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Introduction

Polytetrafluoroethylene (PTFE) has been widely used
for hemodialysis access1–3 for many years and several
different commercial vascular grafts made of PTFE are
currently available.4–6 Each manufacturer claims that
their grafts have advantages, such as better patency or a
lower rate of complications, over those of competitors.
However, little objective data exists to support these
claims.

The Exxcel (Boston Scientific, Oakland, NJ, USA)
vascular graft and the Stretch Gore-tex graft (Gore
and Associates, Flagstaff, AZ, USA) are both made of
PTFE and used for peripheral vascular procedures and
arteriovenous access, but the manufacturing process
and handling characteristics of each graft are slightly
different. The Exxcel graft is a PTFE graft wrapped
with a PTFE yarn, which covers about 70% of the exter-
nal graft surface. In contrast, the entire exterior surface
(100%) of the stretch Gore-tex graft is covered with a
thin, highly porous expanded PTFE film. The yarn-wrap
design is claimed to have the merits of aiding the healing
process and simultaneously maintaining the shape of
the graft wall, ultimately resulting in a better patency.
To clarify which graft is best suited for the indicated
vascular access procedure, we conducted a randomized,
prospective study of these two different grafts for dialy-
sis access.

Patients and Methods

All consecutive patients requiring prosthetic graft im-
plantation for hemodialysis access between May 2000
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and February 2001 were included in this study. In-
formed consent was obtained from all of the patients
preoperatively, and demographic data were carefully
recorded. The grafts implanted in this study were sterile
and thin-walled, with an inner diameter of 6 mm. The
wall thickness of the Exxcel and Gore-tex grafts was
0.41 and 0.37 mm, respectively. The PTFE grafts were
implanted in the upper extremities of patients with end-
stage renal disease for dialysis access, when there was
no suitable forearm superficial vein for arteriovenous
fistula creation. Surgery was performed using effective
local anesthesia by the same surgeon (P.-J.K.). Graft
selection was randomized, with a Gore-tex graft im-
planted in 45 patients and an Exxcel graft implanted in
49 patients.

Forearm looped bridged grafts were implanted from
the brachial artery to the antecubital vein or deep vein
as the first choice. When there was no sizable elbow vein
for venous outlet, upper arm brachial artery to axillary
vein grafts were implanted. Heparinized saline was used
to irrigate the arteriotomy and venotomy before per-
forming the anastomosis, but intravenous heparin infu-
sion was not given during or after the procedure. We
allowed at least 14 days after graft implantation for graft
maturation before the new access was first used. No
percutaneous intervention or surgical revision was at-
tempted if the grafts were still functioning. All grafts
were observed for signs of thrombosis or other compli-
cations. The site of graft inplantation, vessel size, occur-
rence of thrombosis, and complications were carefully
documented and analyzed. The endpoints used in these
investigations were graft thrombosis, graft removal
due to infection or severe venous hypertension, and
patient death. Graft survival was calculated and ana-
lyzed using a life-table analysis. The log-rank test was

used to compare graft patencies between the two groups
of patients.

Results

Table 1 summarizes the demographic data of the pa-
tients. The average age of the patients was 62.1 years
(range, 27–88.1 years), and there were 36 men and 58
women. No significant differences were noted between
the two groups in terms of age, sex, graft location, or
vessel size. Similarly, there were no differences in the
prevalence of diabetes or hypertension between the two
groups.

Table 2 and Fig. 1 present the life-table analyses for
primary patency. The primary patency rates were 51%
and 36% for the Exxcel grafts, and 71% and 45% for
the Gore-tex grafts, respectively. Although the patency

Table 1. Patient demographics

Exxcel Gore-tex P value

No. of grafts 49 45
Age (years) 59.8 63.8 0.05
Sex

Male (%) 20 16 NS
Female (%) 29 29 NS

Graft position
Forearm (%) 31 27 NS
Upper arm (%) 19 18 NS

Hypertension (%) 31 24 NS
Diabetes (%) 24 19 NS

The Gore-tex group patients were slightly older than the Exxcel group
patients
NS, not significant

Table 2. Life-table analysis of primary patency in the Exxcel group and the Gore-tex
group

Interval No. No. Withdrawn due Interval Cumulative
(months) at risk failed to loss and death patency patency SE

Exxcel
0–3 49 7 11 0.84 0.84 0.05
3–6 31 5 2 0.83 0.70 0.07
6–9 24 4 2 0.83 0.58 0.08
9–12 18 2 2 0.88 0.51 0.08

12–18 14 2 4 0.83 0.42 0.09
18–24 8 1 3 0.85 0.36 0.10

Gore-tex
0–3 45 5 15 0.87 0.87 0.05
3–6 25 3 1 0.89 0.76 0.07
6–9 21 0 4 1.00 0.76 0.08
9–12 17 1 5 0.93 0.71 0.09

12–18 11 1 4 0.89 0.63 0.12
18–24 6 1 5 0.71 0.45 0.14
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rate was slightly better in the Gore-tex group than in
the Exxcel group, the difference between the two
groups was not significant at any intervals of follow-up
(P ! 0.05).

This study also compared the incidence of complica-
tions requiring surgical intervention during the follow-
up period in the two groups. Notably, four graft
infections occurred in the Exxcel group, two of which
were treated with simple surgical debridement, while
the remaining two required removal of the graft owing
to intractable infection. In contrast, only one graft infec-
tion requiring surgical removal developed in the Gore-
tex group. On the other hand two of the Gore-tex grafts
resulted in steal phenomenon, requiring surgical band-
ing of the graft. The incidence of complications needing
surgical management was 8.2% in the Exxcel group and
6.7% in the Gore-tex group. No significant difference
was noted between the two groups in this respect.

Discussion

Polytetrafluoroethylene prostheses are widely used for
hemodialysis access in patients without suitable superfi-
cial veins,7 and a number of graft designs from various
manufacturers are currently available.8 However, the
English-language literature contains limited prospec-
tive data comparing the efficiency of different grafts
used for hemodialysis access.9–12 To our knowledge,

there is no published study comparing the patency of
Exxcel and Gore-tex grafts. Accordingly, the present
work may be the first to objectively evaluate the clinical
patency of yarn-wrapped outer surface grafts (as Exxcel
grafts) for dialysis access. Our findings about Gore-tex
graft patency are similar to other published results
(Table 3).9–11,13

The structure of Exxcel and Gore-tex stretch PTFE
grafts is very different. Specifically, an outer wrap of
porous PTFE covers the entire exterior surface of every
Gore-tex stretch graft for reinforcement. On the other
hand, Exxcel grafts utilize a cross-helical, nonporous
PTFE yarn wrap design that covers about 70% of the
external graft surface, to increase radial strength prop-
erties and provide “textile-like” handling characteris-
tics. These structural differences may result in different
handling properties during insertion and different heal-
ing processes following graft puncture, thus resulting in
possible differences in graft patencies. It was reported
that the outer structure of PTFE could influence the
formation of the pseudointima and impact on graft pa-
tency.14 The manufacture of Exxcel vascular grafts claim
that they have superior healing characteristics attribut-
able to their yarn-wrap design. The spaces between the
wrap are designed to allow for direct tissue and cellular
incorporation into the graft. Moreover, the yarn wrap is
said to have the advantages of maintaining graft wall
shape during healing, ultimately producing a thrombus-
free, neointima-lined, luminal surface. In contrast, the
manufacturer of Gore-tex stretch vascular grafts claim
that they have better handling characteristics and
resistance to kinking attributable to their stretch prop-
erties and lengthwise compliance.15 Moreover, the lon-
gitudinal stretch properties of the Gore-tex stretch
prosthesis should result in better primary patency rates
than standard PTFE graft AV fistulas.16 In our series,
both the 1- and 2-year patency rates of the Gore-tex
grafts were better than those of the Exxcel grafts, al-
though the difference between the two grafts was not
significant according to the log-rank test. A larger series
is needed to determine whether there is a significant
difference.

This prospective study selected the prosthesis type
randomly and the vascular access was created by the
same surgeon in all patients. Moreover, the implanta-

Fig. 1. Lift-table primary patency rates for Exxcel and Gore-
tex grafts. Log-rank analysis yielded P ! 0.05 at every interval
in the comparison of Exxcel and Gore-tex groups

Table 3. Gore-tex graft primary patency rates in previous reports

6 months 12 months 24 months
StudyRef Year patency patency patency

Kaufman et al.11 1997 47%
Glickman et al.9 2001 47% 36%
Hurlbert et al.10 1998 63% 52% 38%
Hakaim and Scott13 1997 78% 74%
Present study 76% 71% 45%
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tion site was chosen using the same protocol to achieve
a fair comparison. We examined the primary patency of
the two groups of patients and found no significant dif-
ference between the Gore-tex and Exxcel grafts after
2 years. Although the manufacturers of Exxcel grafts
claim that their product has a better healing process
than alternatives owing to its yarn-wrapped structure,
we found no definite evidence of enhanced patency.
The yarn-wrapped outer surface design did not appear
to improve the clinical patency significantly. The suc-
cessful early puncture of Gore-tex stretch grafts in clini-
cal dialysis with acceptable long-term patency has been
described in other reports. Therefore, clinically, the
yarn-wrapped design, while enhancing perigraft tissue
ingrowth, does not correlate well with the healing prop-
erties of dialysis grafts.

We also found similar rates of complications requir-
ing surgical intervention in the two groups, although
there were more cases of steal syndrome requiring
banding or ligation in the Gore-tex group than in the
Exxcel group. The graft type should not influence arte-
rial steal development, and this phenomenon could be
attributed to the fact that there were more aged patients
with poor arteries in the Gore-tex group in this study.

According to our findings, both Gore-tex and Exxcel
grafts can be used as a hemodialysis access graft with
acceptable primary patency and complication rates.
Thus, we conclude that despite their outer suface de-
sign, either Exxcel grafts or Gore-tex stretch grafts can
be used for dialysis access with the same expected out-
comes for up to 2 years. This study shows no evidence
that the yarn-wrapped design enhances the graft
patency.
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