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• Sudden cardiac death is a major cause of mortality in ACHD 
patients

• 19% to 26% of mortality

• The indications for ICD implantation in ACHD patients are still not 
well established

• It is unclear whether non-transvenous ICD systems in patients with 

CHD differ from standard transvenous systems 
• with respect to safety and efficacy



Risk estimates for arrhythmic events and bradycardias in ACHD

2020 ESC guideline

Complex CHD; 
limitations in TV-ICD 

implantation due to anatomical 

variations and previous 

surgeries



Lead Implant Route for Patients With CHD in 

Implantable Cardioverter Defibrillator Registry
more complex forms of CHD 

underwent nontransvenous

lead implantation

Circ Arrhythm Electrophysiol. 2014;7:1092-1100



T-ICD vs. extracardiac ICD

Europace (2019) 21, 106–113



Transvenous vs Epicardial lead

- Epicardial leads were associated 

with higher atrial and ventricular 

thresholds and shorter generator 

longevity (HR, 1.9)

Circulation. 2006;113:2391-2397



Transvenous ICD system

• The current ICD approach is effective

• 11% ICD patients suffer complications 
during or shortly after implant

Atrial  

Lead

LV Lead

RV Lead

Reynolds et al JACC Aug 2006



Limitations of CIED

Madhavan, M. et al. J Am Coll Cardiol. 2017;69(2):211-35



Transvenous vs, Epicardial lead

Transvenous leads incur a >2-fold increased risk of systemic 

thromboemboli in patients with intracardiac shunts

-Risk factors were older age (HR, 1.05), atrial fibrillation or flutter (HR, 6.7), 

and ongoing phlebotomy (HR, 14.4)

-Aspirin or warfarin prescribed was not protective

Circulation. 2006;113:2391-2397



Circulation. 2013; 127:2393-2402.

ICD leads in congenital heart disease patients 



Numerous ACHD patients experienced inappropriate shocks 

and ICD-related complications 

(26% complications vs. 14% in 3.8 years for at SCD-HeFT)

• ACHD patients are younger 

and more active

-> lead failure/dislodgement is 

common

• Generator changes also 

need to be done more



To overcome Limitations of Transvenous Leads

• Anatomical Limitations

- Venous access issues

• Implant risks

- Pericardial effusion/cardiac tamponade, perforation,  pneumothorax

, lead dislodgement, endocarditis,  systemic infection, death

• Lead failure risks

- Inappropriate shock / loss of therapy

• Explant risks

-Vessel dissection, perforation or occlusion, valve damage,  bleeding, tamp

onade, systemic infection



Subcutaneous ICD

• Entirely subcutaneous

• Does not require leads in the heart,  
leaving the vasculature untouched

• Placed using anatomical landmarks, 
reducing the need for fluoroscopy at  
implant

• provide effective detection and treat
ment of  VT/VF



TV-ICD vs S-ICD complications for non-CHD patients

14 times the number of TV ICD lead  

complications requiring surgical 

intervention

(11.5% vs 0.8% p=0.03)

Lead survival at 5 years was significantly better 

for S-ICD vs TV-ICD 

 (99% vs 86% p=0.02)*

Brouwer, T.F., et al. J  Am Coll Cardiol, 2016. 68(19): p. 2047-2055.



Limitation of S-ICD

Volume : 26.5cc  

Weight : 60g

Volume : 59.5cc  

Weight : 130g

• Associated with shocks for 
ventricular tachycardia 

• High current is required

• Antitachycardia pacing is not 
available

• Bradycardia pacing is limited



Device-Related Complications Inappropriate shock

N Engl J Med 2020;383:526-36

• SVT: device reprogramming or medication

• Cardiac/noncardiac oversensing: less modifiable



Transvenous (TV) ICDs The S-ICD System

• Provides effective defibrillation  
• for ventricular tachyarrhythmias

• Provides brady pacing

• Provides ATP for patients with inc

essant monomorphic VT

• Provides atrial diagnostics

• Familiar implant technique

• Provides effective defibrillation  

• for ventricular tachyarrhythmias

• No risk of vascular injury

• Low risk of systemic infection

• Preserves venous access

• Avoids risks associated with endova

scular lead extraction

• Fluoroscopy not required



Most candidates for S-ICD in ACHD 

• single ventricle  

• limited transvenous options for ICD implantation 

• intracardiac shunts

J Am Coll Cardiol. 2018 Oct 2;72(14):1760



Unique considerations for ACHD patients

• various anatomic constraints

• lack of vascular access 

• the high rate of lead malfunction

• possibility of a further lead-
associated tricuspid regurgitation 

-> can even facilitate ventricular 
arrhythmias occurrence



S-ICD Implantation in Pediatric 

Patients and Those With 

Congenital Heart Disease

• Effective acute conversion and 

appropriate therapy delivery 

• Inappropriate shock rates are 

comparable to other published 

literature for transvenous ICDs

in CHD populations

von  Alvensleben,  J.C.  et  al.  J  Am  Coll  Cardiol  EP. 2020



Special considerations for S-ICD placement in the ACHD 
population

• Abnormalities in ventricular 

repolarization

• Higher than usual prevalence 

of supraventricular tachycardia 

• An increased potential for 

interdevice interactions 

• -especially, unipolar pacing

Circ Arrhythm Electrophysiol. 2016;9:e004338.



S-ICD for ACHD

13% of patients received IAS

- due to SVT 40%, T-wave oversensing 

40%, and non-cardiac oversensing 

20% 

- Reprogramming, proper drug therapy, 

and surgical revision avoided further 

IAS.

Europace (2023) 25, 460–468 

Circ Arrhythm Electrophysiol. 2016;9:e004338.



In the future,

• Advances  in  sensing algorithms  and  leadless  pacing  systems  

• could  allow  for  reduced  inappropriate  shocks  and  a  wider  
application  to  varied  patient  populations

• Demonstrating the  efficacy  of  lower  defibrillation  outputs  

• would allow  for  the  creation  of  smaller  generator  sizes  and 
applicability  of  the  S-ICD

von  Alvensleben,  J.C.  et  al.  J  Am  Coll  Cardiol  EP. 2020



Modular CRM System Program

• Excellent long-term performance 

(18mo) in a preclinical model

-appropriate VVI functionality

-successful wireless device–device 

communication

-ATP delivery

• Human clinical studies are required

Heart Rhythm 2022;19:837–846



Extravascular ICD • Enable pause-prevention 

pacing, antitachycardia

pacing

• defibrillation energy similar 

to that of transvenous ICDs

N Engl J Med 2022;387:1292-302.



• Biventricular physiology and a 
systemic LV 

-> follows standard criteria

• For single or systemic RVs is 
less well established

-> Indivualized approach

-> S-ICD implantation is the only 
available option in some case

* Epicardial options should be 
considered if vector testing fails

Europace (2023) 25, 199–210 



Conclusion

• ICD implantation in ACHD patients should be based on a 
multifactorial decision-making process 

• that takes into account parameters derived from previous studies 

• Consider factors such as the patient's age, anatomic constraints, 
and the need for pacing, etc.

• The significant rates of complications and inappropriate shocks 
emphasize the importance of carefully weighing the costs and 
benefits for each individual patient

• unique characteristics and needs of ACHD patients is crucial 



Thank you for your attentions
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