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Polyethylene T erephthalate  
and P olyurethane Coatings 
for Endovascular Stents:
Prelim inary Results in  Canine 
E xperim ental A rteriovenous 
Fistulas1

PURPOSE: To evaluate polyethylene terephthalate and polyurethane as coatings of 
vascular endoprostheses in the treatment of experimental arteriovenous fistulas 
(AVFs).

MATERIALS AND METHODS: Nineteen bilateral carotid artery-to-external jugular 
vein AVFs were created in 10 adult dogs. Fourteen polyethylene terephthalate- 
coated and five polyurethane-coated self-expandable nitinol stents were placed with 
a transfemoral approach. Angiography was performed immediately after placement, 
after 1 and 3 weeks, and at months 3, 6, 9, and 12. All grafts were examined 
histopathologically.

RESULTS: The AVF was successfully occluded with all but one of the polyethylene 
terephthalate-coated stents. Graft patency was seen with 12 polyethylene terephthal­
ate-coated stents, while acute vessel occlusion was evident with two polyethylene 
terephthalate-coated stents following percutaneous transluminal angioplasty imme­
diately after implantation. In the group with polyurethane-coated stents, three graft 
dislocations and two delayed vessel occlusions were observed. In both groups, 
histologic examination disclosed a mild foreign body reaction with a few macro­
phages. No inflammatory reactions were seen. An unorganized fibrin layer was 
found adjacent to the polyurethane coating.

CONCLUSION: Polyethylene terephthalate-coated nitinol stents showed good 
biocompatibility and a high rate of occlusion of experimental AVFs. The mechanical 
properties of the polyethylene terephthalate coating were similar to those of the 
nitinol stents, which facilitated handling. Polyurethane-coated stents showed fre­
quent dislocation.

Author contributions:
Guarantors of integrity of entire study, 
F.S., M.W., M.S.; study concepts and 
design, F.S., M.W., M.S.; definition of 
intellectual content, F.S., M.S.; litera­
ture research, F.S., M.W.; experimental 
studies, F.S., M.W., A.B., H.G.B.; data 
acquisition, F.S., M.W., A.B., E.W.; data 
analysis, F.S., M.W., A.B., E.W., M.S.; 
manuscript preparation, F.S., M.W., 
M.S.; manuscript editing, F.S.; manu­
script review, M.W., A.B., E.W., M.S.

Bare vascular stents have been reported to be of use in the endovascular treatment of 
experimental fusiform (1) and side-wall (2) aneurysms. However, to our knowledge, there is 
no satisfying stent system for arteriovenous fistulas (AVFs) or fusiform aneurysms in 
peripheral arteries with a diameter of 5 mm or less. In general, transluminally placed 
endovascular prosthetic grafts consist of a metallic stent scaffold with a coating that is 
commonly used in vascular surgery, such as polyethylene terephthalate (3,4), polytetrafluo­
roethylene (5,6), or autologous vein grafts (7).

Polyethylene terephthalate-coated stents successfully obliterate human abdominal 
aortic aneurysms (3). However, perivascular and systemic inflammatory reactions have 
been reported (8,9), which seem to be responsible for poor short-term patency rates in 
experimental studies (9). Not yet clear is whether these reactions are directed against the 
specific polyester itself or manufacturing-related components (10,11). Polyurethane proved 
to be successful in the preparation of biomaterials with low bacterial adherence and
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improved biocompatibility (12). Con­
trary results were reported after place­
ment of polyurethane-coated stents in 
porcine coronary arteries (13,14).

The current study was designed to in­
vestigate the use of self-expanding niti- 
nol stents with a tubular coating of poly­
ethylene terephthalate, in comparison 
with a coating of medical-grade poly­
urethane, for the treatment of high-flow 
experimental AVFs. The canine model 
was chosen because experiments with 
different porous and impervious vascular 
prostheses have shown that the rate of 
healing of implanted prostheses in dogs 
approximates that in humans, which is 
much slower than that in other animals, 
such as the pig, calf, and baboon (15).

MATERIALS AND METHODS

A total of 19 high-flow experimental AVFs 
of the common carotid artery and the 
external jugular vein were created bilater­
ally in 10 adult Labrador retriever dogs 
(body weight, 18-27 kg) according to a 
modified technique for construction of 
giant aneurysms (16). The common ca­
rotid artery was anastomosed to the exter­
nal jugular vein side to side with 8-0 
polypropylene (Prolene; Ethicon, Somer­
ville, NJ) sutures after removal of a strip 
(length, 10 mm; width, 1 mm) from the 
arterial wall. Since this technique was 
successfully used in previous studies (16- 
18), no control group was established. 
The surgical procedure, the stent place­
ment, and the control angiographic stud­
ies were performed with the dog under 
general anesthesia (17).

Fourteen self-expanding nitinol stents 
(heat-treated nickel-titanium alloy, 12 
loops per circumference, 62.4 pores per 
square centimeter, 5-mm inner diameter, 
40-mm length; Strecker stent, Boston Sci­
entific, Watertown, Mass) were coated 
with a woven tube of polyethylene tereph­
thalate (35-mm length, 5-mm inner diam­
eter, 0.4-mm thickness [0.08-mm thick­
ness under compression, by our own 
measurements]; Sulzer Orthopedics, Win­
terthur, Switzerland) (Fig la). The polyeth­
ylene terephthalate was thoroughly 
washed to remove manufacturing-related 
components. Because of a patent pending 
at the time of the investigation, the de­
tailed technique of the washing proce­
dure was unknown to the investigators.

Five nitinol stents (4-mm length, 5-mm 
inner diameter; Boston Scientific) were 
coated with a film of polyurethane 
(0.02-mm thickness; OpSite [without ad­
hesive], Braun-Smith & Nephew, Spangen- 

berg, Germany). Rectangular pieces of 
polyurethane (35 X 25 mm) were rolled 
to shape a tube with a 35-mm length and 
5-mm inner diameter. The ends of the 
film facing each other were glued to­
gether with medical silicon glue (Raumed 
adhesive SI 1511; Rehau, Rehau, Ger­
many) (Fig lb).

All coated stents were mounted onto a 
5-F angioplasty catheter (5-mm ballon 
diameter, 40-mm ballon length; Schneider, 
Lausanne, Switzerland) by a simple cro­
chet technique with a thin nylon line 
(0.18-mm diameter, 3.0-kg strength) (19). 
Angioplasty catheters were chosen be­
cause of the soft surface of the deflated 
balloon, which kept the mounted stent in 
place. Sterilization was achieved under an 
ethylene oxide atmosphere at a maxi­
mum temperature of 45°C and an atmo­
spheric humidity of 50%-70%.

Endovascular treatment was performed 
21-29 days (mean, 23 days) following 
surgery. A 10-F Teflon introducer sheath 
(Cook, Bloomington, Ind) was placed in 
the right femoral artery, and a pressurized 
saline infusion was connected to the side 
port of the sheath. Before stent place­
ment, diagnostic angiography (4-F cath­
eter; Cook) was performed, and heparin 
(100 IU per kilogram of body weight) was 
administered. The angioplasty catheter 
was placed by using a 0.038-inch guide 
wire (260-cm length; Amplatz Super Stiff 
EX; Boston Scientific). A 60-mm piece of 
an 8-F introducer sheath served as a cover 
to avoid damage to the coated stent dur­
ing the passage through the hemostatic 
valve. All angiographic procedures were 
performed with digital subtraction angi­
ography (DAS, Picker International, Cleve­
land, Ohio; or Digitron, Siemens, Erlan­
gen, Germany).

A road-map technique was used for 
precise positioning of the stents. After 
gradual retraction of the nylon line, the 
coated stents expanded, starting from 
their proximal end, to the luminal diam­
eter of the parent vessel. Immediately 
after stent placement, percutaneous trans­
luminal angioplasty (5-F angioplasty cath­
eter; Schneider) of two of the aneurysms 
was performed with polyethylene tereph­
thalate-coated stents because of hemody- 
namically significant vessel stenoses 
caused by incomplete expansion of the 
coated stents. For 3 weeks after implanta­
tion, the animals received 80 mg of aspi­
rin (Bayer, Leverkusen, Germany) per day 
orally (20).

Control angiograms (5-F introducer 
sheath, 4-F diagnostic catheter; Cook) 
were obtained percutaneously at 4 frames 
per second immediately after stent place-

Figure 1. Photographs show self-expandable 
nitinol stent (inner diameter, 5 mm) coated 
with (a) polyethylene terephthalate or (b) poly­
urethane.

ment, after 1 and 3 weeks, and at 3, 6, 9, 
and 12 months (Table). The arterial lu­
men before stent placement was assumed 
to be 100%; at each follow-up angio­
graphic examination, the m aximum per­
centage of stenosis of the vessel segment 
with the stent was measured w ith angio­
grams in two different projections (pos- 
teroanterior, lateral) by two independent 
investigators (ES., M.W.). Occlusion of 
the arterial vessel was judged as acute 
(occlusion within 1 week), subacute (oc­
clusion between weeks 1 and 3), or de­
layed (occlusion after week 3). Because 
the internal carotid artery is of minor 
importance to the cerebral blood supply 
in dogs, no angiography of the brain was 
performed to exclude thromboembolism.

All grafts, including 10-15 m m  of the 
adjacent artery on either side, were re­
moved for histopathologic examination 
after 3, 6, 9, or 12 m onths or after detec­
tion of graft occlusion (Table). Specimens 
were fixed in a formaldehyde solution 
(4%) and were dehydrated and embedded 
in methyl methacrylate. Transverse 50-pm 
sections were obtained with a low-speed 
rotary diamond saw (Isomet; Bühler, Lake 
Bluff, Ill) and were stained w ith a meta- 
chromatic staining technique (hematoxy- 
lin-eosin and elastica van Gieson stain­
ing). The thickness of the neointimal 
layer was measured by using a com puter­
ized image-analysis system (Analysis 2.1; 
SIS Software, Münster, Germany) equipped 
with a conventional light microscope (Ax- 
ioskope; Zeiss, Jena, Germany). Represen­
tative sections of the adjacent arterial 
tissue and the uncoated stent segments, 
as well as a distal, middle, and proximal 
section of each coated stent, were se­
lected for morphometric analysis. The 
thickness of the neointima was measured 
in four representive areas of each section 
after calibration, and the mean was calcu­
lated.

This protocol was approved by the  ani-
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Follow-up Protocol and Angiographic Results of Polyethylene Terephthalate- and 
Polyurethane-coated Endovascular Stents

Time after Implantation
Stent Coating __________________________________________________
and Variable Implantation 1 week 3 weeks 3 months 6 months 9 months 12 months

Polyethylene

12 8 6 4
terephthalate 

Patent stent (n) 14 12 12
Leakage (n) 
Mean vessel ste­

7* (5*1) 4* 3* 1* 1* 1* 1*

nosis (%) 45 30 39 39 30 31 40
Explantation (n) 

Polyurethane
0 2* 0 4 2 2 4

Patent stent (n) 5 3§ 3 1 1 1 ND
Leakage (n) 0 1 1 1 1 1 ND
Vessel stenosis (%) 35 30 38 79 80 83 ND
Explantation (n) 0 0 0 2 0 1 ND

Note.—n = number of stents, ND = no data.
* One persistent AVF caused by incomplete covering of the orifice of the AVF.
t One hour after stent implantation.
* Acute vessel occlusion following percutaneous transluminal angioplasty of incompletely 

expanded nitinol stents.
§ Displacement of two stents.

Figure 2. A, Angiogram shows experimental AVF of the right common carotid artery (solid 
arrow) and the external jugular vein (open arrows). The arterial diameter is approximately 4.3 
mm, and the diameter of the AVF is approximately 6.2 mm. Note the circumscribed narrowing of 
the common carotid artery at the level of the AVF caused by scarred tissue. B, Angiogram obtained 
immediately after placement of a polyethylene terephthalate-coated stent shows persistent AVE 
C, Angiogram obtained after 1 week shows polyethylene terephthalate-coated stent (arrowheads). 
D, Angiogram obtained after 3 months shows reduced but still persistent AVF (arrow). E, Follow-up 
angiogram obtained after 6 months shows complete occlusion of the AVF.

mal experimentation committee of the 
University of Freiburg (Germany) and 
was carried out according to the Regula­
tions of Animal Protection.

RESULTS

Angiographic measurements revealed a 
mean diameter of the common carotid 
artery of 4.3 mm ± 0.5 (± SD) (range, 
3.5-5.6 mm). The orifice of the AVF 

showed a mean diameter of 11.9 mm ± 
3.3 (range, 6.9-17.3 mm). At the level of 
the anastomoses, circumscribed narrow­
ings of the common carotid artery were 
found, caused by scarring after surgery. 
None of the experimental AVFs were oblit­
erated spontaneously before the endovas­
cular treatment. Selective catheterization 
was necessary to demonstrate the distal 
portion of the common carotid artery 
because of a marked steal effect. Although 
each animal except one had two high- 

flow AVFs, no clinical signs of cardiac 
decompensation were seen. After stent 
placement, none of the dogs had fever, 
malaise, or loss of body weight.

Angiographic Results
All except one of the polyethylene ter­

ephthalate-coated stents were properly 
placed, covering the orifice of the AVF 
with the coated stent segment. The angio­
graphic size of the AVF had no influence 
on the occlusion rate following stent 
placement.

Immediately after placement of poly­
ethylene terephthalate-coated stents, con­
trast agent ran directly through the 
threads of the coating material in six of 
the 14 polyethylene terephthalate-coated 
stents; the leakage stopped in two stents 
within 1 hour. During further follow-up, 
a gradual diminution of these leakages 
was observed, with an interruption in 
one stent each after 1 week and 3 months, 
and in two stents after 6 months (Fig 2). 
Persistence of the AVF was evident with 
one stent because of incomplete covering 
of the orifice of the AVF. No recanalization 
of an occluded AVF was observed (Fig 3).

Twelve of the 14 polyethylene tereph­
thalate-coated stents remained patent 
during their particular follow-up periods 
(Table). For two stents, percutaneous 
transluminal angioplasty was performed 
because of an 85% vessel stenosis immedi­
ately after stent placement, which was 
caused by incomplete expansion of the 
self-expanding nitinol stents at their 
proximal ends. After percutaneous trans­
luminal angioplasty, no persistent steno­
sis was evident. However, acute vessel 
occlusion was detected at control angiog­
raphy after 1 week.

After placement, polyethylene tereph­
thalate-coated stents showed a mean graft 
stenosis of 45% (n = 14), which was 
followed by a mean graft stenosis of 30% 
after 1 week {n = 12). A mean graft 
stenosis of 39% was seen after 3 weeks 
(n = 12) and after 3 months (n = 12). 
Further follow-up disclosed a mean graft 
stenosis of 30% after 6 months (n = 8), 
31% stenosis after 9 months (n = 6), and 
40% stenosis after 12 months (n = 4). No 
migration of a polyethylene terephthal­
ate-coated stent was observed.

Proper stent placement and occlusion 
of the AVF were achieved in all five poly­
urethane-coated stents, which extended 
at least 8 mm distal to the orifice of the 
AVF. After 1 week, only two polyurethane- 
coated stents remained in place covering 
the AVFs. The distal portion of one poly­
urethane-coated stent was dislocated into
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Figure 3. A, Angiogram shows experimental AVF of the right common carotid artery (solid 
arrow) and the external jugular vein (open arrows). The arterial diameter is approximately 3.9 
mm, and the diameter of the AVF is approximately 7.2 mm. Note the circumscribed narrowing of 
the common carotid artery at the level of the AVF caused by scarred tissue. B, Angiogram obtained 
immediately after placement of a polyethylene terephthalate-coated nitinol stent (arrowheads). 
C-F, Follow-up angiograms obtained (C) after 3 weeks, (D) after 3 months, (E) after 6 months, and 
(F) after 9 months demonstrate a slight narrowing of the vessel segment with the stent and a 
gradual decrease of the circumscribed narrowing at the level of the AVF.

the external jugular vein, with reestablish­
ment of the AVF. Displacement of two 
stents was seen. These stents were not 
discovered in the carotid arteries or in the 
portion of the external jugular vein proxi­
mal to the AVF. At fluoroscopy, however, 
the displaced stents were faintly visual­
ized over the heart. Polyurethane-coated 
stents that remained in the common ca­
rotid artery (n = 3) showed graft patency 
with one stent and delayed vessel occlu­
sion after 3 months (n = 2). After place­
ment of polyurethane-coated stents, mean 
graft stenosis was 35%, with a gradual 
increase to 83% during further follow-up 
of up to 9 months (n = 1).

Histopathologic Results
Histopathologic examination con­

firmed the angiographic stenoses in both 
groups but showed irregular intimal fibro­
sis that was not apparent at angiography. 
Uncoated nitinol filaments showed com­
plete endothelialization with a smooth 
neointimal layer with a mean thickness 
of 153.9 pm ± 78.4 (range, 25.3-381.3 
pm); this layer merged to the original 
arterial intima. Compression and minor 
atrophy of the medial layer were evident 
subjacent to the nitinol filaments. The 
adventitia and the perivascular tissue were 
inconspicuous. No signs of acute inflam­
mation or marked foreign body reactions 
were evident.

Within the polyethylene terephthalate 
coating, a few macrophages, giant cell 

formations, and newly sprouted capillar­
ies were seen. Subjacent to the polyethyl­
ene terephthalate coating, a similar scar 
tissue with few cellular components and 
neocapillaries was found, representing the 
former arterial intimal layer. Coated stent 
segments showed complete endothelial­
ization with a neointimal layer with a 
mean thickness of 167.6 pm ± 96.8 
(range, 20.8-452.6 pm) (Fig 4). The mean 
thickness of the polyethylene terephthal­
ate coating, including the stent fila­
ments, was 478.4 pm ± 122.7 (range, 
290.6-580.2 pm).

For two stents with acute thrombosis of 
the parent vessel following percutaneous 
transluminal angioplasty, the polyethyl­
ene terephthalate coating protruded be­
tween the stent filaments into the lumen 
of the arterial vessel. Other histopatho­
logic findings did not differ from those 
seen with the other polyethylene tereph­
thalate-coated stents. A completely throm­
bosed "pseudoaneurysm" was seen with 
one stent when the polyethylene tereph­
thalate coating bulged toward the jugular 
vein into the AVF. This observation was 
not evident at angiography. Four speci­
mens showed histologically visible discon­
tinuities of the textile structure of the 
polyethylene terephthalate coating (ap­
proximately 184-374 pm), which were 
completely covered by a neointimal layer. 
One of those gaps was detected at the 
level of the AVF; however, no breakage of 
polyethylene terephthalate filaments was 
observed.

b.
Figure 4. Methyl methacrylate-embedded 
cross sections (a, metachromatic staining [he- 
matoxylin-eosin stain]; original magnification, 
X40; b, metachromatic staining [hematoxylin- 
eosin stain]; original magnification, X250) ob­
tained 9 months after placement of a stent 
coated with polyethylene terephthalate (PET) 
show the polyethylene terephthalate coating 
(thickness, 418.7 mm) and the nitinol fila­
ments (single-headed arrows in a, arrow in 
b) in scar tissue with few macrophages and 
capillaries. No marked inflammatory cell reac­
tion is present. A smooth neointimal layer (ND 
approximately 178 pm thick is seen, which 
merges into the original intimal layer. Note the 
minor atrophy of the medial layer (double­
headed arrow in a) subjacent to the coated 
stent without compression necrosis. In a and 
b, A = adventitia, M = media.

Between the polyurethane coating, 
which was wrinkled, and the medial layer, 
a scar tissue with very few macrophages 
and neocapillaries was seen. The nitinol 
filaments were embedded in an unorga­
nized fibrinoid layer, which was covered 
by a thin, fibrosed neointimal layer. This

172 • Radiology • April 1999 Schellham m er et al



b.
Figure 5. Methyl methacrylate-embedded cross sections (a, metachromatic staining [hematoxylin-eosin stain]; original magnification, x25; 
b, metachromatic staining [hematoxylin-eosin stain]; original magnification, X100) obtained 9 months after placement of a polyurethane-coated 
stent show the wrinkled polyurethane film (open arrows). The stent filaments (long solid arrows in a, solid arrow in b) are embedded in an 
unorganized fibrin layer (FL), which is covered by a thin, fibrosed neointimal layer (small solid arrows in a). Note the atrophy of the original arterial 
wall. In a, A = adventitia, M = media.

complex measured 369.4 pm ± 337.1 
(data obtained from one nonoccluded 
polyurethane-coated stent) (Fig 5). In the 
stent with graft occlusion, partly orga­
nized thrombus was observed without 
evidence of a neointimal layer. Toward 
the silicone glue, no acute inflammatory 
reactions were discovered.

DISCUSSION

Polyethylene terephthalate has been used 
for implantation since the 1940s as a 
bone and cartilage substitute (21). Pure 
polyethylene terephthalate is a biocom­
patible substance that does not resorb or 
degenerate. The substance demonstrates 
long-term stability, resistance to stress 
and fatigue, and a lack of surrounding 
soft-tissue reaction (22). Polyethylene ter­
ephthalate, which is used frequently in 
vascular surgery, shows different stages in 
healing. Initially, granulation tissue sur­
rounds the prosthesis. Because of its low 
surface tension and its pore size, fibro­
blasts and myoblasts migrate. Later, neo­
capillaries are seen adjacent to the prosthe­
sis. Finally, a neointimal layer develops, 
which tends to shrink, and the more 
cellular components are replaced by fibro- 
muscular tissue (22). Polyethylene tereph­
thalate is known to cause intimal hyperpla­

sia (23) and stimulates platelet aggregation 
(24). Furthermore, polyethylene terephthal­
ate is a nonexpandable material and tends 
to wrinkle, thus promoting thrombosis.

Since the first successful occlusion of 
abdominal aortic aneurysms with translu- 
minally placed endovascular prosthetic 
grafts, polyethylene terephthalate has 
been commonly used in interventional 
radiology (3,4). Recently, perivascular and 
systemic inflammatory reactions were re­
ported following implantation of stents 
coated with polyethylene terephthalate 
(Dacron) (8,9). Link et al (9) reported 
granulocyte infiltration next to the poly­
ethylene terephthalate (Dacron) and acute 
graft occlusion in six of seven stents in 
swine. Blum et al (8) observed an eleva­
tion of the C-reactive protein and leuko­
cytosis in humans following endovas­
cular treatment of abdominal aortic aneu­
rysm with transluminally placed endovas­
cular prosthetic grafts coated with poly­
ethylene terephthalate (Dacron). No 
evidence of bacteremia or graft infection 
was seen.

Whether these reactions are directed 
toward the specific polyester itself or to­
ward manufacturing-related components 
has been discussed (10,11). The industrial 
manufacture of polyethylene terephthal­
ate involves numerous additives, such as 
salts of heavy metals (antimony, manga­

nese, calcium), which accelerate reac­
tions or minimize undesirable side reac­
tions. Nitrogen-containing aromatic organic 
compounds and titanium  dioxide, for 
example, affect the properties of the poly­
mer (11). The polyethylene terephthalate 
used in our study was thoroughly washed 
after manufacture. The detailed tech­
nique of the washing procedure was un­
known to the investigators. According to 
the manufacturer (Sulzer Orthopedics), 
this technique markedly reduces the ex­
tractable substances in the polyethylene 
terephthalate textile, compared with the 
use of customary Dacron.

Histopathologic examinations, which 
were performed after 3, 6, 9, or 12 months, 
revealed mild foreign body reactions, 
without acute inflammation. Although 
no laboratory examinations were per­
formed, we did not observe clinical symp­
toms of inflammation such as fever, mal­
aise, or weight loss. This, and the absence 
of frequent acute vessel occlusions as 
reported by Link et al (9), might be fur­
ther hints of the importance of manufac­
turing-related components.

The textile texture of the polyethylene 
terephthalate coating used has elastic 
properties similar to those of the nitinol 
stent. With the exception of 2-3 mm left 
uncoated on both ends for better graft 
fixation, the nitinol stent was completely
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coated, even in a stretched profile, when 
mounted onto an angioplasty catheter. 
This facilitated proper placement of the 
self-expandable stent.

Polyethylene terephthalate-coated stents 
showed a mean graft stenosis that was 
twice as high as that of bare nitinol stents 
(mean, 15% graft stenosis) (2,17), which 
is mainly attributable to the polyethylene 
terephthalate coating (mean thickness in 
histologic specimens, 478.4 pm). No 
marked difference was seen between the 
thickness of the neointimal layer with 
coated and uncoated nitinol stents (167 
pm vs 150 pm).

During the angiographic follow-up, the 
vessel stenosis of the arterial segments 
with stents decreased. Theoretically, the 
diameter of the self-expanding nitinol 
stents (5 mm) should have caused an 
overdilation of the common carotid ar­
tery of approximately 16%. It seems likely 
that the expansile forces of the self­
expanding stents are responsible for de­
creased vessel stenoses in nonarterioscle- 
rotic arteries.

Two stents showed a hemodynamically 
significant vessel stenosis following place­
ment. These stenoses were due to incom­
plete expansion of the proximal end of 
both self-expanding stents for unknown 
reasons.

The thickness of the polyethylene ter­
ephthalate coating (0.4 mm) was mark­
edly diminished under radial force (0.08 
mm). This, however, reduces the density 
of the textile structure and may cause 
persistent leakages, as seen with six of the 
14 polyethylene terephthalate-coated 
stents. Hemodynamic changes similar to 
those that cause occlusion of side-wall 
aneurysms with the use of plain stents 
(channeling effect) (2) and the deposi­
tion of fibrin and platelets (11) are likely 
to be responsible for early interruption of 
leakages up to week 1. During further 
follow-up, invasion of histiocytes and the 
progression of the neointimal cover may 
close remaining leakages (18). In dogs, 
healing of the inner vascular wall requires 
8-12 weeks (15). This corresponds to the 
observation of interrupted leakages after 
3 months in two stents.

One persistent AVF following misplace­
ment of a polyethylene terephthalate- 
coated stent was not affected by such 
phenomena. Histopathologic examina­
tions revealed discontinuities of the poly­
ethylene terephthalate textile structure 
up to 3.7 mm in four specimens. These 
discontinuities, which were covered by a 
neointimal layer, might correspond to 
damages caused by retraction of the ny­
lon line during stent delivery. The poly­

ethylene terephthalate coating was not 
sutured to the stents. Only expansile 
forces of the nitinol stent kept the coat­
ing in place between the arterial wall and 
the nitinol filaments. In large-orifice AVFs, 
this causes the risk of bulking of the 
coating toward the external jugular vein, 
as seen in one stent with a thrombosed 
pseudoaneurysm. This was not apparent 
at angiography.

A similar mechanism led to acute 
thrombosis with two stents following per­
cutaneous transluminal angioplasty. The 
elastic recoil of the nitinol stents was not 
accompanied by the polyethylene tereph­
thalate coating, which subsequently pro­
truded into the lumen of the arterial 
vessel. However, the angiographic size of 
the experimental AVF did not influence 
the occlusion rate following placement of 
coated stents.

Polyurethane, a biostable and biocom­
patible polymer, has been used exten­
sively for vascular applications and, to 
our knowledge, is the most widely used 
polymer for construction of permanent 
pacemaker leads. Polyurethane is also 
known for its low bacterial adherence 
(12). However, in porcine coronary arter­
ies, contrary results have been reported. 
De Scheerder et al (13) described a neointi­
mal thickening 6 weeks after placement 
of polyurethane-coated stainless steel 
stents, which was comparable to the neo­
intimal thickening induced by bare metal­
lic stents. Holmes et al (14) used poly­
urethane-embedded balloon-expandable 
tantalum stents. In contrast to De Scheerder 
et al (13), who did not observe a marked 
inflammatory reaction, Holmes et al (14) 
found a foreign body inflammatory re­
sponse with multinucleate giant cells and 
a high rate of thromboembolic occlu­
sions within the first 48 hours. Neither 
group of authors reported migration of 
the stents.

In our study, three of five polyurethane- 
coated stents dislocated within 1 week. 
Two stents that showed displacement 
were not discovered in the carotid arteries 
or in the external jugular vein but were 
faintly visualized over the heart. Despite 
complete covering of the AVF with the 
polyurethane coating, dislocation of the 
distal portion of the stent into the exter­
nal jugular vein was evident with a third 
stent.

The design of polyurethane-coated 
stents left uncoated stent segments of 2-3 
mm on both ends of the nitinol stents for 
better graft fixation. Immediately after 
placement, the polyurethane-coated stents 
straddled the lesion and extended at least 
8 mm distal to the orifice of the AVF.

Comparable to the polyethylene tereph­
thalate coating, the polyurethane film was 
not sutured or glued to the nitinol fila­
ment. It is possible that during stent place­
ment, the polyurethane coating slipped, and 
no uncoated stent segments remained for 
proper distal anchorage. Because only 
segments of the explanted stents under­
went histopathologic examination, this 
theory could not be proved.

The impermeability of the poly­
urethane film prevented the invasion of 
histiocytes into the coating. Instead, an 
almost noncellular scar tissue and an 
unorganized fibrin layer were found 
around the polyurethane coating. On 
theoretic grounds, it seems possible that 
the smooth and impermeable poly­
urethane film, which, in contrast to the 
polyethylene terephthalate coating, was 
not invaded by histiocytes, glided on the 
subjacent fibrinoid layer. However, the 
phenomenon of the frequent migration 
of polyurethane-coated stents remains un­
clear.

Histopathologic examination revealed 
lots of wrinkles of the polyurethane coat­
ing, which might be caused by retraction 
of the nylon line during stent delivery. 
These wrinkles and the thickness of the 
“neointimal complex" of the unorga­
nized fibrinoid layer and the fibrosed 
neointimal layer (mean, 369 pm) prob­
ably caused delayed vessel occlusion with 
two stents. Because of the impermeability 
of the polyurethane film, the intralum i­
nal thrombus was only partly organized. 
In addition, the elastic mismatch of the 
nonelastic polyurethane coating and the 
self-expandable nitinol stent made proper 
stent placement more difficult compared 
with the placement of the polyethylene 
terephthalate-coated stent. Further a t­
tempts at using this particular poly­
urethane coating were stopped.

Practical application: Both polyethyl­
ene terephthalate and polyurethane 
showed good biocompatibility. The im ­
permeability of polyurethane caused less 
favorable angiographic and histologic re­
sults. From our point of view, im perm e­
able coating materials are not suitable for 
endovascular applications. The polyethyl­
ene terephthalate was easy to handle and 
was used successfully in the occlusion of 
high-flow experimental AVFs. The use of 
polyethylene terephthalate for the treat­
ment of AVFs or fusiform aneurysms 
seems possible. However, the textile struc­
ture should be changed to achieve a 
higher textile density, combined w ith a 
reduced thickness of the coating. Integra­
tion of the nitinol filaments in to  the 
textile would be desirable.
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