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Communicating Antitachycardia Pacing-Enabled 
Leadless Pacemaker and Subcutaneous Implantable 
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Original Research Letter
To the Editor: Transvenous lead related complications occur throughout the spectrum of cardiac rhythm man-
agement (CRM) device therapies (1). These complications incur significant cost to the healthcare system and have 
tremendous impact on patient quality of life. The subcutaneous implantable cardioverter defibrillator (S-ICD) and 
leadless cardiac pacemaker (LCP) were designed to eliminate the need for intracardiac transvenous leads and 
initial studies have shown safety and efficacy for both devices (2-5). To expand the therapeutic armamentarium 
with multicomponent leadless pacing and defibrillation devices, safe and effective device-device communica-
tion is one of the key challenges to overcome. Herein we report the first proof of concept pre-clinical study of a 
combined implant of a communicating ATP-enabled LCP and S-ICD, in which wireless, intra-body, device-device 
communication and ATP-delivery by the LCP was evaluated. 

This study was performed in an ovine animal model (n=2) in which an LCP prototype (Boston Scientific Cor-
poration, USA) was implanted in the right ventricular apex. Conducted communication was used to establish 
programmer-LCP communication and baseline LCP performance measures were obtained. Hereafter, the S-ICD 
prototype (Boston Scientific Corporation, USA) and standard S-ICD lead were implanted using fluoroscopy. 
S-ICD-LCP communication (also using conducted communication) was assessed, checked for interference and 
heart rhythm discrimination was evaluated. An external pacing catheter was placed in the left ventricular apex 
to induce ventricular arrhythmias and simulate monomorphic ventricular tachycardia (VT). S-ICD ATP-commands 
were manually triggered from the S-ICD programmer via standard RF communication. The S-ICD then transmitted 
the ATP-request to the LCP via conducted communication and the response was evaluated. 

The LCP was successfully implanted in both animals. After gaining venous access, the LCP (connected to the 
delivery catheter) was inserted in the femoral vein through the 21F introducer (Figure, Panel A), advanced to 
the right ventricle and visualized with contrast dye (Panel B). The LCP was deployed in the RV apex and fixated 
using 4 nitinol tines (Panel C, D). A tug test was performed to test LCP fixation and after verification of adequate 
electrical measurements, the LCP was released (Panel E). Baseline LCP measurements in animal 1 and 2 were, 
respectively: R-wave 17 and 21 mV; pacing capture threshold 1.0V@0.48ms and 0.1V@0.40ms; and impedance 
587 and 766 Ohms. Subsequently, the S-ICD was implanted with the pulse generator in the mid-axillary line on 
the left side. The S-ICD lead was tunneled to the contra-lateral side and the coil positioned in the right axillary 
line (Panel F). Both animals were programmed in the optimal sensing vector (Primary, proximal sensing electrode 
to can). Programmer-LCP and LCP-S-ICD communication were established without interference. S-ICD rhythm 
discrimination during intrinsic rhythm, LCP pacing and ventricular arrhythmia was adequate in all S-ICD sensing 
vectors, i.e. no oversensing or undersensing was observed. During ventricular fibrillation (VF) the LCP adequate-
ly sensed VF and inhibited pacing, when programmed to high sensitivity settings (≤0.5mV). However, at low 
sensitivity settings (≥1.0mV) the LCP did not sense the VF rhythm and converted to VVI pacing. VVI or VOO-pacing 
during VF did not interfere with S-ICD rhythm discrimination and did not lead to VF underdection by the S-ICD 
(Supplemental Figure). Uni-directional communication between the S-ICD and LCP was successful in all (n=15/15) 
attempts (Panel G) resulting in ATP delivery by the LCP (10 beats at 81% of coupling interval) after induced VT. 
Acute retrieval of the LCP was feasible.  
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Figure

 

The main finding of this pre-clinical study of a combined ATP-enabled LCP and S-ICD implant was that intra-body 
wireless communication between both devices was successful. The novel LCP was successfully implanted and 
retrieved, showed appropriate VVI function and successful (S-ICD triggered) ATP-delivery. The S-ICD showed 
adequate rhythm discrimination during intrinsic and LCP pacing in these initial experiments. However, further 
investigation of the S-ICD rhythm discrimination during intrinsic rhythm, ventricular tachyarrhythmias, LCP pac-
ing, and conducted communication is warranted. Particularly the behavior of the LCP during VF and the effect on 
S-ICD sensitivity for VF, requires rigorous study. Limitations of this study include the small number of animal sub-
jects, differences between human and sheep, and the use of prototype technology. Future technology directions 
could include bi-directional communication that allows rhythm confirmation by the LCP to enhance S-ICD rhythm 
discrimination and minimize inappropriate shocks.

The combined LCP and S-ICD therapy that was studied is a first proof of concept of successful wireless de-
vice-device communication in CRM, and a first step to establish multi-component device systems that eliminate 
the need for transvenous leads. We demonstrated appropriate VVI functionality, successful wireless S-ICD to 
LCP communication and ATP delivery by the LCP. The next steps should include larger and chronic studies of 
independently functioning ATP-enabled LCP and S-ICD systems, before this therapy can be considered for use in 
human clinical trials.  
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