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Acute resynchronization to improve cardiac output 

Blood pressure 54/41/22 mmHg, 

low cardiac output 



Components of cardiac output 

• Heart rate 

• Contractility 

• Preload 

• Afterload 

AND 

• Synchrony! 

 



CRT - improved cardiac function 
at diminished energy cost 

Nelson GS et al., Circulation 2000 





Europace 2017 

• Atrial-triggered RV free wall pacing (using temporary epicardial pacing 
leads) in complete fusion with spontaneous ventricular activation to 
achieve maximal QRS duration shortening  (N=28) 
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CRT indications in children/congenital 
heart disease (CHD) 

• Systemic LV 
– LBBB 

– RV pacing 

• Systemic RV 
– RBBB 

– LV pacing 

• Single ventricle 
– Any bundle branch block 

– „Single site“ pacing 

• Subpulmonary RV? 
– RBBB 

 

Electrical activation delay  

within failing ventricle  

required for CRT indication! 

„classic“ CRT 

Specific for CHD  



Permanent cardiac resynchronization 
therapy 
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Types of electrical dyssynchrony 
in pediatric/CHD CRT studies  

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 



End-diastolic and end-systolic LV contours 

CRT off CRT on 1 month of CRT 



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

Janoušek 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 

Janousek J et al. Heart 2009 

• Do not expect full reverse remodeling 

 



RV max.+dP/dt RV fractional area of change 











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

Freedom from death/heart transplantation Freedom from CRT system dysfunction 

Improvement in NYHA and/or EF in ¾ of pts 



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

in Adult Congenital Heart Disease. HeartRhythm Journal 2014 



Future trends 



Classic-pattern dyssynchrony 

1. Early septal contraction and early 

lateral wall stretching 

2. Peak septal contraction <70 % of 

ejection phase followed by rebound 

stretch 

3. Peak lateral wall contraction after AVC 

Correlates wit CRT efficacy in adult 

patients with LBBB 

 
Sensitivity 95 %, specificity 91 % 



Classic-pattern dyssynchrony in pediatric 
heart disease 

Systemic left ventricle, LBBB 

Pre-
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Rebound 
Stretch 

RVFW 

Mechanical TV 

Materna O, HeartRhythm J 2014 

Single (double inlet right) ventricle, RBBB 

Pre-
Stretch 

Rebound 
Stretch 

Late contraction  

Late contraction  

Gonzales MB, PACE 2009 

We are able to evaluate mechanical dyssynchrony to support CRT indication! 
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Kutty S et al. J Am Soc Echocardiogr 2008 

Geva T et al. Circulation 2010 

• Postoperative tetralogy of Fallot 

• Chronic RV failure model (RV volume overload due to PR) 

• Decreased probability of RV reverse remodeling after 
pulmonary valve replacement  

• 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 and RV dysfunction/failure is common! 



Kubuš P et al. Circulation 2014 

Dyssynchronopathy of the 
pulmonary right ventricle in 

congenital heart disease 
From ECG to mechanical activation 

RBBB, QRS 
200 ms 

RV activation 
map 

RV motion 

Pre-Stretch 

Late contraction  

RV longitudinal 
strain 

Rebound 
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Classic-pattern dyssynchrony 



RV mechanics 

RV-CRT may be beneficial for patients with tetralogy of Fallot 

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 



Janousek J et al., 2019 



Before 
• RV: EDV/ESV 212/172 ml/m2, EF 19 % 

• LV:  EDV/ESV 80/46 ml/m2, EF 41 % 

6 months after RV CRT 
• 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 



Conclusion 

• CRT is a powerful tool for 
– acute management of low cardiac output in the postoperative 

setting 
– treatment of chronic dyssynchronous heart failure in 

congenital heart disease 

• Basic principles similar to CRT in adults with 
idiopathic/ischemic heart disease 
– structural heterogeneity and patient size requires specific 

approaches 

• Pulmonary RV resynchronization may be an additional 
strategy for treatment of chronic RV dysfunction  


