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Defibrillation of cardiac arrhythmias currently requires large electric shocks (as large as 360J externally and 15J internally). However, we recently have shown using optical mapping of canine right atrial preparations that a series of low-energy pulses with a frequency close to the arrhythmia frequency can terminate atrial fibrillation using only a small fraction of the energy required by a single defibrillation pulse. Using voltage-sensitive optical mapping and high-resolution reconstructed canine atrial and ventricular structures from micro-computed tomography, we now present evidence that synchronization is the mechanism responsible for defibrillation via our low-energy method and show how anti-fibrillation pacing or AFP can be applicable for termination of atrial and ventricular fibrillation. We have found that the average energy required for termination using this novel control strategy compared to the energy necessary for a single shock was 19% for canine in vitro ventricular fibrillation (21 AFP episodes, 6 preparations), 16% for canine in vitro atrial fibrillation (56 AFP episodes, 7 preparations) and 9% for canine in vivo atrial fibrillation (46 AFP episodes, 5 preparations). Our results suggest that the energy required for successful defibrillation may be near or below the pain threshold and therefore may lead to future clinical applications.

