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Introduction

Endovascular treatment (EVT) for patients with  peripheral 
artery disease (PAD) has long been established as a feasible 
and effective strategy.1 However, clinical trials with long-
term patency and reintervention for devices used to treat 
symptomatic PAD are typically limited to 12- and 24-month 
outcomes. Following outcomes beyond 2 years provides 
much needed clinical evidence to assist in device selection, 
particularly for the more complex real-world lesions. 
Further, long-term patency data are especially important 
given that the goal of stent devices is to reduce stenosis1 
and primary patency measures are more indicative of 
device performance.

The GORE VIABAHN Endoprosthesis with Heparin 
Bioactive Surface (W.L. Gore & Associates, Inc., Flagstaff, 
AZ, USA; hereafter the Viabahn stent graft) has been 
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established as treatment for patients with symptomatic 
PAD in femoropopliteal (FP) lesions.2–7 In these clinical 
trial settings, the Viabahn stent graft was shown to main-
tain durable patency rates for up to 2 years, low rates of 
revascularization for up to 5 years, superiority over bare 
metal stenting, and efficacy in particularly complex patient 
populations.2–7 However, these study results are limited to 
the clinical trial setting and evaluation in a real-world set-
ting are lacking.

To provide a more complete assessment of the durability 
of the Viabahn stent graft, longer-term studies are needed. 
Building on the 12-month outcomes,8 which allowed inclu-
sion of more complex patients, the purpose of this current 
study was to continue assessing, in a real-world setting, the 
safety and effectiveness outcomes of the Viabahn stent 
graft as a treatment for patients with symptomatic PAD in 
longer FP lesions, for up to 5 years.

Methods

Study design

This prospective, multicenter, postmarket surveillance 
study evaluated the 5-year outcomes of the Viabahn stent 
graft as treatment in patients with symptomatic PAD in the 
FP lesions. The study was conducted in Japan across 64 
sites from August 2016 to May 2017. The 12-month out-
comes from this study were reported previously.8 This 
report describes outcomes through 5 years.

This study was sponsored by W.L. Gore & Associates 
and is registered with ClinicalTrials.gov (ClinicalTrials.gov 
Identifier: NCT04706273). This surveillance study was reg-
ulated by the Japanese Ministry of Health, Labour and 
Welfare; complies with the Act on Securing Quality, 
Efficacy and Safety of Products Including Pharmaceuticals 
and Medical Devices and Welfare; and was conducted in 
accordance with Japanese Good Post-Market Surveillance 
Practice (GPSP) regulations. Per the Japanese Ministry of 
Health, Labour and Welfare and Japanese GPSP regulations, 
informed consent is determined by each institution’s ethical 
committee policy to specify whether informed consent was 
necessary or outcome data could be abstracted while pro-
tecting patients’ rights without requiring individual patient 
consent. Informed consent was not required.

Patients with symptomatic FP lesions ⩾ 10 cm and ref-
erence vessel diameters ranging from 4.0 to 7.5 mm were 
eligible for enrollment. However, the surveillance design of 
the study did not exclude patients who may have had lesions 
or reference vessel diameters outside the range of enroll-
ment eligibility.

Study device

All patients were treated with the GORE VIABAHN 
Endoprosthesis with Heparin Bioactive Surface (W. L. 
Gore & Associates, Inc.). The stent graft is a flexible, self-
expanding endoluminal endoprosthesis consisting of an 
expanded polytetrafluoroethylene (ePTFE) lining with an 
external nitinol support extending along its entire length. 
The devices were available in diameters of 5, 6, 7, and 8 

mm and length sizes of 2.5, 5.0, 7.5, 10.0, 15.0, and 25.0 
cm. The device was approved in 2016 in Japan for use in 
superficial femoral artery lesions.

Study procedure

Baseline assessments included anatomic characteristics, 
ankle–brachial index (ABI), and Rutherford classification.9 
Sizing and implantation of the stent graft were evaluated 
with quantitative vascular angiography and/or intravascular 
ultrasound (IVUS) and performed at the physician’s discre-
tion. Technique or vessel preparation were further described 
in the device instructions for use (IFU). Additional treat-
ment or postprocedural therapies were also at the physi-
cian’s discretion, though the stent graft IFU recommends 
dual antiplatelet therapy for a minimum of 6 months.

Follow-up visits were scheduled at 30 days, 1 year, and 
annually to 5 years and assessments included ABI, Ruther- 
ford classification, and duplex ultrasound patency evalua-
tion. Starting at 1 year, stent fracture evaluation by x-ray 
was performed annually through 5 years. Suspected stent 
fractures were confirmed by a core laboratory.

Endpoints

Endpoints were evaluated for the overall patient population 
through 5 years and included primary patency (PP), pri-
mary-assisted patency (PAP), secondary patency (SP), and 
freedom from mortality, freedom from target lesion revas-
cularization (fTLR), acute limb ischemia (ALI), and major 
adverse limb event (MALE), changes in mean ABI and 
Rutherford classification, and occurrence of device- or pro-
cedure-related serious adverse events (SAEs), and stent 
fractures.

PP, PAP, and SP were defined in alignment with Society 
for Vascular Surgery guidelines.10 PP was defined in this 
study as patients without the need for additional secondary 
surgical or endovascular procedures (stenosis or occlusion) 
of the target lesion with < 2.5 peak systolic velocity ratio 
(PSVR). PAP was defined as hemodynamic confirmation 
of blood flow through the Viabahn stent graft that did not 
require target lesion revascularization (TLR) to restore 
flow after total occlusion (occlusion of the primary treated 
site has not occurred). SP was defined as hemodynamic 
confirmation of blood flow through the Viabahn stent graft 
obtained with the use of an additional or secondary surgical 
or endovascular procedure after occlusion occurs. Device 
removal, bypass, or occlusion without successful revision 
was considered as loss of SP. ALI was defined as a rapid 
decrease in the lower limb blood flow due to an acute 
occlusion of the artery. ‘Acute’ was not relative to time 
postsurgery, but in relationship to how quickly the occlu-
sion occurred (in days or hours) and with occurrence hap-
pening at any timepoint. All adverse events were reviewed 
to understand if the patient is suddenly in pain and their leg 
generally becomes cold and blue along with the pain, which 
is an indication of ALI. The occurrence of device- or proce-
dure-related SAEs were collected through 5 years and the 
relationship to the device or index procedure and serious-
ness of the event was adjudicated by the physician.
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Statistical methods

Kaplan–Meier (KM) survival curve analyses were con-
ducted to assess cumulative PP, PAP, and SP rates and fTLR 
through 5 years; estimates were associated with a standard 
error < 10%, unless otherwise indicated. Univariate analy-
ses were conducted to identify factors predictive of loss of 
PP through 5 years. All statistical analyses were performed 
using SAS 9.3 (SAS Institute, Inc., Cary, NC, USA). 
Univariate regression analyses were conducted with JMP 
Pro 15.1 software (SAS Institute, Inc.). Continuous data are 
expressed as mean ± SD; categorical data are expressed as 
number (percentage).

Cox analyses post hoc were conducted on risk factors to 
determine if there was an effect on PP. The risk factors 
evaluated were: TransAtlantic Inter-Society Consensus 
(TASC) II class; lesion lengths (⩾ 20 vs < 20 cm); diabetes 
mellitus; proximal vessel diameter (5 vs 6 mm); calcifica-
tion mild/none versus moderate/severe; sex; hemodialysis; 
chronic total occlusion; and chronic limb-threatening 
ischemia (CLTI). For evaluation of CLTI and intermittent 
claudication, the CLTI group was comprised of patients in 
Rutherford categories 4–6 and the intermittent claudication 
group were of Rutherford categories 0–3. KM analyses for 
fTLR and PAP were performed.

Results

Patient population

A total of 321 patients were enrolled at 64 Japanese sites 
from 2016 to 2017. Baseline patient, anatomic, lesion, and 
procedural characteristics are presented in Table 1. At base-
line, the mean age was 73.9 ± 8.7 years (range 36–97 
years). The frequency of diabetes mellitus, end-stage renal 
disease on dialysis, and CLTI was 54.8%, 23.1%, 26.5%, 
respectively. Mean lesion length was 23.6 ± 6.6 cm and 
86.6% of lesions were TASC II C or D lesions. Twenty-one 
patients had lesions < 10 cm, most of which were 8–8.5 
cm; the range was 3.9–10 cm. Four patients had reference 
vessel diameters outside the range of 4.0–7.5 mm and 
included lesion lengths of 3, 8 (n = 2) and 9 mm. Moderate-
to-severe calcification was present in 39.8% of 324 limbs 
and a total of 228 limbs (70.4%) had CTO. A total of 324 
limbs were implanted with 562 devices; the median number 
of devices implanted was 2.0 (range 1–4). As reported pre-
viously,8 technical success was achieved in 96.9% of 324 
limbs. The percentage of patients taking antiplatelet medi-
cations was collected through 2 years. Two or more anti-
platelet medications were used by 244 (77.0%) patients at 1 
year and 185 (62.7%) at 2 years. There was a wide variety 
of patterns in the types of antiplatelet and anticoagulant 
medications prescribed in this study. Through 24 months of 
data available, the use of dual antiplatelet therapy ranged 
from 41.4% to 65.4% of patients (Table 2). The combina-
tion of aspirin and thienopyridine-based drugs (clopidogrel) 
was the most commonly used regimen (online supplemen-
tal Table 1) and is considered a narrow-sense dual antiplate-
let therapy. However, in this case, all drugs with antiplatelet 

Table 1. Patient demographics and disease characteristics of all 
patients at baseline.

All patients

Patients, N 321
Limbs, N 324
Patient characteristics
Age, years (SD) 73.9 (8.7)
Male sex, n/N (%) 248/318 (77.3)
Comorbid conditions – history, yes, n (%)
 Diabetes mellitus 176 (54.8)
 Hypertension 271 (84.4)
 Coronary artery disease 138 (43.0)
 Congestive heart failure 26 (8.1)
 COPD 25 (7.8)
 Renal failure (dialysis required) 74 (23.1)
Smoking history, n (%) (N = 306)
 Current 79 (25.8)
 Former 153 (50.0)
Anatomic characteristics
Study limb, no. of limbs, n (%) N = 324
 Right 174 (53.7)
 Left 150 (46.3)
Prior treatment for PAD in target lesion, 
yes, n (%)

72 (22.2)

TASC C/D 277 (86.6)
ABI, mean (± SD) (N = 292) 0.60 (0.16)
Rutherford classification, n (%)
 0–1 11 (3.4)
 2–3 225 (70.1)
 4–6 85 (26.5)
Lesion characteristics N = 324
 Lesion length, cm, mean (SD) 23.6 (6.6)
 Maximum percent stenosis, mean (SD) 97.2 (6.3)
 Total occlusion, n (%) 228 (70.4)
 Moderate/severe calcification, n (%) 129 (39.8)
  Reference vessel diameter proximal to 

lesion, mm, mean (SD) (N = 317)
5.9 (1.0)

  Reference vessel diameter distal to  
lesion, mm, mean (SD) (N = 318)

5.2 (0.8)

Device characteristics N = 562
No. of devices implanted, median (range) 2.0 (1, 4)
Device diameter, n (%)  
 5 mm 190 (33.8)
 6 mm 289 (51.4)
 7 mm 74 (13.2)
 8 mm 9 (1.6)
Device length, n (%)  
 2.5 cm 4 (0.7)
 5 cm 47 (8.4)
 10 cm 107 (19.0)
 15 cm 204 (36.3)
 25 cm 200 (35.6)
Procedural characteristics
Technical success, n (%) 314 (96.9)
Devices implanted per patient, mean (SD) 1.7 (0.5)
Major amputations (at time of proce-
dure), n (%) 

2 (0.6)

ABI, ankle–brachial index; COPD, chronic obstructive pulmonary disease; 
PAD, peripheral artery disease; TASC, TransAtlantic Inter-Society Con-
sensus.
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Table 2. Antithrombotic therapy regimen across 2 years.

Regimen No. of patients on regimen (%)

 Procedure
N = 321

1 month
N = 321

12 months
N = 317

24 months
N = 295

SAPT 89 (27.7) 52 (16.2) 72 (22.7) 90 (30.5)
DAPT 172 (53.6) 210 (65.4) 169 (53.3) 122 (41.4)
TAPT 19 (5.9) 21 (6.5) 13 (4.1) 8 (2.7)
SAPT + OAC 8 (2.5) 10 (3.1) 9 (2.8) 5 (1.7)
DAPT + OAC 14 (4.4) 12 (3.7) 5 (1.6) 5 (1.7)
TAPT + OAC 1 (0.3) 0 1 (0.3) 1 (0.3)
OAC 2 (0.6) 1 (0.3) 1 (0.3) 1 (0.3)
Unknown 3 (0.9) 2 (0.6) 6 (1.9) 7 (2.4)

DAPT, dual antiplatelet therapy; OAC, oral anticoagulant therapy; SAPT, single antiplatelet therapy; TAPT, triple antiplatelet therapy.

effects according to the package insert were counted as 
antiplatelet drugs. On the other hand, ‘other’ drugs were not 
counted as antithrombotic drugs because their details were 
unclear. Table 2 describes the regimen for the prescribed 
antiplatelet agents or anticoagulants, and online supple-
mental Table 1 further describes the specific medications.

Of the 321 patients in the study, 136 (42.4%) patients 
completed the 5-year follow-up and 185 (57.6%) patients 
withdrew from the study. The reasons (number, percent-
age) for withdrawal from the study were: death (n = 85; 
26.5%), lost to follow-up (n = 42; 13.1%), withdrew 
consent (n = 27; 8.4%), changed hospitals (n = 22; 
6.9%), surgical bypass (n = 3; 0.9%), other reasons not 
specified (n = 3; 0.9%), amputation that removed the 
study device (n = 2; 0.6%), and investigator decision  
(n = 1; 0.3%).

Endpoints

Of the patients eligible for follow-up, 76.5% (192/251) 
returned for the 3-year follow-up and 65.9% (122/185) 
returned at 5 years. Illustrated in Figure 1 are the KM esti-
mates of PP, PAP, and SP annually through 5 years. At 3 and 
5 years, the KM-estimated PP was 69.8% and 62.4%, 
respectively; PAP was 82.6% and 74.1%, respectively; and 
SP was 88.9% and 82.3%, respectively.

Freedom from mortality was 100% at time of treatment, 
83.1% at 3 years, and 67.7% at 5 years. Freedom from TLR 
was 81.1% at 3 years and 75.9% at 5 years (Figure 2). Of 
the 63 patients who had a first reintervention (Table 3), the 
plain old balloon angioplasty was the most common rein-
tervention (69.8%) and most commonly the location was 
distal to stent implantation (65.4%). Of the 63 patients with 
first reintervention, 21 patients had more than one reinter-
vention. Freedom from ALI was 100% through 5 years. 
Freedom from MALE and ALI was 97.9% at 3 years and 
97.4% at 5 years (Figure 3).

The mean ABI at index procedure was 0.60 ± 0.16 and 
for patients available at the 5-year follow-up (n = 103) was 
0.92 ± 0.15; mean change was 0.31 ± 0.19. At 5 years, 
77.6% (90/116) of patients were of Rutherford category 0, 
17.2% (n = 20) were category 1 or 2, and 1.7% (n = 2) for 
each category 4, 5, and 6. No patient was classified as cat-
egory 3. The mean change from index procedure to 5 years 
was 2.3 ± 1.4 (Figure 4).

Safety

Through 5 years, 87 device- or procedure-related SAEs 
were reported in a cumulative number of 64 patients 
(19.9%); between 1 and 5 years, only 9.3% of patients expe-
rienced a device- or procedure-related SAE (online supple-
mental Table 2). Events reported in that timeframe of the 
patients available (N = 321) included: device occlusion (n 
= 25), vascular stent graft stenosis (n = 9), vessel occlusion 
(n = 1), in-stent arterial restenosis (n = 1), and lower-limb 
(nonacute) ischemia (n = 1). No stent fractures were 
observed by the core lab (X-ray evaluation) through 5 years.

From index procedure through 5 years, two (0.6%) 
patients required a major amputation (study device was 
removed). Both had leg amputations and one was reported 
at the 12-month and the other at the 4-year interval. In six 
patients with preexisting ulceration or gangrene on the study 
limb, one minor and five major amputations were reported.

Surgical bypass conversion was reported in five (7.9%) 
patients. Of the five patients with events, three were arterial 
bypass (two at the 1-year interval, one at the 2-year inter-
val, and two at the 3-year interval), one was FP (2-year 
interval) who also experienced two additional bypasses that 
were disease-related, and one was arterial stenosis (12-
month interval). Four of the five patients had total occlu-
sion and one had 90% stenosis.

Subgroup analyses

Uni- and multivariable subgroup analyses stratified by 
length, CTO, CLTI, and TASC revealed that factors associ-
ated with loss of PP were not found (online supplemental 
Table 3). Comparison of PP outcomes in subgroups of 
patients with potential associated factors were not signifi-
cantly different for any of the comparisons. The PP rates for 
the subgroup comparisons for CTO and no CTO were 
63.4% versus 59.6%; < 20 cm and ⩾ 20 cm lesion lengths 
were 63.4% versus 62.0%; CLTI and intermittent claudica-
tion were 59.9% versus 62.7%; and TASC A/B and TASC 
C/D were 68.4% versus 62.3%.

Discussion

This study assessed the long-term outcomes of the Viabahn 
stent graft in Japanese patients PAD and complex FP lesions in 
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a real-world setting. The PP rate at 5 years was 62% with an 
acceptable safety profile and no observed stent fractures. 
Further, improvements in the ABI and Rutherford classification 
observed at 1 year were maintained at the 5-year mark. Subgroup 
analysis revealed 5-year PP was not affected by patient comor-
bidities and lesion severity.

The favorability of these outcomes is notable as the 
study population enrolled contained patients with com-
plex FP disease and significant comorbidity burden, and 
the most severe manifestation of FP intervention. The 
durability of the device at 5 years was demonstrated by 
respectable rates of PP (62%), PAP (74%), and SP (82%). 
The rates of freedom from combined acute limb ischemia 
and MALE were around 97% and further support the 
long-term device performance. Clinically, patient quality 

of life was improved as represented by the asymptomatic 
status by Rutherford classification of about 77% of 
patients at 5 years.

Benchmarking the long-term PP of the Viabahn stent 
graft against other devices is difficult as data are sparse, par-
ticularly in a real-world population as is reported here. 
Surgical bypass is a standard treatment for complex lesions. 
Reports for 5-year patency rates of above-the-knee bypass 
with vein ranged from 73% to 76% and with PTFE ranged 
from 18% to 68%.11–15 A systematic literature review of the 
5-year PP rates of native vein and PTFE grafts placed above-
the-knee were 69% and 49%, respectively.15 Patients with 
complex disease often have concomitantly complex comor-
bidities. As such, peri- and postoperative complications 
from bypass are not uncommon and likely lead to prolonged 

Figure 1. Primary, primary-assisted, and secondary patency Kaplan–Meier estimates.

Figure 2. Freedom from target lesion reintervention Kaplan–Meier estimates.
fTLR, freedom from target lesion revascularization.
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hospitalization. Farhan et al. reported EVT to be a safe and 
efficacious alternative to surgical bypass therapy with lower 
early complication rates and shorter length of hospital stay. 
The PP with EVT at 2 years was 51.2% and was 61.3% for 
bypass.16 The incidence of MALE was not significantly dif-
ferent between patients with EVT or bypass.16

Long-term outcomes of fTLR have been reported5,17,18 
as a proxy for device performance; however, this outcome 
is not reflective of the ideal performance of a device as 
differing definitions of fTLR can limit the comparisons. 
The IN.PACT global study of treatment with drug-coated 
balloons (DCB) for treatment that included long lesions, 
or CTOs reported of fTLR rates of 67% for long lesions 
and 70% for CTO.19 The fTLR rate for this study was 76% 
and was numerically higher than DCB despite the post-
marketing surveillance population that included more 
complex comorbidities, longer lesions, and total occlu-
sions in 70% of the population. The advantage of the 
Viabahn stent graft over DCB would be marked in com-
plex lesions.

Alongside reported evidence that EVT is a safe and effi-
cacious alternative to bypass, the results from the current 

study demonstrated a low complication rate, durable pat- 
ency, and consistent performance of EVT and use of the 
Viabahn stent graft. The durability is further supported by 
subgroup analyses of potential associated factors of com-
mon comorbidities in this patient population that did not 
yield a relationship for loss of PP. This study serves to fur-
ther support an endovascular approach with the Viabahn 
stent graft as a first-line treatment strategy for complex FP 
lesions.

Study limitations

The results from this study are encouraging in this complex 
patient population and add to the body of literature for 
long-term outcomes. However, results must be considered 
under limitations of the study and design. The postmarket-
ing surveillance study design is not as rigorous as a rand-
omized, controlled trial but, conversely, it provides relevant, 
real-world setting data. The percentage of patients who 
returned for a 5-year follow-up (66%) was quite respecta-
ble. Enrollment limitations of patients with complex FP 
disease, and significant comorbidity burden, and residing in 

Table 3. Summary of first reinterventions (N = 63 patients).

Days to first reintervention, mean (SD) 626.1 (475.9)
Type of reintervention, n (%)
 POBA 44 (69.8)
 Thrombolysis 14 (22.2)
 Mechanical thrombectomy 17 (27.0)
 BMS implantation 9 (14.3)
 DES implantation 6 (9.5)
 Viabahn implantation 17 (27.0)
 Surgical bypass 5 (7.9)
 Other 14 (22.2)
Location of reinterventiona, n (%) N = 26
 Distal to stent implantation 17 (65.4)
 Proximal to stent implantation 7 (26.9)
 Within stent implantation 16 (61.5)

aThose patients who required additional stenting with bare-metal stent, drug-eluting stent, or Viabahn.
BMS, bare-metal stent; DES, drug-eluting stent; POBA, plain old balloon angioplasty.

Figure 3. Freedom from combined major adverse limb events and acute limb ischemia Kaplan–Meier estimates.
ALI, acute limb ischemia; MALE, major adverse limb events.
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Figure 4. Rutherford category classification – percentage of patients in categories from preprocedure through 5 years. The 
percentage of patients classified as categories 0 (blue), 1 (turquoise), or 2 (lime green) combined was 29.9% at preprocedure. At 
1-month postprocedure, a majority of patients (89.0%) were in categories 0, 1, or 2, and by 5 years nearly all patients (94.9%) 
remained in these categories.

one country, Japan, narrows the generalizability of these 
results. Though the severity of the disease may be more 
reflective of patients in a real-world setting, it limits the 
generalization to the broader, less severe populations.

Antiplatelet therapy was collected through the 2-year 
follow-up but was not collected through the 5-year follow-
up. The continuation of dual antiplatelet therapy was at the 
physician’s discretion in this study but was strongly recom-
mended and is standard practice among physicians. The 
classification of ALI data was not included in the original 
protocol and therefore data further describing limb viability 
were not available. This may have had some influence in 
the low incidence of ALI and thrombotic occlusion.

This study evaluated TLR rather than clinically driven 
TLR. The study was not designed to collect ABI and 
Rutherford values for adverse events that were not associ-
ated with repeat intervention, making it difficult to discern 
those which would be considered clinically driven TLR. 
The limitation of a core lab used only for X-ray analysis 
while other measurements were performed at each hospital 
must also be taken into consideration.

Conclusions

The 5-year safety and efficacy outcomes of the Viabahn 
endoprosthesis were clinically acceptable for treating com-
plex FP lesions in a real-world Japanese practice setting for 
pateints with PAD.
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