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We evaluated the in vivo performance of a modified ePTFE-
based arteriovenous (AV) graft design with potential to reduce 
thrombosis failures.  More than 430,000 End Stage Renal Disease 
patients in the US depend on hemodialysis to survive.  Prosthetic 
AV grafts represent the safest vascular access option for the 
nearly 40% of hemodialysis patients who are unable to achieve 
or sustain the preferred means of functional access via a fistula 
between natural vessels.  An AV graft device that significantly 
reduces thrombosis failure would provide a more reliable option 
for these patients. 
 
STAR® Biointerface technology (Healionics, Seattle, WA) 
combines tightly controlled sphere-templated microporosity and 
macrotexturing to promote a highly vascularized device-tissue 
interface that prevents the usual formation of a dense fibrotic 
foreign body capsule (Marshall et al., US Patent 8372423).  We 
hypothesized that applying the technology to the exterior of a 
vascular graft would improve flow stability by suppressing the 
mechanical squeezing effect of the perigraft capsule, thereby 
enabling radial expansion in response to stenotic resistance. 

Control grafts (N = 2) were ePTFE standard wall 6mm vascular 
graft tubing (Vascutek, Scotland) with no radial reinforcement.  
STAR-treated test grafts (N = 4) were modified by dip-coating the 
outer surface with MED-2214 silicone to create an adhesive 
layer, and then adhering a monolayer of ~300-µm size granules 
of sphere-templated microporous MED-4830 silicone with ~35-
µm spherical pores interconnected by ~15-µm interpore 
openings.  Sheep (65-80kg) were heparinized, and vascular grafts 
were implanted in a bilateral arteriovenous shunt model with 
straight ipsilateral configuration (distal carotid artery to proximal 
jugular vein).  Control grafts were soaked in heparinized saline 
prior to implant per standard clinical practice.  To minimize 
trapped air inside the adhesive layer, the pore spaces of the test 
grafts were prehydrated by immersing in heparinized saline and 
cycling vacuum with a syringe until bubbles no longer appeared.  
Animals were placed on standard antiplatelet therapy (aspirin 
and clopidogrel) for the duration of the study.  Grafts were 
monitored at weeks 1, 2, 4, 6, 8, 10, and 12 with noninvasive 
Doppler ultrasound.  At week 12, grafts were evaluated with 
fluoroscopic angiography and intravascular ultrasound (IVUS), 
and the animals were sacrificed.  Student’s t test was used for 
statistical comparisons. 
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STAR Biointerface. Sketch of cross section of the textured microporous tissue 
interface effective at reducing fibrous encapsulation (drawn adhered to 
ePTFE). 

Discussion 

STAR-treated ePTFE Graft. 6mm diameter ePTFE vascular graft treated on the 
exterior surface with the STAR Biointerface, shown in SEM cross section on 
the right. 

IVUS Cross Sections at Heel of Venous Anastomosis (Narrowest Point)- 
Reduced Neointimal Hyperplasia. Graft inner wall profile traced in yellow; 
neointimal hyperplasia pseudocolored pink for clarity.  Control grafts are 
nearly 50% occluded, while the average degree of stenosis in STAR-treated 
grafts was <10%. (sheep, 12 weeks). 

Conclusions 

Elimination of the usual fibrotic perigraft capsule enables flow to increase in 
response to outflow hyperplasia to provide self-stabilizing behavior, taking 
advantage of the compensatory mechanism of natural arteries. 

Angiographic X-Ray of AV Graft Outflow.  Graft lumen profile traced in yellow 
for clarity.  Control grafts have visually obvious focal stenosis.  All STAR-treated 
grafts have smooth flowpath profile with minimal narrowing (sheep, 12 weeks).  

Histologic sections of the venous anastomosis (see sectioning map, left) for ePTFE control (top 2 rows) 
and STAR-treated ePTFE (bottom 2 rows). Control grafts have severe hyperplasia with irregular luminal 
contour and lumpy protuberances at both heel (B, E) and mid-hood shoulder (C, F), while STAR-treated 
grafts display mild hyperplasia with a smooth contour at both heel (H, K) and shoulder (I, L). The relaxed 
stress condition outside the STAR-treated graft (O) leads to more favorable stress condition at inner 
wall surface (P).  

STAR-Treated: Highly vascularized perigraft zone (O, α-SMA) limits 
compliance mismatch and allows inner wall surface freedom to 
“ride along” with neointima as the local pressure fluctuates with 
the turbulent flow.  This limits the presence of unfavorable 
oscillating or low shear stresses, as indicated by the smooth 
neointima contour and aligned fibers.    

Controls: Exterior capsule tissue (M, α-SMA) restricts wall motion, 
causing compliance mismatch at ePTFE-neointima interface, 
which leads to unfavorable low shear stresses as indicated by 
dense vascularity in neointimal tissue (N).  Similar vascularized 
morphology was present in the neointimal tissue for heel sections 
B and E. 

Elimination of Fibrotic Capsule.  
Control ePTFE graft is 
encapsulated with a densely 
fibrotic, avascular foreign body 
capsule.  In contrast, STAR-
treated graft is surrounded by 
loose vascularized tissue, with 
no defined capsule (Sheep, 12-
weeks, H&E). 

Velocity Ratio (VR) trends. VR is calculated as peak systolic velocity at 
venous anastomosis divided by the midgraft peak systolic velocity. VR > 2.0 
is an indicator of critical (>50%) stenosis.  Control ePTFE grafts (n = 2) 
reached 1.5 (>33% stenosis) by week 6, then continued to climb to 2.2 
showing evidence of critical stenosis by Month 3 and a response consistent 
with self-reinforcing feedback.  VR for STAR-treated ePTFE grafts (n = 4) 
recovered after spiking at week 4, suggesting self-stabilizing response.   

Stenotic Resistance vs Time After Implant. Stenotic 
resistance increased rapidly in control ePTFE grafts (n 
= 2), but stayed at stable low level in STAR-treated 
grafts (n = 4).  Stenotic resistance = P/Q, where P is 
the Bernoulli’s-equation based pressure drop, and Q is 
the flow volume (Doppler ultrasound data). 

Flow Increased in Response to Hyperplasia.  STAR-treated 
ePTFE grafts show favorable positive slope.  Control ePTFE 
grafts show usual negative slope (and much more severe level 
of hyperplasia).  Flow determined from ultrasound velocity and 
IVUS-based cross-sectional area at midgraft.  Hyperplasia 
thickness measured from IVUS lumen cross sections (week 12). 

Flitter in natural vessels enables favorable enhancement of flow in response 
to a stenosis.  The amplitude of wall vibrations (as depicted schematically as 
waves) is dampened when stenotic resistance causes an increase in pressure, 
increasing the flowpath diameter D.   In our sheep model, this type of stenotic 
resistance-sensitive flitter phenomenon was observed in STAR-treated ePTFE 
grafts, but not controls.   This indicates the natural dynamic compliance of the 
perigraft tissue was largely retained for STAR-treated grafts, but not for 
controls. 

STAR-treated grafts exhibit flitter.  Each 
row is a set of IVUS images from the same 
midgraft site, captured at 0.1s intervals.  
STAR-treated grafts (bottom row) had 
highly dynamic lumen shape due to wall 
flitter, while controls (top row) were 
relatively motionless, presumably due to 
constrictive forces from the perigraft 
capsule.  
 

Enhanced flow in Month 3.  Average flow in 
STAR-treated grafts was 40% higher in Month 
3 than in Month 2.  This favorable flow 
increase likely contributed to the improved 
patency.  

Lumen diameter of STAR-treated grafts (measured by 
noninvasive US) expands with pressure.  Increased internal 
graft pressure inhibits wall flitter, which narrows spread in 
diameter measurements and expands the flowpath.  In 
contrast, control graft lumen measurements are less variable 
and insensitive to pressure due to constrictive effects of 
fibrotic capsule. All measurements for timepoints beyond 
the first month shown (after fibrotic capsule has matured). 

The results suggest that treating the adventitial surface of ePTFE 
AV grafts with the microporous textured STAR Biointerface 
significantly reduces stenosis from neointimal hyperplasia. 

The absence of a dense fibrous capsule around STAR-treated 
grafts allows more freedom for vibratory motion of the graft 
wall.  The increased freedom of motion enables two distinct 
mechanisms appearing to contribute to suppression of 
hyperplasia and improved performance: 

1) At the venous anastomosis, the graft wall is free to “ride 
along” with the neointima, alleviating compliance mismatch 
at the neointima-ePTFE interface to create more favorable 
stress conditions. 

2) The initial development of mild neointimal hyperplasia 
appears to cause an increase in flow, which likely has a 
stabilizing effect.  This effect is the opposite of what happens 
usually, where stenotic resistance from progressive 
hyperplasia eventually causes a decrease in flow, 
upregulating the advancement of hyperplasia until 
thrombosis failure inevitably occurs. 

When a flow-restricting orifice is placed at the outflow of an 
expandable thin-walled tube (such as the case when a stenotic 
lesion occurs in a natural artery), it paradoxically causes 
increased flow under certain conditions (Rodbard S. Circulation. 
1955 Feb;11(2):280-7).  This phenomenon is known as a 
“negative-resistance effect” because the reduction in flow 
resistance due to expansion of the arterial lumen upstream from 
the resistance exceeds the increase in resistance at the outflow, 
giving a net reduction in the total flow resistance.  By preventing 
formation of the usual mechanically-constricting fibrotic capsule, 
the STAR-treated grafts appear to harness this favorable self-
stabilizing effect. 
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