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Abstract

outlast repolarization, a phenomenon known as postrepolarization refractoriness. Hyperkalemia causes a depolarization of the mycardium at rest, slowing conduction, depressing excitability and increasing the recovery time of
the h gates of sodium channels. Another metabolic abnormality caused by ischemia is hypoxia, which causes
a reduction in the ATP/ADP ratio that can slow calcium
pumps and exchangers [4],increasing intracellular sodium
and calcium concentrations as well as activating ATP sensitive potasium chanels (IKAT P channels) [2]. Acidosis reduces the availability of sodium and calcium channels, reducing excitability and slowing conduction. These
metabolic abnormalities cause inhomogeneities of resting
potential and dispersion in recovery of excitability in the
tissue. In addition, these inhomogeneities provide settings
for unidirectional blocks which can become the substrate
for arrhythmias. Even though it is possible to reproduce
unidirectional blocks experimentally, reproducing unidirectional blocks during acute ischemia are difficult.
The aim of this work was to study the effects of hyperkalemia, anoxia and acidosis on recovery of excitability and conduction mechanisms on recent human cardiac
action potential models[5, 6] using computer simulations.
The APD, ERP as well as conduction velocity were measured and compared for the different cell types subjected
to different levels of hyperkalemia, hypoxia and acidosis
using one dimensional simulations.

Computer simulations have been used to study the mechanisms of postrepolarization refractoriness in cardiac cells
under ischemic conditions at the cellular level. The ten
Tusscher model of the cardiac action potential has been
used with the formulation of the ATP-sensitive K + current
by Ferrero et al being adopted. Cells were subjected to
hyperkalemia, hypoxic and acidic conditions. The results
show that the three components of ischemia decrease the
action potential duration (APD) as well as the conduction
velocity, while effective refractory period (ERP) depicts a
non-monotonic behavior. Under hyperkalemic conditions,
no supernormal conduction is observed near physiologic
values, and conduction relies on ICa(L) for [K + ]o > 11
mmol/L. Under hypoxic conditions the trend observed in
hyperkalemia are maintained but conduction blocking is
obtained at a [K + ]o concentration of 10 mmol/L. This condition minimally affects the conduction velocity of the hyperkalemic tissue. Acidosis gradually increases the difference between ERP and APD for reductions above the 60%,
with conduction blocking occuring at 90%.

1.

Introduction

During ischemia, the delivery of substrates, primarily
oxygen, to the myocardium stops, resulting in a progressive deterioration of the electric activity in the injured region and subsequently to a loss of function and ultimately
pump failure [1]. These metabolic changes are mainly hypoxia, increased concentrations of the extracellular K +
(hyperkalemia), increased concentrations of intracellular
N a+ , and Ca2+ , decreased concentration of extracellular
N a+ , decrease of intracellular ATP, and acidosis[2, 3].
In normal myocardial cells, recovery of electrical excitability coincides in time with the end of the action potential [1]. Therefore, when membrane potential returns to
the resting value, the cell might be excited again if stimulated with a suprathreshold stimulus. Under pathologic
conditions (i.e., ischemia), the recovery of excitability may
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2.

Methods

A modified version of the ten Tusscher cardiac action
potential model [5, 6] was used in the simulations. The
model describes the principal ionic currents through the
cardiac cell membrane with high degree of electophysiological detail for the three types of cardiac cells. The basic
model was completed with the formulation of the ATPsensitive K + current (IKAT P ) described by Ferrero et al
[7]. Heterogeneites in the IKAT P current were not considered in this study.
Action potential generation and propagation in one dimension was described by using the following parabolic
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