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Objectives: To evaluate longer-term safety and efficacy of a single self-expanding stent up to
20 cm in length in patients with atherosclerotic disease of the superficial femoral (SFA) and
proximal popliteal arteries. Background: Angioplasty and stenting are options for revascular-
ization of symptomatic peripheral artery disease. While angioplasty alone is effective in short
lesions, outcomes in longer lesions (i.e., mean 8.7 cm) show suboptimal patency rates of 33%
at one year. Methods: Two hundred eighty-seven patients (mean age 68 years, 66% male)
were treated with the EverFlexTM Self-Expanding Peripheral Stent System. Patients were fol-
lowed through 3 years with yearly core lab adjudicated duplex ultrasonography for patency,
radiographic assessment of stent fractures, and resting ankle brachial indices. Results: Over-
all freedom from loss of primary patency at 3 years was 60.0%. Patency was significantly
higher for lesions�8 cm compared with lesions >8 cm (71.0 vs. 50.5%, P < 0.0001). There was
no significant difference in patency between single-stent and multistent recipients (60.4 vs.
52.4%, P 5 0.343). The three-year freedom from clinically driven target lesion revascularization
was 70.0%. At 3 years, the overall stent fracture rate was 0.9%. Conclusions: DURABILITY II
is the first investigational device exemption trial to report 3-year duplex Doppler defined stent
patency and CD-TLR outcomes in long SFA and proximal popliteal lesions and demonstrated
acceptable stent patency and freedom from CD-TLR with a low fracture rate. These data sug-
gest that use of a single long stent provides reasonable long-term outcomes when interven-
tion is required for symptomatic SFA and proximal popliteal arterial disease. VC 2015 The Authors.
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INTRODUCTION

There continues to be uncertainty regarding the opti-
mal endovascular treatment of patients with severe life-
style limiting claudication associated with superficial
femoral artery (SFA) and proximal popliteal artery pe-
ripheral artery disease (PAD) [1]. Previous clinical tri-
als have reported inconsistent data on the benefits of
nitinol self-expanding stents compared to percutaneous
transluminal angioplasty for lesions in this challenging
arterial segment [2–7]. Invariably, patient demo-
graphics and lesion characteristics, including lesion
length and the presence of occlusive versus stenotic
disease appear to be important factors impacting proce-
dural success and one-year patency [8]. Moreover, con-
cern remains regarding the potential impact of stent
fractures in this location and the clinical durability of
long stents implanted in patients with diffuse PAD
[9–12].

Despite improved results seen in newer nitinol stent
designs, one of the limitations of stenting in the SFA
and proximal popliteal artery is the use of multiple
stents and the potential associated stent fracture rate
and implications for long-term clinical outcomes. Ini-
tial results from the FESTO study reported a stent frac-
ture rate of 37.2% [9]; similarly, the superficial
Femoral Artery Stenting Trial demonstrated a stent
fracture rate at 12 months of 12% [4]. Longer-term
data regarding stent fractures in different stent designs
have also been reported [11,13]. The RESILIENT trial
followed patients for a total of three years after im-
plantation; however, radiographic images of the stented
limbs were obtained only at 18-months to evaluate the
likelihood of late stent fractures [13]. Additionally,
although RESILIENT included a moderate mean lesion
length in the stent cohort (mean lesion length 7.0 cm),
the trial only assessed clinically driven target lesion re-
vascularization (CD-TLR) and did not evaluate the
commonly reported core laboratory adjudicated duplex
ultrasound-derived binary stent restenosis.

For the first time, we report the late 3-year clinical
outcomes of the DURABILITY II trial, assessing clini-
cal outcomes in patients with severe, life-style limiting
claudication. As previously reported, DURABILITY II
included patients with a mean lesion length of 8.9 cm
[14]. We report the associated CD-TLR, and core labo-
ratory assessed duplex ultrasound-derived binary reste-
nosis and stent fracture rates.

METHODS

Study Design

Detailed descriptions of the study design, inclusion
and exclusion criteria, and outcomes through one-year
have been previously reported [14]. Patients eligible

for inclusion in the study were at least 18 years old,
had stenotic, restenotic, or occluded lesions of the SFA
and proximal popliteal arteries of Rutherford category
2–4. By angiographic examination, target lesion length
could be no longer than 18 cm with evidence of �50%
stenosis and one patent artery runoff to the foot. Writ-
ten informed consent was obtained from all patients
according to the protocols approved by the institutional
review and Ethics Boards at each investigational site.
Consent was obtained to follow the patients for three
years following stent implantation. The study included
independent oversight by a Data Safety Monitoring
Board, a Clinical Events Committee and a Stent Frac-
ture Adjudication Committee through 3-years of
follow-up. Angiographic and radiographic (Beth Israel
Deaconess Medical Center, Boston, MA), and duplex
ultrasound (VasCore Ultrasound Core Laboratory, Bos-
ton, MA) core laboratories analyzed all procedural and
follow-up images.

Endpoints

The primary safety endpoint of the study was the
major adverse event rate at 30 days, defined as clini-
cally driven target lesion revascularization (CD-TLR),
amputation of the treated limb, or all-cause mortality.
The primary effectiveness endpoint was stent patency
rate at 1 year, defined as a duplex ultrasound-derived
peak systolic velocity ratio <2.0 as adjudicated by the
independent core laboratory and no clinically driven

reintervention within the stented segment. The study
primary endpoints have been previously described and
reported [14]. Secondary endpoints included assisted
primary and secondary patency, improvement in the
ankle-brachial index (ABI), absolute claudication dis-
tance, and the Walking Impairment Questionnaire
(WIQ), a validated measure of patient-perceived walk-
ing capacity. Stent integrity was reported at 2 and 3
years.

Patient Assessments

Rutherford clinical category, resting ABI, the WIQ,
laboratory results for serum creatinine and white blood
cell count and concomitant medication use were
obtained preprocedure. ABI, WIQ scores, and medica-
tion were also obtained at 30-days, 1, 2, and 3 years
follow-up visits. Adverse event evaluation was per-

formed at the end of the index procedure and at each
follow-up visit. Radiographic imaging for the evalua-
tion of stent integrity was performed at 1, 2, and 3
years. A minimum of two images were required, one
image in the straight anteroposterior position and the
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second image a cross table lateral radiograph with flex-
ion at the knee.

Study Device

Study patients received the EverFlexTM Self-
Expanding Peripheral Stent (Covidien, Plymouth MN).
The EverFlexTM stent is made of a nickel titanium
alloy (nitinol) and is available in diameters 6, 7, and
8 mm and lengths 20, 30, 40, 60, 80, 100, 120, 150,
and 200 mm. Although the intent of the study was to
evaluate lesions treated with a single stent, multiple
stents could be used at the investigator’s discretion.

Statistical Analysis

Primary analysis of all baseline characteristics and
study outcomes are based on all available data from all
enrolled participants, unless otherwise indicated. Dis-
crete variables are presented using frequency distribu-

tions and cross tabulations, and presenting the number
of observations, mean and standard deviation summar-
ized as continuous variables. Patient counts, not event
counts, were used for the primary analysis for adverse
event reporting, which includes the primary and sec-
ondary safety end points. A patient with more than one
event was counted only once toward the event rate
based on the total number of participants with adverse
events. Kaplan-Meier analysis was used to evaluate
time-to-event data, including the primary effectiveness
end point. Two-sided P values of <0.05 and one-
sided P values of <0.025 were deemed statistically
significant.

RESULTS

The details of patient characteristics and procedural
results have been previously reported [14]. Of the 287
patients originally enrolled in the DURABILITY II
study, 220 were available for 3-year follow-up. Over
the course of the study, 26 patients died, 20 patients
withdrew consent, and 21 were lost to follow-up
(LTFU). Demographic, clinical and lesion characteris-
tics are shown in Table I.

Primary Endpoint at 3-Years

The cumulative MAE rate consisting of death, ampu-
tation of the index extremity and CD-TLR at three
years was 40.9% (Table III). In patients who had evalu-
able patency assessment, defined as a core laboratory-
assessed diagnostic duplex ultrasound evaluation of the
stented arterial segment or the presence of TLR, the
overall freedom from loss of primary patency was
60.0% (Fig. 1, Table III) with a freedom from CD-TLR
of 69.7% (Table III). However, when analyzed based
on lesion length (�8 cm and >8 cm), freedom from
loss of primary patency was 71.0% and 50.5%, respec-
tively and the freedom from TLR was 79.6 and 61.2%,
respectively. There were 2 amputations (0.7%) and only
7 patients (8 events) required surgical revascularization
through the 3-year follow-up timepoint. Patients requir-
ing a TLR underwent a variety of endovascular proce-
dures determined at the discretion of the study operator
as noted in Table IVV. A post-hoc subgroup analysis

TABLE I. Demographic and Lesion Characteristics

Subject characteristics N¼ 287

Age (yrs.) 67.7� 10.7

Male 66.2% (190/287)

Risk Factors

Diabetes 42.9% (123/287)

Hyperlipidemia 86.1% (247/287)

Hypertension 88.2% (253/287)

Renal Insufficiency 9.8% (28/287)

Current smoker 39.0% (112/287)

Myocardial Infarction 20.9% (60/287)

Clinical Characteristics

Rutherford Clinical Category

2¼Moderate claudication 39.4% (113/287)

3¼Severe claudication 55.7% (160/287)

4¼ Ischemic rest pain 4.5% (13/287)

5¼Minor tissue loss 0.3% (1/287)

ABI 0.69� 0.19 (281a)

Mean�SD (N)

Lesion characteristics

Preprocedure reference vessel diameter (mm) 4.8� 0.9 (287)

Preprocedure minimum lumen diameter (mm) 0.7� 0.8 (287)

Lesion Length (mm; 20-to-20 method) 89.1� 44.8 (287)

Preprocedure diameter stenosis (%) 85.8� 16.2 (287)

Total occlusion 48.1% (138/287)

Calcification (moderate or severe) 70.0% (201/287)

aABI not available for six subjects due to noncompressible arteries.

TABLE II. Three-Year Safety Data

Major adverse event MAE at� 30 days MAE at� 1 year MAE at� 2 year MAE at� 3 year Total

Major adverse event 0.0% (0/284) 17.2% (47/273) 33.0% (86/261) 40.9% (105/257) 37.3% (107/287)

Death 0.0% (0/284) 2.9% (8/273) 7.7% (20/261) 10.1% (26/257) 9.1% (26/287)

Amputation of treated limb 0.0% (0/284) 0.0% (0/273) 0.4% (1/261) 0.8% (2/257) 0.7% (2/287)

Clinically driven TLR 0.0% (0/284) 14.3% (39/273) 25.7% (67/261) 31.1% (80/257) 28.6% (82/287)

Note: The denominators include patients who had completed the visits for the timeframes listed, or those patients who did not complete visits but

had a major adverse event (MAE) prior to that time frame.
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showed that diabetes mellitus had no impact on patency
at 3 years; patency was 60.2 and 59.7% for diabetic
versus nondiabetic patients, respectively (P¼ 0.907).
Similarly, an analysis was conducted to evaluate the
effect of current smoking status and lesion occlusion on
patency, and no differences were observed. Interest-
ingly, patency was significantly improved in severely
calcified lesions compared to lesions that were not
severely calcified (67.3 vs. 54.3%, P¼ 0.009). Further
analysis revealed that the mean lesion length was sig-
nificantly longer for the nonseverely calcified lesion
subset, (93.4 vs. 83.4 mm, P¼ 0.04). When adjusted for
differences in lesion length, the patency rate between
the two groups was still statistically significant
(P¼ 0.04). There was no significant difference in pat-
ency between single-stent and multistent recipients
(60.4 vs. 52.4%, P¼ 0.343).

Secondary Endpoints at 3-Years

The proportion of asymptomatic (Rutherford clinical
category 0) patients increased from 0% at baseline to
56.1% at one year. Per protocol, further assessments of

Rutherford Class were not mandated. The mean base-
line ABI of 0.65 increased by 0.23 and 0.24 at 2 and 3
years, respectively, with a corresponding improvement
noted in more than 80% of patients (Table V). We
observed significant improvement in WIQ scores at 3
years when compared to baseline (P< 0.0001 for all
categories; Table VII).

A single stent was implanted in 272 patients with a
single stent fracture noted at one-year, classified as a
clinically relevant Class V (transaxial spiral fracture)
by the Stent Fracture Adjudication Committee. Yearly
radiographic stent fracture surveillance was continued
through 3-years. The incidence of stent fractures at 2
and 3 years following implantation was 0.9%, respec-
tively. One additional stent fracture (class III- fracture
with preserved alignment of the components) was iden-
tified at the 2-year follow-up. No new fractures were
evident at the 3-year follow-up visit.

DISCUSSION

The previously published 1-year results of the DU-
RABILITY II trial established the superiority of using
a single, long (up to 20 cm) self-expanding EverFlexTM

stent in reducing duplex-ultrasound-defined binary re-
stenosis in patient with severe life-style limiting

Fig. 1. Freedom from Loss of Primary Patency (Overall).
Kaplan-Meier estimate of freedom from loss of primary patency
defined as peak systolic velocity ratio (PSVR) <2.0 and no clini-
cally driven reintervention within the stented segment. # At
Risk gives the number of patients at risk of an event at the start
of the interval, whereas # Censored and # Events are the incre-
mental counts of patients censored or with events during the
interval. CI, Confidence interval. [Color figure can be viewed in
the online issue, which is available at wileyonlinelibrary.com.]

TABLE III. Patency Outcomes through 3 Years

Patency outcomes

1-Year

(N¼ 287)

2-Year

(N¼ 287)

3-Year

(N¼ 287)

P-

value

Freedom from loss of primary patency (PSVR < 2.0)

All Subjects (n¼ 287) 77.9% 66.1% 60.0%

�80 mm (n¼ 133) 87.5% 80.9% 71.0% 0.0001

> 80 mm (n¼ 154) 69.6% 53.3% 50.5%

Freedom from loss of assisted primary patency (PSVR < 2.0)

All subjects 82.2% 72.2% 66.1%

�80 mm (n¼ 133) 89.8% 85.6% 76.3% 0.0003

> 80 mm (n¼ 154) 75.5% 60.2% 57.0%

Freedom from loss of secondary patency

All Subjects 82.9% 74.1% 68.8%

�80 mm (n¼ 133) 89.8% 85.6% 78.1% 0.001

> 80 mm (n¼ 154) 76.8% 63.8% 60.6%

Freedom from TLR

All Subjects 86.0% 75.3% 69.7%

�80 mm (n¼ 133) 92.3% 88.9% 79.6% 0.0003

> 80 mm (n¼ 154) 80.6% 63.6% 61.2%

TABLE IV. Modes of Reintervention

Reintervention type N¼ 114a

PTA only 63 (55.3%)

PTA and stent 29 (25.4%)

Stent only 7 (6.1%)

Surgery 8 (7%)

Without reintervention type data 7 (6.1%)

Atherectomy 0 (0%)

aNumber of TLRs in 82 patients.
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claudication compared to a predefined performance
goal derived from patient-level historical data [14].
Furthermore, these 1-year results confirmed an accepta-
ble CD-TLR rate and improvement in WIQ scores at
12-months compared to baseline. Importantly, the study
confirmed a low 0.4% stent fracture rate in long stents
while demonstrating noninferiority to a prespecified
safety performance goal.

The long-term 3-year data presented here show sus-
tained outcomes in adjudicated primary patency, CD-
TLR, and stent fracture rates and maintenance of func-
tional improvement (ABIs and WIQ scores) with use
of the EverFlexTM stent. Three-year follow-up from the
randomized controlled trial comparing the LifeStentTM

nitinol stent (Bard Peripheral Vascular, Tempe, AZ.) to
Percutaneous transluminal angioplasty (PTA) in the
RESILIENT Trial [13] has been previously reported,
noting a freedom from clinically driven TLR rate in
the stent treatment arm of 75.5%. However, several im-
portant distinctions are notable: first, the core labora-
tory assessed lesion length of 7.0� 4.3 cm in the stent
arm was shorter than the mean lesion length of
8.9� 4.4 cm in DURABILITY II. Moreover, this mean
7.0 cm lesion length was assessed using the “normal-

to-normal” lesion assessment methodology that differs
from the typically used “20%-to-20%” methodology
used in DURABILITY II. The “normal-to-normal”
assessment technique has the effect of extending the
mean lesion length to include vascular segments, which
are not sufficiently diseased and may typically go
untreated in clinical practice. Indeed, if a similar
“normal-to-normal” assessment was to be made in the
DURABILITY II trial, the mean lesion length
increased to 10.9� 4.5 cm. Second, the RESILIENT
trial did not assess core lab adjudicated 3-year binary
restenosis, reporting only CD-TLR rates. While free-
dom from revascularization is a primary concern of
both the patient and clinician, the binary restenosis rate
is a commonly used comparative metric. We note,
however, that the association between duplex
ultrasound-defined binary restenosis and the need for
revascularization in patients with moderate length SFA
lesions and lifestyle limiting claudication is unclear. In
fact, of the 106 patients who were deemed “failures” at
3 years, meeting the duplex ultrasound criteria for re-
stenosis or requiring a TLR in DURABILITY II,
23.6% met ultrasound criteria of binary restenosis yet
did not undergo a CD-TLR. The current 3-year

TABLE V. Improvement of ABI through 3 Years

ABI Baseline 1-Year 2-Year 3-Year

Mean�SD (N) 0.65� 0.15 (246) 0.89� 0.20 (223) 0.88� 0.19 (192) 0.89� 0.19 (181)

Changes in ABI

% with improvement – 86.1% (192/223) 85.9% (165/192) 82.9% (150/181)

% with no change – 0.9% (2/223) 0.0% (0/192) 1.7% (3/181)

% with decrease – 13.0% (29/223) 14.1% (27/192) 15.5% (28/181)

Mean�SD (N) – 0.24� 0.23 (223) 0.23� 0.22 (192) 0.24� 0.23 (181)

TABLE VI. Change in Walking Impairment Score

Visit

WIQ scores Baseline 3-Yeara

Score for pain, aching, or cramps in calves or buttocks (%)

Mean�SD (N) 41.1� 31.6 (199) 74.1� 30.8 (199)

Changes from baseline (%)

Mean�SD (N) – 33.0� 41.3 (199)

Walking Distance Score (%)

Mean�SD (N) 22.1� 25.3 (177) 50.6� 38.8 (177)

Changes from baseline (%)

Mean�SD (N) – 28.5� 36.9 (177)

Walking Speed Score (%)

Mean�SD (N) 21.2� 20.7 (143) 35.9� 27.2 (143)

Changes from baseline (%)

Mean�SD (N) – 14.7� 27.8 (143)

Stair Climbing Score (%)

Mean�SD (N) 40.5� 32.5 (163) 57.1� 36.6 (163)

Changes from baseline (%)

Mean�SD (N) – 16.6� 38.4 (163)

Note: For each category, the means and changes from baseline represents paired data.
aChanges from baseline to 3 years were statistically significant P< 0.0001 for each category.
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analysis demonstrated the freedom from CD-TLR rate
of 70.0%, comparable to the 75% freedom from TLR
rate reported in the RESILIENT trial, taking into
account the longer lesions in DURABILITY II. Finally,
the RESILIENT investigators did not report stent frac-
ture rates beyond 18 months, noted as 4.1%, with new
stent fractures observed between 12 and 18 months.
Notably, the incidence of stent fractures at both 2 and
3 years following implantation was 0.9%.

Although not an Investigation device exemption
study, VIBRANT reported 3 year patency of 25.9 and
50% fracture rates for the bare metal stent arm of the
study [15]. Comparison of 3 year data from the
VIBRANT study to DURABILITY II study is impossi-
ble due to the considerable patient attrition rate. Only
60.8% of enrolled patients were available for the 3-
year follow-up. Additionally, the VIBRANT study
used a variety of off label nitinol stents in the trial. In
their assessments of these stents, a variety of grades of
stent fractures were reported further diminishing our
ability to make direct comparisons.

The extended 3-year CEC adjudicated follow-up
from the DURABILITY II trial provides several addi-
tional insights into the SFA disease process and
patient-related outcomes. Through 3-years, the proba-
bility of survival was 90.9% with none of the reported
26 deaths related to the study device or procedure.
Two index limb amputations occurred between year
two and year three. Additionally, DURABILITY II is
the first trial to report cumulative assisted primary pat-
ency rates through 3-years (Table IIII). While we noted
the 3-year freedom of loss of primary patency was
60%, once a CD-TLR occurred, we noted the subse-
quent freedom from loss of assisted primary patency
was 66.1%. We were unable to capture the angio-
graphic patterns of restenosis in the 114 CD-TLR
events. However, in re-treating these lesions, most
investigators used PTA alone (55.3%) while 25.4%
used a combination of PTA and stenting. No investiga-
tors reported the use of stent grafts or atherectomy
devices for revascularization.

The WIQ assessed walking improvement through 3-
years and documented maintenance of improved pain
scores, increase in walking distance and walking speed
in matched pairs. The maintenance of this important
patient-centered metric over 3-years is encouraging and
reinforces a role of this endovascular strategy in patients
with lifestyle limiting claudication and suboptimal thera-
peutic response to more conservative measures.

Limitations

This study has several limitations. It was not a
randomized controlled trial although it was the first to

utilize a now widely accepted standard to demonstrate
one-year superiority to a pre-specified performance goal
for safety and effectiveness derived from PTA patient-
level data [16]. Additionally, this study initially
attempted to capture paired baseline and one-year clau-
dication treadmills, but was only able to analyze this
functional endpoint in 33 patients [14]. However, objec-
tive functional clinical outcomes were captured using
the patient-assessed WIQ of claudication with matched
pairs pre-procedure and at three-years (Table VI).
Finally, this study used a Peak systolic velocity ratio
(PSVR) of <2.0 cm as its duplex-ultrasound criteria to
define stent patency at all-time points as defined by the
pre-specified performance goal to determined SFA niti-
nol stent efficacy and safety [17,18]. However, other
studies of nitinol stents in this vascular bed have used
alternative definition for stent patency including <2.4
[2,12] and <2.5 [3] Contemporary SFA nitinol stent tri-
als have used the <2.0 endpoint [19]; nonetheless, when
freedom from loss of stent patency was re-analyzed
using the <2.4 PSVR criteria, we observed no signifi-
cant difference in loss of patency rates at 3 years.

CONCLUSION

The DURABILITY II is the first and largest investi-
gational device exemption trial to provide 3-year
assessment of adjudicated primary stent patency, CD-
TLR rates and stent fracture assessment in a cohort
with severe lifestyle limiting claudication associated
with moderate to long length SFA and proximal popli-
teal artery lesions. We conclude that deployment of a
single, long EverFlexTM stent in long femoropopliteal
lesions is a safe strategy associated with minimal stent
fractures and provides an acceptable and durable clini-
cal result through three-years.
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