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ADULTS WITH CHD: A GROWING 
POPULATION 

 Congenital heart 
disease: ~9 per 1000 
live births  
 

 >90% of children with 
CHD are expected to 
survive to adulthood: 
 USA: >1,000,000 
 Canada: >100,000 
 Europe: 1,800,000 

71,686 pts with CHD followed for 982,363 patient-years. 



• death due to a cardiovascular cause within one 
hour of the onset or significant worsening of 
symptoms, or unwitnessed death in the 
absence of a known non-cardiac condition as 
the proximate cause of death.  

 
Arrhythmic SCD 

encompasses death  

due to documented or  

presumed arrhythmias 

Sudden cardiac death 



Mortality rates  
after surgical repair of CHD 

Sudden cardiac death ≈ 20 - 25 % of all late deaths in GUCH  

Annual incidence of SCD < 0.1% in GUCH  



Khairy P et al. Heart Rhythm 2014 



FACTORS LEADING TO (LATE) ARRHYTHMIAS  
IN CHD 

Adapted from Escudero C et al. Can J Cardiol 2013 

Pre-operative Post-operative 



APPROXIMATE RISK ESTIMATES of ARRHYTHMIAS 

PACES/HRS Expert Consensus Statement on the Recognition 
and Management of Arrhythmias in Adult Congenital Heart 

Disease, 
 HeartRhythm, 2014 

Aortic coarctation 

Aortic stenosis 

Ebstein’s anomaly 

Tetralogy of Fallot 

DORV 

D-Transposition of GA 

L-Transposition of GA 



Tetralogy of Fallot 
Congenital Heart Defect of Moderate Complexity 

Warnes CA et al., ACC/AHA 2008 Guidelines, Circulation 2008  

Ventricular septal  
defect 

Overriding aorta 

RV hypertrophy 

Pulmonary stenosis 



Courtesy prof. Martin Kostelka 

ToF repair in infancy  



VT/VF substrates in repaired ToF 

• Discrete corridors of slow conduction 
supporting ≥1 monomorphic reentrant VT 
circuits 

o Consequence of surgery 
 

• Diffusely abnormal myocardium leading to 
disorganized polymorphic VT and VF 

o Consequence of pressure/volume overload and cyanosis 

Circ Arrhythm Electrophysiol, 2013 



Cumulative incidences of SVT, VT and all arrhythmias 

Cuypers J A et al. Circulation. 2014;130:1944-1953 Copyright © American Heart Association, Inc. All rights reserved. 

Consequencies of ToF repair 
Arrhythmias 



How to identify the patients 
at risk of SCD??? 



Value of Programmed Ventricular 
Stimulation After TOF Repair  

A Multicenter Study 

Khairy P et al., Circulation 2004 

Value of Programmed Ventricular Stimulation after!

Tetralogy of Fallot Repair: a Multicenter Study !
Khairy P et al., Circulation 2004"

n=252, ! t after surgery 18.5 years,  ! t post EPS 6.5 years"

n=252 pts. 

∆t after 

surgery 18.5 yrs 

∆t post EPS   

6.5 yrs  



Arrhythmia Burden in Adults With Surgically 
Repaired ToF  

N=556,  
 11 centers  
mean age 36.8+12 

years 
 sustained VT/VF    

in 14,6 %   

Khairy P et al., Circulation 2010 

Arrhythmia Burden in Adults With Surgically 

Repaired TOF: A Multi-Institutional Study!
Khairy P et al., Circulation 2010"

N=556, 11 centers, mean age 36.8+12 years,!
sustained VT/VF in 14.6 %"



ICD in Tetralogy of Fallot  
Khairy P et al., Circulation 2008 

n=121 pts., primary prevention in 56%, mean age 33.3 years, 
∆t post ICD 3.7 years, discharge in 9.8% pts/year (SP)  



Khairy P, Circulation 2008 

Risk category: 

Risk stratification for malignant 
ventricular arrhythmia after ToF repair 

Khairy P et al., Circulation 2008  



Risk Stratification Approach in TOF 

Khairy P, Expert Rev Cardiovasc Ther 2009 



N=413, mean age 36.8+13 years, QRS duration 148+27 ms, LVEF 55+10%  
Mean follow-up 2.9 years: SD n=5, sustained VT n=9, appropriate ICD shock n=5  

Annual probability of VT/SD 2.4%  
 



N=873, median age 24.4 years, ECG, exercise, CMR  
Median follow-up 4.2 years: death n=28, sustained VT n=4 (3.7%)  

 



Kazuistika 1  

• TOF, 33 let, muž 
• korekce vady (3 r.)  
VSD/ptch, TAN 

• Transvenózní implantace DDD pace pro bradykardii 
(14 let) 

• Výměna pace (21 let) 
• Ve 23 letech presynkopa, na Holteru středně četné 

izol. mmVES 
PSK – bez indukce VT/VF  

• Ve 31 letech implantace konduitu do pulmonální 
pozice pro PI, rekonstrukce mitrální chlopně 
Negativní PSK po operaci   



Amb. kontrola ve 33 letech  

• Dobrý klinický stav, pracuje na plný úvazek 
• EKG – SR, AVB I°, CRBBB, QRS 170 ms 
• Spiroergometrie  
max. VO2 22 ml/kg.min-1 
Max. zátěž 2W/kg 

• Kontrola Pace 
 stimulace komor 1,9% 
 v paměti 1 asymp. VHR episoda (5 QRS, HF 180/Min.) 

• Holter 
SR, stř. četné izol. VES. 

• Terapie: BB, ASS    
 



Amb. kontrola ve 33 letech  

O 3 měs. později pac. umírá náhlou smrtí, v paměti pace VF  





Kazuistika 2  

• L-TGA (ccTGA), 34 let, muž 

• Implantace DDD pace pro bradykardii 
při pokroč. AVB II° (17 let) 

• Výměna pace (25 let) 

• Pravidelné kontroly v “GUCH” ambulanci 

• Dobrý klinický stav, stabilní nálezy 

• Administrativní práce na plný úvazek 



Amb. kontrola ve 31 letech    

• EKG: DDD stimulace, stim. QRS 180 ms 

• Holter: četné izol. mmVES v klidu 

• Pace: Apace 13%, Vpace 99%, žádné VHR 
episody v paměti 

• Echo: RV EF 44%, TI 2°, TAPSE 16mm 

• nt pro BNP 127 ng/l (N < 62,9 ng/l) 

• Th: Losartan 



Echo 



o 5 měs. později … 

• náhlé bezvědomí doma při posezení na 
balkóně, laická KPR, RZP – 3 x DC při VF, 
restituce oběhu, žádná neurologická 
rezidua 

• sekundárně preventivní upgrade z DDD 
pace na biv. ICD po intervenčním 
zprůchodnění trombozované v. 
brachiocephalica sin.  

LAT 

AP 





Summary – prevention of SCD in GUCH 

• Check the hemodynamic status and correct 
residua first! 

• Secondary prevention is “easy”  

• Primary prevention - “individual decision”  
 limited data for ToF/TGA after atrial switch only 

no data for single ventricle physiology 

• Knowledge of anatomy/surgery is essential – lack 
of venous access to the heart 
S-ICD 

 alternative implantation techniques  
 



Děkuji za pozornost! 


