patients with schizophrenia or schizoaffec-
tive disorder. Pharmacotherapy 2010; 30:127-135
Klein-Schwartz W, Lofton AL, Benson BE, Spiller HA,
Crouch BI: Prospective observational multi-poison center
study of ziprasidone exposures. Clin Toxicol 2007; 45:782—
786

Heinrich TW, Biblo LA, Schneider J: Torsades de pointes
associated with ziprasidone. Psychosomatics 2006; 47:264—
268

Manini AF, Hoffman RS, Nelson LS: Delayed torsade de
pointes (TdP) associated with ziprasidone overdose [abstract].
Clin Toxicol (Phila) 2007; 45:366

Ray WA, Chung CP, Murray KT, Hall K, Stein CM: Atypical
antipsychotic drugs and the risk of sudden cardiac death. N
Engl J Med 2009; 360:225-235

Stollberger C, Huber JO, Finsterer J: Antipsychotic drugs and
QT prolongation. Int Clin Psychopharmacol 2005; 20:243-251
Warner B, Hoffmann P: Investigation of the potential of clo-
zapine to cause torsade de pointes. Adverse Drug React Toxi-
col Rev 2002; 21:189-203

US Food and Drug Administration: Public health advisory:
deaths with antipsychotics in elderly patients with behavioral
disturbances 2005. Available at: http://www.fda.gov/Drugs/
DrugSafety/PostmarketDrugSafetyInformationforPatientsand
Providers/DrugSafetylnformationforHeathcareProfessionals/
PublicHealthAdvisories/ucm053171.htm. updated 3/2/2010.
Accessed October 28, 2012

Citrome L: Iloperidone: a clinical overview. J Clin Psychiatry
2011; 72(Suppl 1):19-23

Fanapt (Iloperidone) [package insert]. East Hanover, NJ: No-
vartis Pharmaceuticals Corp., 2012

Weiden PJ, Cutler AJ, Polymeropoulos MH, Wolfgang CD:
Safety profile of iloperidone: a pooled analysis of 6-week
acute-phase pivotal trials. J Clin Psychopharmacol 2008;
28(Suppl 1):S12-S19

Invega, (paliperidone) [package insert]. Titusville, NJ: Janssen
Pharmaceuticals, Inc.; 2011

Hough DW, Natarajan J, Vandebosch A, Rossenu S, Kramer
M, Eerdekens M: Evaluation of the effect of paliperidone ex-
tended release and quetiapine on corrected QT intervals: a
randomized, double-blind, placebo-controlled study. Int Clin
Psychopharmacol 2011; 26:25-34

Citrome L: Asenapine for schizophrenia and bipolar disorder: a
review of the efficacy and safety profile for this newly ap-

12

www.psychosomaticsjournal.org

Psychosomatics 54:1, January-February 2013


http://www.fda.gov/Drugs/DrugSafety/ucm085203.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/PublicHealthAdvisories/ucm053171.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/PublicHealthAdvisories/ucm053171.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/PublicHealthAdvisories/ucm053171.htm
http://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationforPatientsandProviders/DrugSafetyInformationforHeathcareProfessionals/PublicHealthAdvisories/ucm053171.htm

102.

103.

104.

105.

106.

proved sublingually absorbed second-generation antipsychotic.
Int J Clin Pract 2009; 63:1762—-1784

Saphris: (Asenapine) [package insert]. Whitehouse Station, NJ:
Merck, Sharpe and Dohme Corp. 2012

Latudalurasidone) [package insert]. Marlborough, MA: Sunovion
Pharmaceuticals, Inc. 2012

Potkin SG, Ogasa M, Cucchiaro J, Loebel A: Double-blind
comparison of the safety and efficacy of lurasidone and
ziprasidone in clinically stable outpatients with schizophre-
nia or schizoaffective disorder. Schizophr Res 2011; 132:
101-107

Belgamwar RB, El-Sayeh HG: Aripiprazole versus placebo for
schizophrenia. Cochrane Database Syst Rev 2011; 8:CD00
6622:CD006622

Muzyk AJ, Rivelli SK, Gagliardi JP, Revollo JY, Jiang W: A
retrospective study exploring the effects of intramuscular arip-

107.

108.

109.

110.

Beach et al.

iprazole on QTc change in agitated medically ill patients J. Clin
Psychopharmacol 2011; 31:532-534

Hsu CH, Liu PY, Chen JH, Yeh TL, Tsai HY, Lin LJ: Elec-
trocardiographic abnormalities as predictors for over-range
lithium levels. Cardiology 2007; 103:101-106

Stiefel G, Besag FMC: Cardiovascular effects of methylphenidate,
amphetamines and atomoxetine in the treatment of attention-def-
icit hyperactivity disorder. Drug Saf 2010; 33:821-842
Available at: www.azcert.org/medical-pros/drug-lists/bycategory.
cfim. Accessed October 24, 2012

Jiang W, O’Connor C, Silva SG, Kuchibhatla M, Cuffe MS,
Callwood DD, et al: Safety and efficacy of sertraline for de-
pression in patients with CHF (SADHART-CHF): a random-
ized, double-blind, placebo-controlled trial of sertraline for
major depression with congestive heart failure. Am Heart J
2008; 156:437-444

Psychosomatics 54:1, January-February 2013

www.psychosomaticsjournal.org 13


http://www.azcert.org/medical-pros/drug-lists/bycategory.cfm
http://www.azcert.org/medical-pros/drug-lists/bycategory.cfm

	QTc Prolongation, Torsades de Pointes, and Psychotropic Medications
	The QT Interval
	Torsades De Pointes (TdP)
	Risk Factors for Prolonged QTc and TdP
	Future Directions in TdP Risk Assessment
	Antidepressants and The QTc interval
	Selective Serotonin Reuptake Inhibitors (SSRIs)
	Other Antidepressants

	Antipsychotics and QTc Prolongation
	Typical Antipsychotics
	Atypical Antipsychotics
	Other Psychiatric Medications

	Conclusion
	References


