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Electrical dyssynchrony in heart failure 
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Adapted from Gottipaty et al. 
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Study (n) NYHA QRS Sinus ICD? Status Results 
PATH CHF (41) III, IV 120 Normal No Published + 

MUSTIC SR (58) III 150 Normal No Published + 
MUSTIC AF (43) III 200* AF No Published + 
MIRACLE (453) III, IV 130 Normal No Published + 

MIRACLE ICD (369) III-IV 130 Normal Yes Published + 
CONTAK CD (227) II-IV 120 Normal Yes Published + 

MIRACLE ICD II (186) II 130 Normal Yes Published + 
PATH CHF II (89) III, IV 120 Normal Y/No Published + 

COMPANION (1520) III, IV 120 Normal No Published + 

CARE HF (814) III, IV 120† Normal No Published + 
REVERSE (610) I, II 120 Normal Y/N Published + / - 

MADIT CRT (1820) I, II > 130 Normal Yes Published + 
RAFT (1798) II, III > 120 or 

200 if paced SR, AF Yes Published + 

+ 4000 pts included in large trials 
Improvement of Quality of Life, NYHA status, 

6MWT, peak VO2 
Reduction of Mortality, Hospitalizations 



CARE-HF 

Cleland. N Engl J 
Med. 2005 

2013 





• Randomized, multicenter (115) 
• Patients with HF, class III/IV 
• QRS duration <130ms 
• Echocardiographic evidence of 

LV dyssynchrony 
• Stopped on March 2013 
• 809 patients 





Recommendations in patients with heart failure and 
permanent atrial fibrillation 
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LV activation pattern in patients with 
narrow QRS, NICD or LBBB 

47 heart failure patients referred for catheter ablation of VT 
 
Narrow QRS: n=19 
 
Nonspecific intraventricular conduction disturbance: n=16 
 
Left bundle branch block: n=12 
 
3D navigation system  
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66 yo, EF 22%, NIDCM, LBBB 179ms 

LBBB: preliminary results 



66 yo, EF 22%, NIDCM, LBBB 179ms 

LBBB: preliminary results 

Single  LV breakthrough in the septum  
43±20 ms after the beginning of the QRS complex  
Prolonged right-to-left transseptal activation time  

Absence of direct LV Purkinje activation 



66 yo, EF 22%, NIDCM, LBBB 179ms 

LBBB: preliminary results 

Slow homogeneous cell-to-cell propagation inside LV cavity 



66 yo, EF 22%, NIDCM, LBBB 179ms 

LBBB: preliminary results 

Basal lateral wall as the latest activated region  
 



AP 

Narrow QRS: preliminary results 

Multiple LV breakthrough (4±2)  
Recording of early/preQRS LV EGMs with Purkinje potentials  

74 yo, EF 27%, ICM, QRS = 109ms 



T= 0 à 20ms 
AP 

Narrow QRS: preliminary results 



T= 20 à 40ms 
AP 

Narrow QRS: preliminary results 

Fast propagation  



T= 40 à 60ms 
AP 

Narrow QRS: preliminary results 

Fast propagation  



T= 60 à 80ms 
PA 

Narrow QRS: preliminary results 

Fast propagation  



T= 80 à 100ms 
PA 

Narrow QRS: preliminary results 

Limited areas of late activation  
Interindividual heterogeneity in terms of late activated areas  



T= 0 à 20ms 

NICD: preliminary results 
71 yo, EF 25%, ICM, NICD = 140 ms 

Multiple LV breakthrough (4±3)  
Recording of early/preQRS LV EGMs with Purkinje potentials  



T= 20 à 40ms 

NICD: preliminary results 

Heterogeneous propagation  



T= 40 à 60ms 

NICD: preliminary results 

Heterogeneous propagation  



T= 60 à 80ms 

NICD: preliminary results 

Heterogeneous propagation  



T= 80 à 140ms 

NICD: preliminary results 

Areas of late activation  
Interindividual heterogeneity in terms of late activated areas  



LV activation pattern in patients with 
narrow QRS, NICD or LBBB 

Narrow QRS: homogeneous, multiple breakthroughs, 
Purkinje, fast propagation 
 
LBBB: homogeneous, single breakthrough, no 
Purkinje, slow conduction, postero-basal late 
activation 
 
NICD: heterogeneous, multiple breakthroughs, 
Purkinje, altered propagation 
 



74 yo 
Non Ischemic DCM 
EF 30% 

case 



  
LIRYC - IMAGING 

PATIENT 4: CRT 

MRI : Sub-endocardial scar in basal infero-lateral segment 

DEMRI 



BASELINE 
LV activation time 90ms 

During CRT 
LV activation time 111ms (+21ms) 



BASELINE 
LV activation time 122ms 

During CRT 
LV activation time 55ms (-67ms) 









Conclusion 



Noninvasive Electrocardiographic Imaging  
to optimize selection for CRT  

Ramanathan et al. 
Nat Med. 2004 Apr;10(4):422-8 
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LV mechanical activation 

InterV synchrony 

Myocardial fibrosis 

BiV pacing 

Computer modeling / simulation 

Activation during SR 



 



LV dP/dt 
max 
685 

934 

948 

Direct relation between hemodynamics and dyssynchrony ??? 



DURING CRT ?? 
66 yo, EF 22%, NIDCM, LBB 179ms 

LV activation time: 152ms 

Abstract HRS 2013. Derval et a  



case 

LV activation time: 114ms 
+dP/dtmax= +16% 



T=0ms 



T=20ms 



T=40ms 



T=60ms 



T=80ms 



T=100ms 
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