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Life-expectancy gain by ICD therapy in 
non-severe (NYHA 4) HF patients



DOES it Matter how you
save one life? 



Face to face

• Spares vascular access

• NO intravascular complications

• Endovascular infection unlikely, 
NO life threatening extraction

• Fewer LEAD complications

• Smaller device size

• Longer longevity

• Better sensing and noise
discrimination

• ATP,  brady pacing

Favours S-ICD Favours TV-ICD



What is your preference ?
Raise your hands..

Transvenous SC ICD Subcutaneous ICD



2015 ESC Guidelines 2017 AHA/ACC Guidelines

S-ICD:
• Young
• No need for ATP/pacing
• High infection risk



Individualized approach

• Age
• Infection risk

• Lead issues
• Need for ATP 
• Need for pacing
• Etiology

• Indication
• Disease progression
• (Costs)

What does your patient need?

• Treatment of sudden death

• Treatment of sudden death, + treatment of  
ventricular tachyarrhythmias, + ……… ?

Shock BOX

Shock BOX + ATP + ……



Is this a case for:

Less is More

Ludwig Mies van der Rohe

Or is it simply

LESS ?



Main findings:
1) patients treated for secondary prevention experienced appropriate therapy more often; 
2) the long-term risk for all-cause mortality was comparable for both groups; 
3) risk for subsequent VA was higher in primary prevention patients than in secondary prevention patients;
4) no differences were demonstrated in the incidence of inappropriate shocks.

Primary and secondary prevention

van Welsenes H et al. Europace 2011; 11: 389-394



• Prevalence of VT & VF episodes higher in SP

• SP pts tend to recurr with the same arrhythmia

• VTs occurring in SP terminate less frequently with 
ATP

• SP patients seem to have fewer self-terminating 
VTs

Jimenez-Candil J et al. J Interv Card Electrophysiol 2015; 44: 187-195

Primary and secondary prevention: Arrhythmias
cycle length



Arrhythmias:

Ischemic vs Non-ischemic Etiology… it’s not enough !!
Primary endpoint: occurrence of any appropriate ICD therapy

Pedretti S et al. Clin Cardiol 2018; 41: 494-501

LGE was defined as “complex” (Cx-LGE)
in presence of ≥1 of the following:

• ischemic pattern, involving ≥2 different coronary territories (subtype 

1);

• epicardial pattern (subtype 2); 

• global endocardial pattern (subtype 3); 

• presence of ≥2 different patterns (subtype 4). 



Points of discussion

• Age
• Infection risk
• Lead issues
•Need for ATP 
•Need for pacing
• Etiology
• Indication
• Arrhythmic potential
• (Costs)

ICD recipients today

ICD CRTD



Factors influencing the use of subcutaneous or transvenous ICD: 
EHRA Survey

Boveda S et al. Europace 2018; 20: 887-892



SICD: 
why and why not?

Botto GL et al. Europace 2017; 19:1826-32

AIAC Survey



Heart Rhythm 2018, In Press

Age 14±3 years



S-ICD screening failure occurs in up
to 13% of patients with inherited
primary arrhythmia syndromes.

Patients with BrS present the highest
rate of screening failure as compared
with other cardiac channelopathies.

Conte G et al. Europace 2017; in press



18% Screening Failure in Brugada patients amongst other
primary arrhythmia syndromes



Patients want an infection-free life & 
longer lasting devices

73% of patients are concerned about 
battery life and device longevity1 Perspectives from patients

“There is no minor surgery…anytime you get cut open you are 
opening yourself up to getting an infection”2 – Tom, ICD Patient

“I want it to last as long as possible, worry-free”2 –Gary, 
Congestive Heart Failure

1High Voltage Patient Survey, January 2011. Double-blind online survey administered by 3rd party vendor; conducted among 189 high voltage device patients.
2Verbatims from double-blinded focus groups of congestive heart failure patients, led by independent moderators in Minneapolis, Philadelphia, and San Francisco. 





983 patients, ICD and CRTD Replacement or upgrade
Minumum 12  months FU

Infection rate 1.2%



Which  device in a 28 yrs old pt?

12 years 12 years 12 years

7 years 7 years 7 years 7 years Age: 63
4 replacement

Age: 64
2 replacement

Age : 28 
TVICD implant  
Longevity Device

7 years

Age: 28 
SICD implant
Longevity Device

Longevity: SICD vs TVICD

I

I

R R

RR R R

Infection risk

3-4%

13-15%





Complications : Risk factors

Koneru JN et al. J Am Coll Cardiol 2018; 7(10): in press

40837 CIED
(28537 SC/DC 

ICD)

1.9%

5.3%

The study involves a retrospective analysis of claims data from the OptumLabs™ Data Warehouse (OLDW), which includes de-identified claims data for privately 
insured and Medicare Advantage enrollees in a large, private, U.S. health plan



• Metanalysis of 63 study
populations

• N=4195 ICD
• Mean Age: 39±15
• FUP: 53±26 months

Lead Failure is most important source of complications 
in “young” pts 

Up to 70% of all complications
are lead related

High crude annual slope rate of 2% per year (20% at 10 yrs), but long term
FU studies beyond 5 yrs after implant are scarce

Olde Nordkamp LRA  et al. Heart Rhythm 2016; 13(2): 443-454



100%

99%

98%

97%

96%

95%

94%

93%

92%

91%

90%

0 1 2 3 4 5 6 7 8 9 10

Fidelis
DC AF 
(2004)

Riata ST Optim
DC AF (2006)

Optisure DF4 
DC AF
(2014)

Durata DC AF 
(2007)

Linox DC AF 
(2006)

Quattro DC AF
(2001)

Quattro DF4 DC AF 
(2012)

RELIANCE / RELIANCE G DC 
AF (2002)

RELIANCE G 4SITE DC AF (2010)

Linox Smart 
DC AF 2011

Years from
Implant

Su
rv

iv
al

 P
ro

ba
bi

lit
y 

Pe
rc

en
ta

ge

Protego DC 
AF (2014)>97%

Survival after 10 
years of follow-up
Reliability of most 
recent active fixation 
model families.
•Boston Scientific
•Medtronic
•St. Jude / Abbott
•Biotronik

Proven Lead Reliability
Mismatch between PPR and real world: what’s the problem?

Mandatory:
more attention to the implant technique !

Liu J et al. Am J Cardiol 2014; 113: 103-106

Van Malderen S CH et al. Heart rhythm  2016; 13: 2299-2305

SICD lead 



NO Training course on Lead Implantation !!



SICD : learning curve

Knops R et al. Europace 2016; 18: 1010-1015

The complication rate of 9.8% decreased with increasing
experience of individual implanters and stabilized after 13
implants per implanter at 5.4%

Significative but very similar



Brouwer TF et al. JACC 2016; 68(19):2047-55

Non-lead complications

SMART PASS reduces IS due to TWO



Long term outcomes: S-ICD vs TV-ICD
140 SICD vs 140 TV ICD after propensity match

NO differences in overall complication

Lead complications

lower in S-ICD

Non-lead complications

higher in S-ICD

Brouwer TF et al. JACC 2016; 68(19):2047-55



Basu-Ray I et al. JACC: clinical eletrophysiol 2017; 3: 1475-1483

Lead complications

Infections

Device failure

Inappropriate therapy

..due to SVT

..due to TWO

P<0.05

P=NS

P=NS

P=NS

P<0.05

P<0.05
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Inappropriate Shock Free Rate: PAINFREE SST-2

Inappropriate Shock Free Rate at 1 
year 95% C.I. Lower Bound 95% C.I. Upper Bound

N. pts with inappropriate 
shock

0.982 0.974 0.990 21

98.2% inappropriate shock free rate at 1 year
NO More ES !!



Arenal A et al. Europace 2016;8:1719-25

Long 
detection
(18/24)

Longer
detection
(30/40)

Added value
• Long detection vs longer detection
• Primary and secondary prevention

• Any ICD type
• All ICD therapies

Considering Shock only….
LD reduces 37% 
unnecessary tx

But

Longer
detection
(30/40)

ATP+

ATP (on top to LD) 
reduces another

52% unnecessary tx



To Reduce Pain and 
Anxiety

and Increase 
Device Acceptance

To Reduce 
Healthcare Burden 

and Improve 
Patient Quality of 

Life

Avoiding Shocks 
May Improve 

Survival/Heart 
Failure

Why anti-tachycardia pacing?



For FVT (32% shocked, 68% ATP), 
episode and therapy effects could be 
uncoupled.

ATP-terminated FVT did not increase 
episode mortality risk, 

whereas 
shocked FVT increased risk by 32%.

Heart Rhythm 2010;7:353–360.



Sweeney MO et al. Heart Rhythm 2010;7:353–360.

ATP vs Shock

Recommendations for all pts with 
SHD and ATP-capable ICDs, to 
reduce total shocks, except when 
ATP is documented to be ineffective 
or proarrhythmic:

Class of 
Recommendation

and level of 
evidence

ATP therapy to be active for all 
ventriculartachyarrhythmia detection 
zones to include arrhythmias up to 230 
bpm

I A

ATP therapy to be programmed to 
deliver at least 1 ATP attempt with a 
minimum of 8 stimuli and a CL of 84-
88% of the tachycardia CL for ventricular 
tachyarrhythmias

I A

ATP recommendations

Wilkoff B et al. Heart Rhythm 2015







ES: 4.7% at 3 years

ES predicts CHF-related deaths and Overall Mortality

Slow VF detection zone
NO  ATP Before or During Charging
SHORT detection Time of VT or VF

ALL predict
Electrical
storms

}
Guerra F et al. Heart Rhythm2016;13:1987–1992 
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Inappropriate Shock Free Rate: PAINFREE SST-2

Inappropriate Shock Free Rate at 1 
year 95% C.I. Lower Bound 95% C.I. Upper Bound

N. pts with inappropriate 
shock

0.982 0.974 0.990 21

98.2% inappropriate shock free rate at 1 year
NO More ES !!



ATP is effective

But

We don’t have strong predictors of 
effectiveness

How much are we willing to pay?



Cost ………



ICD Hystory

Abdominal ICD 
with epicardial lead

and patch

Subcutaneous ICD 
with transvenous

lead

Intermuscolar ICD 
with subcutaneous

lead

String defibrillator

PAST PRESENT FUTURE





The more you need it

S-ICD Weakness

The more you miss it

S-ICD screening failure

In 13% of patients with
inherited primary arrhythmia
syndromes.

In 18% with BrS

In 6% HOCM patients

In 25% of pediatric patients



12 years 12 years 12 years

7 years 7 years 7 years 7 years Age: 63
4 
replacement

Age: 64
2 
replacement

Age : 28 
TVICD implant  
Longevity Device

7 years

Age: 28 
SICD implant
Longevity Device

I

I

R R

RR R R

Infection risk

3-4%

13%

Endurance is an Issue ….



That drives cost along ….



ATP-terminated FVT did not increase 
episode mortality risk, 

whereas 

shocked FVT increased risk by 32%.

Heart Rhythm 2010;7:353–360.

If you don’t miss it, ….



P  detection, quad LV 
lead

NEED for ATP / VVIR 
pacing

S-ICD, Leadless unit
J Am Coll Cardiol EP 2017;3:1487–98

Why striving after all of  this ?



P  wave detection !

Key ISSUE of modular systems in SR Patients

Int J Cardiol 2017;249;184-90
Substernal ICD



Minimization

Multitasking

The Future of  implantable devices ?

Low consumption

Leadless



Low energy 
communication

Rechargeable battery 

Energy Harvesting











Remote patient management

Energy supply 

ISSUES with leadless devices : 
diagnostic data

SMALL DEVICES

Multiparameter patient assessment



DOES it Matter how you
save one life? 



+ 1 hour for patient setup 

+ 30 minutes for patient weaning to cardiology ward



Conclusions
What do you prefer today? 

… in a long-term perspective ? 

TV-ICD S-ICD



SICD : learning curve

Knops R et al. Europace 2016; 18: 1010-1015

The complication rate of 9.8% decreased with increasing
experience of individual implanters and stabilized after 13
implants per implanter at 5.4%

Significative but very similar


