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Abstract: Hemodynamic factors are among the reasons

distribution within the vessels and is analyzed in terms of

for small diameters graft failure. The disturbed blood flow
due to the dffirences in the artery and graft diameters
predisposes endothelial destruction and intimal thickening.
In this study we propose a method for selection of an
optimal graft initial diameter. The method is based on a
minimization of the oscillatory wall shear stress at both
sides of the proximal and distal anastomoses. We suppose
that both arteries to which the graft is sutured are of

Following Ku et al. [2] we define an oscillatory shear
index (OSD as the time integration of WSS acting in the
direction opposite to steady flow divided by the time
integration of the absolute value of WSS during the period.
OSI describes the degree of deviation of the wall shear
stress from its average direction. There are evidences for a
positive correlation between OSI and the intimal thickening

dffirent

diameters. Results show that the method minimizes
both steady and re/Iected components of the flow induced

stress. The matched graft according this
criterion behaves most likely the host arteries during the
cardiac cycle when the peripheral resistance is elevated

wall shear

due to hypertension or drugs.

INTRODUCTION
The reasons for small diameters graft failure can be
connected with hemodynamic and mechanical factors.
Indeed, significant differences in the host artery and graft
diameters lead to disturbed blood velocity and abnormal
wall shear stress (WSS), which predisposes endothelial
destruction, thrombosis and/or intimal thickening. The
latter is believed to be a result of low WSS. Recently it was
found that the WSS is minimum near the distal anastomosis
when the graft is of smaller radius than the artery and near
the proximal anastomosis when the graft has greater radius,
that is, the minimum WSS was observed at the site of
divergent geometry of the anastomosis [].
Most of the works, devoted to optimal graft diameter
selection, neglect the fact that the arteries are tapered. In
this study we propose a method for selection of the
diameter

of uniform graft connecting arteries of different

diameters that provides an optimal convergent geometry at
proximal and distal anastomoses.

MATHEMATICAL MODEL

its steady, forward and reflected components.

[2] so that the minimum value of OSI leads to a less
of the intimal thickness. Based on this fact, we

increase

define the following objective function
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where subscripts da denote the distal artery, pa ' the
proximal artery, dg -the distal graft site, pg - the proximal
graft site, and R, denotes the initial (undeformed) graft
radius.

From the three components

of

WSS, the reflected

component depends on the peripheral resistance and the
effective reflection coefficients at both anastomoses. on one
hand. On the other hand, the reflection coefficients depend
on the differences between graft and artery diameters. Thus
at prescribed peripheral resistance and known diameters of
the host arteries, the objective function F depends on the
initial graft radius R, only By definition the optimal graft
radius minimizes the objective function F(Rs)

RESULTS

A numerical study was performed to calculate the

OSI

for the arteries/graft

system. Strain-energy function of
human common iliac and femoral arteries of second age
group (more than 40 years) was taken from [3] to calculate
the deformed radii. The undeformed radii were 3.83 mm

and 2.46 mm

The system common iliac arterylgraftlfemoral artery is
modeled as connected in series uniform tubes with different
undeformed diameters. The distal artery is connected to a
resistor, representing the peripheral vascular resistance. The
system undergoes a finite deformation caused by steady
internal pressure and axial force. An oscillating pressure
wave propagates through the system and reflects at the
terminal resistance, distal and proximal suture lines.
The oscillating pressure and flow are determined on the
basis of the theory for wave propagation through a viscous
fluid contained in a tethered, initially stressed, orthotropic
elastic tube. The WSS is derived from the blood velocity

ost

for common iliac and femoral arteries,

respectively. Strain-energy function of Dacron reinforced
copolyurethane graft was taken from [4]. The values of the
terminal resistance were changed in order to simulate
hypotensive (P'n.* : 80 mmHg), normotensive (P'.-: 100
mmHg) and hypertensive (P-"* : 160 mmHg) individuals.
The blood flow rate was 13.3 ml/s, which is characteristic

for human common iliac artery. The amplitude of

the

oscillating pressure was set to 30Yo of the mean pressure.
Only the first harmonic of the oscillating pressure and flow
was analyzed.
Table 1 represents the minimum values of the objective
function F(RJ and the optimal graft radius. As can be seen,
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the optimal graft initial radius varies between 3.05 and 3.2
mm. It is not very sensitive to the peripheral resistance. As
evident from Table l, the increase of peripheral resistance
from hypotensive to hypertensive patients changes the graft
radius only by 5%.

CONCLUSIONS

is

with elevated mean and
a result of increased peripheral
and wave reflections. The elevated mean

Hypertension

associated

oscillatory pressure as
resistance

pressure leads to reduced flow rate and intimal thickening.

l:

Minimum value of F(Rg)and corresponding graft
radius for hypotensive, normotensive, and hypertensive
Table

The elevated amplitude of the oscillatory flow may
The proper design and selection

individuals
hypo

normo

hyper

Min F(R)

0.2112

0.3123

0.2255

Graft radius. mm

3.20

3.r7

3.05

Figure I shows time course of the reflected WSS near
the distal anastomosis for normotensive individuals. Curve
2 represents the distal (femoral) artery and curve 3 - the
proximal (common iliac) artery. Curves I and 4 represent
extreme cases when the initial graft radius is equal to that of
the proximal (curve l) and distal (curve 4) arteries. As
evident, only the amplitude of curve 4 differs significantly
from the other curves. The picture is dramatically changed
when the peripheral resistance is increased to hypertensive
value. In this case the maximum reflected WSS amplitude
increases twice

for the artery and the graft. At the same

time the amplitudes of the curves I and 4 increase 3 and 4
times, respectively. Those increased amplitudes may be
dangerous for the endothelial cells when the degree of
hypertension is higher.

be

connected with endothelial cell damage.

clinical use

is of

of arterial grafts for

predominant importance

for

both

normotensive and hypertensive patients. There have been
proposed several criteria for selection of arterial grafts impedance, compliance or diameter matching. Most of the
works, devoted to optimal graft diameter selection, neglect
the fact that the arteries are tapered and propose criteria for

matching the graft to a single artery. In this study we
suppose that both arteries are of different diameters. We
propose a new method for selection of an optimal graft
initial diameter. The method is based on a minimization of

the OSI at both sides of the proximal and

distal
anastomoses. The proposed criterion minimizes both steady
and reflected components of the WSS.
Our results suggest that the matched graft according this
criterion behaves most likely the host arteries during the
cardiac cycle when the peripheral resistance is elevated due

to

hypertension or drugs. Therefore the minimum
differences in the steady and oscillating WSS at the both
sides of the suture line could diminish the remodeling of the
vessel wall which leads to decreased graft patency.
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Figure 1: Time course of the reflected WSS near the distal
anastomosis for normotensive individuals. See explanations
in the text.
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