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A b s t r a c t

IInnttrroodduuccttiioonn::  Among the recipients of implantable cardioverter-defibrillators
(ICDs), there is a group of patients in whom the defibrillation threshold (DFT)
is too high to enable a sufficient safety margin between the DFT and the max-
imal available output of the device. The aim of the study was to investigate the
ability of an additionally implanted single-coil subcutaneous array electrode to
reduce the DFT in such patients.
MMaatteerriiaall  aanndd  mmeetthhooddss::  Medtronic 6996SQ electrode was implanted in 15 patients
selected from our follow-up group of 741 ICD patients: 10 of them had insuffi-
cient post-implant DFT safety margin, and 5 had ineffective first maximal ener-
gy shock as recorded by the device. In 6 cases the patients had CRT-D devices,
in 5 cases – dual-chamber ICDs, and in 4 cases – single-chamber ICDs. In all
patients but one the defibrillating electrode was single-coil. In one patient it was
dual-coil. The underlying disease was coronary artery disease in 10 patients, dilat-
ed cardiomyopathy in 4 patients and hypertrophic cardiomyopathy in 1 patient.
RReessuullttss:: The subcutaneous electrode was successfully implanted in all the
patients qualified for the procedure. No technical issues or perioperative com-
plications were observed. Mean DFT was reduced from 33.3 ±4.1 J before the
procedure to 25.3 ±4.4 J after the implantation procedure (p < 0.01). 
CCoonncclluussiioonnss::  Our results show that the use of a single-coil subcutaneous elec-
trode to reduce the DFT is a safe and effective procedure. Further studies are
necessary to confirm these results.

KKeeyy  wwoorrddss::  implantable cardioverter-defibrillator, implantable cardioverter-defib-
rillator, defibrillation threshold, subcutaneous electrode.

Introduction

Implantation of an implantable cardioverter-defibrillator (ICD) is a rec-
ognized method of prevention of sudden cardiac death in patients at risk
for malignant ventricular arrhythmias. The essential condition is to deliv-
er defibrillating shock energy high enough to exceed the defibrillation
threshold (DFT) in a particular patient.

Modern defibrillating systems enable relatively low defibrillation thresh-
olds to be achieved. It is due to the introduction of new lead models, as
well as the use of an active ICD can and a biphasic defibrillating impulse
[1-3]. But despite that, there is still a group of patients, in whom the max-
imal shock output of the implanted device fails to terminate ventricular
fibrillation (VF), or the DFT is too high to enable a sufficient safety margin
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between the DFT and the maximal available output
of the device. The solution to such a situation may
be the change of polarity of the defibrillating
impulse or the use of intravascular electrodes with
an additional defibrillating coil that is placed on the
border of the superior caval vein and right atrium
[1, 4, 5]. The use of a dual-coil defibrillating lead is
possible only if a high DFT is diagnosed during the
ICD implantation procedure. Changes in the DFT lat-
er in the postoperative period cannot be treated in
such a manner, because it would require the extrac-
tion of the previously implanted single-coil lead,
which becomes increasingly difficult the longer the
period since the initial procedure. 

In patients with a DFT increase late in the post-
operative period or in patients in whom the above
measures have failed, it is possible to implant an
additional subcutaneous array electrode. Former
studies proved that such a solution offers a mean
DFT reduction of 20% to 60%, depending on the
electrode model [6-9].

Material and methods

In 2007-2010 an ICD (Biotronik, Medtronic)
implantation procedure was carried out in 610 pa -
tients (78% M, 22% F, mean age 63 ±13 years) and
an ICD (Biotronik, Medtronic) reimplantation pro-
cedure in 131 patients (79% M, 21% F, mean age 62
±12 years).

A defibrillation test was performed immediate-
ly after the surgical procedure or during the next 
2-3 days. The test was performed in 675 patients.
The test was not performed in 66 patients, when
typical contraindications were present, such as: per-
sistent atrial fibrillation or artificial valve without
adequate anticoagulation, thrombi in heart cham-
bers, hemodynamic instability, severe aortic steno-
sis, prior stroke, or symptomatic and severe coro-
nary artery disease not eligible for revascularization
[10]. Tests were performed in an electrophysiology
laboratory dedicated to pacemaker and ICD implan-
tation procedures. 

After prior inspection of pacing and sensing
parameters, ventricular fibrillation was induced once
during short general anesthesia performed by an
anesthesiologist. The shock-on-T or burst induction
method was used. Each ICD was programmed to
deliver the first shock of an energy lower by 10 J
(max-10) or 15 J (max-15) than the maximal output
of the particular ICD device model. The second
shock was programmed with the maximal energy
for the particular ICD model in the former case and
the energy higher by 5 J in the latter case. Subse-
quent shocks were of maximal energy. The test was
satisfactory if VF was terminated by the ICD with
a shock of an energy of max-15 or max-10. 

If the shock of the energy max-10 was not effec-
tive, that is if the 10 J safety margin could not be

maintained, the arrhythmia was terminated with
external defibrillation. In such a situation the test
was repeated with reverse impulse polarity. If that
method also failed to satisfy the 10 J safety margin
criterion, the patient was qualified for a subcuta-
neous electrode implantation procedure.

SSttaattiissttiiccaall  aannaallyyssiiss

Statistical analysis (Wilcoxon test) included the
maximal energy of the ineffective ICD shock before
the implantation of the subcutaneous electrode and
the energy of the effective shock after the proce-
dure. Inter-group difference with a test p value of
less than 0.05 was considered statistically signifi-
cant.

SSuubbccuuttaanneeoouuss  eelleeccttrrooddee  

The subcutaneous array electrode Medtronic
6996SQ consists of a single defibrillating coil that
is 25 cm long and has a diameter of 7.5 F, and an
electrical cord ending with a 3.2 mm connector
type DF-1. Total length of the electrode is 41 cm
or 58 cm. That system is connected to the SVC
socket of an ICD. If a dual-coil intravascular lead
is used, the subcutaneous electrode may be con-
nected through the Y-connector to the SVC sock-
et together with the proximal coil of the intravas-
cular lead.

IImmppllaannttaattiioonn  pprroocceedduurree  ooff  tthhee  66999966SSQQ  
eelleeccttrrooddee

The implantation procedure of the 6996SQ elec-
trode was performed in an operating room. Prior
to the procedure informed consent was obtained
from all patients. The patient was lying flat, with
the abducted left upper limb and an additional
support under the left scapula. Local anesthesia
was applied in the ICD pocket and along the
designed course of the subcutaneous electrode.
Then the device was extracted. The tunneling tool
6996ST (provided by the manufacturer with the
electrode) with a dedicated sheath on it was
shaped appropriately and introduced into the ICD
pocket and further into the subcutaneous tissue,
from the lower margin of the pocket, along the
chest wall, and towards the region below the infe-
rior angle of the left scapula. Then the tunneling
tool was removed and the electrode with an intro-
ducer inside was inserted into the sheath. Fol-
lowing that, the sheath was removed with an
attached slittering tool, the introducer was re -
moved from the inside of the electrode, and the
electrode itself was sutured in the pocket in
a manner typical for intravascular leads. The elec-
trode was then connected to the SVC socket of
the ICD. The pocket and the surgical wound were
closed typically. Owing to that method, the elec-
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trode along its course remained in the projection
of the chest, and its end was located as close to
the vertebral column as possible. No additional
incisions beyond the ICD pocket opening were per-
formed (Figures 1 and 2). No complications of the
subcutaneous electrode implantation procedure
were observed in any of the cases.

Results

Among 675 patients subjected to an ICD test, in
19 cases (2.8%) the shock of an energy max-10
failed to terminate the VF. In 9 patients the rever-
sal of polarity allowed for the efficacy of the impulse
max-10, and the remaining 10 patients were qual-
ified for the implantation of a subcutaneous elec-
trode. Moreover, during the study period the subcu-
taneous electrode was also implanted in 5 pa tients,
in whom ineffective defibrillation with the first 
maximal energy impulse (for the particular ICD
model) was observed during the late follow-up. In
those cases the clinical arrhythmia was terminat-
ed with one of the subsequent shocks. Altogether,
the subcutaneous electrode was implanted in 15 pa -
tients (13 M, 2 F, mean age 56 ±10 years). In 6 cas-
es the patients had CRT-D devices, in 5 cases dual-
chamber ICDs, and in 4 cases single-chamber ICDs.
In all patients but one, the defibrillating electrode
was single-coil. In one patient it was dual-coil. The
underlying disease was coronary artery disease in
10 patients, dilated cardiomyopathy in 4 patients

and hypertrophic cardiomyopathy in 1 patient. The
characteristics of the patients included in the study
are summarized in Table I.

Statistical analysis (Wilcoxon test) included the
maximal energy of the ineffective ICD shock before
the implantation of the subcutaneous electrode 
(10 patients) (DFT–SQ) and the energy of the effec-
tive shock after the procedure (DFT+SQ). In patients
with late shock inefficacy, the analysis included the
data of the ineffective shock that was the basis for
qualification for the subcutaneous electrode implan-
tation procedure, and those data were extracted
from the ICD memory (5 patients).

Mean DFT-SQ was 33.3 ±4.1 J and mean DFT+SQ
was 25.3 ±4.4 J (p = 0.0022) (Figures 3 and 4). In
one patient the ICD test after the subcutaneous
electrode implantation procedure was not per-
formed due to contraindications. Specific values of
the defibrillation thresholds for each patient are list-
ed in Table II.

Discussion

Both the correct detection and termination of
arrhythmias are essential for any ICD in order to
achieve its efficacy in terms of prevention of sud-
den cardiac death. A major purpose of ICD test-
ing is to ensure the correct function of the device
in that aspect. An ICD test allows one to assess
sensing of the VF signal by the ICD, as well as to
confirm the efficacy of a shock. Many authors

FFiigguurree  11.. An X-ray image of a patient with a cardiac
resynchronization therapy defibrillator system with
a subcutaneous array electrode. Antero-posterior view

FFiigguurree  22..  An X-ray image of a patient with a cardiac
resynchronization therapy defibrillator system with
a subcutaneous array electrode. Lateral view

NNuummbbeerr  ooff  ppaattiieennttss SSeexx AAggee TTyyppee  ooff  ddeevviiccee TTyyppee  ooff  ddeeffiibbrriillllaattiinngg  eelleeccttrrooddee UUnnddeerrllyyiinngg  hheeaarrtt  ddiisseeaassee

15 13 male, 56 ±10 6 – CRT-D; 14 – single-coil; 10 patients – CAD; 
2 female years 5 – ICD DR; 1 – dual-coil 4 patients – DCM; 

4 – ICD VR 1 patient – HCM

TTaabbllee  II.. Characteristics of the patients with a subcutaneous electrode included in the study

CAD – coronary artery disease, CRT-D – cardiac resynchronization therapy cardioverter-defibrillator, DCM – dilative cardiomyopathy, HCM – hyper-
trophic cardiomyopathy, ICD-DR – dual-chamber cardioverter-defibrillator, ICD-VR single-chamber cardioverter-defibrillator
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question the validity of ICD testing; nonetheless
there is still a group of supporters of such a pro-
cedure [11-13]. 

In our cohort of patients the defibrillation test
was performed routinely, unless contraindications
were present. If the test failed to confirm the 10 J
shock safety margin or if during late follow-up an
inefficient shock of maximal energy was observed,
the patient was referred for subcutaneous electrode
implantation, associated with reimplantation of an
ICD with higher maximal energy output if neces-
sary. Such a procedure allowed the desired safety
margin of at least 10 J or – in one case – 15% of the
maximal available shock energy output (6 J) to be
attained. The efficacy of that procedure in our
observation is concordant with other reports. Ana-
logically, the incidence of high DFT is similar, al -
though lower, than the incidence reported in other
studies [13, 14]. In our study a high DFT was defined
as higher than the maximal shock energy minus 
10 J. As different device models were used, in some
patients a high DFT was defined as higher than 
25 J, and in others, higher than 30 J. In the litera-
ture a high DFT was defined as more than 18 J,
especially in the period when the maximal available
shock energy did not exceed 30 J. Thus the inci-
dence of such a condition may vary among differ-
ent publications. 

It is worth underlining that in our cohort of
patients in as many as 5 cases we observed the late
maximal shock inefficacy. It occurred despite cor-
rect results of the ICD test, that had been per-
formed directly after the initial implantation pro-
cedure in 4 patients. In one case the ICD test had
not been performed. That fact may confirm low

reproducibility of ICD testing results, as suggested
by some authors, which questions the rationale of
its use. Guenther et al. underline the fact that due
to the limited reproducibility of the ICD test results,
in specific subgroups of patients the test should 
be performed twice: intraoperatively and prior to
discharge from the hospital. In their population of
783 patients, in whom the efficacy of defibrillation

PPaattiieenntt DDFFTT––SSQQ DDFFTT++SSQQ

1 > 30 30

2 > 35 25

3 > 35 20

4 > 40 25

5 > 25 20

6 > 35 No test

7 > 30 20

8 > 30 25

9 > 30 30

10 > 34 30

11 > 35 25

12 > 35 25

13 > 40 34

14 > 30 20

15 > 35 25

TTaabbllee  IIII.. Specific values of the defibrillation thresh-
olds for each patient

DFT–SQ – defibrillation threshold prior to implantation of the subcu-
taneous electrode, DFT+SQ – defibrillation threshold with the subcu-
taneous electrode implanted
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FFiigguurree  33..  Comparison of the defibrillation threshold
before and after implantation of a subcutaneous
array electrode
DFT – defibrillation threshold, DFT-SQ – defibrillation thresh-
old before the procedure, DFT+SQ – defibrillation threshold
after the procedure
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FFiigguurree  44..  Values of the defibrillation threshold in suc-
cessive patients in the cohort. 
DFT – defibrillation threshold, DFT-SQ – defibrillation thresh-
old before the procedure, DFT+SQ – defibrillation threshold
after the procedure
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was confirmed intraoperatively with a safety mar-
gin of > 10 J, in 9 cases the repeated test failed to
confirm such a safety margin, and such patients
required additional interventions (e.g. implantation
of a subcutaneous electrode) [15].

Because of the retrospective nature of our study
and lack of some data, we did not analyze the risk
factors for high DFT occurrence in that cohort. That
issue was analyzed and discussed in one of our oth-
er studies in a different population, as well as in
numerous studies of other groups [14, 16]. 

Our study confirmed the safety of subcutaneous
electrode use. The authors of other studies also
stress that the risk of single-coil subcutaneous elec-
trode implantation is low. The most frequent report-
ed complication is pneumothorax [13, 14]. In our
cohort no complications were observed.

The limitation of that study is the relatively low
number of patients in this cohort. But one should
consider the fact that in Poland the first single coil
subcutaneous electrode was implanted as recent-
ly as in 2004. Earlier single-case experiences were
based on the use of triple-coil electrodes. Our cohort
of 15 patients undergoing the procedure of single-
coil subcutaneous electrode implantation, per-
formed in a single center, by the same operating
team, and according to the same routine, is by far
the most numerous described in Poland.

In conclusion, our results prove that the use of
a single-coil subcutaneous defibrillating electrode
to reduce the DFT of VF is a safe and effective pro-
cedure. Further studies are necessary to confirm
these results.
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