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Introduction
Subcutaneous
implantable
cardioverter-deﬁbrillators
(S-ICDs) are clinically superior to conventional transvenous
ICDs (TV-ICDs) in terms of reducing lead-related complications.1,2 Moreover, S-ICDs are an effective alternative to TVICDs in patients with difﬁculty in obtaining venous access
and a high risk of infection. Here we present a case of a secondary prophylactic S-ICD implantation that was passed under an axillary femoral (A-F) bypass vessel and a successful
subcutaneous lead placement in a patient after a sternectomy.

Case report
A 70-year-old Japanese man visited a previous hospital
because of symptomatic sustained monomorphic ventricular
tachycardia (VT) (Figure 1A). The tachycardia cycle length
was 280 ms, which resulted in a low blood pressure of 90/
60. The patient also complained of chest pain, and the VT
was then terminated by cardioversion. Because the VT
recurred soon after admission to the intensive care unit, an
intravenous administration of amiodarone was initiated.
Although a 12-lead electrocardiogram of the VT was lacking,
its initiation was polymorphic, as shown in Figure 1A.
The patient had a history of chronic kidney disease on
dialysis for 23 years with a right brachial vein transposition
arteriovenous ﬁstula, coronary and peripheral artery disease
revascularized by percutaneous coronary intervention, and
left axillary bifemoral bypass, respectively. Furthermore, 4
years prior, he underwent a surgical aortic valve replacement
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KEY TEACHING POINTS
 Subcutaneous implantable cardioverterdeﬁbrillator (S-ICD) is an effective alternative to
transvenous ICD in patients with high risk for
infection or absence of vascular access.
 Patients having higher cardiovascular risks are
often complicated with peripheral arterial disease
and ventricular arrhythmias requiring deﬁbrillator.
Axillary femoral (A-F) bypass is one of the effective
techniques but makes it difﬁcult to implant cardiac
devices.
 In addition, in this report, S-ICD lead locating and
appropriate R-wave sensing was achieved
successfully without acute complications such as
infection and bleeding, even in patients after
sternectomy owing to past infection following
surgical aortic valve replacement.

for severe aortic valve stenosis and sternectomy with an
omental ﬂap transposition because of postoperative mediastinitis (Figure 1B). His left ventricular ejection fraction was
40%. Antithrombotic therapy with clopidogrel sulfate and
warfarin was ongoing. After being discharged from the previous hospital, he was introduced to our department. Considering his past history and reduced left ventricular ejection
fraction, his VT was treated as nonidiopathic. The VT incessantly recurred over a short term at the previous hospital.
Based on the latest guidelines in Japan,3 we determined
that prevention of sudden cardiac death had top priority
and an ICD implantation was desirable. However, computed
tomography revealed that the left A-F prosthetic bypass appeared under the skin between the subclavian site and ﬁrst
rib (Figure 1C). This made it difﬁcult to perform a left-
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Figure 1 A: Upper panel: ventricular tachycardia recorded by an ambulatory monitor. Lower panel: the initiation of a recurrence after admission. B: Postoperative computed tomography scan in the short-axis view depicting the defective sternum reﬁlled by the omental ﬂap, as highlighted by the red circle, and prosthetic graft, shown by the red arrow. C: Three-dimensional reconstruction of the major arteries revealing the axillary femoral bypass graft appearing in the left ﬁrst
intercostal space and located along the midclavicular line (red arrows).

sided extrathoracic subclavian venipuncture because of the
higher risk. As mentioned above, the presence of an upper
arm arteriovenous ﬁstula also prevented the transvenous
leads from being implanted on the right side. Given the
lack of an appropriate superior venous access and no indication for permanent cardiac pacing, we decided to implant an
S-ICD after conﬁrming favorable signals in all 3 vectors
through a surface electrocardiogram evaluation.
Under general anesthesia, the pocket for the pulse generator was made in the submuscular space in a midaxillary position (Figure 2A). Two-incision techniques were performed
to create the route for the shock lead on the left side to the
cavity of the sternectomy to avoid the site of the omental
ﬂap transposition. In coordination with vascular surgeons,
we dissected the subcutaneous tissue from the lateral pocket
and the so-called parasternal incision toward the A-F bypass
vessel. To penetrate the adhesion between the conduit and
chest wall, we ﬁrst used straight pean forceps to gently create
a tunnel and then held the tip of an 11F peel-away sheath in
order to pull it through toward the middle (Figure 2B).

Although the bypass surgery was performed 10 years prior,
we could dissect the artiﬁcial vessel without any difﬁculty
at this time and the solid core of the lead insertion tool was
not used. The sheath was peeled off after the shock lead
was inserted through it. Then a tunnel was created beneath
the skin just lateral to the left sternocostal joint. In order to
avoid any migration of the shock lead into the mediastinum,
a short lead insertion tool with a core stylet was carefully
advanced under ﬂuoroscopic guidance. As a result, the distal
portion of the lead was ﬁxated onto the left edge of the anterior ribs using the 2-incision technique (Figure 2C). Finally,
the lead was connected to the pulse generator and the pocket
was closed by the usual technique. The induced ventricular
ﬁbrillation did not sustain long enough to perform deﬁbrillation threshold (DFT) testing. The lead and generator were
appropriately located, as shown by the postoperative
computed tomography (Figure 3A). In the follow-up, a subsequent S-ICD interrogation revealed no evidence of any
malfunction. The R-wave amplitude was adequate in all 3
vectors (Figure 3B). After discharge, DFT testing was
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Figure 2 A: Preoperative marking showing the predetermined location of the pulse generator and lead. B: Picture of the insertion of an 11F peel-away sheath
under the prosthetic graft (dotted line) using straight pean forceps in the direction of the red arrow, which is in the direction from the generator pocket to the midincisional line. C: Posteroanterior chest radiograph after implanting the subcutaneous cardioverter-deﬁbrillator with the lead located in the left parasternal position.

successful, with a single 65 J shock after induction of ventricular ﬁbrillation with a 50 Hz stimulation (Figure 3C). The
shock impedance was 46 U. There were no remote complications related to the procedure.

Discussion

To the best of our knowledge, this is the ﬁrst case report of an
S-ICD implantation in a patient with an A-F bypass and sternectomy. Patients with an axillary femoral bypass sometimes

Figure 3 A: Postoperative plain computed tomography scan image conﬁrming the lead placed on the edge of the ribs without sticking into the omental ﬂap as
shown by the red arrow. B: Electrogram tracing from the substernal lead showing an appropriate R-wave amplitude in all of the 3 vectors. C: Successful deﬁbrillation test performed with a single 65 J shock after ventricular ﬁbrillation induction with a 50 Hz stimulation.
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are indicated for prevention against sudden cardiac death
consequently owing to their higher cardiovascular risk, and
this case report highlighted the potential feasibility and safety
of an S-ICD implantation coexisting with a prosthetic graft. A
sternectomy is also seen in daily cardiovascular practice,
even in the electrophysiology ﬁeld. By avoiding the place
where the sternum originally existed, we could prevent any
acute complications related to the S-ICD lead implantation;
nevertheless, we achieved an acceptable deﬁbrillation
threshold.
The S-ICD is already recognized as an effective substitute
for a TV-ICD, especially in patients with difﬁcult venous access and a high risk of lead-related complications.1,2,4 In this
case, the patient had an arteriovenous ﬁstula for dialysis on
the right arm as well as an A-F bypass graft located on the
left anterior chest. We considered that a transvenous lead implantation would impose a higher risk of a device-related
infection and injury to the prosthetic graft as compared to
an implantation of an S-ICD. Even if it is implanted in dialysis patients, an S-ICD is associated with an equivalent rate
of adverse events as that in non–dialysis patients, including
mortality, bleeding, and infections.5 Although S-ICDs are
also related to a higher incidence of inappropriate ICD therapies, careful programming could avoid shock deliveries to
previous atrial tachyarrhythmias and T-wave oversensing.
Regarding the A-F bypass, we discussed it with the
vascular surgeons in advance, and ﬁnally, a lead insertion under the prosthetic graft was deemed to be technically feasible.
Because an infection of a prosthetic A-F bypass may lead to a
difﬁcult situation to manage—including, in the worst scenario, a peripheral amputation6,7—we did not expose the
prosthesis and passed the sheath under the prosthetic graft using the blind technique.
A sternectomy is one of the surgical options for sternal tumors, osteomyelitis, and infections of deep sternal wounds
after surgery.8 As a treatment of an infection, the sternum
will be partially or totally excised depending on the clinical
condition, usually followed by a chest wall reconstruction
with the omental ﬂap, a muscle ﬂap, or prosthetic equipment.9 As the omental ﬂap is highly vascularized, in this
case, we placed the shock lead on the left side to avoid it passing over the omental ﬂap transposition in order to decrease
the risk of bleeding. Moreover, to avoid any lead migration,
the distal segment of the lead was placed lateral to the defect
of the sternum. Up to the present, no symptoms of infection
have been observed. Nonetheless, careful long-term followup will be required, because deep chest surgical site infections can be related to lethal adverse events.10,11 In a prior
report of an S-ICD case undergoing a sternectomy,12 the existing lead of the S-ICD was repositioned from the right parasternal to the left parasternal region during the surgery, which
was a similar position as in our case. In that report, the DFT
testing was postponed because of the instability of the chest
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wall just after the sternectomy. From the point of view concerning the DFT, an increased threshold was a major concern
because the lead position was unusually distant from the
midline and close to the pulse generator. The distance between the coil and pulse generator could have a signiﬁcant
impact on the subsequent DFT.13 Fortunately, in our present
case there was no difﬁculty in achieving a successful deﬁbrillation, and furthermore, our case demonstrated a favorable
clinical course.

Conclusion
In conclusion, S-ICDs are an effective alternative to TVICDs in patients with multiple anatomical complications, as
in this present case. The implantation of an S-ICD was
feasible in a patient harboring an A-F bypass on the left anterior chest and sternectomy. Careful preprocedural planning is
vital for such an unusual setting.
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