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Key Points 
 An entirely subcutaneous implantable cardioverter-defibrillator (S-ICD) system 

has been designed that eliminates the need for transvenous electrodes or leads 
placed in the heart. 

 In spite of the need for higher energy shocks with the defibrillation electrodes 
placed outside of the thorax in the subcutaneous tissue, cardiac enzymes and 
histopathology do not suggest increased injury to the heart. 

 
Sudden cardiac death may be the first sign of heart disease and accounts for 

300,000 to 400,000 human deaths annually in the United States. The most common cause 
of sudden death is ventricular fibrillation (VF), which is a deterioration in the organized 
electrical activity of the heart leading to hemodynamic collapse. The ability to stop VF 
with a strong electrical shock was demonstrated in the eighteenth century. However, the 
major advance in therapy for VF and sudden death only occurred in relatively recent 
history with the introduction of the automatic implantable cardioverter-defibillator (ICD). 
Beginning with placement of the first automatic ICD in dogs and subsequent human 
implantation in 1980, the use of ICD therapy to prevent sudden cardiac death has 
increased exponentially since these early implants.  The ICD system began with an 
epicardial patch with connection to an abdominally placed pulse generator and has 
evolved to today’s ICD system with a transvenous lead with the electrode tip in the right 
ventricle and connected to a pectorally placed pulse generator.  More recently, data were 
reported on an S-ICD system that could potentially overcome some problems associated 
with traditional transvenous lead implantation.  Issues such as vascular access, vascular 
injury, difficult extraction and replacement procedures, and radiation exposure during 
fluoroscopy remain as potential complications associated with short and long-term 
management of the traditional ICD patient. Moreover, pediatric ICD implantation 
multiplies these complexities as the leads may require replacement over decades of 
implantation. However, significantly higher energy shocks are required with the 
subcutaneous ICD system, which raises the question of whether the shocks cause more 
damage than shocks by transvenous ICDs. Subsequent studies in anesthetized pigs 
indicate that in spite of higher energy 80-J shocks, the S-ICD group had lower 
myocardial enzyme values, indicating less cardiac injury than the control pigs receiving 
35-J transvenous shocks. Semi-quantitative histological grading of subcutaneous and 
skeletal muscle injury was mild to moderate in both groups due to surgical implantation 
with a small increase in the injury score with shock delivery in the S-ICD animals. 
Neither the lungs nor the myocardium in either group of 
animals had any histological indication of shock injury. 
This completely subcutaneous implantable system that 
does not require transvenous access or fluoroscopic 
guidance may proove useful in veterinary medicine. 
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