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Abstract. Ventricular tachycardia (VT) is a common heart arrhythmia and a world health problem. The introduction of Western diets heavy in fats and sugar has increased the likelihood of myocardial infarction (MI) in many countries throughout the world. When an MI occurs, the infarcted tissue is rendered nonconducting. Electrical activation must therefore proceed around the infarcted region, through an adjacent region termed the infarct border zone or IBZ. The IBZ is constrained where the infarct is superficial. There is bounded by infarct at depth and by the heart surface. It is at this constrained region from whence VT typically originates. The electrically activating wavefront propagates through the constrained region, after which it bifurcates, curves around in the opposite direction, and then reenters the constrained region. The phenomenon, known as double-loop reentry of the activating wavefront, is a common cause of VT in cardiac patients. Thus even after recovery from an MI, there is the likelihood that VT can occur in such patients at any time, which results in a fast and sometimes irregular heartbeat and the compromise of blood flow, leading to morbidity and mortality. Presently, voltage mapping during electrophysiologic study is used to detect the constrained region, or isthmus, where double-loop reentry can occur. Once this region is detected it can be ablated with radiofrequency energy in the hopes of destroying the arrhythmogenic tissue. At the reentry isthmus, the surviving region of viable tissue is thin resulting in a smaller volume, and therefore lesser voltage level being generated during activation, which is evident in the electrograms recorded from the catheter tip. However, not all low voltage regions of the heart are areas where a reentry isthmus will form. Moreover, for any particular region where detection of a low voltage correctly indicates a location where an isthmus will form, the low voltage map does not provide information concerning how an ablation lesion should be positioned in order to prevent propagation of the impulse during double-loop reentry. Thus follow-up ablation is often needed, which is inconvenient for the patient and adds to the cost of treatment. We have developed a mathematical modal of electrical impulse propagation during reentrant VT which is based on IBZ geometry. Where the electrically activating wavefront propagates from a smaller to larger volume of viable tissue, there is an impedance mismatch, and the leading of the wavefront becomes convex. If the convexity is at a critical level, there will be insufficient current available for forward propagation, and the wavefront will block. We have shown that these conditions occur at the lateral edges of the constrained IBZ, at the boundary between very thin IBZ with adjacent regions where the IBZ becomes much thicker. It is at the lateral boundaries that functional block lines form during reentry. By ablating across the two boundaries, the electrical impulse can then no longer propagate through the constrained region, and therefore double-loop reentry is prevented from recurring. Such a properly placed lesion made by radiofrequency catheter ablation can therefore be used to permanently block the impulse. To visualize the IBZ geometry, magnetic resonance imaging has been utilized, or more recently, optical coherence tomography has been implemented for real-time analysis. Most recently, it has been shown that variation in IBZ thickness change at the isthmus lateral boundaries can lead to discontinuous conduction, which is a source of the electro gram fraction evident in signals recorded from the region.
