
Introduction
Drug-induced prolongation of the QT interval has been

known to occur after administration of antiarrhythmics for
more than 20 years.1 Recently, drug-induced long QT
syndrome (LQTS) has been observed after administration of
non-antiarrhythmic medications.1 The additional attention
paid to the mechanisms of hereditary QT prolongation has
led to numerous advances in our understanding of how drugs
produce QT prolongation.1

Torsades de Pointes (TdP) is a concern in any patient
receiving a drug with QT prolonging potential.  TdP is a
polymorphic ventricular arrhythmia which may result from
LQTS and can lead to cardiac arrest.  At least nine drugs have
been withdrawn from the market world-wide because of their
propensity to cause TdP.  In fact, more drugs have been
removed from the market within the past 10 years in the
United States for increased risk for TdP than any other
reason.2 Fortunately, the risk of developing TdP is small
(<0.01% in the absence of risk factors)3 despite prolongation
of the QT interval.  This is because the etiology of TdP is
more complex than simple QT prolongation.2 This review
will discuss the pathophysiology, causes and management of
drug-induced QT prolongation. 

Pathophysiology
The length of the QT interval is inversely related to the

heart rate.  The faster the heart rate the shorter the QT
interval.  The most common method to eliminate the effect of
the heart rate is the Bazett formula for the QTc, which
divides the QT interval by the square root of the RR interval.
The QT interval is equal to the QTc interval when the heart
rate is 60 bpm.1 Normal QTc intervals are less than 430 ms
for males and less than 450 ms for females.  It is not
considered prolonged until it exceeds 450 ms in males and
470 ms in females. Lengthening of the QT interval occurs
when cardiac repolarization is delayed.
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Drug-Induced QT Prolongation
Depolarization occurs when positive ions (mostly sodium)

flow into the ventricular myocyte and repolarization when
positive ions (potassium) flow out.  The action potential is
lengthened when there is an augmentation of inward
depolarizing currents or inhibition of outward repolarizing
potassium currents in ventricular myocytes.2 Most types of
congenital LQTS are a result of genetic mutations in the ion
channels active during the ‘plateau’ phase (phase 2) of the
action potential responsible for the delicate balance between
depolarization and repolarization.  Drugs that prolong the QT
interval (drug-induced LQTS) almost universally interfere
with potassium outflow through the rapidly activating
delayed rectifier potassium channels (IKr).1 The IKr
channels are coded for by the human Ether-à-go-go Related
Gene (hERG) and are also called hERG channels.  Other
potassium channels may also be implicated in drug-induced
QT prolongation.2

Recent studies have shown variability in the sensitivity of
cardiac myocytes to pharmacologic interference with
repolarization based on location within the myocardium.2

Myocytes within the endocardium and epicardium are less
susceptible to QT prolongation by certain pharmacologic
agents than are mid-myocardium cells (M cells) found in the
deep structures of the ventricular myocardium. This
difference in susceptibility is due to ion flow through
membrane channels (smaller IKs and a larger late INa and
sodium-calcium exchange current (INa-Ca)).  Agents known
to cause TdP (quinidine, sotalol, etc.) do so through a
transmural dispersion of repolarization.  Repolarization is
delayed in one region of the myocardium (M cells) more than
in another region (endocardium and epicardium).  The end
result is a lengthened T-wave on the surface ECG.  TdP
develops in experimental models when the time difference in
repolarization between the M cells and other regions of the
ventricular myocardium approaches 90 ms.  When
endocardial and epicardial depolarization occur before M
cell repolarization is complete, TdP results.4 This premature
depolarization is also called early afterdepolarization (EAD).5








