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Subcutaneous 
Implantable Cardioverter-
Defibrillator Implantation
in a Patient with a Left Ventricular 
Assist Device Already in Place

A 56-year-old man with ischemic cardiomyopathy, a biventricular implantable cardioverter-
defibrillator (ICD), and a left ventricular assist device (LVAD) developed a pocket hema-
toma and infection after an ICD generator change. The biventricular ICD was extracted, 
and the patient was given a full course of antibiotics. Because he had no indications for 
bradycardia pacing or biventricular pacing, he was implanted with a subcutaneous ICD 
under full anticoagulation. There was no interference in sensing or shock delivery from the 
ICD. The LVAD readings were unchanged during and after the procedure. The patient had 
an uneventful postoperative course, and both devices were functioning normally.

To our knowledge, this is the first reported case of the implantation of a subcutaneous 
ICD in the presence of an LVAD. This report illustrates that both devices can be implant-
ed successfully in the same patient. In addition, the subcutaneous ICD minimizes the risk 
of bloodstream infections, which can be fatal in patients who have life-supporting devices 
such as an LVAD. (Tex Heart Inst J 2015;42(2):140-3)

I mplantable cardioverter-defibrillators (ICDs) are the standard of care for the pre-
vention of sudden cardiac death in patients who are at high risk for ventricular 
tachyarrhythmias.1 Traditional transvenous ICDs carry a substantial risk of peri-

procedural sequelae, including pneumothorax, pericardial effusion or tamponade, and 
hemothorax, as well as long-term sequelae, such as thrombosis, lead failure, and infec-
tion.2,3 In 2010, Bardy and colleagues4 reported the first successful use of a completely 
subcutaneous ICD (S-ICD) (Boston Scientific Corporation; Natick, Mass). The U.S. 
Food and Drug Administration has approved the S-ICD for use in the United States; 
however, appropriate patient selection is crucial when implantation of this device is 
contemplated. Approximately 1,900 S-ICDs have been implanted worldwide, about 
500 of these in the U.S.* Three patients have been given HeartWare® left ventricu-
lar assist devices (LVADs) (HeartWare Inc.; Framingham, Mass) after undergoing 
S-ICD implantation in Europe,* and one of these cases has been reported.5 We report 
our implantation of an S-ICD in a patient who already had a HeartMate II® LVAD 
(Thoratec Corporation; Pleasanton, Calif ). To our knowledge, this is the first report 
of S-ICD implantation in the presence of an LVAD.

Case Report

In October 2012, a 56-year-old man underwent replacement of his biventricular ICD 
pulse generator because of elective-replacement indicator status. He had a history of 
coronary artery disease, coronary artery bypass grafting, ischemic cardiomyopathy 
(left ventricular ejection fraction, 0.05–0.10), type 2 diabetes mellitus, and obstructive 
sleep apnea on a continuous positive airway pressure of 10 mmHg. His biventricular 
ICD was a D274TRK Concerto II CRT-D DF-1 (Medtronic, Inc.; Minneapolis, 
Minn). In May 2012, the patient had undergone HeartMate II LVAD implantation 
as destination therapy for refractory heart failure. At that time, his early postoperative 
course was notable for episodes of sustained ventricular tachycardia, which were termi-
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nated by ICD shocks; thereafter, his condition returned 
to New York Heart Association functional class II, and 
he needed no further hospitalizations.
 Two days after the most recent generator replacement, 
the patient developed a pocket hematoma. Anticoagu-
lation was withheld at first and was then gradually re-
started as the hematoma resolved. However, the patient 
developed a fever of 102.4 °F 2 days thereafter. Blood 
cultures grew methicillin-resistant Staphylococcus aureus 
(MRSA). A transesophageal echocardiogram revealed 
no vegetation on the cardiac valves or on the ICD leads. 
The patient underwent complete extraction of the ICD 
without sequelae. A total of 350 mL of serosanguineous 
f luid was drained from the pocket site during extrac-
tion, and the cultures grew MRSA. The patient was 
treated with vancomycin intravenously for 6 weeks, and 
negative-pressure wound therapy was used at the pocket 
site to promote healing. He was supported with a Life-
Vest® (Zoll Medical Corporation, Chelmsford, Mass) 
while awaiting the reimplantation of a defibrillator.
 The patient recovered uneventfully and was evalu-
ated for ICD reimplantation 3 months later. Problems 
surrounding the reimplantation of an intravenous ICD 
included the inability to stop anticoagulation for the 
procedure, the patient’s recent MRSA infection, and the 
high risk of infecting the LVAD if the infection were 
to recur. The patient had shown no indications for bra-
dycardia pacing or biventricular pacing after the LVAD 
placement, so we evaluated him for S-ICD placement by 
reviewing cutaneous electrograms in the sensing config-
urations of the S-ICD system, in 2 postures. The patient 
gave written informed consent for S-ICD implantation 
under general anesthesia with full anticoagulation.

Surgical Technique
In our electrophysiology laboratory, fluoroscopic images 
of the patient’s LVAD were obtained and the S-ICD 
incision site was marked, to ensure that the LVAD com-
ponents were not in the path of the sensing and defi-
brillation vectors. The LVAD pump speed, governed by 

heart failure status, was maintained at 9,800 rpm, and 
the LVAD readings were closely monitored during the 
procedure. The patient was prepared and draped in ac-
cordance with standard sterile techniques. An incision 
was made in the left inframammary crease at the level 
of the 5th–6th intercostal space, and dissection was car-
ried to the fascia of the serratous anterior muscle. Blunt 
posterolateral dissection on the anterior surface of the 
serratous anterior muscle fascia created a pocket ante-
rior to that muscle and posterior to the latissimus dorsi 
muscle (Fig. 1A). We chose this approach to minimize 
bleeding by making a bloodless fascial plane, with con-
sideration of the prior hematoma formation upon our 
changing the ICD pulse generator, together with the pa-
tient’s intraoperative therapeutic anticoagulation status. 
Two small incisions were then made: a 2-cm horizontal 
incision 1 cm superior to the xiphoid process, to accom-
modate a suture sleeve; and a vertical 1-cm incision on 
the left upper parasternal margin, where the distal tip 
of the electrode was calculated to emerge. The S-ICD 
electrode was tunneled by means of standard insertion 
techniques, with use of a tunneling tool (Figs. 1B–C). 
An SQ-RX® pulse generator, model 1010 (Boston Sci-
entif ic), was then placed. Sensing in all 3 vectors was 
found to be appropriate and without any interference 
from the continuous-flow LVAD (Fig. 2). The system 
chose the secondary vector. Ventricular fibrillation was 
induced on 2 occasions by means of a 200-mA burst 
at 50 Hz for 3 s from the S-ICD. The device sensed 
the ventricular f ibrillation with no interference from 
the LVAD, and 65-J shocks were delivered successfully, 
resulting in sinus rhythm. Times to therapy, defined as 
time from end of induction plus a 2-s refractory period 
to shock therapy, were 15 s and 17 s, respectively, with 
impedance of 68 W both times. Finally, the pocket and 
the 2 incisions for lead placement were closed in layers, 
and a pressure dressing was applied to the pocket site 
(Fig. 1D).
 All LVAD readings were stable during and after the 
implantation procedure. Automatic set-up of the S-ICD 

Fig. 1  Intraoperative photographs show the procedure used to implant the subcutaneous implantable cardioverter-defibrillator: 
A) creation of the pocket in the left subaxillary region, B) tunneling of the lead (arrows) with use of the tunneling tool, C) insertion 
of the pulse generator (arrow) into the pocket, and D) the final result.
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system was performed with the patient in the supine 
and sitting postures, after he had awakened. Sensing 
was appropriate in all 3 vectors, and the system chose 
the primary vector. The patient had an uneventful post-
operative course and was discharged from the hospital 
after 3 days, in good condition (Fig. 3). He returned 
to the electrophysiology clinic after one week for an 
incision check, and routinely 2 months later. All the 
incisions healed well, and the S-ICD and LVAD were 
both functioning normally. He eventually underwent 
successful heart transplantation and was doing well.

Discussion

To our knowledge, this is the f irst report of S-ICD 
implantation in a patient who had an LVAD already 
in place. The S-ICD has been effective and safe in pa-
tients at risk for sudden cardiac death, and without the 
need for anti-tachycardia pacing, bradycardia therapy, 
or cardiac resynchronization therapy.4,6-8 Traditional 
transvenous ICDs are associated with an approximate 
5% complication rate within 30 days of implantation, 
a 16%-to-20% chance of lead failure over 10 years, 
and a 2.4% annual incidence of infection.2,3,9-11 Sys-
temic infections and endocarditis remain a substantial 
concern in the use of these traditional devices.11 In ad-
dition, the risk of infections has risen along with the 
increasing numbers of invasive procedures, including 
generator changes.12 Device-associated infections have 
high morbidity and mortality rates and can be fatal in 
patients who have other life-supporting devices, such 

as LVADs. Accordingly, the extravascular nature of the 
S-ICD might reduce life-threatening infectious sequelae 
in these patients.
 Subcutaneous ICDs can sense in 3 vectors, using 2 
elements on the electrode, distal tip, and proximal ring, 
as well as the pulse generator.7 In 2 of the 3 patients who 
had an S-ICD and subsequently underwent HeartWare 
LVAD placement, sensing interference was observed 
in the primary and secondary vectors.* Both of these 
vectors incorporate the pulse generator, adjacent to the 
LVAD, as a sensing element. The HeartWare LVAD is 
smaller than the HeartMate II.13 In addition, the Heart-
Ware system runs at pump speeds between 2,400 and 

*Personal communication, Cameron Health, 15 January 2013.

Fig. 2  Electrograms recorded by the subcutaneous implantable 
cardioverter-defibrillator after implantation show appropriate 
sensing without any noise in the A) primary vector (ring electrode 
to pulse generator), B) alternate vector (tip electrode to ring elec-
trode), and C) secondary vector (tip electrode to pulse generator).
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Fig. 3  Chest radiograph after implantation shows the position of 
the subcutaneous implantable cardioverter-defibrillator (arrow) 
and its relation to the left ventricular assist device (arrowhead) in 
the A) posteroanterior and B) lateral views.
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3,200 rpm—much slower than the HeartMate II’s usual 
speed of 8,800 to 10,000 rpm. The faster speed of the 
HeartMate II appears less likely to be a source of inter-
ference in the S-ICD’s sensing process. On the basis of 
our experience, we suggest that the HeartMate II LVAD 
might be implanted successfully in patients who already 
have an S-ICD, without causing interference.
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