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1  | INTRODUC TION

Entirely subcutaneous implantable cardioverter defibrillators 
(S- ICD™; Boston Scientific Corp., Marlborough, MA, USA) pro-
vide effective defibrillation and reduce the risk of infection or 
lead problems.1–3 However, as patients with bradycardia pacing 
indications are excluded from S- ICD therapy because the de-
vice lacks the capability for defibrillation in this patient group, 
they are used less than transvenous implantable cardioverter 
defibrillators (ICDs). Leadless pacemaker (LP) systems have re-
cently been developed, and their combined use with S- ICD pro-
vides a potential solution to the problem with S- ICD use without 
transvenous leads for patients with an ICD together with pacing 
indications.1 The LP system was approved for use in Japan in 
September 2017.

2  | C A SE REPORT

A 72- year- old woman who underwent aortic valve replacement 
surgery because of aortic valve regurgitation with heart failure in 
2010 and aortic valve re- replacement and mitral valve replacement 
surgery because of prosthetic valve endocarditis (PVE) in 2014 pre-
sented to our department. It was determined that she needed life-
long antibiotic therapy because she had repetitive PVE caused by 
Staphylococcus agaractiae.

In 2018, she experienced sustained ventricular tachycardia, and 
her left ventricular ejection fraction was 45%. Considering the his-
tory of recurrent infection, S- ICD was preferred over transvenous 
ICD. Therefore, she received an S- ICD for secondary prophylaxis 
against sudden cardiac death. The generator automatically selected a 
secondary shocking vector as the optimal sensing and gain selection 
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Abstract
The subcutaneous implantable cardioverter defibrillator (S- ICD) system was devel-
oped for defibrillation therapy that does not affect the heart and vasculature. S- ICD 
is preferred over transvenous ICD for patients with a history of recurrent infection 
presenting with life- threatening rhythms. Patients with bradycardia pacing indica-
tions are excluded from S- ICD therapy, as S- ICD lacks the capability of defibrillation 
in this patient group. Implantation of an S- ICD with a leadless pacemaker (LP) was 
proposed to overcome this issue. We describe the first case of successful implanta-
tion of S- ICD and LP in a Japanese patient with a history of recurrent prosthetic valve 
endocarditis.
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F IGURE  1 Posterior- anterior and 
lateral views of the leadless pacemaker 
and subcutaneous implantable 
cardioverter defibrillator systems

F IGURE  2 Subcutaneous cardioverter defibrillator recordings in primary (A), secondary (B), and alternate (C) shock vectors during 
intrinsic and paced rhythms (VOO 100 ppm; 5.0 V at 1.0 milliseconds) in the supine and sitting positions. Leadless pacemaker electrogram 
recording during and after the defibrillation threshold testing (VOO 90 bpm, bipolar, output 5.0 V at 1.0 milliseconds) (D)
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configuration. At the end of the procedure, ventricular fibrillation (50 
Hz burst stimulation between shock coil and generator) was induced 
and successfully terminated by a 65 J shock (15 J safety margin).

After S- ICD implantation, she started taking oral antiarrhyth-
mic drugs (amiodarone 200 mg/d and carvedilol 5 mg/d); however, 
sinus bradycardia prevented her from taking sufficient amounts of 
antiarrhythmic drugs. Twenty- seven days after S- ICD implantation, 
she received appropriate shock therapy for ventricular tachycardia. 
Therefore, she received a LP (MicraTM; Medtronic Plc, Minneapolis, 
MN).	This	pacemaker	was	implanted	on	the	right	ventricular	septum	via	
the right femoral vein (Figure 1). The measured R wave was 10.1 mV; 
impedance, 840 Ohms; and threshold, 0.50 V at 0.24 milliseconds. The 
lower rate limit was programmed to 40 beats/min, and the rate adap-
tive	pacing	was	also	programmed.	No	interactions	were	observed	when	
the LP was programmed to a high output (5.0 V at 1.0 milliseconds). 
The S- ICD was tested in primary, secondary, and alternative sensing 
vectors. All three vectors were suitable without any signs of cross 
talk between the S- ICD and the LP. The pulse generator automatically 
selected the secondary vector as the optimal sensing configuration 
(Figure 2). We performed a conversion test (50 Hz burst stimulation) 
again. Unfortunately, we were not able to induce ventricular fibrillation. 
Ventricular tachycardia could be induced and was successfully termi-
nated by a 65 J shock (15 J safety margin) twice. The S- ICD was pro-
grammed at the secondary sensing configuration: 65 J output, standard 
polarity,	 shock	zone	170	bpm,	and	post	 shock	pacing	off.	No	device	
interactions were noted in this worst- case scenario as the LP (VOO 90 
ppm, bipolar, output 5.0 V at 1.0 milliseconds) continued to function as 
programmed during and after the shock (Figure 2). Pacing enabled the 
patient to start optimal antiarrhythmic medical therapy. The assess-
ment of the LP revealed 44% ventricular pacing. At 6 months follow- up, 
life- threatening arrhythmia and signs of infection were not observed.

3  | DISCUSSION

The LP is expected to reduce cardiac implantable electronic device 
infections because this system has no physical connection between 
the endocardium and subcutaneous pocket.2 Moreover, the contact 
surface is small, and the composition of the device's surface was not 
adequately viable for bacteria. Indeed, there have been no reports 
of	uncontrollable	infection	with	LPs	so	far.	No	device	has	to	be	ex-
planted despite infection.4

There have been reports that the problem associated with S- ICD 
use in bradycardic patients could be solved by combining it with LPs.1 
Key concerns with S- ICD and LP combined therapy are that pacing 
pulses might be sensed by the S- ICD and may interfere with ventric-
ular arrhythmia or post shock pacing support. Therefore, pacemakers 
should be programmed to stimulate in a bipolar mode in order to avoid 
double counting by the S- ICD when using these two technologies.

In this article, we reported an S- ICD implantation and LP for the 
first time in a Japanese patient with recurrent PVE. There were no 
associated complications with the device implantation and no inter-
action between the S- ICD and LP during telemetry communication at 

the time of implantation. The combination of the S- ICD and LP may ex-
pand the indication of device implantation for cases wherein an intra-
venous lead is difficult to place. Although reports of these implants are 
currently increasing, there is a possibility that unexpected responses 
may be obtained when treating arrhythmia or that the sensitivity may 
change, so it is necessary to carefully follow the clinical course of the 
patient. For patients in need of antitachycardia pacing (ATP) therapy, 
there are no leadless solutions available to date. Recently, a preclinical 
study described the results of performance of the combined implan-
tation of an S- ICD and ATP- enabled LP.5 In the immediate future, ATP 
delivery may be demonstrable by the LP in clinical practice.

4  | CONCLUSIONS

We report the first case of successful implantation of an S- ICD and a 
LP in a Japanese patient with recurrent PVE. There were no associ-
ated complications with the device implantation, and there was no 
interaction between the S- ICD and LP.
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