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A new technique for the preparation of porous vascular
prostheses was investigated. Polyurethane solution (10 to
14wt%) was injected into a mold. After freezing at low
temperature (0 C ~ —40 C), solvent was dissolved out
with water at 0 C to form porous tubes. The average pore
size (< 10 tm)and pore occupation (10% to 51%) were
easily changed by changing polyurethane concentration,
freezing temperature, and freezing methods. This technique
can give a proper pore size (30~60 1m) for tissue ingrowth,
and suitable compliances for matching with arteries and
veins. This method might give a desired compliant graft for
artificial implantation with the presently valid medical

polymers.

Introduction

The surgical reconstruction of diseased arteries with
synthetic vessels was significantly satisfactory for
patients.'* However, surgical operations have been limited
to the relatively large-diameter high-flow, low-resistance
vessels (greater than 6mm in inner diameter) including the
aorta, iliac, and femoral vessels. Small-diameter vessels
(less than 6mm in inner diameter) are not in general clinical

use due to their limited long-term biocompatibility and low

patency rates in experimental trial.

For the artificial vessels, long-term patency is considered to
depend critically on the properties of the material and the
fabrication process of the graft’. Synthetic vascular grafts
with porous walls have been widely proposed, since
strength, suture retention, kink resistance, and other
handling properties can be improved over those with
nonporous solid walls. A variety of methods have been
developed to allow the reliable production of porous
vessels based on spinning technology. For example,
Leidner and Wong® reported the extrusion of a
concentrated polymer solution (or a polymer melt) on a
rotating mandrel to form the desired thick porous vessels.
In their process, a high-pressure source and a large
number of passes were required. Other techniques for the
manufacture of vascular have also been used for the
preparation of compliant grafts.

However, these methods always need some special
apparatus and can not change the compliance of the vessels
over a large range to match the compliances of the native
veins and arteries. Generally, the compliance of veins and
arteries change from several percent to about 20% in the
physiological pressure range (60-160mmHg). And, it is
very important and practical to fabricate vessels with
adequate compliance to match the arteries or veins to be
replaced. Thus, it is necessary to develop a technique which
can form vessels with various compliances. In this study, a
simple and convenient technique to form compliant vessels

was investigated. The porosity (pore size and pore
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occupation) and compliance could be easily controlied to

match those of living tissues.

Methods and Materials

Materials

Pellethane® 2363-80AE(PU pellets) was provided by DOW
Chemicals Co. U.S.A. and N,N-Dimethylacetamide(DMAc

) was purchased from Shinyo Ltd, Japan.

Vessel fabrication

PU pellets were extracted with methanol for 3 days to
remove low-molecular-weight components. After extraction,
the pellets were dried under vacuum at 60 C for 48 h to
remove residual solvents.

The methanol-extracted PU pellets. were dissolved in
DMAC to make 10, 12, 14% (wt/vol) solution, respectively.

The experimental mold is shown in Figure 1.

Figure 1. Diagram of mold for fabrication of porous vessels

Briefly, stainless steel rod having desired diameter was
used as inner part and duralumin cases were used as upper
and lower parts. The inner part was fixed centrally on an
adapter. The mold was sealed with the bolts and nuts at five
sites to protect the leakage of polymer solution. Polymer
solution was injected into the mold, and frozen at a definite
temperaturel After keeping the polymer-solution-injected
mold at the freezing temperature for 5 h, the bolts, nuts and
outer cases were removed. The inner mold was moved into
the cold methanol. The cold methanol was changed every
12 h to permit solvent in the frozen polymer graft to
dissolve out. The solvent exchange was carried out for

2days to form a uniformly porous vessel. Porous vessels
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were moved into the distilled water to removed the
methanol solution and dried under vacuum for 3 days for

following experiments.

. Scanning electron microscopy and image analysis

The surface morphology of modified PU grafts was
examined with a Hitachi S-510 scanning electron
microscopy (SEM) at an accelerating voltage 15kV.
Samples were mounted and then sputter coated with gold

using an ion coater.
Compliances

Compliance is defined as the percentage change in diameter
over the physiological pressure range (60-160mmHg), and
is expressed as (D1sommig-Deommite)Deommug, Where Digommig
and Dgommug are diameters at the corresponding pressure.

Compliance was determined with a pressure regulator,

pressure meter, and image analysis system.
Heating treatment and stretching

Porous vessels were treated in phosphate buffered saline
(PBS, pH 7.4) at 60 C for a definite time. For the
stretching treatment, samples were stretched to 150% and
200% of the original length, and kept at 60 C for 20 h.
The treated samples were returned to room temperature
(20 C), incubated into PBS at 37 ‘C for 24 h, and used for

compliance measurement and microscopic observation.

Figure 2. SEM photographs of inside, outside and cross-

section of the vessel wall

Results

Vessel preparation
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Vessels of wall thickness between 0.19 and 0.46mm were
fabricated using the acute freezing method. All vessels
were opaque(white) and very flexible, especially those
formed with low polymer concentration solution. Typical
SEM photographs of the cross-section, inside surface, and
outside surface of the wall, are shown in Figure 2. From
these photographs, a uniform distribution of pores on the
surface is observed. Pores sizes are 6 ym to 10 um. Pore
characteristics are a function of freezing temperature. The
pore size was decreased with decreasing of freezing
temperature. However pore occupation did not change.
When the polyurethane concentration was decreased, the

pore occupation was increased.

Compliances

The compliances changes with porosity, pore size and
distribution, and nonuniformity as well as the mechanical
properties. Usually, larger porosity and pore size increase

the compliance.

Heat and stretching treatment

Polyurethane macromolecule are rearranged when in
contact with solvent and this rearrangement is expected to
modify surface and mechanical properties. To avoid
continuous changes of surface properties, heat treatment
with phosphate buffered saline was performed to make the
rearrangement complete. Heat treatment displayed a
decrease in compliances. When the polymer solution
concentration was changed to increase or reduce the pore
occupation, the compliance was also changed. The
compliances decreased by increasing the polymer
concentration. This is ascribed to the reduction of pore
number and size induced by the increase of polymer
concentration.

The compliances of porous vessels can be controlled by
changing polymer concentration, freezing temperature, and
methods as mentioned above. Compliance also changes
through heat treatment. Thus, vessels which have different
compliances but the same pore size, distribution, and
occupation can be easily formed through post-treatment
after fabrication under the same conditions.

Stretching treatment of samples changed pore shape. Pores

became longitudinal in the stretching direction. These
might be due to reorientation of polyurethane molecules

under the stretching treatment’.
Discussion

A convenient and simple technique for porous vessels has
been developed. The vessels with a large range of
compliances having different pore size and distributions or
the same pore size and distribution can be easily formed by
this technique without special apparatus. These parameters
are very important for the performance of artificial vessels.
To eliminate compliance mismatching, the compliance of
the blood vessels is considered to make the corresponding
grafts. To match the compliance completely, a series of
grafts with various compliances can be prepared. This
technique

provides - a series of compliant grafts

conveniently and quickly for clinical selection.
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