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Indications for CRT in CHD 

• Systemic LV failure 

– Left bundle branch block 

– RV paced 

• Systemic RV failure 

– Right bundle branch block 

– LV paced 

• Single-ventricular failure 

– Any bundle branch block 

– Single site pacing 

• Pulmonary RV failure? 

– Right bundle branch block 

 

The well-studied setting 

Specific for CHD  



Pathophysiological substrate:  
Clustered dyssynchrony due to temporal activation delay 

Kass DA, JACC 2008 

Clustered 

Helm RH et al.,Circulation 2005 

Amenable to CRT 
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Systemic ventricular ejection fraction 
in CRT studies in CHD 

Dubin AM et al. J Am Coll Cardiol 2005;46:2277-83  
Cecchin F et al. JCE 2009;20:58-65 

Janousek J et al. Heart 2009, 95:1165-71 
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Types of electrical dyssynchrony 
in CRT studies in CHD 

Dubin AM et al. J Am Coll Cardiol 2005;46:2277-83  
Cecchin F et al. JCE 2009;20:58-65 

Janousek J et al. Heart 2009, 95:1165-71 



LV ejection fraction at follow-up Proportion of pts with LVEF<55 % 

(N=178, 21 centers) 

Janousek J et al. 

Circulation 2013;127:613-623 



Systemic RV / Single-V 

• More complex than just dyssynchrony 

– Intrinsic myocardial dysfunction 

– AV valve regurgitation 

– Fontan physiology 

• May not expect full reverse remodeling 
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CRT in systemic RV failure 
RBBB or LV paced 

Age [yrs] 

 
median12.7 

median27.0 

median28.8 

Dubin AM et al. J Am Coll Cardiol 2005;46:2277-83  
Cecchin F et al. JCE 2009;20:58-65 

Janousek J et al. Heart 2009, 95:1165-71 



Resynchronizing the single ventricle 
The complete AV block patient 

Cecchin F et al. JCE 2009;20:58-65 



Single-site pacing in fusion with intrinsic activation 



Associated cardiac procedures 
Will CRT improve the function so that I can replace the tricuspid 

valve in a Senning/CCTGA in the same procedure? 

All survived 

7/16 systemic 

AV valve 

replacement 

Janousek J et al. Heart 2009 



Testing of CRT effect prior to implantation 



Pre-procedural mechanical activation mapping 

RVFW 

Mechanical TV 

HLHS, st.p. BCPA and TV replacement 

Failing dyssynchronous RV due to RBBB 

Materna et al. HeartRhythm J. 2014 



Detection of classic dyssynchrony pattern 

Prediction of 
positive CRT 
response in pts. 
with LBBB 

– Sensitivity 95 % 

– Specificity 91 % 

Risum N et.al., Amer.H.J. 2012 



Lead placement according to activation mapping 

RV free wall 

RV apex 

RA 

Materna et al. HeartRhythm J. 2014 



N = 48, median age/FUP: 47.0/2.6 yrs 

Freedom from death/heart transplantation Freedom from CRT system dysfunction 



Therrien J, Am J Cardiol 2005 

Oosterhof T, Circulation 2007 

Henkens IR, Ann Thorac Surg 2007 

Baumgartner H et al. EHJ 2010 

Kutty S et al. J Am Soc Echocardiogr 2008 

• Decreased probability of RV reverse remodeling after PVR  
– RVEDV >150 to 170 mL/m2  or RVESV > 82 to 90 mL/m2 

– RV EF ≤45% 

– QRS ≥160 ms! 

• PVR alone may not lead to RV myocardial performance 
normalization 
• Myocardial fibrosis? 

• Dyssynchronopathy? 

Pulmonary RV-CRT 
RBBB is by far the most frequent 

dyssychrony pattern in CHD! 



RV mechanics 

RV-CRT may be beneficial for patients with ToF and similar lesions 

who do not show reverse RV remodeling after PVR 

RV contraction efficiency 

 adapted according to: Kirn et al., AJP Heart and Circ. Phys. 2008; 10.1152/ajpheart.00106.2008 



RV-CRT in a failing repaired ToF patient 

Kubuš P et al. Circulation 2014 

q-RV interval = 140 ms 



Before 

• RV: EDV/ESV 212/172 ml/m2, EF 19 % 

• LV:  EDV/ESV 80/46 ml/m2, EF 41 % 

6 months after 

• RV: EDV/ESV 141/87 ml/m2, EF 38 % 

• LV: EDV/ESV 63/28 ml/m2, EF 56 % 

Exercise stress testing - V02 max: 21,0 (before)       30,4 ml/kg/min. (6 mos of CRT) 
NYHA II        I 



PRESSURE – VOLUME DIAGRAM - PUMP WORK 
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Computer modeling of RV-CRT 
Pressure-volume curves 

Pump work 

CircAdapt Simulator 

Univ. of Maastricht 



Khairy P et al. PACES/HRS Expert Consensus Statement on the Recognition and Management of Arrhythmias 

in Adult Congenital Heart Disease. HeartRhythm Journal 2014 



What to expect in the future? 

• Imaging studies on predictors of CRT efficacy 
– Classical pattern of dyssynchrony 

• Studies on pre-implantation efficacy testing 

– Global and robust contractility parameters 

– Computer modelling 

• Increased use of CRT for pulmonary RV failure 

• New technologies 

– Leadless CRT pacemakers 

• Evaluation of long-term impact of CRT on survival     
and morbidity 

– CRT in competition or conjunction with other strategies - VAD 



Classical pattern of dyssynchrony 

AVC AVO 

300 ms 

Risum N et al. Am Heart J 2012  



CRT - improved cardiac function 
at diminished energy cost 

Nelson GS et al., Circulation 2000 



Connexine 43 distribution Conduction velocity 

Spragg DD, Kass DA. Prog Cardiovasc Dis. 2006 

CRT restores normal connexine  

distribution and conduction velocity 

in late contracting segments 

CRT – reverse cellular remodeling 



Testing of CRT effect prior to implantation 

• May play a role in difficult to reach substrates 

– Systemic RV, functionally single ventricle 

(in systemic RV) 

Janousek J et al. JACC 2004 


