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Fig. 1. Model of the human arterial system. 

Westerhof et al. (1969). The proximal end of the arter- 
ial system is the root of the ascending aorta immedi- 
ately distal to the aortic valve, but the system does not 
include the coronary arteries. The geometric, elastic, 
and peripheral resistance data presented in 
Table 1 are considered representative of a healthy 
young adult, and will be referred to as the control case 
data. 

The geometrical properties of the arterial segments 
were specified by the length of the arterial segment 
and the proximal and distal cross-sectional areas. The 
cross-sectional area was assumed to vary linearly over 
the relatively short length of the segment, and the 
geometrical data are tabulated in Table 1. The elastic 
properties of the arterial wall are specified by means 
of the volume compliance, Cvar, for each segment, as 
given by Westerhof et a[. (1969). The linear compli- 
ance coefficient, CL, appearing in equation (4) was 
then evaluated as Cb=C,,I/(LA,), where L is the 
length and A0 is the average cross-sectional area of 

each segment. The nonlinear compliance coefficient, 
C”, , is determined from the logarithmic pressure-area 
relationship proposed by Raines et al. (1974): 

A(~,x)=A(p,,x)(l+Kln~). (9) 

This relationship can be expanded in a series (Porenta 
et al., 1986) and comparison with equation (4) yields 
Cb = K/p0 and C’, = - K/(2pi), p. being the reference 
distending pressure, taken as 97 mmHg for all arterial 
segments. With this pressure-area relationship, the 
compliance of the arterial segments decreases with an 
increase in pressure, thereby making the artery stiffer 
at higher distending pressures. This phenomenon is 
well known for human arteries (McDonald, 1974). 

The values ‘for the total terminal resistance, Rr, 
were taken from the data published by Schaaf and 
Abbrecht (1972). The ratio R1/RT was taken to be 
approximately 0.2, in accordance with the value es- 
timated by Raines et al. (1974) for the human femoral 
artery. The values for the terminal compliance were 
estimated in the following approximate and indirect 
way. The residual volume compliance (total compli- 
ance minus arterial segment compliances) of the arter- 
ial system was first estimated. The total volume com- 
pliance of the arterial system was taken to be 
1.0 ml mmHg- ’ (Burton, 1965). The volume compli- 
ance for the arterial segments in the model is found by 
summing the volume compliances of each segment, 
and this summation yields a value of 
0.835 ml mmHg- ‘. Therefore, the residual volume 
compliance is CVol, res =0.165 mlmmHg-‘. It was then 
assumed that the residual compliance was distributed 
among the terminal branches in proportion to their 
mean flow, i.e. 

CT, = Cvol, res 
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where Lal is the total resistance of the arterial system 
and RT, the resistance of the particular terminal im- 
pedance. The values of the total terminal resistances 
and the calculated terminal compliances are tabulated 
in Table 2. 

RESULTS AND DISCUSSION 

Using a typical aortic flow pulse as a proximal 
boundary condition, pressure and flow waveforms 
can be calculated at any desired site in the arterial 
tree. Since the initial values for pressure and flow are 
to a certain extent arbitrary (except for the boundary 
conditions), solutions are carried out for two or three 
pulse cycles until they are stable. Typically, the wave- 
forms did not change significantly after the second 
cycle. 

Control case 

Typical pressure and flow waveforms calculated at 
various sites along the arterial tree are shown in 




