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Abstract: Early afterdepolarization (EAD), a significant cause of fatal ventricular arrhythmias including Torsade de
Pointes (TdP) in long QT syndromes, is a depolarizing afterpotential at the plateau or repolarization phase in action
potential (AP) profile early before completing one pace. AP duration prolongation is related to EAD but is not nec-
essarily accounted for EAD. Several computational studies suggested EAD can form from an abnormality in the late
plateau and/or repolarization phase of AP shape. In this sense, we hypothesized the slope during repolarization has
the characteristics to predict TdP risk, mainly focusing on the maximum slope during repolarization (dVm/dtmax repor)-
This study aimed to predict the sensitivity of dVm/dtpay repot to ion channel conductances as a TdP risk metric through
a population simulation considering multiple effects of simultaneous reduction in six ion channel conductances of gy.r,
ko Ky Ctor Sk1, and ger. Additionally, we verified the availability of dVm/dty,y repor for TdP risk prediction through
the correlation analysis with qNet, the representative TdP metric. We performed the population simulations based
on the methodology of Gemmel et al. using the human ventricular myocyte model of Dutta et al. Among the six-
ion channel conductances, dVm/dtmay reps and gNet responded most sensitively to the change in gk, followed by gyar.
Furthermore, dVm/dtmay repa Showed a statistically significant high negative correlation with gNet. The dVm/dtmax repol
values were significantly different according to three TdP risk levels of high, intermediate, and low by gqNet
(p<0.001). In conclusion, we suggested dVm/dtmay repot @S @ new biomarker metric for TdP risk assessment.

Key words: dVm/dt,.x yepo, Torsades de Pointes (TdP), Population model, Ion channel conductance, Human
ventricular cell model
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Fig. 1. Visualization method of population modeling using a dimensional stacking; gx, conductance of 6 ion channels
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Fig. 4. Box-whisker plot of dVm/dtyy yepa according to the
TdP risk decided by qNet thresholds; box plot was drawn
based on upper quartile of 25% and lower quartile of 25%
with the median value as a solid line, upper and lower 1.5
times of interquartile range as whisker, the mean value in

a square shape (O), and outliers in a diamond shape ().
Asterisk (***) denotes the statistically significant difference
between TdP-risk groups (p<0.001).
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Table 1. Representative In-silico features using for assessing the proarrhythmic risk of drugs

In-silico features

Definitions

Tonic charge qNet The amount of charge moving through the Iy, channels (nC/pF)
features qInward The amount of charge mobbing through the inward ionic channels of I¢,, and I, mC/pF)
APDj,  Action potential duration at 50% repolarization (ms)
APDgy, Action potential duration at 90% repolarization (ms)
AP features APD,.. 2%%2?:?512% ](:))t; :?EZ;I potential duration obtained by calculating the difference between
AP,..x  Peak potential of cardiomyocytes (mV)
AP,siing  Resting potential of cardiomyocytes (mV)
CaDjsy  Intracellular calcium duration at 50% returning to baseline (ms)
CaDgy  Intracellular calcium duration at 90% returning to baseline (ms)
Ca features CaD,: Eriangulation of intracellular calcium duration obtained by calculating the difference
etween CaDjso and CaDgq (ms)
Capeak  Peak concentration of intracellular calcium (nM)
Cagiastole  Calcium concentration at diastolic periods (nM)
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