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• Congenital heart disease (CHD) 
refers to structural abnormalities of 
the heart present at birth, affecting 
approximately 1% of live births. 

• Advances in surgical techniques 
have dramatically increased survival 
into adulthood. 

• Long-term complications: frequent 
arrhythmias (e.g., bradycardia) 

• Symptomatic bradycardia often 
requires permanent pacemaker 
implantation to maintain an 
adequate heart rate.







Expected number of CHD pts (U.S.) 
with a pacemaker

Adapted From "Relative Frequencies of Cardiovascular and Extracardiac Malformations among Studies of CV malformations among Birth Cohorts,  
in The Science and Practice of Pediatric Cardiology, Second Edition 



Changings demographics in CHDs

Baumgartner H. Eur Heart J 2014;35:683 – 685

•With 84% of the population with 

CHD now living >40 years, more 

“old patients”  will require specific 

care





Limitations of traditional devices in CHD Patients 
Conventional lead-based systems pose significant challenges in patients with surgically altered anatomy.

Anatomical Challenges Lead-Related Complications Pocket-Related Issues

• Difficult or absent venous 
access 

• Complex cardiac anatomy 
(e.g., Fontan circulation) 

• Presence of intracardiac 
shunts 

• Previous Surgery 
• Right to left emboly 
•

• Lead fracture or dislodgement 
• Venous occlusion 
• Risk of endocarditis 

• Generator pocket infections 
• Skin erosion 
• Aesthetic and psychological 

impact 

Increased Risk of Infection



Infective endocarditis (IE) in patients with CHD

Facts

 1 Snygg-Martin U, Clin Infect Dis, 2021  2 Kuijpers JM, Eur Heart J, 2017

•Incidence 20-70x higher than general population 
•By age of 18 years similar risk to 81-year-old controls 

•Higher risk of IE in CHD: 
• Residual shunts 
• Cyanosis 
• Implanted material



Heart Rhythm 2015;12:566–573 



NO LEADS 
   Eliminates all 

short-and long-
term 
complications 
associated with 
transvenous 
leads

NO SURGICAL 
POCKET 
Entirely 
intracardiac device, 
avoiding pocket 
infections, 
hematomas, and 
skin-related issues

MINIMALLY 
INVASIVE 
PROCEDURE 
   Implanted via 

the femoral 
vein using a 
c a t h e t e r , 
r e d u c i n g 
recovery time 
and patient 
burden

The Concept of Leadless Pacemaker: A new Era







European Heart Journal (2025) 46, 1979–1990 



Leadless Pacemakers Comparison
Feature Nanostim™ (St. Jude / Abbott) Micra™ (Medtronic) Aveir™ (Abbott)

First human implants 2012 (Europe) 2013 (Europe) 2020 (clinical trial)

Key initial study LEADLESS (2014, 33 pts) Micra TPS (2015, 725 pts) Aveir VR i2i (2020+)

Fixation method Helical screw 4 nitinol tines Helical screw (repositionable & 
retrievable)

Size ~42 mm x 5.9 mm ~25.9 mm x 6.7 mm ~32 mm x 6 mm

Battery life (estimated) 8–13 yrs (premature depletion) 10–12 yrs (confirmed) ~15–20 yrs (longer life)

CE Mark 2016 2015 EU trials

FDA approval Never (halted) 2016 (VR), 2020 (AV) 2022 (VR), 2023 (DR dual-ch)

Complications Perforation, delivery failure, early 
battery depletion

Low major complications (<2%), 
rare perforation/infection

High success, retrievable, dual-
chamber capability

Current status Suspended since 2017 Widely used, standard of care Active clinical use (VR & DR)

Unique features First-ever leadless pacemaker First successful commercial system Retrievable, modular, first dual-
chamber



Feasibility of Leadless Pacemakers in CHD









Retrievability: Designed for safe retrieval if necessary, 
via a dedicated fixation mechanism 

Extended Battery Longevity: Provides prolonged 
device lifespan 

Active Screw Fixation: Ensures precise and stable 
placement 

Pre-Implant Mapping: Allows assessment of optimal 
site prior to final deployment 

Dual-Chamber Capability (DR): Enables wireless 
communication between atrial and ventricular devices 
for physiological pacing

Aveir VR/AR/DR - Key Innovations



Young Patients – What about end-of-life management?

❖Longevity?

❖Retrievability?

❖Upgradability?



Pacing 
Rate

Pace 
Amplitude

% 
Pacing

300 Ω 400 Ω

50 bpm 1.25 V 100% 10.7 11.9
50% 13.5 14.5

0% 18.3 18.7
50 bpm 2.5 V 100% 5.3 6.3

50% 8.3 9.5
0% 18.3 18.7

60 bpm 1.25 V 100% 9.3 10.4
2.5 V 100% 4.5 5.4
5.0 V 100% 1.2 1.5

Single Chamber Longevities1,2

AVEIR VR LP
Pacing 
Rate

Pace 
Amplitude

% 
Pacing

500 Ω 600 Ω

50 bpm 1.25 V 100% 18.4 19.4
50% 21.8 22.6

0% 26.9 27.1
50 bpm 2.5 V 100% 10.4 11.5

50% 15.0 16.1
0% 26.9 27.1

60 bpm 1.25 V 100% 16.1 17.1
2.5 V 100% 8.9 9.9
5.0 V 100% 2.7 3.2

AVEIR AR LP

1 AVEIR Leadless Pacemakers and Delivery Catheter IFU. ARTEN600307044. 
2 A Dual-Chamber Leadless Pacemaker.” New England Journal of Medicine (Supplementary Appendix) (2023). DOI: 10.1056/NEJMoa2300080

Mean atrial device impedance at 
3-month IDE follow-up2315 Ω

Mean ventricular device impedance at 
3-month IDE follow-up2595 Ω

LONGEVITY (YRS) 
Impedance

LONGEVITY (YRS) 
Impedance







Impact of LPM vs TVPM 
in ACHD patients 

Data from “Monaldi Care Registry”  
“ACHD population subset”

Unpublished data

No significant differences in terms of:
• Hospital care 
• Time for procedure 
• Acute complicantions 
• Pacing/sensing  thresholds 

• Lesser Early/Late complications 
• No residual TR…. 

March 2025-April 2026 

• 12 Aveir LPM Implant in ACHD 
• 5F/7M 
• Aged 53.6-12.5 years old 



Giulia I.
• D.O.B. 12.02.76   

• TOF 

• 3 years old – Surgical correction 

• 29 years old – Contegra 22 RVOT conduit 

• 40 years old – Endocarditiis (Streptococcus Gordonii)  

                           Severe RVOT obstruction 
                           Homograft 24 implant 
• 45 years old  - Paroxismal A fib – AA drugs required 

• 2024/2025 - I° AV block, RBBB, Left axis deviation 

• 2025: pre-Syncope, ECG Holter 2:1 AV block







Giovanni C.

• D.O.B. 12.07.58   

• Car mechanic 

2025 - Peripheral hospital 

• Pre-op ophthalmology (cataract) 

• A fib with low ventricular response 

• Suspected tricuspid valve abnormality….







Arturo N.
• D.O.B. 27.01.84   

• Truncus Arteriosus Type 1 

• 4 months - Surgical correction – Pulmonary homograft n°12 

• 6 years and 9 years old – Homograft replacement 

• 17 years old (2001)– Edwards 22 porcine valved conduit 

• 23 years old (2007) – Bilateral pulmonary arteries stenting  

• 37 years old (2021)– Reduced LV EF: 35%, nsVT – S-ICD implant 

• 39 years old (2023) – repeated IART, unresponsive to Amio, b-block 

Drugs: Amio, b-block, Apixaban, Furosemide, Ramipril















TGA with residual intracardiac shunt due to  
Gerbode VSD. 

Congenital mitral and aortic stenosis s/p mechanical 
mitral and aortic valve repl. Severe R heart dilation. 





J Interv Card Electrophysiol. 2023 







•Overcoming anatomical barriers: Transfemoral approach bypasses thoracic venous 
obstructions and adapts to complex anatomies 

•Drastic reduction of infection risk: Absence of pocket and leads eliminates major infection 
sites 

•Improved quality of life: No visible chest scar, no arm movement restrictions, better 
psychological acceptance 

•Greater freedom for future options: Preserves venous system for potential future cardiac 
interventions

Potential Advantages of Leadless Pacemakers in CHD



Key findings 
✓ Single-chamber retrievable leadless pacemaker implantation (Aveir VR and AR) is 

feasible and safe in ACHD patients, with excellent short-term outcomes.  
✓ The retrievable design, active fixation and mapping-guided implantation may be 

particularly advantageous in complex congenital anatomies.  
✓ Leadless pacing expands therapeutic options for ACHD patients at high infective, 

thromboembolic, or surgical risk.  
✓ Aveir AR may broaden leadless pacing options by enabling AAI atrial-only pacing 

in selected ACHD patients with isolated sinus node dysfunction.  

Single-chamber retrievable leadless pacemaker in adult congenital 
heart disease: a single-center experience 
Giovanni Domenico Ciriello, Diego Colonna, Anna Correra, Giovanni Papaccioli, 
Emanuele Romeo, Berardo Sarubbi 

Heart Rhythm 2026, in press



Cooming Soon



The first rule of any technology 
used in a business is that 
automation applied to an 
efficient operation will magnify 
the efficiency.  

The second is that automation 
app l i ed t o an in e f f i c i en t 
operation will magnify the 
inefficiency…. Bill Gates



See you soon in Naples






