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Components of cardiac output

• Heart rate

• Contractility

• Preload

• Afterload

AND

• Synchrony!

Clustered electromechanical dyssynchrony

Helm RH et al.,Circulation 2005
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What are the effects of CRT?

Nelson GS et al., Circulation 2000

Improved cardiac function at diminished energy cost Reverse cellular remodeling

CRT restores normal connexine

distribution and conduction velocity

in late contracting segments



What are the indications for CRT?

• 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

Specific for CHD 

Much more structural and functional diversity!
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Keep things simple while looking for a CRT candidate!

• Patient with systolic ventricular dysfunction and wide QRS

– Observe the ECG first!

– Is there a conduction delay within the failing ventricle?

– If so, think about CRT!
Right bundle

branch block



Electromechanical dyssynchrony essential
for CRT to be effective

Role of echocardiography

Conventional

2D and blood Doppler
Global picture of filling and ejection timing

in a failing heart

Advanced

Speckle tracking imaging
Classic-pattern dyssynchrony

Segmental motion timing

Relation to filling and ejection



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



We are able to evaluate classic-pattern dyssynchrony in pediatric
heart disease and support CRT indication!

Systemic left ventricle, LBBB
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Rebound
Stretch
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Mechanical TV

Materna O, HeartRhythm J 2014

Single right ventricle, RBBB
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Gonzales MB, PACE 2009

Early contraction

Early contraction



How to apply CRT in pediatric patients?

Classical biventricular pacing

V

LVRV

late activation

LVRV

Single site pacing in fusion

late activation

V



How to apply CRT in pediatric patients?
At least one lead must be placed at the site of late ventricular activation!

JACC CE 2022

JCE 2004



Before CRT, EF = 14% After 3 weeks of CRT, EF = 28 %

What do we get clinically from CRT: ventricular function

Gonzales MB et al. PACE 2009

Reverse ventricular remodeling and up to normalization of ventricular function

in super-responders





CRT

• N = 85 with CHD, mainly adults,

• Systemic RV = 36.5 %

Jacquemart et al. Heart Rhythm 2022

Overall mortality and heart transplantation Rate of CRT responders



Resynchronizing the single ventricle

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



What is the impact of CRT on survival?

• 139 patients
• age 12.8 (4.9-20.0) yrs

• 139 propensity score

matched controls
• age 14.9 (6.9-22.5) yrs

JACC-EP 2024



How to predict CRT efficacy?



What is the probability of CRT complications?
Freedom from cardiovascular death, heart failure 

hospitalization and new transplant listing

JAHA 2021

Freedom from A + CRT termination, or surgical 

revision of the pacing system other than elective 

battery replacement





Janousek J et al., 2019



Conclusions

• CRT is a powerful tool for
– Treatment of chronic dyssynchronous heart failure in CHD

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

• ECG and ECHO in conjunction are able to identify CRT correctable
substrate
– And individualize the implantation strategy

• Pulmonary RV resynchronization evolves to an additional option
for treatment of chronic RV dysfunction



Thank you for your attention

Stay synchronized



Septal to posterior wall motion delay (SPWMD)

SPWMD >130 ms

Pitzalis MV et al. JACC 2005

230 ms



40 ms

-120 ms

TV opening

Be aware of pitfalls!





MV inflow

Parasternal M-mode

170 ms

500 ms

LV timing in a CRT candidate with LBBB

LV outflow


