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A. Background 

A.1. Several pre-clinical tests on isolated cardiac tissues as well as in experimental animals indicate 

that the arrhythmogenic potential of drugs is determined not only by their effect on the duration of 

ventricular repolarization (prolongation or shortening) but also by the way in which they affect the 

heterogeneity of ventricular repolarization and/or autonomic tone (see, for example: ref 1-8).  

 

A.2. Recently, several new data on this topic became available. For instance, results with a large set of 

compounds in isolated rabbit hearts suggest that either drug-induced prolongation (induction of 

torsades de pointes) or shortening (induction of ventricular fibrillation) of the duration of the action 

potential (AP) is arrhythmogenic, provided it is accompanied by changes in AP characteristics. Such 

changes include triangulation of the shape, reverse use dependency, beat-to-beat instability of the AP 

duration and dispersion of AP duration between epicardial  and endocardial layers (TRIaD; ref 2-4).  

Also, in canine experiments in vivo, torsadogenic drugs eliciting early afterdepolarizations 

such as dofetilide, sotalol, erythromycin (see, for example: ref 5, 6) not only prolong QTc but 

also induce beat-to-beat instability in QT prolongation (time-dependent QT dispersion) as 

well as increases in the difference in the duration of QT peak to QT end of the surface ECG 

(transmural QT dispersion as defined in  ref 1; see ref 5, 8). By contrast, induction of QT 

time-dependent and/or transmural dispersion without QTc prolongation as with isoproterenol, 

or QTc prolongation without induction of QT heterogeneity as with moxifloxacin at certain 

doses do not elicit pro-arrhythmogenic early afterdepolarizations in vivo in dogs (ref 8).  

Such in vitro and in vivo experimental data strongly suggest that the arrhythmogenic potential of 

compounds (induction of torsades de pointes or/ and of ventricular fibrillation) depends on their 

overall effect on the electrophysiological characteristics of ventricular repolarization, rather than a 

“simple” effect of QTc duration as such, despite intrinsic differences (ref 1) in ion channel 

density/activity between several transmural layers of the myocardium . 

 

A.3. The mechanisms which may explain such differential drug effects on the dynamics of periodicity 

in ventricular repolarization are multiple, but still remain elusive. They may include : 

 

A.3.1. Pharmacodynamic factors: drug effects on multiple cardiac ion channels and/or adrenergic 

receptors. 

 

Examples of such mechanisms are provided compounds blocking the hERG channel (IKr) in isolated 

cells (verapamil, sertindole, pimozide..), yet not producing a high level of arrhythmogenesis in vitro or 
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in vivo, possibly via their additional effect on other cardiac ion channels such as ICa, INa or on cardiac 

adrenergic receptors (amiodarone) (see, for example: ref 5, 9) and by compounds attenuating cardiac 

sodium and/or calcium channels (lidocaine, nisoldipine, n-3 polyunsaturated fatty acids), thus reducing 

QT heterogeneity and pro-arrhythmias induced by  Class III agents such as  almokalant or dofetilide in 

isolated rabbit ventricular muscles or hearts (ref 10,11). 

 

A.3.2.Pharmacokinetic factors: drug distrubution/ effect throughout myocardial layers 

 

Despite an intrinsic difference (ref 1) in ion channel density/ activity between several transmural 

layers of the myocardium, the arrhythmogenic- torsadogenic potential of a given compound can 

depend on the rate of its biological exposure. A classic example is that of almokalant which is highly 

torsadogenic in anaesthetized rabbits challenged with methoxamine when delivered at a fast infusion  

rate, but not when administered at a prolonged infusion rate , despite similar plasma levels and effects 

on QTc duration as the former delivery rate (ref 12).  

This raises the possibility that a time-dependent or uniform drug distribution/effect on  ion channels 

or/and receptors throughout the different layers of myocardium can avoid arrhythmogenicity. This 

may depend on the specific physicochemical characteristics of each individual compound at hand. 

 

A.4.  Drug-induced effects on cardiac electrophysiology are bound to be far more complex  in patients 

than those in normal or “diseased” animal preparations. Therefore,  interactions between clinical and  

pre-clinical investigators, as well as with regulatory authorities, are needed to determine the nature and 

validity of future pre-clinical approaches for a refined detection of drug-induced pro-arrhythmias. 

 

B. Purpose of the break- out session on “Dynamics of Periodicity”  

The purposes of this break-out session can include :  

1. identify mechanisms in terms of cellular biology/pharmacology by which such differences in 

arrhythmogenic potential of drugs operate  

� see detailed section below (C. Some Suggestions for Future Approaches) 

 

2. mobilize resources for a set of targeted tests identifying a next 

approach to characterize such drug effects: 

� identify and validate suitable research organizations & obtain prices/timelines 

� mobilize sponsors in private and governmental institutions 

� produce detailed protocols for the projects 

 

3.  select/activate a set of tests, capable of convincing regulatory agencies. 

� obtain agreement on intensions, protocols, timelines with regulatory agencies 
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� obtain agreement with a major peer-reviewed journal to eventually publish results 

� initiate the projects and report the results in peer-reviewed journal and to regulatory 

agencies 

 

C. Some Suggestions for Future Approaches 

 

C.1. Item 1. Identify mechanisms in terms of cellular biology/pharmacology by which such 

differences in arrhythmogenic potential of drugs operate  

 

C.1.1.  In vitro tests 

C.1.1.1. Approaches via tests on isolated cardiac tissues.  

The pioneering work of Dr Antzelevitch C and his group revealed the role of temporal  

and transmural dispersion of ventricular repolarization in the eventual torsadogenic effect of QT 

prolonging drugs (see, for example: ref 1). Several recent experiments  (ref 2-4, 13) support the 

importance of changes in the characteristics of ventricular repolarization (triangulation, reverse use 

dependency, instability in time between consecutive beats, dispersion/ heterogeneity between epi-and 

endocardial AP duration: TRIaD; see ref 2) and of ventricular conduction time as prerequisites for the 

induction of cardiac arrhythmias (torsades de pointes = TdP or ventricular fibrillation= VF) by 

compounds prolonging (TdP induction) or shortening the duration of ventricular repolarization (VF 

induction ). 

In principle, additional analyses/tests can be performed in any appropriate in vitro set-up, but an 

approach in the isolated female rabbit hearts (ref 2-4) would have the advantage of a high throughput 

& resolution and a solid validation via a large data base on cardiovascular and non-cardiovascular 

compounds (see: Hondeghem LM, presentation at the ILSI meeting, november 2, 2005). 

 

Future approaches in this model (or another equivalent one) to be considered include … 

 

• A search on the available data base to identify & select interesting compounds with differential 

effects on ventricular repolarization and conduction time, in particular those.. 

1. producing APD prolongation, plus TRIaD and eliciting TdP or other AR 

2. producing APD prolongation , without TRIaD , not eliciting TdP or other AR 

3. producing APD shortening, plus TRIaD and eliciting TdP or other AR 

4. producing APD shortening, without TRIaD, not eliciting TdP or other AR 

(obviously, the identity of compounds can/will only be disclosed when the sponsor of the 

tests agrees in an appropriate statement). 
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• A search on the available data base  to identify (if possible) a dominant parameter  (if any..) in the 

TRIaD series, leading to an eventual AR effect. This is importance to determine whether 

measurements of beat- to -beat differences in QT duration ( time-dependent “ QT instability”) is 

sufficient or whether other ECG parameters than beat-to-beat variability in QT duration (for 

example, differences in the QT Peak to QT end..) should be quantified as well in drug-treated 

patients. 

 

• A contact with regulatory agencies to obtain a (strictly confidential) list of compounds of special 

clinical importance in terms of their electrophysiological effects and test them in  the in vitro set-

ups (and , if possible, in the in vivo set-ups), if practically feasible.  

 

• Additional tests with a number of salient compounds, which are already available in the public 

domain. Such compounds should already be documented for the fact that they can produce QTc 

prolongation but have a low torsadogenic effect in man. Compounds of particular interest in this 

respect could be, for example, sertindole, pimozide, moxifloxacin, ebastine, fenoxifenadine. 

 

• A check for potential pharmacodynamic effects: organize tests in which some selected compounds 

are tested 1. via a short exposure at increasing concentrations versus 2. a long exposure to the 

same preparation at a constant concentration during a protracted time period , allowing drug-

saturation/homogeneous distribution throughout different layers of the myocardium. The 

observation by Di Diego JM et al  in the group of Dr Antzelevitch C in their canine wedge 

preparation that cisapride, at higher concentrations, but also longer contact times further prolongs 

QT vis -a- vis lower concentrations/shorter contact times without increasing transmural dispersion 

or inducing TdP,  leaves open an important research quest. Indeed, that research quest is whether 

or not such a “ biphasic” effect of cisapride (QT prolongation + prolonged Tpeak-Tend +TdP  at 

low concentrations/short exposure times versus QT prolongation without increased Tpeak-Tend 

and without TdP at higher concentrations/ longer exposure times) is due to an additional drug 

effect on “correcting” channels at higher concentrations (INa, ICa.. ), or to a saturation/ 

homogeneous effect on IKr channels throughout different myocardial layers at longer exposition 

time in vitro (ref 14). 

 

C.1.1.2. Additional approaches via tests on ion channels/cardiac receptors activity. 

 

• The potential torsadogenic effect of a drug-induced IKr blockade can be modulated by an effect on 

other ion channels (INa, ICa..) or on cardiac autonomic receptors (see, for example: ref 9, 11). 

However, drug effects on the latter ion channels can shorten action potential duration and favour 

other types of arrhythmias. 
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• Therefore, we suggest to test the compounds, scrutinized in isolated rabbit hearts,  in depth for 

effects on several cardiac ion channels and receptors. (concentration dependency, incubation 

times, kinetics of effect at different cycle lengths and stimulation rates..).  

 

 

C.1.2.  In vivo tests 

 

• So far, only limited data seem to be available from tests in experimental animals such as 

anaesthetized dogs in which detailed analyses of ECG parameters - such as beat-to-beat variability 

of QT duration or differences between QT peak to QT end  as a parameter for transmural 

dispersion – have been applied systematically (sotalol, dofetilide, isoproterenol, flecainide, 

sertindole; see, for example; ref 5-8, 16). 

• To ensure their validity for clinical practise, the feasibility/ relevance of such detailed ECG 

analyses in man should be checked on beforehand. 

• Additional compounds of interest should be tested in this model using ECG readings & analyses 

using appropriate soft ware programmes, together with monophasic action potential recordings in 

the ventricle to check on incidences of  pro-arrhythmogenic early afterdepolarizations. Again, the 

same set of compounds, tested for effects on action potential characteristics in isolated cardiac 

tissues and on cardiac ion channels/ receptors,  should be considered for testing here. 

• To check the potential importance of pharmacokinetic factors (see, for example: ref 12), tests with 

the same compound delivered via bolus versus slow infusion are to be considered. 

• Measurements of drug concentrations in plasma and in heart tissues seems imperative for all such 

experiments. 
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