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ABSTRACT

Cardiovascular disease i1s the major health and economic problem in most
countries around the world. The most lethal form of the cardiovascular disease is
ventricular fibrillation (VF) which causes sudden death in human with all ages.
Currently, the only means for VF termination is an electrical defibrillation delivers
directly to the heart. The lowest electrical energy or voltage required for successful
defibrillation is defined as a defibrillation threshold (DFT). However, high energy
shocks are not benign for human bodies. Thus, there are significantly clinical interests
in the DFT reduction by the implementation of medical devices, pharmacological
interventions, or introducing a novel therapeutic strategy such as vagal nerve

stimulation (VNS). Although VNS has been known as a therapeutic tool for
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epilepsy and drug resistant depression, growing evidence from both animals and
clinical studies strongly confirmed the potential of VNS as an effective therapeutic
strategy for heart disease. Moreover, the previous study has shown that VNS applied
before the defibrillation onset (the pre-shock period) could decrease the DFT.
However, the previous studies have shown that rapid cardiac electrical activities
occurring after the defibrillation onset (post-shock activation) could be responsible for
failed defibrillation. In addition, another experimental study has shown that the
radiofrequency ablation at the arrhythmogenic region could interrupt the post-shock
activation leading to the DFT reduction. Since the post-shock activation plays an
important role on the VF, we hypothesized that VNS applied continuously at the VF
onset until the post-shock period can interrupt the post-shock activation and reduce
the DFT more than VNS applied at the pre-shock period only. In the present study,
we sought to investigate the impact of timing of VNS and also determine the effects
of various VNS stimulation frequencies and stimulus training durations on the DFT in
a swine model.

Thirteen anesthetized swine (30-35kg) were randomly divided into 2 groups,
group 1 (n=7) was subjected to the first and second protocols, and group 2 (n=6) was
subjected to the third protocol. For the first protocol, ECG was recorded and the
effects of left cervical (LC) VNS frequencies (5 and 20 Hz) and durations (10, 15 and
20 s) on the normal sinus rhythm (NSR) were determined from the ECG morphology
(R-R interval, P-R interval, QRS complex and QT). For the second protocol, the DFT
was determined at the beginning of the study and defined as the baseline DFT by
using a three-reversal up/down protocol. Each defibrillation shock (RV-SVC,

biphasic) was delivered 10 s after VF induction. LC VNS was applied immediately
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after the VF induction and continued for 10, 15, and 20 s for each frequency. The
DFT was determined again after the VNS. The third protocol was the combination
methods of the first and the second protocols, which the most effective VNS
parameter (10 mA, 5 Hz, 20 s) was selected. The ECG was recorded and the DFT
was determined at the baseline, after the VNS and after the VNS plus 3%
mepivacaine (local nerve block). We found that, 5 Hz VNS significantly prolonged
the R-R and the P-R intervals while 20 Hz VNS induced severe heart block.
Furthermore, 5 Hz VNS applied for 15 and 20 s, and 20 Hz VNS applied for 10 s
markedly reduced the DFT by significantly reduced both the delivered voltage and
energy. Noticeably, the mepivacaine was applied, VNS did not make any changed on
the ECG parameters and the DFT when compared with the baseline. Thus, VNS
applied continuously at the onset of ventricular fibrillation until the post-shock period
markedly reduced the DFT. Therefore, VNS might enhance the therapeutic efficacy

during the electrical defibrillation.
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