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ICD with Transvenous leads

Clear survival benefit in many RCTs

Smaller devices, Longer battery life

Rapid, simple, low risk implantation procedure

Sophisticated VT/VF programming

AF detection

Remote monitoring

Low rates of inappropriate shocks



Complication risk of transvenous ICD
Mostly from TV-lead

Maisel WH et al. Circulation 2008;117:2721-3
Kirkfeldt RE et al. Eur Heart J 2014;35:1186-94

Kleemann T et al. Circulation. 2007 May 15;115(19):2474-80

• The Danish Registry demonstrated that up to 15% of ICD patients are at risk 
of a complication within the first 6 months of implant.

• The majority of complications requiring invasive intervention included:

– Lead related issues: lead dislodgement, lead failure, etc.

– Infection

– Cardiac Perforation

– Pneumothorax



Venous stenosis after TV lead placement
: Venogram - mean time since implantation of 6.2 years

J Am Heart Assoc. 2015 Jul 31;4(8):e001878 



TV-ICD vs S-ICD

 Brady pacing

 ATP for patients with VT

 Provides atrial diagnostics (in presence of A lead)

 Rapid, Simple, Familiar implant technique

 No risk of vascular injury

 Low risk of systemic infection

 Preserves venous access

 Avoid risk of endovascular lead extraction

 Fluoroscopy not required



PRAETORIAN trial
: S-ICD vs. TV-ICD, N=849 (Class I or IIa indication for ICD, no need for ATP/pacing)

Knops RE et al. N Engl J Med 2020; 383:526-536

Median FU for 48months
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Current status of non TV-ICD

High shock efficacy : similar to TV-ICD

Low rate of inappropriate shocks; now approaching to TV-ICD

Survival rate appears similar to TV-ICD (2nd RCT at early 2022)

Comparative device complication rate, better lead complication rate



Upcoming RCTs : S-ICD vs TV-ICD



Limitation of Subcutaneous ICD

High DFT - lower Battery longevity

Larger device – position sensitive discomfort

High oversensing rate – higher inappropriate shock

No pacing option (no brady back up/no ATP)



Expected need for pacing : prefer TV-ICD

Botto GL et al. Europace. 2017 Nov 1;19(11):1826-1832 



Brady pacing need in patients with ICD over time

Sweeney et al Heart Rhythm 2010
Brady et al. NEJM 2005

Wilkoff et al. JAMA 2003
Wilfoff et al. JACC 2009

Kutyifa et al HRS 2015

MVP trial ; 5.5%

SCD-HeFT trial : 3.0%

DAVID-I trial : 4.0%

DAVID-II trial : 14.0%

MADIT-II trial : 4.1%

TV-ICD studiesS-ICD studies

EFFORTLESS : 2.0%

PRAETORIAN : 1.2%

UNTOUCHED : 0.0%

**Selected population without 
conduction problems at baseline

Boersma et al. JACC 2017
Gold et al. Circulation 2021

Knops et al. NEJM 2020



ATP for S-ICD studies

Boersma et al. JACC 2017
Gold et al. Circulation 2021

Knops et al. NEJM 2020

EFFORTLESS : 50% of all episodes were sustained VT, 2.2% of all 
pts had >1 treated monomorphic VT episode

UNTOUCHED : 62% of patients experienced 42 monomorphic VT

• 1 170bpm

• 205 200-230bpm

• 15  >230bpm

PRAETORIAN : Appropriate ATP in 12.9% of TV-ICD  55% 
terminated



Extravascular ICD with substernal lead

Crozier I et al. JACC EP 2020 

 Lower DFT (only 1.5 times higher than TV ICD)

 Smaller device size

 Greater Longevity

 Pacing (Brady, ATP)



Extravascular ICD with substernal lead
: The ASD2 study

Boersma et al. J Am Coll Cardiol EP 2019;5:186–96 

 Procedure

 Minimal invasive sub-xiphoid approach

 Substernal lead advancement via blunt tunneling rod

 Lead

 Designed for substernal therapy delivery

 Overall 8cm defib coil

 Two pace/sense rings



Extravascular ICD with substernal lead
: The ASD2 study

Boersma et al. J Am Coll Cardiol EP 2019;5:186–96 

 Total median lead placement time : 12.0 ± 9.0min

 7 adverse events (bleeding, erythema, anesthesia 
reaction, transient AF & VF, pericarditis, tamponade)
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Extravascular ICD with substernal lead



TV-ICD vs Subcutaneous ICD vs Substernal ICD

 Brady pacing

 ATP for patients with VT

 Lower DFT

 Provides atrial diagnostics (in 
presence of A lead)

 Rapid, Simple, Familiar implant 
technique

 No risk of vascular injury

 Risk of systemic infection ↓

 Preserves venous access

 Risk of lead extraction ↓

 Fluoroscopy not required

 No risk of vascular injury

 Risk of systemic infection ↓

 Preserves venous access

 Risk of lead extraction ↓

 Fluoroscopy not required

 Brady pacing

 ATP for patients with VT

 Lower (Acceptable) DFT



Extravascular (non-TV) ICD can avoid many lead-related complications

S-ICD : only extravascular ICD with FDA and CE approval, but has limitations 
(pacing, ATP, higher DFT, shorter battery longevity)

Second RCT for S-ICD to present in early 2022

Substernal ICD can allow

 Lower DFT with smaller can

 ATP and brady-pacing

 More data are needed - Outcomes expected 2022

Conclusions
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