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The role of grafts having end-point attached heparin in maintaining patency.

BY RICHARD NEVILLE, MD, AND JENNIFER RECKNOR, PhD

Bound to Perform: GORE 
PROPATEN Vascular Graft and 
CBAS Heparin Surface Technology

The Fistula First initiative mandates the construction 
of an autogenous arteriovenous fistula (AVF) as the 
primary choice for hemodialysis access. However, cer-

tain clinical scenarios remain that are best suited for a pros-
thetic arteriovenous graft (AVG). These scenarios include 
patients lacking suitable vein for or lack of maturation of 
an AVF. In these cases, a prosthetic AVG, most commonly 
expanded polytetrafluoroethylene (ePTFE), is indicated to 
establish permanent hemodialysis access despite a historic 
record of inferior primary and secondary patency com-
pared to AVFs. Prosthetic AVGs are prone to thrombosis 
due to increased thrombogenicity and stenosis or occlu-
sion as a result of an accelerated myointimal hyperplastic 
response. This myointimal hyperplastic occlusive process 
most commonly forms at the AVG-venous anastomosis 
due to hemodynamic flow disturbances, as well as the bio-
logic response to the anastomotic construction.

The reasons for suboptimal performance with prosthet-
ic grafts are biological and hemodynamic. Expanded PTFE 
grafts are more thrombogenic than autogenous conduits, 
with increased platelet adhesion and activation of the 
coagulation cascade.1 Increased thrombogenicity at the 
graft surface results in thrombosis especially when blood 
flow falls below the critical thrombotic threshold. Late 
graft failure due to myointimal hyperplasia usually occurs 
6 to 24 months after graft implantation. This hyperplastic 
response is the result of smooth muscle cell migration and 
proliferation, primarily at the toe and heel of the anas-
tomosis, causing a reduction in lumen area, reduction in 
flow, and subsequent graft occlusion. The hemodynamic 
factors of shear stress and compliance mismatch have 
been implicated in prosthetic graft failure. However, an 
animal study addressing compliance did not prove com-
pliance to be a significant factor in the formation of the 
hyperplastic response.2 Anastomotic turbulence, oscillat-
ing shear forces, near wall residence time, and flow separa-
tion have been suggested as mechanisms of graft failure 
due to hyperplasia.3

IMPROVING PROSTHETIC GRAFT PERFORMANCE
The major cause of failure for prosthetic AVGs is 

thrombosis or significant stenosis due to neointimal 
hyperplasia. There have been biological and hemody-
namic manipulations used in attempts to affect these 
failure mechanisms. In terms of hemodynamics, cuffed 
AVGs have been used involving stretch or non-stretch 
AVGs with the addition of a vein cuff. In terms of bio-
logical manipulation, AVGs having end-point attached 
heparin (CBAS Heparin Surface; Gore & Associates) have 
been utilized for hemodialysis access and reported better 
clot free survival than standard ePTFE alone. Even though 
follow-up in the series by Davidson et al was short, at less 
than 6 months for 38% of patients, 78% clot-free survival 
for the AVGs having the CBAS Heparin Surface versus 
58% clot-free survival for the standard ePTFE at 1 year 
follow-up was reported.4 There have been differences in 

Figure 1.  Illustration of CBAS Heparin Surface showing 

the material surface, base coating, and end-point attached 

heparin. Also shown are the reactants antithrombin, confor-

mationally altered antithrombin, thrombin, and the inactive 

thrombin antithrombin complex. 
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neointimal hyperplasia between standard and heparin 
bonded graft use for dialysis access documented in ani-
mal models showing that compliance may play a role 
as shown by Gessaroli et al.5 Therefore, potential solu-
tions to improve the performance of a prosthetic graft 
for dialysis access includes affecting thrombogenicity 
through heparin bonding or affecting the development 
of myointimal hyperplasia by optimizing anastomotic 
compliance and hemodynamics.

CBAS Heparin Surface Technology and Benefits
One of the most clinically successful and innovative 

heparin bonding methodologies has been the CBAS 
Heparin Surface.6,7 It is based on covalent end-point 
attached heparin to a biomaterial surface, enabling 
maintenance of functional heparin bioactivity. The 
end-point attachment mechanism, used in the CBAS 
Heparin Surface, preserves the heparin-active site and 
thus enables binding of the clotting factor inhibitor, 
antithrombin III (Figure 1).7 Just as heparin functions in 
the solution phase, immobilized CBAS heparin is also 
catalytic. It is not consumed in the reaction by which 
antithrombin inhibits clotting factors such as thrombin. 
This retention of catalytic activity and the fact that the 
heparin is covalently attached and noneluting provides 
the potential for long-term immobilized heparin func-
tionality clinically. The CBAS Heparin Surface can be 
applied to most medical device materials.8 The coating 
is thin yet durable, usually in the range of hundreds of 
nanometers. When stored properly, CBAS-coated devices 
have an acceptable shelf life of at least 4 years. The CBAS 
coating can be sterilized by ethylene oxide, one of the 
common methods of device sterilization, without losing 
its mode of action. Furthermore, some of the key clini-
cal performance benefits of end-point attachment of 
heparin on the CBAS Heparin Surface have been demon-
strated in broad application, including extracorporeal cir-
cuits, vascular stents, ventricular assist devices, and ePTFE 
vascular grafts. The CBAS Heparin Surface has clinically 
shown a reduction of platelet deposition, a decrease in 
inflammatory responses,9-11 and a reduction of thrombo-
genicity.12-16 

Although there are many approaches for binding 
heparin to devices,17 different immobilization techniques 
can affect the functional activity of the immobilized 
heparin. Immobilization of heparin to the surface alone 
does not necessarily ensure thromboresistance of that 
surface. Heparin can be bound by covalent attachment 
to material surfaces in different ways that adversely 
affect heparin’s functional properties.18 In contrast to 
covalent end-point attachment as employed in the CBAS 
Heparin Surface, heparin covalently bound by multipoint 
attachments along the heparin molecule can interfere 

with the critical pentasaccharide sequence in heparin 
known to be essential for its anticoagulant activity. Even 
end-point attachment of heparin can be performed in 
different ways and, generally, will not result in the unique 
functional properties19 of the CBAS Heparin Surface. 
Each heparin-coating technology is individual and must 
therefore be judged according to its specific clinical per-
formance. Tanzi20 and Jordan21 provide a relevant review 
of heparin and alternative technologies for improving 
biocompatibility of device materials.

The CBAS Heparin Surface has been in clinical use 
for nearly 25 years. It is the most widely published of all 
commercially available technologies of its type, providing 
evidence of the CBAS Heparin Surface hemocompat-
ibility and biocompatibility benefits for short-term and 
permanent product applications, with few if any adverse 
events reported. More than 400 publications and stud-
ies have examined the hemocompatible properties of 
the CBAS Heparin Surface in controlled in vitro blood 
contact models or in vivo animal models and clinical 
studies. The continued commercial clinical application 
of this surface is based on a decade long track record of 
proven usefulness of this technology for improving the 
hemocompatibility of devices used for cardiovascular 
treatment. 

The GORE ePTFE Vascular Graft with the CBAS 
Heparin Surface, the GORE PROPATEN Vascular Graft, 
was designed to improve the properties of vascular 
grafts with regard to thrombosis and, as a result, the 
clinical patient outcomes for cardiovascular disease 
treatment. The CBAS Heparin Surface is bound to the 
luminal surface of the GORE PROPATEN Vascular Graft. 
The CBAS Heparin is retained on the graft flow surface, 
is uniform in nature, and its functionality is maintained. 
With several hundred thousand GORE PROPATEN 
Vascular Grafts implanted worldwide, this graft has been 
reported to be widely used in contemporary practice.22 
In animal models and clinical applications, evidence 
has suggested that the GORE PROPATEN Vascular 
Graft is superior to uncoated grafts with patency rates 
comparable to autologous veins in humans.23-26 By sub-
stantially reducing acute graft thrombosis within weeks 
after implantation, the CBAS Heparin Surface on the 
GORE PROPATEN Vascular Graft provides beneficial 
effects that standard ePTFE, control grafts do not.27 
The CBAS Heparin Surface has improved the clinical 
performance of prosthetic small-caliber vascular graft 
bypasses and has an important role in the manage-
ment of lower extremity occlusive disease, with up to 
4-year primary patency and limb salvage rates for the 
GORE PROPATEN Vascular Graft approaching histori-
cal results achieved with autologous vein conduits.28-31 
Furthermore, the CBAS Heparin Surface on the GORE 
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PROPATEN Vascular Graft has evolved to a clinically 
powerful technique for the hemodialysis patient result-
ing in a 20% improved clot-free survival at 1 year.4 Other 
medical devices having the CBAS Heparin Surface that 
are used in peripheral vascular reconstruction and/
or dialysis applications include the GORE ACUSEAL 
Vascular Graft, the GORE HYBRID Vascular Graft, and 
the GORE VIABAHN Endoprosthesis.

LOWER LIMB EXPERIENCE WITH CBAS HEPARIN: 
GORE PROPATEN VASCULAR GRAFT

The available worldwide experimental evidence and 
published clinical results point to significant durable 
clinical benefits of the CBAS covalent end-point attached 
heparin on the GORE PROPATEN Vascular Graft, impart-
ing improved thromboresistance to the graft surface. 
The CBAS Heparin Surface may improve prosthetic graft 
performance by decreasing luminal thrombosis and the 
formation of myointimal hyperplasia. Reduced platelet 
deposition has been demonstrated in animal and human 
models as well as reduced thrombus formation on the 
inner surface of the graft.25-27,32 A reduction in myointi-
mal hyperplasia at the anastomotic site has also been 
demonstrated in animal models.25,32,33 

Clinical trials in the lower extremity have supported 
these findings with improved patency rates as compared 
to historic controls of standard ePTFE. This is especially 
important in the below-knee position for tibial bypass in 
the lower extremity. Clinical bypass results with GORE 
PROPATEN Vascular Grafts have been described in 
nonrandomized, retrospective trials from Europe.34,35 
Although these trials included a limited experience with 
tibial bypass, they reported results superior to those 
obtained using standard ePTFE with 1 year patency for 
below knee popliteal bypass in the 80% range and 68% 
patency at 3 years. A retrospective comparison between 
the GORE PROPATEN Vascular Graft and saphenous 
vein grafts (SVG) for below-knee bypass demonstrated 
higher patency rates for the GORE PROPATEN Vascular 
Graft conduit although without reaching statistical 
significance, and concluded that the GORE PROPATEN 
Vascular Graft should be routinely considered for 
below-knee bypass.28 Peeters reported 2 year patency 
rates of 73% for below-knee bypass and 69% for tibial 
bypass using heparin bonded ePTFE.36 Patency specifi-
cally for tibial bypass was reported by Lösel-Sadée and 
Alefelder, who found 64% patency at 1 year for tibial 
bypasses using the GORE PROPATEN Vascular Graft.37 
Comparing the GORE PROPATEN Vascular Graft and 
vein for below-knee bypass, Battaglia and colleagues 
noted that vein graft patency was significantly better 
in patients with single-artery runoff and more severe 
symptoms at initial presentation.38 Dorigo et al com-

pared primary patency for in situ vein, standard PTFE, 
and the GORE PROPATEN Vascular Graft in a below 
knee bypass experience with patency rate at 18 months 
of 75% for vein, 40% for standard PTFE, and 53% using 
the GORE PROPATEN Vascular Graft. Early thrombosis 
was not significantly different between vein and the 
GORE PROPATEN Vascular Graft. However, patency 
results remained inferior compared to saphenous vein 
conduit.39 Similar results were obtained on a larger scale 
as reported by the Italian Registry Group, with GORE 
PROPATEN Vascular Graft patency of 75% at 1 year and 
61% at 3 years.40 

In more recent podium presentations and publica-
tions, it was reported that GORE PROPATEN Vascular 
Grafts had improved clinical performance over standard 
ePTFE, especially in the most challenging patient popu-
lations.41,42 Prospective and retrospective studies have 
led to the conclusion that peripheral arterial disease 
treatment using the GORE PROPATEN Vascular Graft 
is a clinically acceptable, safe alternative to treatment 
with native vein, especially disadvantaged vein.29 The 
Scandinavian GORE PROPATEN Trial prospectively 
evaluated the GORE PROPATEN Vascular Graft across 
11 centers in patients with chronic limb ischemia.42 
The GORE PROPATEN Vascular Graft was randomized 
against Stretch ePTFE Vascular Grafts in femoropopli-
teal (above-knee and below-knee) or femoral-femoral 
bypasses and demonstrated statistically significant 
improvement versus ePTFE in primary patency, second-
ary patency, and in patients with critical limb ischemia. 
It was determined that as severity of disease increases, 
the benefit of the GORE PROPATEN Vascular Graft 
increases.42

In a retrospective analysis of prospectively collected 
data, 112 tibial bypasses (62 GORE PROPATEN Vascular 
Graft, 50 SVG) were compared.43 All GORE PROPATEN 
Vascular Graft bypasses were performed using an autolo-
gous vein patch at the distal anastomosis. At 1 year, the 
GORE PROPATEN Vascular Graft had a primary patency 
of 75.4% and SVG patency of 86.0% with the GORE 
PROPATEN Vascular Graft group including more reoper-
ative procedures (45% vs 26%). There was no significant 
difference in primary patency due to gender, race, or 
diabetes mellitus. Results showing comparable primary 
patency and limb salvage rates with SVG at one year 
demonstrate that the GORE PROPATEN Vascular Graft 
is an effective alternative choice for patients with absent 
or poor quality saphenous veins that need a tibial bypass. 
The GORE PROPATEN Vascular Graft has emerged as 
the choice over arm vein, especially in the ESRD patient 
who needs upper extremity vein for dialysis access, and 
over composite short saphenous vein given the increased 
dissection required and length of conduit. 
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CONCLUSION
End-point attachment of heparin on ePTFE grafts 

using the CBAS Heparin Surface technology carries 
much promise to improve the clinical performance of 
prosthetic small-caliber bypasses, approaching the his-
torical results achieved with autologous vein conduits. 
The available experimental evidence and emerging 
clinical results point to significant clinical benefits of 
the stable CBAS Heparin Surface immobilization on the 
GORE PROPATEN Vascular Graft. The CBAS Heparin 
Surface provides important beneficial effects, which 
include sustained thromboresistance and reduced 
platelet attachment. These benefits may explain the 
promising below-knee and dialysis access clinical results 
attained with the GORE PROPATEN Vascular Graft, 
as well as the potential of other products utilizing the 
CBAS Heparin Surface technology.  n
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