
Evaluation of subcutaneous implantable
cardioverter-defibrillator performance in patients
with ion channelopathies from the EFFORTLESS cohort
and comparison with a meta-analysis of transvenous
ICD outcomes
Pier D. Lambiase, MBChB, PhD, FHRS,* Lars Eckardt, MD,† Dominic A. Theuns, PhD,‡

Timothy R. Betts, MD,x Andreas L. Kyriacou, MBChB, FRCP, PhD, CCDS,k

Elizabeth Duffy, MS,{ Reinoud Knops, MD, PhD, CCDS#
From the *Barts Heart Centre, London, Edgware, United Kingdom, †Department of Cardiology II, University

Hospital, Muenster, Germany, ‡Erasmus MC, Rotterdam, Netherlands, xOxford Biomedical Research
Centre, Oxford, United Kingdom, kSheffield Teaching Hospitals, Sheffield, United Kingdom, {Boston
Scientific, St Paul, Minnesota, and #Academic Medical Center, Amsterdam, Netherlands.
BACKGROUND The subcutaneous implantable cardioverter-
defibrillator (S-ICD) is an alternative to conventional transvenous
ICD (TV-ICD) therapy to reduce lead complications.

OBJECTIVE To evaluate outcomes in channelopathy vs patients
with structural heart disease in the EFFORTLESS-SICD Registry and
with a previously reported TV-ICD meta-analysis in channnelopa-
thies.

METHODS The EFFORTLESS registry includes 199 patients with
channelopathies (Brugada syndrome 83, long QT syndrome 24, idio-
pathic ventricular fibrillation 78, others 14) and 786 patients with
structural heart disease.

RESULTS Channelopathy patients were younger (39 6 14 years vs
51 6 17 years; P , .001) with left ventricular ejection fraction
59% 6 9% vs 41% 6 18% (P , .001). The complication rate
(follow-up: 3.2 6 1.5 years vs 3.0 6 1.5 years) was similar: 13.6%
vs 11.2% (P 5 .42). Appropriate shocks rates were 9.5% vs 10.8%
(P5 .70), with shocks formonomorphic ventricular tachycardia being
2.0% vs 6.9% (P, .02) and for polymorphic ventricular tachycardia/
ventricular fibrillation (VT/VF) 8.0% vs 5.7% (P 5 .30). Conversion
effectiveness of VT/VF episodes was similar: 36 of 37 (97.3%) vs
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151 of 155 (97.4%, P 5 .59). VT/VF storm event (2% vs 0.9%,
P 5 .33) and lower inappropriate shock (IAS) (8.5% vs 12.5%,
P 5 .12) rates were statistically similar between channelopathy and
non-channelopathy patients, with 45.5% channelopathy vs 31.4%
non-channelopathy patients managed with a conditional zone .
200 beats per minute (P 5 .0002). Annualized appropriate shock,
IAS, and complication rates appear to be lower for the S-ICD vs
meta-analysis TV-ICD patients, particularly lead complications.

CONCLUSION EFFORTLESS demonstrates similar S-ICD efficacy and
a nonsignificant, lower rate of IAS in channelopathy patients as
compared to structural heart disease. Comparable IAS rates were
achieved with the device programmed to higher rates for channel-
opathy patients.
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arrhythmias
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Introduction
Channelopathies represent a significant challenge when
considering an implantable cardioverter-defibrillator (ICD)
for primary or secondary prevention. This arises from poten-
tial long-term lead complications often in young patients with
channelopathies and the risk of inappropriate shocks (IAS),
which are higher than in the general ICD population.1–4

The subcutaneous ICD (S-ICD) offers a less invasive
solution to avoid long-term transvenous lead issues. Howev-
er, limited data exist describing S-ICD performance in these
diverse patients,5,6 especially regarding the risks of IAS
owing to cardiac oversensing. We therefore set out to eval-
uate the midterm outcomes of S-ICD recipients with channe-
lopathies in the EFFORTLESS cohort and compared them
with the non-channelopathy cases.7 We then undertook a
comparison of S-ICD performance with a meta-analysis of
transvenous ICD (TV-ICD) outcomes in channelopathies.2
hythm Society.
mons.org/

https://doi.org/10.1016/j.hroo.2020.10.002

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:p.lambiase@ucl.ac.uk
http://crossmark.crossref.org/dialog/?doi=10.1016/j.hroo.2020.10.002&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.hroo.2020.10.002


KEY FINDINGS

- In the EFFORTLESS Registry, channelopathy patients
had equivalent appropriate shock and complication
rates to non-channelopathy patients.

- There was a lower burden of appropriate shocks for
monomorphic ventricular tachycardia (VT) in channelop-
athy patients but equivalent polymorphic VT shock rate.

- Annualized appropriate shock, inappropriate shock,
and complication rates appear to be lower for the sub-
cutaneous vs meta-analysis transvenous implantable
cardioverter-defibrillator patients, particularly lead
complications.
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Methods
An analysis of the EFFORTLESS study population was per-
formed covering the period August 2009 to January 18, 2016.
The EFFORTLESS study was ethically approved by the host
institutions (NCT01085435; Supplemental Table 1) and all pa-
tients gave informed consent. The Registry is conducted ac-
cording to the Helsinki Declaration and ISO 14155:2009. The
EFFORTLESS study has been described in detail elsewhere.7–9

Patients were analyzed according to their implant status,
baseline demographics, clinical characteristics, and medica-
tions. The comparison of channelopathy and non-
channelopathy S-ICD patients focused on conversion efficacy
of induced ventricular tachycardia (VT) and ventricular fibril-
lation (VF), discrete episodes of spontaneous VT and VF, and
IAS incidence and etiology. A comparison was also made be-
tween channelopathy S-ICD patients and a meta-analysis of
TV-ICD channelopathy patients examining appropriate ther-
apy, IAS, and complications.

Acute termination of induced VF
The EFFORTLESS defibrillation testing protocol required at
least 1 induction test. Patients were included in acute induction
effectiveness reporting if they had at least 1 evaluable induc-
tion and conversion regardless of energy. Conversion success
was evaluated at 65 J and �80 J.

Evaluation of spontaneous events
Spontaneous VT/VF episodes were subdivided into discrete
episodes or VT/VF storm episodes of 3 or more treated
VT/VF episodes within 24 hours.9 Rhythm classifications
of sensed events were reported by the site and appropriate-
ness of therapy was adjudicated by the sponsor. In case of
discordance, independent reviewers reclassified the episodes.
Classification of sensed events included VT/VF, supraven-
tricular tachycardias (SVT), T-wave oversensing (TWOS),
cardiac oversensing, or noncardiac oversensing.

Complications
Complicationswere prespecified and defined as clinical events
owing to the device, labeling, or procedure that required an
invasive procedure.8,9 Suboptimal electrode position and
generator position were defined as a position resulting in sub-
optimalQRS-Twave sensingby the device or failed cardiover-
sion. Electrode movement was defined as movement resulting
in suboptimal sensing or failed defibrillation testing.

Statistical and data analysis
Baseline demographics and clinical variables are presented as
available. Continuous variables are summarized as means,
standard deviations, medians, and ranges, and categorical
variables as frequencies and percentages. Statistical analyses
were performed and independently validated using SAS En-
terprise Guide, version 5.1 (SAS 9.3) or MATLAB version
9.5.0.944444 (R2018b).
Results
Table 1 provides baseline demographics and clinical character-
istics of the channelopathy and non-channelopathyS-ICDpop-
ulations. Figure 1 shows the diagnoses in the EFFORTLESS
channelopathy and non-channelopathy cohorts. There were
199 patients with channelopathies, the predominant group be-
ing those with Brugada syndrome (BrS) (83; 42%), idiopathic
ventricular fibrillation (78; 39%), and long QT syndrome
(LQTS) (24; 12%); and 786 patients with structural heart dis-
ease. Median follow-up was 3.2 years (mean 3.2 [range 0.1,
6.1] years) and 3.0 years (mean 3.0 [range 0.0, 6.4] years) for
channelopathy and non-channelopathy patients, respectively.
Channelopathy patients were younger (39 vs 51 years, P ,
.001) and less likely to receive a primary prevention S-ICD
(57.8% vs 66.7%, P, .02).

Effective conversion of induced VT/VF
Data were available from 175 patients in the channelopathy
cohort and 686 patients in the non-channelopathy cohort.
There was a 98.8% successful cardioversion of VT/VF in
channelopathy at 65 J vs 97.7% in non-channelopathy cases
(P5 .57). Successful cardioversion at any energy�80 J was
achieved in 99.4% for channelopathy and 99.6% non-
channelopathy patients (P5 .15). The mean energy delivered
for successful cardioversion was 65 J in both groups
(Supplemental Table 2). Regarding induced time to therapy,
94% of patients were treated and successfully cardioverted
within 21 seconds in each group. Time to therapy was not
significantly different between the 2 groups (14.76 3.5 sec-
onds in channelopathy vs 15.0 6 3.9 seconds in non-
channelopathy; P 5 .52). Vector programming was not
significantly different between channelopathy and non-
channelopathy for primary, secondary, and alternate vectors,
respectively. Compared to LQTS, Brugada patients did have
a higher rate of programming to the secondary vector, but the
differences were not significant (Supplemental Table 3).

Clinical episodes of ventricular arrhythmias
Overall appropriate shock rates during follow-up were 9.5%
in channelopathy and 10.8% in non-channelopathy cohorts
(P5.70), but channelopathy patients had received



Table 1 Patient characteristics

Demographics

Channelopathy (N 5 199) No channelopathy (N 5 786)

P valuen Value† n Value†

Age (y) 199 39 6 14 786 51 6 17 ,.001
Male 125 (62.8) 584 74.3 ,.01
Height (cm) 176 174 6 11 692 175 6 10 ns
Weight (kg) 179 79 6 19 691 84 6 20 ,.01
BMI (kg/m2) 176 26 6 5 675 27 6 6 ,.01
LVEF (%) 122 59 6 9 666 41 6 18 ,.001
QRS duration (ms) 188 99 6 19 717 108 6 26 ,.001
Primary prevention 115 (57.8) 523 (66.5) ,.05
Medical history
Hypertension 18 (9.0) 261 (33.2) ,.001
Myocardial infarction 9 (4.5) 268 (34.1) ,.001
Cardiac arrest 69 (34.7) 206 (26.2) ,.05
Congestive heart failure 5 (2.5) 256 (32.6) ,.001
Syncope 71 (35.7) 115 (14.6) ,.001
Atrial fibrillation 8 (4.0) 149 (19.0) ,.001
Valve disease 4 (2.0) 116 (14.8) ,.001
Diabetes 7 (3.5) 104 (13.2) ,.001
Kidney disease 3 (1.5) 78 (9.9) ,.001
Stroke (including TIA) 3 (1.5) 48 (6.1) ,.01
COPD 3 (1.5) 46 (5.9) ,.05
Previous TV-ICD 22 (11.1) 116 (14.8) ns
CABG 2 (1.0) 76 (9.7) ,.001
Valve surgery 1 (0.5) 61 (7.8) ,.001
Pacemaker implant 1 (0.5) 29 (3.7) ,.05

Primary cardiac disease
Channelopathy 199 (100.0) 0 ,.001
Brugada 83 (41.7)
CPVT 11 (5.5)
IVF 78 (39.2)
Long QT syndrome 24 (12.1)
Short QT syndrome 3 (1.5)

Ischemic cardiomyopathy‡ 0 282 (35.9) ,.001
Nonischemic cardiomyopathyx 0 313 (39.8) ,.001
Otherk 0 115 (14.6) ,.001
Unknown 0 76 (9.7) ,.001

BMI 5 body mass index; CABG 5 coronary artery bypass graft; COPD 5 chronic obstructive pulmonary disease; CPVT 5 catecholaminergic polymorphic
ventricular tachycardia; IVF 5 idiopathic ventricular fibrillation; LVEF 5 left ventricular ejection fraction; ns 5 nonsignificant; std 5 standard deviation;
TIA 5 transient ischemic attack; TV-ICD 5 transvenous implantable cardioverter-defibrillator.
†Values are number (%) of patients or mean 6 standard deviation unless otherwise indicated.
‡Coronary artery disease, ischemic, previous myocardial infarction
xArrhythmogenic right ventricular dysplasia, dilated cardiomyopathy, hypertrophic cardiomyopathy.
kIncludes structural defect, genetic, syncope of unknown origin, congestive heart failure, ventricular arrhythmia, myocarditis, cardiac sarcoidosis.
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significantly fewer appropriate monomorphic ventricular
tachycardia episodes (2.0% vs 6.9%, P , .02).
Supplemental Figure 1 shows the proportion of events for
channelopathy patients with LQTS patients having the high-
est proportion of events. The rate of polymorphic VT/VF
events was 8.0% in the non-channelopathy cohort compared
to 5.7% in the channelopathy cohort (P 5 .30). The overall
conversion efficacy with 1 or more shocks for discrete poly-
morphic VT/VF was 98.1% in channelopathy patients and
96.8% in non-channelopathy patients, and conversion effi-
cacy for discrete monomorphic ventricular tachycardia was
100% in channelopathy patients and 99.4% in non-
channelopathy patients. All patients survived arrhythmic
events, as previously reported.7
There were 86 episodes recorded during VT/VF storms,
where 4 (2%) channelopathy patients experienced 4 VT/VF
storms documented by 30 episodes, during which 45 shocks
were delivered; and 7 (0.9%) non-channelopathy patients
experienced 9 VT/VF storms documented by 56 episodes,
during which 90 shocks were delivered. Of the 13 storm
events, 1 previously reported event in a non-channelopathy
patient was not terminated with successful conversion.8
Inappropriate shocks
IAS incidence did not differ significantly between channel-
opathy and non-channelopathy patients (8.5% vs 12.5%,
P 5 .16; Figure 2A). In channelopathy patients, most IAS
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(6.5% of patients) were caused by oversensing, principally
cardiac oversensing (5.0%) including TWOS, while 10.2%
of non-channelopathy patients experienced IAS owing to
oversensing, with 8.4% receiving IAS for cardiac oversens-
ing (P 5 .15). A nonsignificant proportion of patients
(1.5% channelopathy, 2.5% non-channelopathy; P 5 .76)
experienced IAS owing to SVT, sinus tachycardia, or atrial
fibrillation, entering the shock zone. While dual-zone pro-
gramming was used at similar rates in 83.2% of channelop-
athy and 86.2% of non-channelopathy patients (P 5 .28), a
dual-zone strategy did not greatly impact the IAS rate in
the channelopathy cohort (Figure 2B). Programming analysis
shows 45.5% of the channelopathy patients were managed by
programming their conditional zone to .200 beats per min-
ute (bpm), whereas only about one-third (31.0%) of non-
channelopathy patients were managed with a conditional
zone .200 bpm (P 5 .0002). The percentage of patients
with a conditional zone width of at least 30 bpm was
45.2% for channelopathy patients and 51.0% for non-
channelopathy patients (P 5 .17). Out of the 17 channelop-
athy patients, 3 patients had the S-ICD explanted: 1 owing
to the need for ATP, 1 after several IAS experiences, and 1
less than 2 months post implant. The remaining 14 patients
experienced 12–70 months (median 33.5 months) of
follow-up IAS-free, after device programming (zone pro-
gramming, vector change, template change), medication,
and/or procedural or patient behavioral changes (eg, avoid
electro-magnetic interference) (Supplemental Table 4).
Figure 3 shows examples of IAS experienced by channelop-
athy patients.
Complications
Freedom from complications was 86.4% for channelopathy
and 88.8% for non-channelopathy patients (P 5 .71;
Supplemental Table 5); survival rates are 99.0% for channel-
opathy patients and 94.1% for non-channelopathy
patients. Most procedural complications have event rates be-
tween 0.0 and 1.5% of patients, including hematoma and
discomfort. Regarding the incidence of infection, 4% of
channelopathy patients required device explantation for
infection vs 2.0% of non-channelopathy patients (P 5 .17),
and 1.0% of channelopathy and 0.4% of non-
channelopathy patients had suspected infections (P 5 .58).
Device erosion occurred in 1.5% of channelopathy patients
and 1.8% of non-channelopathy patients. Technical compli-
cations including premature battery depletion, generator
movement, and suboptimal electrode position each ac-
counted for less than 1.5% of events and were not statistically
significant between the groups.
Comparison with TV-ICD
We report in Table 2 the rates of appropriate shocks, IAS, and
ICD-related complications of channelopathy patients re-
ported in a comprehensive meta-analysis of the TV-ICD in
inherited arrhythmia patients.2 Age at implant and sex were
equivalent between the S-ICD and TV-ICD groups. Overall,
annualized appropriate shock, IAS, and complication rates
appear to be lower for S-ICD vs meta-analysis patients; how-
ever, for LQTS patients, both appropriate and inappropriate
shock rates are higher for S-ICD patients. There were no
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lead malfunctions in the S-ICD patients whereas 12.6% of the
TV-ICD patients experienced lead malfunction. Annualized
infection and electrode movement/lead dislodgment rates
appear to be similar. It is unknown whether these differences
are statistically significant owing to the complexity of the
pooled Olde Nordkamp data.2
Discussion
This is the first multicenter analysis comparing the early
performance of the S-ICD in channelopathy patients vs
non-channelopathy patients. Both cohorts experienced effec-
tive detection and cardioversion of induced VT/VF with
equivalent frequency. Neither IAS rates (including cardiac
oversensing) nor complications were significantly different.
Channelopathy patients had statistically similar rates for
VT/VF storm events (2% vs 0.9% patients, P 5 .33) and
fewer IAS (8.5% patients vs 12.5%, P 5 .16).

One of the key advantages of the S-ICD is avoiding lead
complications.10 Many channelopathy ICD recipients are
young patients at risk of the long-term morbidities associated
with intravascular leads with the added risks of lead extrac-
tion.2,6,11 TV lead failure rates for leads implanted for 5 years
range from 5% to 15% and may be as high as 40% for leads
followed for 8 years.12–14 Indeed, lead-related complications
have been found to be significantly lower in S-ICD
studies.15,16 This is especially relevant in channelopathy
cases and is reflected in our comparison of S-ICD outcomes
with the most comprehensive TV-ICD meta-analysis recip-
ient datasets in channelopathy patients.



Figure 3 Small-amplitude electrocardiograms resulting in T-wave oversensing.A: Brugada patient with heart rate at 180 beats per minute (bpm). B: Long QT
syndrome patient with heart rate at 160 bpm. The QRS amplitude is small, resulting in T-wave oversensing with increase in QRS:T-wave ratio post shock and
correct QRS sensing.
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Avoiding inappropriate shocks
A key challenge in channelopathy cases is the risk of cardiac
oversensing, including TWOS, leading to IAS. This is espe-
cially relevant to BrS patients, where QRS widening, frac-
tionation, or right bundle branch block morphology, as well
as dynamic ST elevation, can lead to cardiac oversensing.
Cardiac oversensing has been highlighted in higher screening
failure rates in BrS patients tested at rest, on exercise, or with
pharmacological challenges to provoke these electrocardio-
graphic changes.17–20 Conte and colleagues17 examined
100 channelopathy patients to assess S-ICD screening eligi-
bility. Patients with BrS had a higher but nonsignificant rate
of inappropriate morphology analysis, compared with other
channelopathies (18% vs 5%, P5 .07), and had a lower num-
ber of suitable sensing vectors (49.6% vs 84.7%, P , .001).
Ajmaline challenge unmasked sensing failure in 14.8% of
drug-induced BrS patients previously considered eligible.
High T-wave voltages were the main reason for these
screening failures. However, these studies were conducted
prior to the currently available automated screening
algorithms or SMART Pass filter designed to minimize
TWOS. The utilization of the SMART Pass technology
would be expected to reduce the IAS rate owing to T-wave
oversensing by 66%.21

Since increased autonomic tone on exercise recovery can
provoke ST elevation, exercise testing can be used to assess
screening eligibility.18,20 Of the 45 Brugada patients who
were screened eligible in resting conditions, 11 became inel-
igible during exercise testing, a higher rate than with ajmaline
testing.20 Dynamic changes in ST elevation may also cause
screening failure on a diurnal basis.19 This issue of screening
failure may be overcome by right sternal lead positioning,
which reduced screening failures from 30% to 18%.18 Right
parasternal lead placement may be a suitable alternative for
patients with narrow heart silhouettes.22

To ensure the lowest risk of TWOS, the prudent
approach in Brugada patients without a spontaneous
type 1 pattern is to screen with exercise and use both par-
asternal lead positions, and consider ajmaline testing for
coved ST elevation if exercise testing fails to provoke



Table 2 Summary of channelopathy patient demographics and outcomes implanted with the S-ICD (EFFORTLESS) and TV-ICD (meta-
analysis2)

Study EFFORTLESS TV-ICD meta-analysis P value EFFORTLESS TV-ICD meta-analysis

Device type S-ICD TV-ICD S-ICD TV-ICD
Patients, n 199 1578
Male 125/199 (62.8) 812/1217 (66.7) .32
Age at implant 39 6 14 40 6 14 .34
Primary prevention 115/199 (57.8) 466/1359 (34.3) ,.0001
AF in history 8/199 (4.0) 39/349 (11.2) .007

Units n/N (%) pts n/N (%) pts % pts/y % pts/y

Outcomes
channelopathy
S-ICD (% pts)

channelopathy TV-ICD
meta-analysis2 (% pts)

channelopathy
S-ICD event rate
(% pts/y)
Follow-up
39 6 18 months

Channelopathy
TV-ICD meta-analysis2

event rate
(% pts/y)
Follow-up
53 6 36 months

Appropriate shocks 19/199 (9.5) 383/1984 (19.3)† 3.0 3.9{

Brugada 5/83 (6.0) 200/1230 (16.3)† 1.9 2.9{

LQTS 8/24 (33.3) 160/675 (23.7)† 10.4 5.5{

Inappropriate shocks 17/199 (8.5) 303/1578 (19.2)‡ 2.7 3.8#

Brugada 7/83 (8.4) 214/1037 (20.6) 2.7 3.9 (3.0–4.8)
LQTS 3/24 (12.5) 62/462 (13.4) 3.9 2.8 (2.0–3.6)

Complications, total 27/199 (13.6) 281/1189 (23.6)x 4.3 4.7††

Brugada 10/82 (12.2) 161/753 (21.4) 3.8 3.4 (2.5–4.3)
LQTS 3/23 (13.0) 104/399 (26.1) 4.1 7.0 (4.4–9.7)
Infection 8/199 (4.0)* 43/1312 (3.3)x 1.3* 0.66††

Brugada 1/83 (1.2)* 24/829 (2.9) 0.38* 0.52††

LQTS 1/23 (4.3)* 14/430 (3.3) 1.3* 0.75††

Lead malfunction 0/199 (0) 149/1180 (12.6)x 0 2.5††

Brugada 0/83 (0) 94/770 (12.2) 0 2.2††

LQTS 0/24 (0) 41/362 (11.3) 0 2.6††

Electrode movement/lead
dislodgment

1/199 (0.5) 19/587 (3.2)x 0.16 0.7††

Brugada 1/83 (1.2) 6/239 (2.5) 0.38 0.4††

LQTS 0/24 (0) 12/311 (3.9) 0 0.9††

LQTS5 long QT syndrome; ns5 nonsignificant; pts5 patients; S-ICD5 subcutaneous implantable cardioverter-defibrillator; TV-ICD5 transvenous implant-
able cardioverter-defibrillator; VT/VF 5 ventricular tachycardia/ventricular fibrillation.
*Systemic infection.
†Derived from2, Supplementary Appendix C.
‡Derived from2, Table 2.
xDerived from2, Table 3.
{Derived from2, Table 1 and Supplementary Appendix C.
#Derived from2, Tables 1 and 2.
††Derived from2, Tables 1 and 3.
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type 1 changes in recovery23,24 (Figure 4). During ajma-
line challenge, the primary, secondary, and alternate vec-
tors were less frequently appropriate with an induced type
1 BrS electrocardiogram- the primary sensing vector may
be the most resistant to dynamic changes in BrS.24 It is
important to identify the maximum number of suitable
vectors at rest and on exercise to maximize programming
options post implant, particularly as T-wave changes are
more common in channelopathy patients. Post-implant
exercise testing, SMART Pass filtering, and conditional
dual-zone programming further mitigate risks of IAS. 25

Regarding LQTS, there is limited literature on TWOS risk
or screening failure. Screening failure in LQTS cases occurred
in 1 in 21 cases (5%) of Conte’s series.17Multivariable logistic
regression in a pediatric series formulated a risk score based on
QTc interval.440 ms, QRS duration.120 ms, and R:T ratio
,6.5 in lead aVF, associated with probability of failure of
15.4% (1 point), 47.4% (2 points), and 88.6% (3 points),
respectively.26 However, LQTS was not an independent pre-
dictor of failure. This may simply reflect the underpowering
of the study but highlights the relevance of QTc in screening
failure. One would expect long QT1 and long QT3 patients
to be at greatest risk of failure, as long QT1 cases will having
larger tented T waves relative to the R wave and long QT3 a
longer isoelectric interval with the risk of small R:T ratio. In
1 case report, sensing failure was addressed with right-sided
lead placement.26 It is prudent to screen both left and right par-
asternal positions at rest and during exercise in these cases, as
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T-wave changes are dynamic and vector selection versatility
can then be maximized.

Figure 4 summarizes the key steps to maximize suitable
vector identification pre-implant and minimize IAS in chan-
nelopathy patients, emphasizing the importance of judicious
screening and conditional programming.
Comparison of S-ICD outcomes in channelopathy
patients to TV-ICD
In LQTS patients, both appropriate and IAS rates are higher
for S-ICD patients. One factor that could be important is the
lack of pacing with S-ICD. Atrial pacing would stabilize the
resting heart rate �70 bpm and stabilize QT intervals, thus
preventing a short-long-short RR sequence that in turn trig-
gers torsades de pointes.27 In this manner atrial pacing could
prevent QT interval and T-wave morphology changes and
potentially minimize the risk of TWOS and, hence, IAS.
However, there is a trade-off in that the S-ICD avoids long-
term lead complications. Hence, S-ICD treatment should be
considered carefully in LQTS cases where dynamic heart
rate changes, large changes in T-wave morphology, and
bradycardia-related events (eg, long QT3) are more likely
to occur. None of the LQTS patients in EFFORTLESS
required a change to a TV-ICD. This is in line with Willy
and colleagues,6 who reported that 1 out of 83 patients
switched to a TV-ICD during follow-up because of an
ineffective shock. Both appropriate and inappropriate
shocks were higher in Brugada TV-ICD recipients. The
former may reflect the balance of secondary prevention
cases in the TV-ICD patients whereas the latter is likely
owing to lead fractures and older programming of lower
rate zones and shorter episode duration. These causes
result in inappropriate therapies for sinus tachycardias,
which can be mitigated by dual-zone programming in
the S-ICD.
Limitations
This study is limited to channelopathy patients, primar-
ily with LQTS and BrS, as well as IVF diagnosis.
There is too limited a number of catecholaminergic
polymorphic VT cases to draw firm conclusions,
although a recent analysis suggested ICDs in this condi-
tion can be proarrhythmic and not reduce mortality.28

The differences in age and ejection fraction in the chan-
nelopathy and non-channelopathy patients could theoret-
ically account for some of the differences in outcomes
identified, but this would need to be addressed in either
a randomized controlled trial or propensity-matched
analysis. We considered undertaking a direct comparison
with contemporary TV-ICD channelopathy patients with
propensity matching, but most centers only have a
limited number of suitable cases spread over many
years, making data collection extremely challenging to
examine outcomes and programming differences. Utiliza-
tion of the published meta-analysis was the most acces-
sible resource. Both approaches are limited by the
heterogeneities in channelopathy series reported,
including age and duration of therapy of the patients.
Ideally, a propensity-matched analysis with at least 10-
year follow-up of channelopathy cases would address
the key long-term questions of S-ICD vs TV-ICD out-
comes—the subject of future studies.

The follow-up in this series may be too short to detect
long-term lead or subsequent device change complications;
thus, these data were normalized to annualized event rates
for direct comparisons with the TV-ICD data.
Conclusion
This subanalysis of EFFORTLESS S-ICD demonstrates
similar efficacy and a nonsignificant, lower rate of
IAS in patients with channelopathies as compared to
structural heart disease. Comparable IAS rates were
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achieved with the device programmed to higher rates
for patients with channelopathies. When compared to a
meta-analysis of TV-ICD channelopathy cases, the S-
ICD performs well, with similar or lower appropriate
shock, IAS, and complication rates overall. The S-ICD
should be considered in channelopathy cases with
appropriate careful screening and programming to mini-
mize inappropriate shocks.
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