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Abnormal heart rhythms, especially ventricular fibrillation, cause 10-15% of adult deaths in the developed
world. A loss of function mutation in just one of the cardiac ion channels that underlie electrical signalling in the
heart is sufficient to significantly increase the risk of sudden death, and often at a young age. Recent genome
wide association studies and whole exome sequencing projects have identified hundreds of genetic variants in
cardiac ion channel genes. Many of these are undoubtedly benign, but many are also likely to result in small
alterations of function. The challenge is the interpretation of cumulative effects of multiple small perturbations
on a multi variable nonlinear dynamic system. Our first foray into this area was restricted by computational
constraints and therefore focused on single (atrial) cells (see Mannet al., 2012). Utilising the computational
power of graphics processing units, we have now dev eloped an implementation of the electrocardiogram (ECG),
based on the model of the human cardiac action potential by O’Haraet al., (2011). We then used a partial least
squares regression analysis approach, pioneered in this field by Sobie (2009), to interrogate how each of the
models components contribute to the ECG signals at pacing rates that vary between 0.5 and 2 Hz. In addition to
reproducing the well described relationships between repolarisation durations and delayed rectifier potassium
currents our analysis can explain many previously unexplained clinical observations including the basis of
altered T-wav e amplitude and duration in the inherited arrhythmia syndromes SQTS and Anderson-Tiwali
syndrome.
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