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Fig. 1 Schematic representation of causal link between
administration of Ixr channel blocker and torsades de
pointes (TdP) onset. Because patients vary widely in their
sensitivity to Ixr channel blockers, these agents do not al-
ways prolong QT interval or induce TdP. Use of assay
systems that mimic the pathophysiologic conditions of pa-
tients is essential.
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Fig. 2 Expected mechanism of torsades de pointes (T'dP)
onset. On the basis of their pharmacokinetic profile, Ixr
channel blockers are distributed to the heart to prolong
QT interval in patients with reduced repolarization re-
serve, which results in temporal and spatial dispersion of
repolarization, leading to TdP onset. The ICH S7B guide-
linel- 3 recommends that the Ik, inhibitory profile of a drug
should be examined by in vitro Ik, assay and that drug-in-
duced QT-interval prolongation should be assessed by in
vivo QT assay, while drug-induced proarrhythmic sub-
strates and onset of lethal arrhythmias are confirmed in
follow-up studies. This figure was modified from Sugiya-
mad.

ICH: International Conference on Harmonisation of Techni-
cal Requirements for Registration of Pharmaceuticals for
Human Use
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Fig. 3 Comparison of the extent of repolarization reserve in normal and sick hearts.

This figure was modified from Sugiyama®.
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Drug-Induced Long QT Syndrome: Present and Future

Atsushi Sugiyama

Professor, Department of Pharmacology, School of Medicine, Faculty of Medicine, Toho University

ABSTRACT: Many non-cardiac drugs and antiarrhythmic drugs induce repolarization delay by inhibit-
ing a rapid component of delayed rectifier K" currents in the heart. These drugs can cause torsades de pointes
(TdP) in some patients, even though the drugs did not result in QT prolongation in preclinical animal experiments or
clinical studies. We have extensively investigated how to better predict the onset of drug-induced TdP in preclinical
studies, which has led to the development of 3 animal models of TdP that exhibit chronic atrioventricular block. In a
canine model, test substances were administered per os to conscious dogs more than 4 weeks after induction of
atrioventricular block, because electrophysiologic, anatomic, histologic, and biochemical adaptations against persis-
tent bradycardia-induced chronic heart failure are complete within 4 weeks. On the basis of results from pharma-
cologically treated animals, drugs were classified into high, low, or no risk. High-risk drugs induced TdP at 1 to 3
times the therapeutic dose. Low-risk drugs induced TdP only at much higher doses. No-risk drugs did not induce TdP
at any dose. In addition, we developed TdP models using cynomolgus monkeys and Microminipigs. These models
showed essentially the same pathophysiologic adaptations and drug responses as those seen in the canine model.
These in vivo TdP model animals will provide important information for identifying the risks of new drugs during pre-

clinical development.

J Med Soc Toho 59 (3): 138-143, 2012

KEYWORDS: drug-induced long QT syndrome, TdP, repolarization reserve, proarrhythmia model,
K" channel
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