
Aritmie ventricolari nella tetralogia di Fallot:  
dal pediatrico al GUCH.  

Stratificazione del rischio e terapia

Elisabetta M. Mariucci,  
Cardiologia e Cardiochirurgia Pediatrica e dell’età evolutiva 

IRCCS Azienda Ospedaliero-Universitaria di Bologna



Gatzoulis MA, Lancet 2000; 356: 975-81

Ventricular arrhythmias and SCD are important late complications 
in patients with repaired TOF  

with PR being the predominant haemodynamic lesion

Multicentre cohort of 793 patients with repaired TDF  
Mean follow-up 21 years

4% VT 
2%SCD 
3.6% AFL/AF



Khairy P et al, Circulation 2010

Multicenter cross-sectional 
study 

556 rToF, mean age 37± 12 y 
recruited from 11 centers 

The observed prevalence of 
VA 14.6%  

Prevalence of VA markedly 
increased  

after 45 years of age



Zeppenfeld K et al, Circulation 2007

Critical VT isthmuses in ToF



VA in ToF
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SCD risk 0.15%/y 
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How to prevent VT/SCD in ToF

PVR
EPS and ablation

ICD



INDICATOR (International Multicenter TOF Registry).  
The primary outcome was time to the earliest occurrence 

of death, resuscitated SCA or sustained VT

Bokma JP et al, J Am Coll Cardiol 2023

1,143 patients with rTOF (age 27±14 y, f-up 8.3 ± 5.2 y),  
7% experienced the primary outcome 

Patients receiving PVR lower risk of death or sustained VT 
HR for the primary outcome for PVR vs no-PVR was 0.41  

(95% CI: 0.21-0.81; P = 0.010). 
 In patients with RV ESV index > 80 mL/m2, PVR was 

associated with a lower primary outcome risk  
(HR: 0.32; 95% CI: 0.16-0.62; P < 0.001). 



Bokma JP et al, J Am Coll Cardiol 2023

the protective effect of PVR both in patients who met proactive criteria (HR: 0.31; 95% CI: 
0.11-0.87; P = 0.026) and conservative criteria (HR: 0.16; 95% CI: 0.03-0.82; P = 0.028).



Timing PVR and VT 

Bokma JP et al,  
Eur Heart J 2016

157 TOF pts 
undergone PVR, 
7.8+4.0 y f-up 

adverse clinical 
events (death, 

VTs, heart 
failure) 

best preoperative threshold for RV normalization is RVESV < 80mL/m2   
Preop  RV ESV > 95 mL/m2 -> no rev.remodeling, HR 2.9



2022 ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of 
sudden cardiac death. European Heart Journal 2022

risk factors: moderate RV or LV dysf, extensive RV scarring on CMR, 
QRS duration ≥180 ms and severe QRS fragmentation

secondary prevention of sudden cardiac death 
and treatment of ventricular arrhythmia

risk stratification and  
primary prevention of sudden cardiac death



Arrhythmias in Repaired Tetralogy of Fallot: A Scientific Statement From the 
American Heart Association. Circ Arrhythm Electrophysiol. 2022



Cohen MI et al., JACC 2021

Risk stratification approach in ToF



Khairy P. et al. Circulation 2008

VT/SCD risk and ToF



Ghonim S. et al., J Am Coll Cardiol Img 2021

VT/SCD risk and ToF
risk score for a better selection of high-risk patients with rTOF who may benefit from targeted therapy.



Khairy P. et al. Circulation 2008

VT/SCD risk and TDF
multicenter 121 repaired TDF, ICD, follow-up 3.7 y 

ICDs implanted for I prevention in 56.2%  
(syncope, clinical nsVT, QRS > 180 ms, severe LV sys dys, inducible VTs) 

for II prevention in 43.8% (VTs or VF)

82% appropriate shock: monoVT



Waldmann V et al, Circulation 2020

considerable burden of ICD-related complications 
(43%, 8.7%/y)

high rates of appropriate ICD therapies,  
even in primary prevention

VA successfully treated with ATP in 58.7% 
VF or fast VT (cycle length ≤250 ms) in 47.3%

165 ToF (mean age 42±13 y), median follow-up 6.8 y 
ICDs implanted for primary prevention in 37%  secondary prevention in 63%



74 adults rTOF patients, at risk for/documented VT 
2005-2013 (Leiden, Bordeaux) 

AI in patients with VT were longer, narrower and had lower Cvi 
. follow-up (50+22 months), no patient without SCAI had any VT,  which occurred in 

50% pts with SCAI (P = 0.001)

Kapel JFL et al, Eur Heart J 2017



Kimura Y et al, JACC 2025

97 rTOF patients without prior VT underwent EAM  
for VT substrate identification  

before PVR or as part of risk stratification 
Leiden University Medical Center, 2005-2020,  

mean age 35 ± 16 y 
34% had SCAI and 20% inducible monoVT  

(17 of 19 SCAI-dependent) 
Successful SCAI transection was achieved in 87% (26 of 30 

patients) in whom attempted, without complications. 13 patients 
received an ICD



Kimura Y et al, JACC 2025

Median follow-up 58 months,  
4% VT, all after ablation failure. 

  
According to ESC 2022 

guidelines 49% would have 
qualified for ICDs 

After proactive mapping and 
preventive ablation, 11 patients 
(11%) remained ICD candidates, 
including all 4 with a VT event



Moore J, Heart Rhythm 2024 



47 rTOF aged ≥16 years with RBBB who underwent EAM between 2017–2022 
 to the Leiden University Medical Centre (LUMC)

SCAI3
no SCAI3

A sinus rhythm ECG-based algorithm may potentially identify patients who require 
transection of SCA3I before PVR  

and contribute to non-invasive risk stratification for VT

Wallet J et al  
Europace 2023



Kimura Y et al, Eur Heart J 2024

Excellent correlation between CMR and 
EAM (sensitivity 100%, specificity 90%, 

positive predictive value 78%

The optimal CMR local intensity cut-off 
associated with a low bipolar voltage 
(<1.76 mV) was 42% of the maximum 

signal intensity

3D late gadolinium enhancement CMR can identify SCAI with excellent accuracy  
may guide patient selection for invasive EAM reducing diagnostic EAM by 74%



The multicenter CATAPULT-TOF (Catheter Ablation of Ventricular Tachycardia Before 
Transcatheter Pulmonary Valve Replacement in Repaired Tetralogy of Fallot) registry was designed 
to clarify the electrophysiologic characteristics and VT ablation outcomes of a large homogeneous 

TOF cohort beyond initial repair and before TPVR.



Moore J et al.,  JACC Clinical Electrophysiology 2025

Anatomic isthmus CV was negatively associated 
with increasing age 

Detection of at least 1 SCAI was associated with 
age with 32 years as the optimal discriminator

VT inducibility was strongly associated with age 
The optimal age discriminator for inducible VT 45 y
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Voltage map
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isochronal late activation mapping (ILAM)





VT2





Briefly organized VT before PVT in 58% 
and were associated with the presence 

of anatomical VT isthmuses. 
Postablation PVT was less frequent 
when TO were targeted with RF.  

During a median follow-up of 15 months,  
no reported cardiac events 

among patients with inducible PVT.

Moore J et al.,  
JACC Clinical Electrophysiology 2025

mean age 40 ± 14 years

25% 14%

SCAI ablation in 21  

After RF  
PVT inducible in 38% 

post TPVR  
PVT inducible in 33%

39%

induciblePVT is  
a nonspecific finding.  

A wait-and-see approach might 
therefore represent the most 

appropriate strategy. 



• Attualmente il rischio di VA nei rTOF è basso ma non trascurabile  
• La PVR riduce in maniera significativa il rischio di VA.  
• EAM per la ricerca di SCAI e l’ablazione preventiva prima che diventino 

inaccessibili per TPVR può essere eseguito in maniera efficace e senza 
complicanze di rilievo con le attuali tecnologie.   

• EAM ed ablazione degli SCAI nei pazienti inducibili può ridurre gli eventi al 
follow-up, nei pazienti ad alto rischio può ridurre i candidati ad impianto ICD 

• Dati preliminari del CATAPULT suggeriscono che l’inducibilità di PVT non 
sembra avere un impatto prognostico e nei casi di TO può essere ridotta 
trattando gli SCAI .

Conclusioni
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