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Evaluation of new therapeutic agents for their potential to cause QT interval prolongation and drug-induced ventricular
arrhythmia, like Torsades de Pointes (TdP), is a critical activity during drug development. The QT interval has been used as a
surrogate biomarker to assess ventricular repolarization effects caused by drug-induced blockade of cardiac repolarizing
currents, mainly I, but is imperfect in predicting proarrhythmia. Evidence suggests that left ventricular mechanical
dysfunction may also contribute to ventricular arrhythmias; thus, electrical and mechanical alterations may have a role in
drug-induced TdP. The electromechanical window (EMw) represents the time difference between the end of electrical systole
(i.e. the QT interval) and the completion of ventricular relaxation (i.e. the QLVP.nq interval), and appears to be a new potential
biomarker for TdP risk. A reduction in the EMw (to negative values) has now been shown to be associated with the onset of
TdP in an anaesthetized dog model of long QT1 syndrome. Therefore, the EMw represents a novel indicator of TdP risk that
may add predictive value beyond assay of drug-induced QT interval prolongation.

LINKED ARTICLE

This article is a commentary on van der Linde et al., pp. 1444-1454 of this issue. To view this paper visit http://dx.doi.org/
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Abbreviations

EMw, electromechanical window; hERG, human Ether-a-go-go Related Gene; Ik, slowly activating potassium membrane
current; Iy, rapidly activating potassium membrane current; LVP, left ventricular pressure;
QT interval, time between Q and T waveforms; TdP, Torsade de Pointes

Some drug-induced arrhythmias, like polymorphic
ventricular tachycardia or Torsades de Pointes (TdP),
have been associated with prolongation of the QT
interval (Roden, 2004). Consequently, assessment of
new therapeutic agents for their potential to delay
ventricular repolarization is a primary safety focus
during non-clinical and clinical drug development
(Anon, 2005a,b). Most drugs known to cause long
QT syndrome do so by preferentially blocking the
rapidly activating delayed rectifier potassium
current Ik (Sanguinetti efal., 1995). The human
Ether-a-go-go Related Gene (hERG) encodes the pore-
forming o-subunit of Ik, a K* current with a critical
role in ventricular repolarization. During non-

clinical testing, it is common to use a variety of in
vitro (e.g. hERG channel function assay), ex vivo (e.g.
isolated heart or Purkinje fibres or myocytes from
various species) and in vivo animal models (e.g.
anaesthetized or conscious preparations) to assess
the ability of a new candidate drug to cause QT
prolongation (Pollard et al., 2010). While the QT
interval is a straightforward parameter to measure in
animal models and humans, and there is a mecha-
nistic link to hERG channel function and blockade
(Wallis, 2010), the QT end point is not a reliable
predictor of TdP risk, because some agents that
inhibit hERG/Ik, current or prolong the QT interval
are not associated with TdP, such as verapamil and
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amiodarone (Roden, 2004). Furthermore, the QT
interval is an imperfect biomarker of proarrhythmic
risk because it is highly variable due to normal varia-
tions in heart rate and autonomic tone (Fossa,
2008); thus, drug-induced changes in the QT (or
heart rate-corrected QT) interval may not accurately
reflect or quantify TdP risk. As a result, a variety of
specialized assays have emerged, like the atrioven-
tricular (AV)-blocked rabbit heart and the ventricu-
lar wedge preparation, and complex animal models
with remodelled hearts, such as AV-blocked dogs, as
additional approaches to study drug-induced disper-
sion of repolarization, beat to beat instability and
TdP risk in normal and diseased myocardium, to
augment risk evaluation beyond QT interval prolon-
gation (Lee et al., 2010).

In this issue of the British Journal of Pharmacology,
van der Linde et al. (2010) describe a cardiovascular
study in the anaesthetized dog that evaluated a new
end point, the cardiac electromechanical window
(EMw), and its potential value as a proarrhythmia
biomarker for TdP. The EMw represents the time
difference between the QT interval (or the duration
of electrical systole) and the duration of a left ven-
tricular pressure (LVP) cycle or the QLVP.nq interval
(measured from Q wave onset to the end of the LVP
signal; Figure 1). In their study, alterations in the
EMw were assessed at normal heart rate (rest) and
after various interventions (cardiac pacing, atropine,
elevation or reduction in body temperature) to
assess the relationship between QT and QLVPenq at
various heart rates. In addition, the magnitude and
direction of change in the EMw were examined fol-
lowing administration of a QT interval prolonging
agent alone (HMR1556, an Ik blocker), and in
combination with isoprenaline (B-adrenoceptor
agonist), a positive inotrope/chronotrope that
shortens the QLVP.,q interval. The authors demon-
strated in untreated anaesthetized dogs with a
resting heart rate (~80 beats per minute) that the
EMw has a positive magnitude because the QLVPenq
duration is longer than the QT interval, and that the
EMw remained relatively positive (>0 ms) when the
heart rate was elevated by pacing, vagal blockade or
isoprenaline challenge. In contrast with the QT
interval, which varied with body temperature in this
study, the EMw was relatively uninfluenced by body
temperature, and remained positive, that is, QLVPenq
> QT. Of great interest to proarrhythmia risk evalu-
ation was the finding that delayed cardiac repolar-
ization (QT prolongation) induced by HMR1556
shortened the EMw (28 ms) relative to the baseline
value (87 ms), and when a bolus dose of isoprena-
line was given afterwards, the EMw became negative
(=109 ms; QT > QLVPenq) and TdP was observed in all
animals. However, no TdP was observed in dogs at
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The cardiac electromechanical window (EMw). The relationship
between the electrocardiogram (upper) and aortic (AoP) and left
ventricular pressure (LVP) curves (lower) are depicted. The time
difference between the QT interval duration (electrical systolic) and
its associated ventricular contraction-relaxation cycle (QLVPenq) is
the EMw. (Figure modified from van der Linde et al., 2010, with
permission).

baseline, or following maximal Ik, blockade follow-
ing HMR1556; thus, the emergence of TdP following
cardiac B-adrenoceptor activation suggests that
alterations in ventricular mechanics may have been
arrhythmogenic. Given that the dogs used in the
study were normal and presumably healthy in
regard to cardiac electrical activity, structure and
function, the reduction in the EMw prior to the
onset of TdP implies that assessment of electrome-
chanical events may be a predictor of ventricular
arrhythmia beyond prolongation of the QT interval.

Alterations in left ventricular dysfunction have
been recognized to be a predictor of sudden cardiac
death in humans, so it is likely that complex elec-
trophysiological and mechanical interactions may
contribute to or underlie the occurrence of drug-
induced arrhythmia (Fabritz, 2007; Kirchhof et al.,
2008). Earlier, work from Gallacher etal. (2007)
demonstrated that in an anaesthetized dog model of
drug-induced long QT1 syndrome, left ventricular
systolic aftercontractions preceded the onset of TdP
following isoprenaline challenge, which the authors
surmised might be an indication of a role for abnor-
mal calcium homeostasis having a role in TdP onset



in this model. The current experimental findings of
van der Linde etal. (2010) expand this work and
demonstrate that electrical and mechanical changes
associated with drug-induced TdP are manifested as
negative changes in the EMw, which reinforces the
notion that ventricular electromechanical interac-
tions may conspire to induce TdP, and can be mod-
elled in this assay system.

While this EMw end point is relatively straight-
forward to measure and appears to be a more stable
and reliable index of proarrhythmic risk in compari-
son to QT interval, this work is limited, and needs to
be studied further and confirmed by others. In the
future, it will be important to study agents known to
prolong the heart rate corrected QT interval and
induce TdP in humans, especially hERG/I blockers,
to evaluate their overall effect on the magnitude and
direction of the EMw, and the overall performance
and predictive value of this novel end point in the
anaesthetized dog assay. It might also be valuable to
evaluate the EMw end point in conscious animals,
with invasive or non-invasive LVP assessment
methods, to see if this biomarker responds in the
same manner in unanaesthetized animals, or if the
anaesthetized animal is a more sensitive model.
Clinical evidence has identified left ventricular dys-
function in patients with long QT syndrome (De
Ferrari and Schwartz, 2009; Huagaa et al., 2009), so
future scientific investigations on the EMw end
point in non-clinical studies will further our under-
standing of this new biomarker, and its possible
value in the evaluation of new drugs for TdP risk.
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