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The objective of the present work was study of the behavior 
of active coatings of hydrophilic acrylic polymers bearing 
salicylic acid residues linked covalently to the macromolecu- 
lar chains, after their application to woven and knitted Da- 
cron vascular grafts. In vitm tests were carried out under 
dynamic flow conditions using equipment especially de- 
signed to reproduce physiologic conditions, to determine the 
retention of the coating using a saline solution. Ex uivo tests 
were carried out in an extracorporeal circuit using the dog 
as an animal model. The study of the deposition of platelets 
was followed by labeling of autologous platelets with "'In- 
oxine, as well as by analysis of the surfaces of the prostheses 
by scanning electron microscopy. An application of thin coat- 
ings of hydrophilic acrylic copolymers improves the anti- 
thrombogenicity of the vascular grafts with respect to the 

uncoated prosthesis. The presence of relatively small 
amounts of units bearing salicylic acid residues in the copoly- 
mer chains (5-20 wt YO) gives good results when they are 
applied to woven and knitten Dacron meshes which have 
been quantified by analysis of the percentage of radiotracer 
on the surface of the vascular grafts tested in ex uivo experi- 
ments. The salicylic acid residues are released slowly to the 
medium by hydrolysis of the reversible covalent bonds of 
this compound to the acrylic macromolecular chains, which 
provides an additional antiaggregating effect for platelets. 
The polymeric coating forms a thin active film which im- 
proves the antithrombogenic properties of the surface of wo- 
ven or knitted Dacron vascular grafts in ex uivo experiments. 
0 1996 John Wiley & Sons, Inc. 

INTRODUCTION 

The hemocompatibility of polymeric biomaterials in 
contact with the blood flow is determined predomi- 
nantly by the adsorption of plasma proteins and their 
adhesion and deposition on the surfaces of the corres- 
ponding prosthetic devices.'-4 In the case of small di- 
ameter vascular grafts, several studies reported re- 
cently suggest that platelet deposition is probably the 
most important factor for the activation of thromboem- 
b o l i ~ m . ~ - ~  The biocompatibility of polymeric surfaces 
is determined mainly by specific interactions between 
adsorbed proteins upon the surface and receptor of 
cells in the tissues. Porosity, texture of the biomaterial, 
and even distribution of mechanical stresses between 
the material implant and the tissues are other factors 
of relative i m p ~ r t a n c e . ~ , ~  
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Attempts to improve endothelial cell attachment by 
coating of synthetic vascular grafts with specific pro- 
teins such as fibronectin'"," have been successful, but 
they leave the surface more thrombogenic. It seems 
that the endothelization of prosthetic surfaces is fa- 
vored when specific organic functions such as hy- 
droxyl groups are present on the surface of the vascular 

Specific cell-surface interactions have also 
been attained by the incorporation of pharmacologi- 
cally active molecules or by using polymers which 
support molecular structures that mimic the biologic 
recognition sites in proteins. In this sense, several 
chemical approaches have been used by different re- 
search schools. The most important are plasma modi- 
fication, application of polymers with specific func- 
tional groups by chemical grafting or coating, and 
adsorption of biologically active or biomimetic mole- 
c u l e ~ . ~ , ' ~ - ' ~  

Hoffman e t  al.,I7 Ratner and Hoffman,I8 and Ratner 
et al.I9 extensively studied the application of poly- 
meric hydrogels on different substrates and their cor- 
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responding properties and biocompatibility. They 
reported the noticeable nonthrombogenicity of poly- 
(2-hydroxyethyl methacrylate) H or poly(N-vinyl pyr- 
rolidone) hydrogels grafted onto silicone rubber as 
judged by the vena-cava ring test.I9 Okano et a1.20,22 
and Nojiri et a1.,2I performed systematic studies on 
the nonthrombogenicity of various block copolymers 
based on 2-hydroxyethyl methacrylate and reported 
that exceptional nonthrombogenicity in vivo was found 
in A-A and A-V shunt experiments after the applica- 
tion of H-styrene block copolymer coatings on the sur- 
faces of vascular grafts." 

On the other hand, the combination of synthetic 
polymers with pharmacologically active substances 
seems to be promising.23 One of the most interesting 
ways is the attachment of the antithrombogenic com- 
ponent to the polymeric system through weak and 
reversible covalent bonds, which can be hydrolyzed 
in the physiologic m e d i ~ m . ~ , ~ " ~ ~  

Vascular grafts of Dacron, a commercial poly(ethy1- 
ene therephthalate), are widely used clinically in the 
form of woven or knitted meshes with different porosi- 

but the coating of these biomaterials with inert 
polymers has not been successful because of the activa- 
tion of thrombotic processes.27 The present report de- 
scribes the study of the effect of woven and knitted 
Dacron vascular grafts coated with pharmacologically 
active hydrogels, constituted by random copolymers of 
H and a methacrylic derivative of salicylic acid which 
presents a powerful antiaggregating activity for plate- 
lets. The behavior of grafts coated with copolymeric 
systems prepared with various compositions was ana- 
lyzed quantitatively measuring the average number of 
platelets deposited on the surface of the biomaterials 
tested using "'In-oxine-labeled platelets in an extracor- 
poreal circuit and dogs as the experimental model. 

MATERIALS AND METHODS 

Monomers and polymers 

2-Methacryloyloxybenzoic acid (S ), was prepared 
by reacting salicylic acid with methacryloyl chloride 
using potassium carbonate and acetone as solvent, as 
described elsewhere.28 2-Hydroxyethyl methacrylate 
(H) (Aldrich) was purified by fractional distillation at 
reduced pressure. H-S copolymers were prepared by 
the free radical polymerization of a mixture of the 
corresponding monomers in N,N-dimethylformamide 
at high vacuum and 50°C. 2,2'-Azobisisobutyronitrile 
was used as initiator [(I) = 1.5 X mol . L-'1. The 
copolymer samples were isolated by the precipitation 
of the reaction medium in a mixture of diethylether- 
hexane (80:20, v/v) at low temperature and reduced 
pressure until constant weight. 

Swelling behavior and hydrolytic release of 
salicylic acid 

Clear, transparent films (0.4-0.5 mm thick) were 
prepared by slow evaporation of a solution of poly- 
mer or copolymer samples (loo/, wt/v) in N,N- 
dimethylformamide, followed by drying at reduced 
pressure. 

The swelling of films was followed gravimetrically 
by measuring the weight gain over a period of immer- 
sion in 10 mL of buffered solutions at pH 4.0, 7.0, and 
10.0 and 37°C. Every 10 min, the films were weighed 
after their surfaces were dried. Measurements were 
taken until equilibrium was reached, considered to be 
achieved when three consecutive measurements gave 
the same weight. During the swelling process, a consid- 
erable increase in the original dimensions of the film 
was observed, most pronounced at pH >7.0. 

The controlled release of salicylic acid from the cor- 
responding copolymer samples was followed by ultra- 
violet (UV) spectroscopy, measuring the variation of 
the intensity of the UV signal at A,,, = 278 nm, with 
the time of treatment of copolymer films, after immer- 
sion into a buffered solution, pH 7.4, at 37°C. Pre- 
viously, a calibration straight line of the signal intensity 
versus concentration of free salicylic acid in the same 
medium was obtained. 

Materials and groups 

Two types of Dacron (USCI, a division of C. R. Bard, 
Inc., Billerica, MA) vascular prostheses were used: wo- 
ven (w) (160 mL/cm2 * min) and knitted (k) (1500 mL/ 
cm2 . min). Both underwent in vitvo and ex vivo tests 
in basal situation and after treatment with two types of 
coatings: poly(2-hydroxyethyl methacrylate) (H ) and 
copolymers of hydroxyethyl methacrylate with the 
acrylic derivative of salicylic acid, 2-methacryloyloxy 
benzoic acid (HS) with various compositions, i.e., 5,10, 
and 20 wt YO of S. Six samples were tested in each group. 

Coating of Dacron 

The coating of commercial woven and knitted Da- 
cron meshes was carried out by immersion of the vas- 
cular prostheses into a solution of the copolymer sam- 
ples in N,N-dimethylformamide (2.5 wt "/o) for 2 h. The 
wet specimens were dried at room temperature and 
reduced pressure until constant weight. The coating 
applied was quantified measuring the weight gain of 
the treated specimens, ranging from 3 to 10 wt % for 
the different systems studied in the present work. The 
data obtained are presented in Table I. 

Flow chamber 

Both the in vitro and ex vivo studies of the materials 
were performed in a laminar flow chamber designed 
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TABLE I 
Percent of "'Indium-Oxine Activity Deposited in Each 

Study Group per Total Injected Dose 

6 h. Weight losses after the experiments were <0.5% 
in all cases. 

No. of "'In-Oxine Deposited 
Reference Samples S (wt 70)' (YO) (Average)' 

W-noncoated 6 0.050 
(H1-W 6 0 0.035 
(HS)5-W 6 5.0 0.038 
(HS) 10-W 3 10.0 0.026 
(HS)20- W 6 20.0 0.028 

K-noncoated 6 0.058 
(W-K 6 0 0.028 
(HS)5-K 6 5.0 0.030 
(HS)10-K 3 10.0 0.018 
(HS)20-K 6 20.0 0.022 

~ ~ 

*Concentration of the methacrylic derivative of the salicylic 
acid (S), in the HS coating system. 

+Percent of the total administered "'In-oxine dose depos- 
ited on the vascular graft: W = woven; K = knitted Da- 
cron meshes. 

and constructed by our group.2y Briefly, the system 
was constituted of two conical ends, one for inflow 
and the other for outflow, which at the point of the 
greatest diameter were coupled to a cylinder (28 mm 
in internal diameter and 100 mm long), which formed 
the central element of the shunt. In this central part 
was placed, radially, three specimens separated by an 
angle of 120". Each fragment of vascular graft (90 X 
10 mm) was anchored between two parallel supports 
placed at each end of the cylinder. The ends of the 
device, formed by the narrowest section of the two 
cones, were connected to flexible tubes which when 
attached to cannulas of the necessary caliber could be 
inserted into a circuit of an extracorporeal circulation 
pump, or a cardiopulmonary bypass for the in vilro 
experiments, or form a bridge between the femoral 
artery and the right atrium of a dog for ex v im studies. 
For both kinds of tests, two parallel shunts were set 
up to enable simultaneous study of six samples. During 
the design phase of this study it was demonstrated 
that there were no differences associated with the 
placement of biomaterials in different locations within 
the shunt. 

In vitro test 

To ensure that the different coatings were not altered 
or detached from the vascular prostheses when sub- 
jected to physiologic flow conditions, the samples were 
introduced into the chamber as described above and 
the pump was primed with saline solution. With the 
aid of an extracorporeal circulation pump, they were 
subjected to a flow rate of 1 L * min-' at systolic and 
diastolic pressures of 130 and 170 mm Hg, respectively 
(average 110 mm Hg), at a temperature of 37"C, for 

Ex vivo test 

Prior to anesthesic induction of the animals, 30 ml 
of blood was drawn for platelet labeling with "'In- 
o ~ i n e . ~ ~ , ~ '  Once anesthetized and in the operating room, 
each animal was injected with its own previously la- 
beled platelets. Right thoracotomy was performed via 
the fourth intercostal space and the pericardium was 
opened longitudinally. A vena cava canula was intro- 
duced into the right atrium and both femoral arteries 
were cannulated to establish the shunt between them 
and the atrium. Blood was allowed to circulate through 
the circuit for 5 min. At the end, the system was discon- 
nected from the circulatory system of the animal and 
six specimens were removed from the central cylinder 
where they had been anchored during the trial. Each 
individual prosthesis was fixed with 3% glutar- 
aldehyde and introduced into the tube of a solid y- 
scintillation counter (MINAXI-gamma 5530; United 
Technologies Packard) to determine the activity of the 
radioisotope deposited on it. 

Morphologic studies 

All the samples after glutaraldehyde fixation 
for 18 h were washed with buffered solution 
(pH 7.4) and then dehydrated in a graded acetone 
series reaching a critical point in a COz Polaron E-300, 
metallized with paladium gold and examined through 
a Zeiss 950DSM scanning electron microscope (SEM). 

Statistical studies were assessed by Kruskall-Wallis 
nonparametric analysis of variance (ANOVA) and the 
Manr-Whitney U test. 

RESULTS 

Microstructure and physicochemical properties of 
HS hydrogels 

In a recent paperr3' we described the synthesis of 
copolymers of H with S, an acrylic derivative of sali- 
cylic acid. Figure 1 shows the statistical distribution 
of sequences of triads (segments of three consecutive 
units) centered in an S unit, as a function of the relative 
concentration of H and S monomers in the reaction 
medium. Evidently, not only is the presence of a suffi- 
cient number of active ionizable groups (carboxylate) 
of the S units necessary to show antithrombogenic ac- 
tivity, but also the spatial position (i.e., microstructural 
arrangement) of these groups in the polymer chains 
seems to be important.33 The most interesting conclu- 
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Figure 1. Statistical diagrams of the S-centered sequences 
of triads for HS copolymers prepared by free radical poly- 
merization. 

sion of the diagrams shown in Figure 1 is that for rich 
H copolymers (essentially hydrophilic systems), the S 
units practically are distributed separately in se- 
quences of H units, as is indicated by the high values 
of the heterotriads molar fraction HSH, in comparison 
with those of SSH + HSS and SSS homotriads. The 
striped area of the diagram corresponds to the micro- 
structural distribution of S and H units for copolymers 
prepared up to 20 wt '4 of S units. 

The swelling behavior of thin films (0.4-0.5 mm 
thick) prepared with H-S copolymers of various com- 
positions was studied by analysis of the hydration pro- 
cess at different pHs. The results obtained indicate that 
the equilibrium of the hydration process is reached 
very quickly (practically 35-40 min). It is noteworthy 
that the hard and rigid films change to highly flexible 
hydrated films with excellent bioadhesion to rough or 
porous surfaces and present an  excellent stability in 
dynamic flow conditions. 

Figure 2(a,b) shows the variation of the maximum 
hydration degree (equilibrium hydration degree, H,) 
with the pH of buffered solutions used in the experi- 
ments, and with the average composition of the copoly- 
mer systems, respectively. This figure shows the great 
influence of both the composition and pH on the hydra- 
tion process. The equilibrium hydration degree H, is 
minimally sensitive in acidic media (pH 4.0) to the 
average composition of the copolymer system, with 
values of about H ,  = 40 wt YO, whereas in neutral or 
basic conditions (pH 7.0 or 10.0), the swelling degrees 
reached at equilibrium are much higher and depend 
on the composition of the H-S copolymer films. This 
behavior is a consequence of the presence of the ioniz- 
able carboxylic groups of the salicylic acid residues 
(Fig. 3), which in neutral or basic media become disso- 

ciated and interact with the buffered saline solution, 
increasing the swelling capacity of the films. Moreover, 
adhesion of the hydrated surface to a porous Dacron 
support is noticeably higher at pH 27.0, which corres- 
ponds to the normal state of the blood flow. 

One structural characteristic of the H-S system is that 
under appropriate conditions they can release salicylic 
acid by hydrolysis of the acrylic ester group, giving 
rise to a copolymer of hydroxyethyl methacrylate- 
methacrylic acid, with the average composition and 
microstructural distribution of sequences of the former 
H-S copolymer. If the hydrolytic process is carried out 
in a saline solution at pH >7.0, the products of the 
hydrolysis are the corresponding salts of salicylic acid 
and methacrylic functions, as is shown in Figure 3. 
To determine the rate of release of salicylic acid, the 
hydrolytic process was followed in uitvo using a saline 
buffered solution at pH 7.4 and 37"C, by immersion of 
a film of the H-S copolymers in 10 ml of the selected 
solution, and measuring the cumulative concentration 
of salicylic acid by UV spectroscopy, as is indicated 
in Materials and Methods. The results obtained are 
represented in Figure 4. After an initial induction step 
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Figure 2. Variation of the equilibrium hydration degree H ,  
as a function of (a) the pH of the buffered solution; (b) the 
average compositionf, (weight fraction) for HS copolymers: 
(0) 5 wt % of S units; (0) 10 wt YO of S units; (V) 20 wt 
of S units. 
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Figure 3. Scheme of the hydrolytical release of salicylic acid 
from HS copolymers in alkaline medium. 

of 8-10 h (probably associated with the hydration pro- 
cess and diffusion of the hydrolyzed side residues), a 
constant rate of release of salicylic residues was ob- 
served during at least 6-7 days of treatment, and prac- 
tically all the salicylic content was released in 10-12 
days. We stress here that according to the reaction 
scheme presented in Figure 3, the original polymeric 

T i m e ,  ( days 1 

Figure 4. Release of salicylic acid from HS copolymers in 
a buffered solution at pH 7.4 and 37°C. (0) 5 wt YO of S units; 
(0) 10 wt % of S units; (V) 20 wt Yo of S units. 

chains are transformed into the corresponding meth- 
acrylic acid-hydroxyethyl methacrylate copolymer. 
This means the modified system could present a rela- 
tively good antithrombogenic character. This aspect is 
going to be studied in the near future. 

Analysis of the antithrombogenic character of 
coated Dacron vascular grafts 

Segments of woven or knitted Dacron grafts were 
coated with thin films of poly(2-hydroxyethyl methac- 
rylate) or copolymer HS, by means of immersion of the 
vascular graft into a dilute N,N-dimethylformamide 
solution of the corresponding polymeric system. After 
drying, the graft increased in weight between 3 and 
6%, depending on the characteristics of the mesh and 
the polymeric system used as a coating. Adhesion of 
the coating to the Dacron meshes was tested quantita- 
tively, by means of the weight difference after they 
were submitted to dynamic saline flow under physio- 
logic conditions. The results obtained (Table I) demon- 
strated that the coating was well retained for all sys- 
tems applied. 

The deposition of platelets was tested measuring 
the radioactivity of canine platelets labeled with "'In- 
oxine, deposited on the surface of woven and knitted 
Dacron segments during treatment in the extracorpo- 
real circuit for 5 min, as reported in Materials and 
Methods. The results obtained are given in Table I. The 
data in the third column show that the concentration of 
"'In-oxine was noticeably lower for the coated woven 
and knitted Dacron meshes in comparison with the 
uncoated specimens ( p  < 0.05). Moreover, there was 
a clear difference in the behavior according to the tex- 
ture of the Dacron meshes in the sense that, for non- 
coated specimens, the number of platelets deposited 
on the mesh with the highest porosity (knitted) was 
higher than that of the less porous woven segments. 
It is clear from the data in Table I that coating with 
hydrophilic polymer systems gave rise to a noticeable 
decrease in the average number of platelets adhered 
to the Dacron grafts, and that the coating compensated 
for the differences ascribed to porosity of the meshes. 
Moreover, the presence of salicylic acid residues in the 
polymeric structures provided an additional anti- 
thrombogenic character in comparison with the grafts 
coated with poly(2-hydroxyethyl methacrylate) exclu- 
sively. 

Scanning electron microscopy provided accurate in- 
formation about the morphology of the coating, adhe- 
sion of hydrophilic films to Dacron meshes, and depo- 
sition of platelets during the ex vivo experiments which 
is complementary to results obtained with the "'In- 
oxine test. Figure 5 shows SEM micrographs of woven 
Dacron meshes coated with a film of HS copolymer 
with 20% of S units. Figure 5(A) shows the texture of 
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Figure 5. Micrographs of the woven Dacron vascular grafts obtained by SEM. (A) Texture of the original woven mesh 
(original magnification X100). (B) Woven mesh coated with a film of HS copolymer with 20 wt YO of S units. (original 
magnification ~ 1 0 0 ) .  (C) Deposition of red cells in the cavities of the interfibrilar zones after the treatment in dynamic flow 
conditions ex uivo (original magnification X1000). (D) Monolayer of a few platelets deposited on a fiber noncoated with the 
active HS film. 

the surface of a woven Dacron mesh with a regular 
disposition of bundles of fibers, with holes regularly 
distributed in the crossing points of the corresponding 
bundles. In Figure 5(B) it is clearly shown that the 
coating deposited mainly in the cavities left by the 
woven fibers. When these coated prostheses were 
tested in the ex vivo circuit, zones coated with the hy- 
drogel presented clear surfaces without any deposition 
of proteic or cellular material. However, at higher mag- 
nification [Fig. 5(C)], it was possible to detect the pres- 
ence of red cells which are deposited in monolayers 
without signs of aggregation or coagulation, and in a 
few uncoated fibers, a small monolayer of platelets 
which do not exhibit thrombogenetic characteristics 
may be observed in Figure 5(D). These deposits are 
responsible for the values of platelets retained, as mea- 
sured by the counting of lllIn-oxine (Table I). 

It is interesting to stress the extraordinary adhesion 
of the films to the fiber surface, which is demonstrated 
by the coating being broken by the stress of the flow 
conditions only at those points that are not in contact 
with the fibers (i.e., the interfibrillar zones). This result 
offers the possibility for colonization by fixation of the 
endothelial cells in the cavities of the porous meshes 

opened by breakage of the thin coating in the interfi- 
brillar spaces, in the same way as observed with red 
cells [Fig. 5(C)]. 

The behavior of knitted meshes was similar to that 
found for woven Dacron. Figure 6(A) shows the 
texture of the mesh in the form of a spike with 
bundles having fewer fibers than the woven graft. 
The coating was deposited mainly on the cavities of 
the intermediate points of the spikes as well as on 
the edges of the bundles, giving a continuous layer 
with good adhesion to the surface of the fibers [Fig. 
6(B)]. In the ex vivo circuit, the coating only appeared 
broken in the interfibrous spaces, with the deposition 
of red cells in the noncoated cavities. This is better 
seen in Figure 6(C), which shows the open cavities 
at higher magnification with an accumulation of red 
cells, but without signs of aggregation of platelets. 
Finally, the accumulation of platelets and some quan- 
tity of fibrin in the zones noncoated by the hydrogel 
are also observed in Figure 6(D). It is noteworthy 
that these depositions decrease using coatings of HS 
copolymers with a content of 10 or 20% of S units, 
as indicated by the values of the concentration of 
"'In-oxine found in the corresponding specimens. 
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Figure 6. Micrographs of the knitted Dacron vascular grafts obtained by SEM. (A) Texture of the mesh in the form of 
oriented spikes (original magnification X200). (B) Knitted mesh coated with a film of HS copolymer with 20 wt YO of S units. 
(C) Open cavities in dynamic flow conditions ex vivo with the deposition of red cells without sign of aggregation. 
(D) Accumulation of some quantity of fibrin and platelets in zones uncoated by the HS hydrogel. 

DISCUSSION 

Salicylic acid derivatives are known to inhibit plate- 
let aggregation and therefore to reduce the risk of 
thrombus f ~ r m a t i o n . ~ ~ - ~ ~  Profiting by this property, at- 
tempts to prepare polymers bearing salicylic acid resi- 
dues have been reported. Recently, Sat0 et al.37 studied 
the antithrombogenicity of an acrylic polymer bearing 
aspirin residues as side substituents in comparison 
with that of poly(2-hydroxyethyl methacrylate). In vitro 
tests with platelet-rich plasma-incubated films of this 
polymer exhibited a noticeable decrease in adhesion 
and aggregation of platelets in comparison with 
pure poly(2-hydroxyethyl methacrylate) films.37 In addi- 
tion the slow release of aspirin by hydrolysis of the 
side ester groups of the polymer gave rise to poly(2- 
hydroxyethyl methacrylate) chains, which are known 
to be biocompatible without induction of comple- 
ment a c t i ~ a t i o n . ~ ~ , ~ ~  

In this work, a random acrylic copolymer of H and 
S units, pharmacologically active, is presented. From 
a practical point of view, the most interesting copoly- 
mers for the preparation of hydrophilic coatings have 
to present relatively high contents of H units, and the 
behavior of these systems depends on the microstruc- 

tural distribution of H and S units along the copolymer 
chains. The content and distribution of S units in the 
high-molecular-weight copolymers control the wetta- 
bility of the polymeric films used as coatings, and even 
the release of salicylic acid residues, depending on the 
pH of the medium. As indicated in Figure 1, the S units 
are distributed in long sequences for the HS copoly- 
mers considered in this work (with a content in S units 
lower than 20 wt %). According to this chemical struc- 
ture, the carboxylic group of the salicylic residues inter- 
act with the hydroxyl group of the neighbouring H 
units, as well as with the polar functions of the proteins 
of the blood flow, with a clearly repulsive effect. 

The physicochemical properties and the extraordi- 
nary bioadhesion of the hydrogels in the wet state 
(after a fast hydration process at physiologic pH) make 
the HS systems excellent candidates as active coatings 
for vascular grafts with improved antithrombogenic 
properties. In addition, the controlled release of the 
active drug, salicylic acid, without loss of carboxylate 
groups after hydrolysis of the side residue (Fig. 3), 
provides interesting conditions for obtaining good re- 
sults during long-term implantation. 

Descotes et al.39 reported an interesting study that 
following implantation of 79 vascular grafts of Dacron, 
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more than 50% of the mechanical strength was lost in  
a period between 7 and 10 years and, although an 
encapsulating tissue was formed on the surface of the 
prostheses, they determined an average lifetime of 25 
years. They suggested the importance of texture and 
morphology of the surface in contact with the blood 
flow in the behavior of the prosthesis after implan- 
tation. 

Coating of vascular grafts with polymeric biomateri- 
als such as  gelatin, collagen, or a l b ~ m i n ~ " - ~ ~  seemed to 
give relatively good results because of the decreasing 
porosity, but long-term results demonstrated several 
problems associated with intimal hyperplasia or the 
foreign-body reaction. Recently, Bjork et al.27 described 
good results with vascular grafts of Dacron coated with 
elastomeric polymers, but with a somewhat higher 
thrombogenici ty . 

Results obtained in the present work suggest that the 
application of biocompatible hydrogels with specific 
antithrombogenetic properties and slow release can 
be successful. 
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