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In 1990, Monahan et al. [1] published a report
linking terfenadine, the first non-sedating antihis-
tamine, to QT prolongation and torsade de pointes
(TdP) ventricular tachycardia [1]. The  event that
led to this connection being noted was a syncopal
episode leading to a motor vehicle accident in
a middle-aged woman taking terfenadine and keta-
conazole, a drug that inhibited the metabolism of
the antihistamine. While it was well known that qui-
nidine and other antiarrhythmic drugs were asso-
ciated with TdP, the revelation that two non-car-
diac drugs could interact to cause a life-threaten-
ing interaction initiated a chain of events that has
had profound consequences for the pharmaceutical
industry. Apart from sounding the death knell for
a billion-dollar drug (terfenadine), the US Food and
Drug Administration demanded that all new drugs
should undergo an extensive evaluation for any tor-
sadegenic potential. This has greatly increased the
cost of developing new agents.

While the precise requirements for satisfying
regulators continue to evolve, at present in the
European Union [2] and the United States [3] all
new molecules must be evaluated for their effects
on repolarization using pre-clinical and clinical ap-
proaches. In the pre-clinical setting, each drug is
tested in an in vitro assay for evidence of inhibition
of the human ether-a-go-go-related gene (hERG)
associated potassium channel. The conductance of
this channel largely determines the duration of car-
diac repolarization in the resting state, i.e. at slow
heart rates and in the absence of sympathetic ner-
vous system stimulation.

Unfortunately, this critically important channel
has a structure that can be compared to a garbage
can, and many small molecules are capable of be-

coming lodged in its pore and inhibiting the pas-
sage of potassium ions. Drugs that block 50% of
the current flow at concentrations near those like-
ly to be achieved in vivo are considered to be high-
er risk for QT prolongation and TdP, although the
interpretation of these results is complicated by
a number of uncertainties. Drugs that achieve 20%
hERG blockade at very low concentrations may be
hazardous in subjects with a compromised repolari-
zation reserve; the exact amount of non-protein
bound free drug available to block the channel may
vary with the health of the individual; some drugs,
such as pentamidine, do not block the channel per
se but interfere with the movement of functional
channel protein to the cell membrane [4, 5]. Drugs
such as verapamil and ranolazine are potent hERG
blockers, but their balancing effects on inward cur-
rents offset the risk for TdP. These considerations
by themselves prevent regulators from relying on
a simple in vitro approach to screening new agents
for pro-arrhythmic potential.

The clinical evaluation of the TdP risk for new
drugs relies on a ‘Thorough QT (TQT) study’. This
approach, outlined in intentionally vague language
in the ICH E14 guidance, requires the serial mea-
surement of the QT interval in the presence of a pla-
cebo, the candidate drug, and a positive control [6].
The purpose of the positive control, usually a 400 mg
dose of the weak-QT prolonging drug moxifloxacin,
is to ensure that the assay is sufficiently sensitive
to reliably detect a 5 ms increase in rate-corrected
QT (QTc), meaning that the lower-bound of the 90%
confidence interval (CI) should be above 5 ms [7].
If the mean maximum placebo corrected QTc on
a drug is increased by 5 ms or more, or if the 95% CI
exceeds 10 ms, the study is deemed positive for
a ‘regulatory concern’ of QT prolongation. Thus,
a TQT study can falsely ‘fail’ if it does not demon-
strate sensitivity in picking up a > 5 ms increase



342

Cardiology Journal 2011, Vol. 18, No. 4

www.cardiologyjournal.org

in QTc on moxifloxacin [8], or if it lacks specificity,
and the on-drug QTc prolongs by as little as 4 ms
with a 95% CI of 11 ms.

Maximizing the precision of the QTc measure-
ment is imperative, because any increase in varia-
bility will result in a wider CI. The cost of a ‘false-
-positive’ TQT is the need for further studies that
add millions to the drug development [6].

The present issue of Cardiology Journal con-
tains an important contribution to the science of
measuring QTc precisely [9]. Darpo et al. [9] de-
scribe an automated method for QTc analysis that
appears significantly more precise than standard
methods when applied to two TQTs. From the
standpoint of the pharmaceutical industry, increas-
ing the precision of QTc measures is highly desi-
rable for at least two reasons: 1. It allows for TQT
to be performed in fewer subjects at considerable
cost savings, as well-proven by Malik et al. [10];
2. Greater precision reduces the likelihood of a TQT
failing due to inadequate sensitivity or specificity.

So the introduction of automated methods may
save the pharmaceutical industry money, but what
are the implications for public safety? Measuring
the QTc is the only accepted clinical approach, at
present, for predicting which drugs pose a risk of
TdP. Yet it is widely acknowledged that the extent
of QTc prolongation is neither particularly sensi-
tive nor specific for predicting TdP [11]. Improved
techniques for assessing the presence of depressed
repolarization reserve in individuals are sorely
needed. Particularly promising are methods assess-
ing the beat-to-beat variability in the duration of the
QT interval [12, 13] or changes in T wave morpho-
logy [14], either spontaneous or on drug. The suc-
cess of such approaches likely depends on the abi-
lity to precisely measure the QT interval in thou-
sands, or preferably hundreds of thousands, of
beats. We hope that the methods described by Dar-
po et al. [9] will be exploited to develop such new
approaches in order to achieve the proper goal of
identifying and quantifying the torsadegenic poten-
tial of new drugs.
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