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Abstract the aim of this study was to observe the combined effect of the CRT 

and LVAD on electromechanical cardiac behavior under LBBB and RBBB 

conditions computationally. We performed simulation by using advanced electro-

mechanics model of failing ventricle combined with lumped model represents 

circulatory system, CRT and LVAD. We analyzed seven failing ventricle model 

including normal sinus rhythm, LBBB, LBBB coupled with CRT, LBBB coupled with 

CRT and LVAD, RBBB, RBBB coupled with CRT, and RBBB coupled with CRT and 

LVAD. We compared the effect from CRT and the effect from combined CRT and 

LVAD to both under LBBB and RBBB conditions. The results showed that the 

combined CRT and LVAD contributed a better hemodynamic compared to single 

CRT. This combined system synchronized the electrical activation greatly under 

LBBB and slightly under RBBB. It also shortened mechanical activation time which 

resulted short electromechanical delay. More importantly, the combined system 

produced better mechanical responses under both LBBB and RBBB conditions. 

Introduction 

Heart Failure (HF) has taken a major role to 

the death around the world. Cardiac 

resynchronization therapy (CRT) is being used 

to treat dyssynchronous heart failure (DHF) 

patient under left bundle branch block (LBBB) 

and right bundle branch block (RBBB) 

conditions. A Left ventricular assist device 

(LVAD) was initially used as a bridge to 

transplant for the end-stage patient. However, 

since the LVAD restores the cardiac output and 

maintains blood pressure, nowadays LVAD is 

used as the destination therapy as it last for 

years. 

The goal of this study was to observe the 

effect of CRT and also combined effect of CRT 

and LVAD under LBBB and RBBB conditions. We 

simulated seven models including normal sinus 

rhythm, LBBB, LBBB with CRT, LBBB with 

combined CRT and LVAD, RBBB, RBBB with CRT, 

and RBBB with combined CRT and LVAD. Due 

to the measurement limitations and reducing 

risks of experimental study, the current 

advanced computational method was taken to 

understand the combined effect of the CRT and 

LVAD device to the DHF. 

Methods 

We used previously developed an advanced 

electromechanical failing ventricle model with 

the geometry based on DTMRI combined with 
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the lumped model as the circulatory system 

and also LVAD function [1]. The model consists 

of electrical compartment and mechanical 

compartment which coupled by Ca+2 transient. 

The electrical signal was delivered by purkinje 

fiber model. The ionic exchange formula in the 

ventricle tissue was based on mathematical 

equation from ten Tusscher et. al. [2], and the 

mechanical contraction model was based on 

Rice et. al. [3]. The LVAD was considered as flow 

generator. 

Results 

Fig. 1 shows the electrical propagation under 

all cases. Under LBBB condition, the CRT 

stimulated the LV free-wall and shortened the 

total electrical activation time. Under RBBB 

condition, the CRT stimulated the RV 

endocardial apex and shortened slightly the 

total electrical activation time. 

 

Figure 7. Electrical propagation under all cases 

Since the LVAD function was implemented in 

the mechanical simulation part, we set the 

electrical activation sequence under 

LBBB+CRT+LVAD the same as that under 

LBBB+CRT, and the electrical activation 

sequence under RBBB+CRT+LVAD the same as 

that under RBBB+CRT as well. 

Table 1 shows the cardiac ouptut (CO), 

average of mechanical activation time (MAT) 

and average of electromechancial delay (EMD). 

CRT shortened the average of MAT and EMD 

under both LBBB and RBBB conditions. The 

average MAT and EMD shortened more by 

combined CRT and LVAD. This shows that LVAD 

contributed in reduction of MAT and EMD. CRT 

increased the CO under LBBB condition by 0.2 

L/min but not under RBBB condition. The 

combined CRT and LVAD increased CO 

significantly under both LBBB and RBBB 

conditions. 
Conditions CO (L/min) Avg. MAT Avg. EMD 
Normal 3.4 157 78 
LBBB 3 188 79 
LBBB+CRT 3.2 148 71 
LBBB+CRT 
+LVAD 

3.9 144 67 

RBBB 3.4 162 80 
RBBB+CRT 3.4 157 81 
RBBB+CRT 
+LVAD 

4 155 79 

Table 2. cardiac output and average of MAT & 

EMD. 

Conclusion 

CRT and LVAD contributed a better 

hemodynamic condition than the single CRT by 

shortened the MAT and EMD, and also 

produced a significant CO. 
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