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Abstract 

Modeling the cardiac function is often considered 
using a phenomenological approach, where the 
cardiac contraction is described macroscopically (at 
the organ level). However, in this study we use a 
microscopic approach and describe the rabbit 
ventricular contraction at the cellular and subcellular 
levels. This leads to a better description of the 
ventricle contraction during flow-clamp protocols.  
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1 Method 

1.1 The model 

In this work, we use a model of the rabbit ventricular 
myocyte developed by Shannon et al. [2]. This 
model describes both the electrophysiology and the 
mechanical contraction of the ventricular myocyte. 
We then incorporate this cell model into a whole left 
ventricle model for the rabbit using the 
mathematical method developed by J. Negroni and 
E. Lascano [1].   

1.2 Flow-clamp  

We tested our mathematical model with an 
experimental protocol called flow-clamp (FC). The 
excised heart is connected to a perfusion system 
and the flow through the ventricle is controlled. A 
sharp drop in ventricular volume (clamp) is applied 

while the ventricular pressure is measured.  

 

2 Results 

We simulated five FC experiments with our rabbit 
left ventricle model and the results are presented in 
Fig. 1 (red curves). The simulation results are in 
very good agreement with the experimental data [3] 
(black curves). We also compared our model, based 
on a microscopic approach, with a commonly used 
phenomenological model of the heart contraction 
called the varying elastance model. This model is 
not based on a cellular description and thus cannot 
reproduce at the organ scale all the consequences 
of the microscopic behavior of the myocytes. In 
particular, FC simulations obtained with this model 

do not correctly reproduce the experimental data, as 
demonstrated by the blue curves in Fig. 1. 

 

 
Fig. 1: Pressure vs. time during five FC experiments. 

Red: simulations results from our model. Blue: simulation 
results from the varying elastance model. Black: 
experimental data. 

3 Conclusion 

We can conclude that our rabbit left ventricle model 
based on the cellular scale is able to reproduce 
properties of the cardiac muscle that cannot be 
observed with the varying elastance model. This 
suggests that working with phenomenological 
models can lead to misinterpretation when studying 
the cardiac function (in a cardiovascular model, for 
example). It is then preferable to use a cellular 
model of the heart when developing cardiovascular 
system models. 
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