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Endovascular management of symptomatic peripheral 
artery disease (PAD) remains challenging despite its adop-

tion by many as the initial preferred revascularization strategy 
when anatomically feasible. A wide range of percutaneous 
therapies using a variety of endovascular devices, including 
percutaneous transluminal angioplasty (PTA), atherectomy, 
and stent placement, have been used; however, 5-year results 
are confined to isolated reports.1–5

In an effort to reduce restenosis rates, the most frequent 
cause of failure following any endovascular intervention, drug-
eluting stents (DES) were developed. Their success in coro-
nary artery intervention led to the investigation of DES in the 
superficial femoral artery (SFA) in hopes of providing patients 
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who have claudication or critical limb ischemia a minimally 
invasive treatment option that is both safe and durable. As 
previously reported, the Evaluation of the Zilver PTX Drug-
Eluting Stent in the Above-the-Knee Femoropopliteal Artery 
(Zilver PTX Randomized Clinical Trial [RCT]) assessed a 
self-expanding nitinol DES with polymer-free paclitaxel coat-
ing on its outer surfaces. The 1-year primary safety and effec-
tiveness end points were met, and the results demonstrated the 
benefits at 1 and 2 years of this DES relative to both PTA 
and provisional bare metal stent (BMS) placement in patients 
with de novo or restenotic lesions of the above-the-knee femo-
ropopliteal artery.6,7 In addition to DES, other interventional 
therapies that provide local drug delivery to the SFA with the 
intent of limiting neointimal hyperplasia have included pacli-
taxel-coated balloons, which have shown improved initial 
results in comparison with PTA alone.8–10

PAD is associated with functional decline, reduced quality 
of life, increased anxiety and depression, and increased cardio-
vascular morbidity and mortality.11,12 Repeat treatment for PAD 
is also costly and inconvenient. To evaluate the safety and dura-
bility of treatment with the paclitaxel-coated stent, the Zilver 
PTX RCT included long-term follow-up of this DES through 5 
years. This is the largest randomized SFA endovascular device 
trial reported, and the 5-year outcomes detailed herein provide 
the longest known comparative outcomes of DES to standard 
endovascular treatments for femoropopliteal disease.

Methods
A detailed description of the study design, inclusion and exclu-
sion criteria, methods, primary end points at 1 year, and follow-
up through 2 years for the Zilver PTX RCT have been previously 
reported.6,7 In brief, this study included 55 sites in the United States, 

Japan, and Germany with planned follow-up through 5 years. The 
inclusion criteria included Rutherford category ≥2, ≥50% diameter 
stenosis, reference vessel diameter 4 to 9 mm, lesion length up to 14 
cm, and at least 1 patent runoff vessel with <50% stenosis through-
out its course. Exclusion criteria included untreated >50% steno-
sis of the inflow tract and previous target vessel stenting. Approval 
was obtained from each site’s institutional review board or ethics 
committee, and patients provided written informed consent. This 
study was overseen by an independent data safety–monitoring 
board and monitored in accordance with International Conference 
on Harmonisation – Good Clinical Practices. To determine their 
relationship to the study procedure or device, major adverse events 
were adjudicated by an independent clinical events committee. 
Core laboratories provided independent analyses for radiographic 
imaging (Brigham and Women’s Hospital Angiographic Core 
Laboratory, Boston, MA) and duplex ultrasound imaging (VasCore, 
Massachusetts General Hospital, Boston, MA).

Patients with symptomatic disease of the above-the-knee femoro-
popliteal arteries were enrolled in this study, with 238 patients in the 
PTA group and 241 patients in the primary DES group (Zilver PTX, 
Cook Medical, Bloomington, IN). One hundred twenty patients with 
acute PTA failure were subsequently randomly assigned to provisional 
DES (n=61 patients) or provisional BMS placement (n=59 patients; 
Zilver, Cook Medical, Bloomington, IN). The study design included 
prespecified comparisons of the primary DES group with the PTA group 
and the provisional DES group with the provisional BMS group through 
5 years. In addition, the overall DES group (including both primary and 
provisional DES) was compared with a standard care group compris-
ing patients with provisional BMS placement plus patients with optimal 
PTA. Although not prespecified, through 5-year long-term follow-up, 
this nonrandomized comparison of the overall DES group with the stan-
dard care group is considered more relevant to current clinical practice.

Interventions
It was recommended that stents be oversized by 1 to 2 mm with 
respect to the reference vessel and placed at least 1 cm below the SFA 
origin and above the medial femoral epicondyle to fully cover the tar-
get lesion(s). Pre- and postdilation were at the physician’s discretion, 

Figure 1. Patient flow diagram. Enrollment by 
original random assignment, death (all-cause), 
withdrawal, and loss to follow-up through 5 
years are shown. BMS indicates bare metal 
stent; DES, drug-eluting stent; and PTA, 
percutaneous transluminal angioplasty.
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Table.  Baseline Patient and Lesion Characteristics6,7

PTA Group Primary DES Group P Value

Patient characteristics

  Patients, n 238 236* –

  Mean age, y 67.7±10.6 67.9±9.6 0.88

  Male sex, n (%) 152 (63.9) 155 (65.7) 0.70

  Body mass index 28.2±5.6 28.4±5.3 0.71

  Claudication (Rutherford class 2–3), % 90.7 90.3 0.88

  Critical limb ischemia (Rutherford class 4–6), % 8.5 8.9 0.87

  Diabetes mellitus, n (%) 100 (42.0) 117 (49.6) 0.11

   Type 1, n (%) 13 (13.0) 19 (16.2) 0.56

   Type 2, n (%) 87 (87.0) 98 (83.8)

  Hypertension, n (%) 194 (81.5) 210 (89.0) 0.02†

  Hypercholesterolemia, n (%) 166 (69.7) 180 (76.3) 0.12

  History of smoking, n (%) 200 (84.0) 204 (86.4) 0.70

  Renal disease, n (%) 25 (10.5) 24 (10.2) >0.99

  Pulmonary disease, n (%) 38 (16.0) 45 (19.1) 0.39

  History of myocardial infarction, n (%) 41 (17.2) 50 (21.2) 0.29

Lesion characteristics

  Lesions, n 251 247 –

  Lesion location, n (%)

   SFA 232 (92.4) 229 (92.7) 0.63

   SFA/popliteal 6 (2.4) 9 (3.6)

   Popliteal 13 (5.2) 9 (3.6)

  Previous intervention to study lesion, n (%) 14 (5.6) 13 (5.3) 0.68

  Vascular access, n (%)

   Contralateral 189 (86.7) 211 (85.4) 0.78

   Ipsilateral 29 (13.3) 36 (14.6)

  Occlusion‡, n (%) 68 (27.4) 79 (32.8) 0.20

  Lesion length, normal-to-normal, mm 63.2±40.5 (60.0, 29.3–100.0)§ 66.4±38.9 (60.0, 30.0–100.0)§ 0.31

  Lesion length‡, >20% stenosis, mm 53.2±40.3 (41.4, 20.5–73.9)§ 54.6±40.7 (42.4, 24.6–75.6)§ 0.53

  MLD in lesion‡, mm 1.1±0.9 1.0±0.9 0.38

  Percent diameter stenosis‡, % 78.4±17.1 79.8±17.0 0.38

  Ulcerations‡, n (%) 47 (19.0) 40 (16.7) 0.55

  Lesion calcification‡, n (%)

   None 12 (4.8) 4 (1.7) <0.01†║

   Little 95 (38.2) 62 (25.7)

   Moderate 55 (22.1) 85 (35.3)

   Severe 87 (34.9) 90 (37.3)

DES indicates drug-eluting stent; MLD, minimum lumen diameter; PTA, percutaneous transluminal angioplasty; and SFA, superficial femoral artery.
*Five live case patients enrolled in the primary DES group as part of national continuing medical education conferences are not included as part of  

this analysis.
†Statistically significant difference, P<0.05.
‡Arteriographic core laboratory data.
§Medians and interquartile ranges; P values determined by Wilcoxon test.
║Indicates that overall, the primary DES group had significantly more calcification than did the PTA group.
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with residual stenosis <30% required for procedural success. For 
patients randomly assigned to the PTA group, PTA was performed 
according to institutional standard practice. Acute PTA failure was 
defined as ≥30% residual stenosis or a ≥5 mm Hg mean transstenotic 
pressure gradient, and the protocol required 1 repeat, 2- to 3-min-
ute balloon inflation before PTA was considered a failure. Patients 
experiencing acute PTA failure underwent secondary randomization 
to provisional BMS or provisional DES placement.

Medical Therapy
The same antiplatelet regimen was recommended for all patients: 
clopidogrel (ticlopidine in Japan) starting at least 24 hours before 
the intervention or a procedural loading dose of 300 mg; continued 
clopidogrel/ticlopidine therapy for at least 60 days postprocedure; 
and lifelong aspirin therapy.

Follow-Up
Follow-up included telephone contact at 1, 3, 9, and 18 months to 
assess overall patient condition. At 6 months, 1 year, and annually 
thereafter through 5 years, patients underwent an in-clinic assess-
ment, which included Rutherford classification, ankle brachial index, 
and Walking Impairment Questionnaire.13 Duplex ultrasound evalua-
tion of patency was performed for all patients at 6 months and 1 year. 
In years 2 through 5, duplex ultrasound evaluation of patency was 
performed for all stent patients and a subgroup of PTA patients (long-
term PTA subgroup). As previously described, patients were assigned 
to the long-term PTA subgroup using a process of adaptive random 
selection.7 PTA patients not assigned to the subgroup were censored 

at 13.5 months. The resulting long-term PTA subgroup represented 
58% of the PTA patients who maintained patency through 1 year. 
High-resolution stent radiographs in 2 planes (1 with the leg straight 
and 1 with the leg bent 90° at the knee) were obtained at 1, 3, and 5 
years to assess stent integrity.

Definitions
Event-free survival (EFS) was defined as freedom from adjudicated 
major adverse events and freedom from worsening of the Rutherford 
classification by 2 classes or to class 5 or 6. Major adverse events 
included death, amputation, clinically driven target lesion revascular-
ization (TLR), target limb ischemia requiring surgical intervention, 
or surgical vessel repair. Clinically driven TLR was defined as rein-
tervention performed for ≥50% diameter stenosis within ±5 mm of 
the target lesion after documentation of recurrent clinical symptoms. 
Thrombosis was defined as site-reported total occlusion of suspected 
thrombotic origin. Primary patency was defined as <50% stenosis 
from duplex ultrasonography (peak systolic velocity ratio <2.0) or 
from arteriography when available.1 Ultrasound examinations were 
independently analyzed by a core laboratory (VasCore, the Vascular 
Ultrasound Core Laboratory, Massachusetts General Hospital, 
Boston, MA). Clinical benefit was defined as freedom from persistent 
or worsening symptoms of ischemia (ie, claudication, rest pain, ulcer, 
or tissue loss) after the initial study treatment.

Statistical Analysis
Analyses were performed using SAS 9.3 (SAS Institute, Cary, NC). 
The number of observations represents patients, treated lesions, or 

Figure 2. Five-year freedom from TLR outcomes comparing overall DES (primary DES + provisional DES) with standard care (provisional 
BMS placement + optimal PTA). The black curve shows 67.6% freedom from TLR for the standard care group, and the red curve shows 
the significantly higher (P<0.01) 83.1% freedom from TLR rate for the DES group. The life table is included. BMS indicates bare metal 
stent; DES, drug-eluting stent; PTA, percutaneous transluminal angioplasty; and TLR, target lesion revascularization.
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implanted stents as specified. According to the analysis plan, pri-
mary patency was analyzed on an intent-to-treat basis, defined as 
the originally randomly assigned treatment group regardless of the 
actual treatment received. EFS and TLR were analyzed on a per 
protocol basis, with the per protocol cohort defined as the subset 
of the intent-to-treat group where patients received their intended 
original randomly assigned treatment; any patient not treated with 
the original randomized treatment assignment was excluded from 
the per protocol group. All analyses of clinical benefit and all com-
parisons of the overall DES group with the standard care group 
were performed by using the as-treated population, defined by the 
treatment actually received regardless of the original randomiza-
tion assignment, including cases enrolled in continuing medical 

education conferences. Primary patency was analyzed on an intent-
to-treat basis, defined as the originally randomized treatment group 
regardless of the actual treatment received. All analyses of clinical 
benefit and all comparisons of the overall DES group with the stan-
dard care group were performed by using the as-treated popula-
tions, defined as the treatment actually received regardless of the 
original randomization assignment. Continuous variables were 
summarized with means and standard deviations or medians and 
interquartile ranges, with P values calculated by using the standard 
t test or rank sum (Wilcoxon) test, where appropriate. Dichotomous 
and polytomous variables were reported as counts and percentages, 
with P values calculated by using the Fisher exact test. Analysis 
of patency was also performed by using a multivariable Cox 

Figure 3. Five-year primary patency 
outcomes comparing overall DES 
(primary DES + provisional DES) 
to standard care (provisional BMS 
placement + optimal PTA). The black 
curve shows 43.4% primary patency 
for the standard care group, and the 
red curve shows the significantly higher 
(P<0.01) 66.4% primary patency rate 
for the DES group. The life table is 
included. BMS indicates bare metal 
stent; DES, drug-eluting stent; and PTA, 
percutaneous transluminal angioplasty.

Figure 4. Restenosis hazard ratio for overall 
DES in comparison with standard care among 
subgroups of interest through 5 years. The 
diamonds indicate the hazard ratios, and the 
lines indicate the 95% confidence intervals 
(CIs). DES indicates drug-eluting stent.
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proportional hazards model that accounted for multiple lesions14 
and included relevant covariates previously described (ie, lesion 
length, lesion location, total occlusion, percent diameter stenosis, 
diabetes mellitus, Rutherford status, calcification, reference vessel 
diameter, smoking status, dual-antiplatelet therapy status, number 
of patent runoff vessels, acute PTA failure),7 and their interactions 
with the treatment arm, as well. Additional subgroup analyses 
were also performed using univariable hazard rates from a Cox 
model and presented with forest plots. For the primary safety and 
effectiveness end points, Kaplan-Meier analyses were performed 
to assess EFS and primary patency for the primary DES group in 
comparison with the PTA group; freedom from thrombosis/occlu-
sion and stent integrity for the overall DES group; and freedom 
from TLR, primary patency, and clinical benefit for the overall 
DES group in comparison with the standard care group and for 
the provisional DES group in comparison with the provisional 
BMS group. P values for the Kaplan-Meier analyses were calcu-
lated using the log-rank test. P values for freedom from TLR and 
patency were adjusted for multiplicity by using the Holm method, 
as called for in the analysis of these end points at 1 year. Patients 
completing 5-year follow-up were censored at the end of the 5-year 
follow-up window.

Results
Patient flow diagram is detailed in Figure 1. Through 5 years, 
the combined withdrawal plus loss to follow-up were ≈6.4% 
per year. Demographics, comorbidities, and lesion charac-
teristics are shown in the Table. The average lesion length 
was ≈65±40 mm.

Primary End Points
As previously reported, the 1-year primary end points of 
EFS and primary patency showed superiority of primary 
DES in comparison with PTA,6 and these results were sus-
tained through 5 years. The EFS rate through 5 years for the 
primary DES group was significantly greater than that for 
PTA (Kaplan-Meier estimates 81.4% versus 70.1%, P<0.01, 
log-rank). The most common end to EFS through 5 years 
was TLR, which occurred at rates of 16.1% for primary 
DES and 28.0% for PTA (P<0.01). In the per protocol anal-
yses of EFS and TLR, the PTA group included patients with 
optimal PTA (n=118), patients receiving provisional BMS 
(n=59), and patients receiving provisional DES (n=61). 
The primary patency rate through 5 years for the primary 
DES group was also significantly greater than that for the 
PTA group (Kaplan-Meier estimates 64.9% versus 19.0%, 
P<0.01, log-rank).

Safety
The most common major adverse event through 5 years was 
clinically driven TLR. The 5-year all-cause mortality rate was 
13.6% (10.2% for the primary DES group and 16.9% for the 
PTA group, P=0.03), and no deaths were adjudicated as pro-
cedure or device related.

The thrombosis/occlusion rate was low in both the DES 
and BMS groups. There was no difference in the rate of 

Figure 5. Five-year freedom from TLR outcomes comparing provisional DES with provisional BMS. The black curve shows 71.6% 
freedom from TLR for the provisional BMS group, and the red curve shows the 84.9% freedom from TLR rate for the provisional DES 
group. The life table is included. BMS indicates bare metal stent; DES, drug-eluting stent; and TLR, target lesion revascularization.
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freedom from thrombosis/occlusion through 5 years in these 
2 groups, with Kaplan-Meier estimates of 97.3% in the over-
all DES group versus 96.3% in the BMS group (P=0.68, 
log-rank).

At 1 year, there were 4 stent fractures representing a 0.9% 
fracture rate.6 At 3 years, 3 additional fractures were identi-
fied in the 286 BMS and DES evaluated by x-ray, representing 
a 1.9% cumulative fracture rate based on Kaplan-Meier esti-
mates. No additional fractures were identified in the 177 BMS 
and DES with x-ray evaluation at 5 years, representing a 1.9% 
cumulative rate through 5 years.

Durability of Effectiveness
The 5-year freedom from clinically driven TLR rate was 
significantly higher for the overall DES group than for the 
standard care group (83.1% versus 67.6%, P<0.01, log-rank; 
Figure 2). Similarly, the 5-year primary patency rate for the 
overall DES group was superior to the standard care group 
(66.4% versus 43.4%, P<0.01, log-rank; Figure 3). A multi-
variable Cox proportional hazards analysis of primary patency 
indicated that there were no significant interactions (all P 
values >0.05) between the treatment arm (ie, overall DES or 
standard care) and any of the covariates in the model. In a 
univariable model, the overall DES group compared favor-
ably with the standard care group for each of several clinically 

important patient and lesion subgroups analyzed at 5 years 
(Figure 4). In the optimal PTA group, the Kaplan-Meier esti-
mates for 5-year freedom from TLR and patency rates were 
66.2% and 38.3%, respectively.

Evaluation of the provisional stent groups, which provides 
a direct assessment of the paclitaxel effect, showed 5-year 
freedom from TLR rates of 84.9% for provisional DES in 
comparison with 71.6% for provisional BMS (P=0.06, log-
rank; Figure 5), and a superior 5-year primary patency rate of 
72.4% for provisional DES in comparison with 53.0% for pro-
visional BMS (P=0.03, log-rank; Figure 6). In addition, the 
primary patency rates for the provisional and primary DES 
groups were not significantly different through 5 years (72.4% 
versus 64.9%, P=0.17, log-rank).

These effectiveness outcomes each represent a >40%  
relative risk reduction for reintervention or restenosis through 
5 years for patients treated with the overall DES group in 
comparison with the standard care group and with provisional 
DES in comparison with provisional BMS.

Clinical Benefit
The Rutherford classification, ankle brachial index, and 
Walking Impairment Questionnaire score each signifi-
cantly improved (P<0.05) from preprocedure to 5 years 
both in the overall DES group and in the standard care 

Figure 6. Five-year primary patency outcomes comparing provisional DES with provisional BMS. The black curve shows 53.0% primary 
patency for the provisional BMS group, and the red curve shows the significantly higher (P=0.03) 72.4% primary patency rate for the 
provisional DES group. The life table is included. BMS indicates bare metal stent; and DES, drug-eluting stent. 
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group. Furthermore, durability of clinical benefit, defined 
as freedom from persistent or worsening symptoms of 
ischemia (ie, claudication, rest pain, ulcer, or tissue loss), 
in the overall DES group was superior to the standard care 
group (79.8% versus 59.3%, P<0.01, log-rank; Figure 7) 
at 5 years. Evaluation of the provisional stent groups also 
showed a significantly higher 5-year clinical benefit for 
provisional DES than for provisional BMS (81.8% versus 
63.8%, P=0.02, log-rank; Figure 8).

Discussion
As one of the largest randomized controlled trials of an endo-
vascular device to treat patients with femoropopliteal artery 
disease, and the first to provide 5-year follow-up, the Zilver 
PTX RCT provides long-term data and insights regarding the 
durability of endovascular therapies of the femoropopliteal 
arteries for patients experiencing claudication or critical limb 
ischemia. It has been shown that endovascular treatment of 
PAD improves quality of life, and that subsequent restenosis 
and reintervention are associated with increased patient risk, 
increased cost, and reduced quality of life.15–17 Accordingly, 
a durable treatment option could help limit the functional 
decline, reduced quality of life, anxiety and depression, and 

cardiovascular morbidity and mortality that are associated 
with PAD.11,12

Previous reports at 1 and 2 years6,7 detailed measures of 
device safety, including EFS, and low frequencies of throm-
botic occlusion and stent fracture after DES placement, com-
parable to the published rates of these adverse events with the 
use of nitinol BMS.18–22 Through 5 years, the safety and low 
frequency of device fracture (1.9%) are sustained. There was 
no procedure- or device-related mortality in this study. The 
all-cause mortality rate was ≈2.6% per year, illustrating the 
risk associated with PAD. This rate is also consistent with the 
≈3% per year observed in other similar endovascular device 
trials reporting long-term follow-up.3,23

Measures of effectiveness through 5 years signifi-
cantly favor the primary DES group versus the PTA group. 
Furthermore, because it is currently a more clinically relevant 
comparison, the overall DES group (including primary and 
provisional DES) was compared with the standard care group 
(including optimal PTA and provisional BMS). This nonran-
domized comparison has the potential for bias; however, the 
multivariable Cox proportional hazards analysis showed no 
significant interactions between the treatment arm and any 
of the covariates in the model, supporting the validity of this 

Figure 7. Five-year posttreatment clinical benefit outcomes comparing overall DES (primary DES + provisional DES) with standard care 
(provisional BMS placement + optimal PTA). Clinical benefit was defined as freedom from persistent or worsening claudication, rest pain, 
ulcer, or tissue loss after the initial study treatment. The black curve shows that 59.3% of patients in the standard care group maintained 
clinical benefit, and the red curve shows that 79.8% of patients in the DES group maintained clinical benefit (P<0.01). The life table is 
included. BMS indicates bare metal stent; DES, drug-eluting stent; and PTA, percutaneous transluminal angioplasty.
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comparison. Notably, there is a statistically significant differ-
ence through 5 years between the outcomes for the overall 
DES group in comparison with the standard care group in 
terms of clinical benefit, TLR, and patency, with the reinter-
vention and restenosis rates both reduced by >40%. In addi-
tion, the patency results (Figure 2C) continue to diverge over 
time, with the difference between the overall DES and stan-
dard care groups increasing by a relative 35.3% from 1 to 5 
years.

To further evaluate the effect of the drug, a randomized 
comparison of provisional BMS (non–drug-coated Zilver 
stent) with provisional DES was performed in 120 patients 
who had acute PTA failure. The previously published results 
detailed a statistically significant difference in patency in 
favor of the drug-coated stent through 2 years.7 After 5 years, 
this difference is sustained with a patency rate of 72.4% for 
the provisional DES group versus 53.0% for the provisional 
BMS patients. Similar to the comparison of the overall DES 
and standard care groups, this direct comparison of the pro-
visional DES and BMS groups shows a >40% reduction in 
restenosis at 5 years.

Other studies have also shown benefits of local paclitaxel 
delivery in the SFA. These include 1-year results from clinical 

trials of paclitaxel drug-coated balloons randomly assigned 
against PTA.8–10 However, the long-term results with drug-
coated balloons for the SFA are largely unknown.4,24 In this 
regard, the 5-year outcomes of the Zilver PTX RCT raise 
some interesting questions regarding the potential long-term 
effectiveness of balloon versus stent devices. In the Zilver 
PTX RCT, the patency rate for optimal PTA decreases more 
than the patency rate for BMS from 1 through 5 years. As a 
result, the patency rates for BMS and optimal PTA continue to 
diverge between 1 and 5 years with a relative increase in sepa-
ration of 44.1%. This new observation reinforces the value of 
long-term results. Therefore, long-term results will be impor-
tant to determine if drug-coated balloons follow a PTA-like 
trajectory, or if the initial drug application will confer a more 
durable benefit that resists the progressive remodeling and late 
restenosis of PTA.

Although coronary DES have demonstrated 5-year bene-
fits in comparison with BMS,25,26 published long-term results 
for other endovascular therapies for the SFA are limited. For 
example, randomized study results have only been reported 
to 3 years,3,23 and results through 5 years are limited to a 
small single-arm study.27 Without comparable 5-year data 
available for other endovascular SFA devices, published 

Figure 8. Five-year posttreatment clinical benefit outcomes comparing provisional DES with provisional BMS. Clinical benefit was defined 
as freedom from persistent or worsening claudication, rest pain, ulcer, or tissue loss after the initial study treatment. The black curve 
shows that 63.8% of patients in the provisional BMS group maintained clinical benefit, and the red curve shows that 81.8% of patients in 
the provisional DES group maintained clinical benefit (P=0.02). The life table is included. BMS indicates bare metal stent; and DES, drug-
eluting stent. 
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5-year outcomes for surgical bypass may be the only cur-
rently available data for comparison with the DES results. 
Primary patency rates from RCTs range from 74% to 76% 
for saphenous vein grafts and from 39% to 68% for polytet-
rafluoroethylene grafts at 5 years, where loss of patency is 
determined as absence of flow.28–30 The 5-year patency rate 
of 66.4% for the overall DES group, where patency is more 
conservatively determined as <50% diameter stenosis, com-
pares favorably with the patency results for surgical bypass 
grafting.

A limitation of this RCT is the lack of a primary BMS 
group for direct comparison with the primary DES group. 
However, the randomized comparison of provisional DES 
and provisional BMS placement allowed a direct assessment 
of the drug effect and showed significant benefit sustained 
through 5 years. The combined 6.4% per year withdrawal 
plus loss-to-follow-up rate in this 5-year study was also 
considered. This is similar to the 5% to 8% per year with-
drawal plus loss-to-follow-up rate for other recently pub-
lished randomized studies of endovascular therapies for the 
SFA, which are also limited to results through 3 years.3,23 
Another limitation of this RCT was the use of a conserva-
tive peak systolic velocity ratio <2.0 for evaluating patency 
by duplex ultrasonography. More recent studies have used a 
ratio of <2.4 or 2.5, which may result in higher patency rates 
than the ratio of <2.0 used in this study and make compari-
son more difficult.9,31,32 The results of the RCT also include 
only patients with femoropopliteal artery disease of mod-
erate lesion lengths (mean ≈6.5 cm). These lesion lengths 
were limited to <14 cm by regulatory agency requirements; 
however, these moderate lesion lengths are common in the 
large claudicant population.33,34 Furthermore, because PTA 
and BMS perform better in shorter versus longer lesions, 
this could make it more challenging to show differences 
with the DES. Nevertheless, the DES resulted in significant 
benefit in comparison with PTA and BMS in this study. In 
addition, 1- and 2-year outcomes from additional Zilver 
PTX studies support the benefit of the DES in longer and 
more complex lesions.6,7,34

Conclusion
The Zilver PTX RCT was a large randomized trial that now 
provides long-term, 5-year results for endovascular treatment 
of patients with femoropopliteal disease. The outcomes sup-
port the sustained safety and more durable clinical benefit of 
the overall DES group in comparison with the standard care 
group. The patency benefit is not only sustained, but contin-
ues to increase through 5 years. The data also demonstrate the 
long-term benefit of the drug coating over the corresponding 
BMS. Together, these results with the DES may help to set a 
new benchmark for long-term outcomes in the endovascular 
treatment of femoropopliteal disease.
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CLINICAL PERSPECTIVE
Lower extremity peripheral artery disease is a manifestation of atherosclerosis that is associated with functional decline, 
and the reduced quality of life is related to increased cardiovascular morbidity and mortality. Currently, several treatment 
options for peripheral artery disease exist; specifically, standard treatment options have included percutaneous transluminal 
angioplasty, atherectomy, and bare metal stent placement. Despite the treatments available, endovascular management of 
symptomatic peripheral artery disease remains challenging and is often burdened by restenosis that results in treatment 
failure. Resulting repeat treatments after primary failure are associated with increased cost and inconvenience to the patient. 
New treatment strategies were developed in an effort to reduce restenosis rates; namely, drug-eluting stents (DES), which 
had clinical success in the treatment of coronary artery disease, were expanded to include treatment of the superficial femoral 
artery. This multicenter study, with sites in the United States, Japan, and Germany, was initiated to evaluate the safety and 
durability of treatment with the paclitaxel-coated DES, the Zilver PTX. Patients with symptomatic disease (ie, Rutherford 
category ≥2 and ≥50% diameter stenosis) of above-the-knee femoropopliteal arteries were randomly assigned to either 
receive percutaneous transluminal angioplasty or primary DES. In total, 238 patients were randomly assigned to the percu-
taneous transluminal angioplasty group and 241 patients were randomly assigned to the primary DES group. Subsequently, 
120 patients with acute percutaneous transluminal angioplasty failure were further randomly assigned to provisional DES 
(n=61) or provisional bare metal stent placement (n=59). Comparisons and outcomes were followed through 5 years. The 
outcomes support the sustained safety and more durable clinical benefit of the DES treatments in comparison with standard 
care treatment options; namely, the patency benefit is not only sustained, but continues to increase through 5 years. The data 
also demonstrate the long-term benefit of DES use over bare metal stent placement. Therefore, as one of the largest random-
ized controlled trials of an endovascular device to treat patients with femoropopliteal artery disease, and the first to provide 
5-year follow-up, the Evaluation of the Zilver PTX Drug-Eluting Stent in the Above-the-Knee Femoropopliteal Artery 
(Zilver PTX Randomized Clinical Trial) provides long-term data and insights regarding the durability of endovascular thera-
pies of the femoropopliteal arteries for patients who have claudication or critical limb ischemia.
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