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ABSTRACT 

Introduction. Ventricular performance is often assessed by modelling the ventricular pressure-volume 

relationship with a time-varying elastance function. The resulting left ventricular end-systolic elastance 

(Emax) serves as a major, load-independent determinant of cardiac systolic contractility and 

ventriculo-arterial interaction. However, a direct, in vivo, non-invasive measurement of elastance or 

Emax is not feasible. Instead, traditional methods to evaluate the ventricular mechanics directly from 

measurements require complex intraventricular pressure and volume recordings during an acute 

preload alteration. To overcome this limitation, we developed an inverse-problem solving method that 

is able to estimate the left ventricular elastance in humans from given aortic flow waveforms and 

brachial pressure values.  

Methods. Initially, a database of 50 different hemodynamic cases was generated using a previously 

validated one-dimensional model of the arterial tree1,2. These hemodynamic cases represented a 

physiologically relevant range in cardiac properties  (i.e. Emax, end-diastolic elastance (Emin) and the 

time to Emax from the onset of systole (Tmax)) as well as arterial properties (i.e. vessel compliance 

and resistance). We then set the aortic flow waveforms as the input to the default one-dimensional 

model and compared the output brachial SP and DP with the ‘real’ values. The arterial tree 

configuration (vessel compliance and resistance) was subsequently modified according to a gradient-

based (steepest descent) optimization algorithm until the error was sufficiently small. Having thus 

tuned the arterial tree to the model input, we used the same optimization method to estimate the 

elastance parameters that produced the ‘real’ aortic flow waveform. Finally, a sensitivity analysis was 

conducted in order to confirm that errors deriving from the computation of vessel compliance did not 

have a significant influence on the estimated elastance parameters.  

Results and conclusion. The correlation between the estimated parameters and those actually used in 

the simulations was excellent (Pearson’s correlation coefficient, r >0.99, and Normalised Root Mean 

Square Error, NRMSE<0.03). We conclude that our computational approach is theoretically feasible, 

and are currently planning the experimental validation of our results.  
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