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Abstract— The heart pumps pressure and flow signals 

with relevant amount of frequency components cushioned 
along the arterial system. A pressure transfer function 
approach was designed to evaluate the Ventricular-Arterial 
Interaction. Two transfer functions were calculated relating 
ventricular to arterial pressure. A frequency response 
analysis  followed the time-domain adaptation. Additionally, 
a viscoelastic model was proposed to characterize the arterial 
wall mechanical behavior, using the elastic (E) and viscous 
(η) moduli. 
Six merino sheep were instrumented and anesthetized. 
Pressure measurements were registered in both ventricles, in 
aorta and in the pulmonary artery. Diameters 
(sonomicrometry) were measured in both arteries. 
The frequency transfer function asymptotic negative slope, 
describing the attenuation within the dynamic range, 
resulted 5 times greater in aorta (p<0.05), what presents the 
systemic as a more selective circuit than the pulmonary. E 
and η resulted higher (p<0.05) in aorta than in the 
pulmonary artery whereas E/η was similar. 

The viscoelastic results might indicate a similar 
segmental (unit-cell) response in both arteries. The enhanced 
cushioning ability of the left circuit with respect to the right, 
might be understood as a more selective vascular filtering 
system. This filtering performance might be related to the 
functional length of unit-cell responses along the systemic 
circulation. 
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I.  INTRODUCTION 
The heart and the arterial system interact in order 

to provide adequate flow and pressure to peripheral 
tissues. Whereas the ventricle generates a pulsatile flow, 
the arterial system is responsible for two main issues 
(Nichols and O´Rourke, 1998): a) distribution (conducting 
function); b) filtering or cushioning, supplying constant 
flow to distal extremes (buffering function). 

In order to describe the arterial system as a 
hydraulic load, the wall mechanical response could be 
evaluated. Large arteries mechanical response might be 
described with a viscoelastic model where the inertial 
term might be neglected (Armentano et al., 1995).  The 
elastic (E) and viscous (η) moduli can be calculated from 
a pressure-diameter (P-D) loop to asses a simple model of 
two parallel elements (Cox, 1978). In the first-order model 
response, the E/η time constant might be adopted to 
describe the diameter response to a steep pressure 
(Gamero et al., 2001). 

Both the systemic and the pulmonary circuits are 
based on a pump (the ventricle) and a hydraulic load (the 

arterial system), each of which generates and receives the 
same blood volume, respectively. Nevertheless, these 
circuits exhibit distinctive characteristics regarding their 
pressure values, effective length (Burattini and Di Carlo, 
1988), arterial diameter and compliance, myocardial 
contractility, cardiac cycle phases (Ginés and Grignola, 
2001) and peripheral resistance, among others. This makes 
it impossible to extrapolate the characteristics of the 
ventricular-arterial interaction (VAI) from one circuit to 
the other, making their simultaneous dynamic 
characterization essential for a proper comparison. 

Interactions between the ventricle, as a pump, and 
the arterial system, as a load, have been previously 
analyzed by many others (Asanoi et al., 1989; Kass and 
Kelly, 1992; Kussmaul et al., 1992; Cohen-Solal et al., 
1994). Two different approaches have been used. The first 
method involves pressure-volume loops and static 
ventricle-arterial elastances (Suga et al., 1973; Sunagawa 
et al., 1983, 1984; Burkhoff and Sagawa, 1986; De Tombe 
et al., 1993). The second, concerning impedance concepts, 
showed to be more solid theoretically but less practical 
and accurate (Abel, 1971; Sunagawa et al.,1985). 

This work deals with VAI in the left and right 
circulation simultaneously, in steady state. A 3x3 ARMA 
adaptive model fits the output arterial pressure (AP) and 
input ventricular pressure (VP) signals in time domain. In 
addition, a linear function, relating AP to VP is calculated 
in the frequency domain.  

Two transfer functions are obtained. The systemic 
(Hs=APAo/VPL), relating the aorta pressure to the left VP, 
and the pulmonary (Hp=APPu/VPR), relating the 
pulmonary AP to the right VP. 

The purposes of this study are: 1) to provide a 
simple and original approach in the VAI study through AP 
to VP transfer functions in the frequency domain, both in 
the systemic and pulmonary circuits, simultaneously; 2) to 
use these transfer functions to quantify the hydraulic 
filtering capacity of each one of the circuits; 3) to contrast 
the systemic and pulmonary VAI with the arterial wall 
mechanical response related to the hydraulic load. 
 

II.  METHODOLOGY 
 The study was conducted on 6 merino sheep 

weighing 26±4.5kg (aged 20±2 month). They were 
anesthetized with intravenous administration of 
pentobarbital sodium i/v (35 mg/kg) and ventilated with a 
positive pressure respirator via a cervical tracheotomy. 
Arterial oxygen and carbon dioxide partial pressures were 
monitored. Respiratory rate and tidal volume were 
adjusted to maintain pCO2 at 35-45 mmHg and pH at 
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