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The QT interval is the electrocardiographic manifestation of ventricular
depolarization and repolarization. Drug-induced long QT syndrome is
characterized by acquired, corrected QT (QTc) interval prolongation that

is associated with increased risk of torsade de pointes. Every physician
must recognize if the drugs he or she prescribes prolongs the QTc interval,
especially if the drug is prescribed for a chronic condition in older patients
who are on polypharmacy. The evolution of alpha-blockers for the treatment
of benign prostatic hyperplasia has allowed the development of drugs that are
easier to administer and better tolerated. Because alpha-blockers generally
have equivalent efficacy, this class of drugs is typically differentiated by
safety and side effects. Studies suggest that alpha-blockers may vary in
regard to their effect on the QT interval, and, therefore, on their predisposi-
tion to cause potentially life-threatening ventricular arrhythmias.
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profile. This article will discuss why and how the QT interval is mea-

sured, risk factors for QT interval prolongation, how assessment of the
QT interval has affected modern drug development, commonly prescribed drugs
for urologic indications that cause corrected QT (QTc) interval prolongation,
and how the clinician should interpret a warning from the US Food and Drug
Administration (FDA). This article will also consider the selection of alpha-blockers
for benign prostatic hyperplasia (BPH) therapy from the perspectives of an
electrophysiologist and a urologist.

Q drug’s effect on the QT interval is an important component of its safety
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QT Interval and Selection of Alpha-Blockers for BPH continued

Why Do We Measure

the QT Interval?

Drug-induced long QT syndrome
(LQTS) is characterized by acquired
QTc prolongation that is associated
with increased risk of torsade de
pointes (TdP). Symptoms may include
palpitations, syncope, and seizurelike
activity. Episodes of TdP are usually
self-limited, but they may degenerate
to ventricular fibrillation and result in
sudden cardiac death. Some pharma-
cologic agents prolong QTc interval in
a dose-dependent manner, and others
do so independent of dose.'

The QT interval is the electrocardio-
graphic (ECG) manifestation of ven-
tricular depolarization and repolariza-
tion. Other ECG variables have been
investigated as predictors of TdP. QT
dispersion (the difference between QT
maximum and minimum intervals),
postulated as a more direct measure of
heterogeneity of repolarization, de-
pends primarily on T-wave morphol-
ogy and does not accurately predict
drug-induced TdP.*’ T, -T., mea-
surement, suggested as a measure of
transmural dispersion of repolariza-
tion, needs prospective validation.*
Manifest T-wave alternans (beat-to-
beat amplitude or polarity alternation),
a harbinger of instability in congenital
LQTS, is rare in acquired LQTS and
may not have the same implications.’
Microvolt T-wave alternans predicts
susceptibility to ventricular arrhyth-
mias.® Its predictive value for drug-in-
duced TdP is unclear. Despite a lack of
specificity, QT interval prolongation is
the most useful clinical variable to pre-
dict risk of TdP.

How Do We Measure

the QT Interval?

The QT interval on the ECG remains
somewhat mystical, and it is often
misunderstood and underappreciated
by the thousands of clinicians who
routinely order ECGs and read them
on a daily basis. The QT interval is
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Figure 1. The QT interval represents the du-
ration of the action potential in the myocar-
dial cell, including cellular depolarization
and repolarization. Adapted with permission
from Arnsdorf M and Lee P.*’
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ascertained because it identifies pa-
tients who are at a higher risk of de-
veloping life-threatening polymorphic
ventricular tachycardia or TdP. The QT
interval represents the duration of the
action potential in the myocardial cell,
which includes cellular depolarization
and repolarization (Figure 1).
Measuring the QT interval is not an
exact science. The relationship be-
tween the duration of cellular action
potentials and the QT interval
recorded at the body surface is com-
plex, making it difficult to measure
this phenomenon with precision.
First, there is inherent imprecision in
identifying the end of the T wave.
Significant variation among some

ECG leads, both in the onset of the
QRS complex and at the end of the T
wave, provides different QT values.
Technical factors such as paper speed
and sensitivity influence QT measure-
ments, with higher paper speed lead-
ing to shorter interval values and
higher sensitivity resulting in QT pro-
longation.”® On a surface ECG, the QT
interval is measured from the QRS
segment onset to T-wave termina-
tion. QT interval should be measured
manually when there is a particular
need for accuracy. The longest QT in-
tervals are generally found in the
precordial leads (V1 to V6), with V3
and V4 the most reliable for assessing
QT prolongation (Figure 2).

Figure 2. The longest QT intervals are gen-
erally found in the precordial leads (V1-V6),
with V3 and V4 most reliable for assessing
QT prolongation.
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QT intervals may vary according to
diurnal fashion, electrolyte imbal-
ance, autonomic fluctuations, and
ECG acquisition technique. The QT in-
terval becomes prolonged with brady-
cardia and shortens with tachycardia,
a finding that led to the development
of a rate correction, or QTc interval,

dents due to noncardiac medications,
virtually all patients had 1 risk factor,
and 71% had multiple risk factors.” The
most common risk factor was female
sex; 71% of the study subjects were
women. Other common risk factors in-
cluded hypokalemia, structural heart
disease, the coadministration of mul-

QT intervals may vary according to diurnal fashion, electrolyte imbalance,
autonomic fluctuations, and electrocardiogram acquisition technique.

calculated as the longest measured QT
interval in milliseconds divided by the
square root of the RR interval. A QTc
of less than 440 milliseconds is con-
sidered normal, and intervals of 440
to 460 milliseconds in men and 440
to 470 milliseconds in women are
considered borderline. QTc intervals
above these values are abnormal and
considered prolonged. It is difficult to
accurately measure QTc intervals in
patients with irregular heart rates, es-
pecially those with atrial fibrillation
and conduction abnormalities, such
as a right or left bundle branch block
that prolong the QRS intervals. In the
presence of atrial fibrillation, some
physicians manually measure the
longest and shortest QT interval and
take an average, whereas others mea-
sure 10 intervals and take an average.

Who Is at Risk for QT

Interval Prolongation?

Myocardial repolarization is primarily
mediated by potassium ion -efflux.
Nearly all drugs that prolong QTc in-
terval block potassium efflux via the
rapid component of the delayed recti-
fier (repolarizing) current (I ). Many
patients with marked QTc interval pro-
longation never develop TdP, and oth-
ers develop it with minimal prolonga-
tion. Fortunately, most patients treated
with QT-prolonging medications never
develop TdP. Several risk factors pre-
dispose patients to drug-induced LQTS
and TdP. In a review of 249 TdP inci-

tiple QT-prolonging drugs or agents
interfering with metabolism, greater-
than-average drug dosage, baseline
QTc interval of at least 450 millisec-
onds, familial congenital LQTS, and
prior drug-induced TdP. Hepatic im-
pairment, bradycardia, and atrioven-
tricular block also increase TdP risk."

Subclinical mutations in genes
causing congenital LQTS have been
found in patients with drug-induced
QT interval prolongation and ventric-
ular arrhythmias."'* Yang and col-
leagues' found mutations or poly-
morphisms in one of the long QT
genes in 10% to 15% of patients with
drug-related TdP. One mutation in the
cardiac sodium channel gene SCN5A

is their propensity to delay cardiac re-
polarization as measured by the QT
interval of a surface ECG. Although
the degree of QT interval prolongation
is understood to be an imperfect bio-
marker for arrhythmia risk, regulatory
agencies around the globe have never-
theless begun to employ intense over-
sight over QT interval prolongation
for non-antiarrhythmic drugs during
the marketing application process. In-
deed, prolongation of the QT interval
by noncardiac drugs continues to be
the most common source of regulatory
nonapprovals.'” In May 2005, a guid-
ance document from the International
Conference on Harmonisation of
Technical Requirements for Registra-
tion of Pharmaceuticals for Human
Use (ICH) was published that discussed
many aspects of QT interval clinical
investigations, including study design
and data analysis issues, and the im-
pact of study results on drug labeling
and future risk management. This
document, entitled E14 Clinical Eval-
uation of QT/QTc Interval Prolongation
and Proarrhythmic Potential for Non-
Antiarrhythmic Drugs,'® continues
today to be the most important regu-
latory document on this subject for

Nearly all drugs that prolong QTc interval block potassium efflux via the
rapid component of the delayed rectifier (repolarizing) current (I,,).

has been identified primarily in
African Americans (13.2%).'° Patients
with congenital LQTS generally do
not have arrhythmias in the absence
of provocation. Variable redundancy
of repolarizing currents may explain
why some patients with mutations do
not develop QT interval prolongation
or TdP until exogenous insults further
limit repolarization.®

Assessment of the QT Interval
in Modern Drug Development
An unfortunate characteristic of some
non-antiarrhythmic pharmaceuticals

pharmaceutical firms soliciting mar-
keting approval of new drugs.
Nevertheless, although the publica-
tion of this guidance did much to
assuage the heightened anxiety in the
drug development industry regarding
the regulatory requirement to describe
arrhythmic risk, many study design
and analysis issues continue to plague
those who must implement such re-
search. The scope of this article
precludes a full description and ex-
ploration of these unanswered ques-
tions, but they have been examined
elsewhere.' Suffice it to say that as in
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QT Interval and Selection of Alpha-Blockers for BPH continued

most areas of drug research, the spon-
sor must consult heavily with special-
ists who understand this discipline
thoroughly and who are current in
their knowledge of the scientific and
regulatory controversies.

In addition to the design and
analysis issues associated with these
studies, the subsequent use of the re-
sults to predict risk itself becomes for-
midable. For instance, debate exists
among cardiologists regarding the
point at which a QT interval delay be-
gins to predict meaningful clinical

distinct research has brought wel-
come assistance to clinical develop-
ment groups facing this challenging
undertaking.

Commonly Prescribed Drugs for
Urologic Indications That Cause
QTc Interval Prolongation
Because of the potentially life-threat-
ening consequences of QT interval
prolongation, the FDA has mandated
that all new drugs under development
undergo critical assessment of their ef-
fects on the QTc interval. It is

Debate exists among cardiologists regarding the point at which a QT interval
delay begins to predict meaningful clinical jeopardy.

jeopardy. It is generally believed that
drugs that prolong the mean QT inter-
val by 5 milliseconds or less do not cre-
ate an arrhythmic threat; however, that
threshold may be as high as 10 milli-
seconds or beyond. Although minor
delays in repolarization cannot be
construed in any way as a hazard for
healthy individuals, patients with pre-
disposing circumstances, such as elec-
trolyte abnormalities, congestive
heart failure, and impaired drug
clearance, may be unfortunately af-
fected after the addition of such an
incremental risk.

Finally, sponsors of QT interval
studies must be prepared for the sig-
nificant research costs associated with
these investigations. Although the
final expense of such a study will be
the result of a multifactorial formula,
outside costs will normally range
from $1 million to $3 million, making
such explorations one of the most ex-
pensive nonpivotal studies in a drug
development program.

The assessment of the effect of
drugs on cardiac repolarization con-
tinues to be a rapidly evolving and
elaborate endeavor. Fortunately, the
birth and maturation of an ambi-
tious subindustry specializing in this
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important to recognize that drugs ap-
proved by the FDA prior to 2005 did
not undergo a rigorous assessment of
QTc interval prolongation. In some
cases where postapproval follow-up
suggested increased cardiovascular
complications, the FDA has required
the pharmaceutical sponsors to con-
duct postmarketing studies specifically
examining QTc interval prolongation.

Every physician must recognize if
the drugs he or she prescribes pro-
motes QTc interval prolongation, es-
pecially if the drug is prescribed for a

Table 1
Urology Drugs That Cause Cor-
rected QT Interval Prolongation

Alfuzosin
Iprofloxacin
Imipramine
Levofloxacin
Tolterodine
Trimethoprim/sulfa
Vardenafil

Care Pharmaceuticals, Wayne, NJ),
imipramine (Tofranil-PM®, Mallinck-
rodt, St. Louis, MO), levofloxacin (Lev-
aquin®, Ortho-McNeil-Janssen Phar-
maceuticals, Titusville, NJ), tolterodine
(Detrol LA®, Pfizer Inc, New York, NY),
trimethoprim/sulfa (Bactrim®, Roche,
Nutley, NJ; Septra®, Monarch Pharma-
ceuticals, Inc., Bristol, TN), and varde-
nafil (Levitra®, Bayer HealthCare Phar-
maceuticals) (Table 1). The level of
evidence for causing TdP is scored
from 1 to 4, with level 1 having the
greatest risk. Alfuzosin, levofloxacin,
and vardenafil are categorized as level
2, which is defined as drugs that in
some reports may be associated with

Alfuzosin, levofloxacin, and vardenafil are categorized as level 2, which is
defined as drugs that in some reports may be associated with torsade de
pointes (TdP) but at this time lack substantial evidence for causing TdP.

chronic condition in older patients
who are on polypharmacy. A com-
plete list of drugs that cause QTc in-
terval prolongation is available from
the Arizona Center for Education and
Research on Therapeutics (CERT) at
http://www.qtdrugs.org/medical-pros/
drug-lists/drug-lists.cfm. The drugs on
this list commonly prescribed by urol-
ogists include alfuzosin (Uroxatral®,
sanofi-aventis, Bridgewater, NJ),
ciprofloxacin (Cipro®, Bayer Health-
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TdP but at this time lack substantial
evidence for causing TdP.

How Should the Clinician
Interpret an FDA Warning for
an Increase in the QT Interval?
Part of the thought process that goes
into the decision to prescribe a med-
ication or device for a patient in-
cludes performance of an accurate
risk:benefit assessment. There is no
absolute definition of what constitutes
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abnormal incremental QTc prolonga-
tion caused by a pharmaceutical
agent. The ICH E14 guidelines define
an incremental QTc prolongation of
more than 5 milliseconds as abnor-

QT interval or predispose to life-
threatening arrhythmias, which usu-
ally occur with no warning. Many
physicians who prescribe agents for
BPH do not have immediate access to

A complete list of drugs that cause QTc interval prolongation is available
from the Arizona Center for Education and Research on Therapeutics (CERT)
at http://www.qtdrugs.org/medical-pros/drug-lists/drug-lists.cfin.

mal.'"® A warning that a medical ther-
apy can lead to a prolongation of the
QT interval should be of concern to
clinicians. Particular caution is ad-
vised in treating patients who are pre-
disposed to TdP, including those who
have conditions that will prolong QTc,
such as hypokalemia and hypomag-
nesemia; those with underlying car-
diac abnormalities, such as heart fail-
ure, hypothyroidism, or familial long
QT syndrome; or those who are taking
other drugs that are known to prolong
the QT interval.

Many men with BPH are taking
commonly prescribed medications
such as thiazide or loop diuretics
that predispose to hypokalemia or
hypomagnesemia; drugs that predis-
pose to TdP, such as clarithromycin
or amiodarone; or drugs with possi-
ble risk of TdP, including vardenafil,
venlafaxine, nicardipine, or lev-
ofloxacin.?® Other pharmaceuticals
may interfere with the metabolism
of drugs that normally cause mini-
mal QT interval prolongation by in-
hibiting pathways such as CYP3A4,
leading to an exaggeration of QT
prolongation and a greater predispo-
sition to TdP.

With safety being the primary con-
cern in patient care, particularly when
treating quality-of-life conditions
such as BPH, physicians in the com-
plex and fast-paced world of clinical
practice should gravitate to the use of
agents with the best safety profile.
This approach is particularly impor-
tant with agents that prolong the

ECG monitoring equipment to check
baseline and on-treatment QTc inter-
val, so it is prudent to avoid agents
that affect cardiac repolarization if
other alternatives are available.

The QTc Interval and

Selection of Alpha-Blockers

for BPH Therapy:

An Electrophysiologist’s
Perspective

Before prescribing any medication,
the risks, benefits, and alternatives
should be carefully considered. Sev-
eral issues must be clarified in order

long QT patients, and drugs unlikely

to cause TdP.

If QT interval prolongation is a risk,

is my patient likely to develop TdP?

Women are at higher risk for devel-

oping TdP. Therefore, the risk of

TdP is lower in the BPH population.

A personal and family history of

cardiac disease or hepatic impair-

ment should be solicited. Hepatic
impairment may also be identified
through baseline blood tests. The

QT interval, QTc interval, and the

presence of bradycardia and/or atri-

oventricular block are easily assessed
on 12-lead ECG.

e [s the patient taking other QT-
interval-prolonging drugs or agents
that interfere with drug metabolism?
This issue can be assessed by check-
ing the Arizona CERT list. It is also
imperative that clinicians be aware
of metabolic drug-drug interactions
before prescribing any new therapy.'
Alfuzosin (Uroxatral), an alpha,-

blocker widely used for BPH, pro-

With safety being the primary concern in patient care, particularly when
treating quality-of-life conditions such as benign prostatic hyperplasia,
physicians in the complex and fast-paced world of clinical practice should
gravitate to the use of agents with the best safety profile.

to put into perspective how QT inter-

val data should influence the selec-

tion of alpha-blockers for BPH. For
example,

e To what degree does the drug prolong
the QT interval, and is the QT inter-
val prolongation routine? Small, in-
consistent changes in QTc interval
may be clinically insignificant.

e Has the drug been implicated in
TdP? Some drugs, like amiodarone,
routinely prolong the QT interval
but are quite unlikely to cause
TdP.?' Arizona CERT stratifies drugs
into 4 classes: drugs with risk of
TdP, drugs with possible risk of TdP,
drugs to be avoided by congenital

duces a mild, dose-dependent QT in-
terval prolongation. Alfuzosin was
approved by the FDA in 2003, and
had been used extensively in Europe
for several years before that.?*** Ari-
zona CERT lists alfuzosin among the
drugs that have been associated (in
some reports) with QT interval pro-
longation and/or TdP but currently
lack substantial evidence for causing
TdP. Some investigators report no sig-
nificant effect on the QT interval with
the recommended 10 mg once daily
sustained-release preparation.** Coad-
ministration with potent CYP3A4 in-
hibitors (cytochrome P450 system liver
metabolism), such as ketoconazole,
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itraconazole, and ritonavir, increases
alfuzosin blood levels and is con-
traindicated.”® It seems prudent to
avoid this agent in patients with con-
genital or acquired LQTS. Alfuzosin
may delay cardiac repolarization by
increasing the sodium current.?® It is
unclear whether patients with QT
interval prolongation due to in-
creased sodium channel activity

and cessation of the offending phar-
macotherapy.'

The QTc Interval and Selection of
Alpha-Blockers for BPH Therapy:
A Urologist’s Perspective

Over the past 25 years, the evolution
of alpha-blockers for the treatment of
BPH has allowed the development of
drugs that are easier to administer

If an agent that prolongs the QT interval is prescribed, patients should be

counseled about proarrhythmic risk.

(LQTS 3) or predisposing mutations
(African Americans) have an espe-
cially high risk.

There are no definitive comparative
data that alfuzosin is more risky than
other alpha-blockers currently in use
for BPH. However, TdP may degenerate
to ventricular fibrillation and result in
sudden cardiac death. Therefore, it is
not prudent to recommend an agent
with proarrhythmic potential (albeit
low or unknown) as a first-line
choice in patients at risk if alterna-
tives are available.

If an agent that prolongs the QT in-
terval is prescribed, patients should be
counseled about proarrhythmic risk.
Symptoms such as new-onset palpita-
tions, syncope, or seizurelike activity
require immediate medical attention

and better tolerated.”” Terazosin and
doxazosin are long-acting alpha,-
blockers that are dosed once daily.
The introduction of these longer act-
ing drugs diminished side effects and
increased the convenience of drug
administration. The primary advan-
tage of tamsulosin over terazosin and
doxazosin is the ability to administer
an effective dose without dose titra-
tion.”> Although tamsulosin was asso-
ciated with a higher risk of ejacula-
tory problems, it readily became the
market leader due to its ease of admin-
istration and lack of effect on blood
pressure. Alfuzosin SR is the most re-
cent alpha,-blocker to enter the US
marketplace. The primary advantage of
alfuzosin SR over tamsulosin is the
lack of ejaculatory problems.”

Due to concerns regarding post-
marketing cardiovascular events, the
FDA required the pharmaceutical
sponsor of alfuzosin to conduct QTc
interval studies to determine the
proarrhythmic potential of this agent.
These studies suggested that alfuzosin
prolonged the QTc interval. The label-
ing information was amended to
include a warning related to QTc
effects.”” There have been no studies
demonstrating that tamsulosin, doxa-
zosin, or terazosin does not prolong
the QTc interval. It is unlikely that
these studies will ever be performed
because generic terazosin and doxa-
zosin are currently available and tam-
sulosin will likely lose its patent
exclusivity in the near future.

Silodosin (Watson Pharmaceuticals,
Inc., Corona, CA) is a novel alpha-
blocker in development for the treat-
ment of BPH. In anticipation of the
marketing application for silodosin
during the new regulatory and re-
search climate, a double-blind, ran-
domized, parallel-group QT trial was
conducted in 186 subjects to define
the potential impact of this drug on
cardiac repolarization. The expected
clinical dose (8 mg once daily) and a
supratherapeutic dose (24 mg) were in-
vestigated, along with placebo and
moxifloxacin, an antibiotic known to
cause small increases in the QT interval

Main Points

e QT prolongation is the most useful clinical variable to predict risk of torsade de pointes (TdP). Episodes of TdP are usually self-
limited, but they may degenerate to ventricular fibrillation and result in sudden cardiac death.

e On a surface electrocardiogram, the QT interval is measured from the QRS segment onset to T-wave termination; it should be
measured manually when there is a particular need for accuracy.

e Several risk factors predispose patients to drug-induced long QT syndrome and TdP, including female sex, hypokalemia, structural
heart disease, and the coadministration of multiple QT-prolonging drugs or agents interfering with their metabolism.

e Prolongation of the QT interval by noncardiac drugs continues to be the most common source of regulatory nonapprovals.

e Alfuzosin, an alpha,-blocker widely used for benign prostatic hyperplasia, produces a mild, dose-dependent QT interval

prolongation.

e The primary advantage of silodosin is its proven lack of effect on QTc interval prolongation.
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(a positive control). Results from this
investigation indicated that neither
dose of silodosin caused any posi-
tive delay on cardiac repolarization
(0.6 and —2.5 milliseconds, respec-
tively), whereas the placebo and the
positive control demonstrated expected
changes (—0.8 and 3.2 milliseconds, re-
spectively).”” Like tamsulosin, silodosin
causes ejaculatory dysfunction in a
small subset of men.”® The fact that
tamsulosin remains the most com-
monly prescribed alpha-blocker in
2008 suggests that ejaculatory issues
are not perceived to be a significant
clinical problem by the prescribing
community.

The individual physician prescrib-
ing any drug cannot simply ignore a
warning related to QTc interval pro-
longation. It is incumbent upon the
prescribing physician to understand
the implications of QTc interval
prolongation and to recognize any co-
existing conditions or drug interactions
that may increase the clinical signifi-
cance of the QTc interval prolongation.
Because alpha-blockers generally have
equivalent efficacy, this class of drugs
is typically differentiated by safety and
side effects. The primary disadvantage
of tamsulosin and, now, silodosin is the
effect on ejaculatory function. The pri-
mary advantage of silodosin is its
proven lack of effect on QTc interval
prolongation. The primary disadvan-
tage of alfuzosin is the fact it has a pro-
longation effect on the QTc interval. If
silodosin is approved by the FDA, the
decision to prescribe either silodosin
or alfuzosin must balance ejaculatory
dysfunction and QTc interval prolon-
gation. It may be reasonable to offer
silodosin as first-line therapy especially

in men on polypharmacy or those
who have significant cardiovascular
comorbidity. [ ]
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